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Jardvisindarannsoknir,
kennsla og pjonusta
| 56 aratugi
Seven Decades

of Scientific and Technical
Services

Jar&freedikortlagning - Jardedlisfraedilegar meelingar - Jardefnafraedi
Radgjof vid boranir - Borholumaelingar
Mat a jardhitaforda - Styring jardhitavinnslu
Umhverfisrannsoknir - Grunnvatnsrannsoknir
Mannvirkjajardfreedi - Hafsbotnsrannsoknir

Kennsla og pjalfun

fslenskar orkurannsoknir, ISOR, eru sjalfstaed rikisstofnun sem heyrir undir
umbhverfis- og audlindaraduneytid. Starfsemin byggist & pekkingu sem fengin
er med rannsoknum, 6flun gagna og préun taekni og adferda. ISOR starfar &
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-owned 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.



Avarp stjérnarformanns
Chairman of the Board

Arid 2014 markadi timamét i fjarhagslegri
sogu ISOR. Starfsemin nG var rekin med
hagnadi i fyrsta sinn eftir efnahagshrunid
2008 en hafdi fra peim tima einkennst af
otryggum markadi innanlands og miklum
samdraetti i tekjum. Pessi arangur nadist
pratt fyrir ad engar hahitaholur hafi veri®d
boradar hér a landi & arinu i fyrsta sinn um
aratugaskeid en ISOR hefur haft verulegar
tekjur af pjonustu vid slikar boranir.

Markadsoflun erlendis var haldid &fram
a arinu og hefur hlutfall erlendra tekna
aukist ur 8% arid 2008 i 38% & arinu 2014.
betta pydir ad umsvif & erlendri grundu
hafa rdmlega fjorfaldast og aldrei verid
meiri { islenskum krénum talid. Heildar-
velta ISOR jokst um teep 13% milli ara
og var um 1234 mkr og hagnadur
nam um 4,8 m.kr. & arinu. Fjarhagsstada
ISOR er sterk. Eiginfiarhlutfall er 66%
og veltufjarhlutfall um 2 og er pad
vel vidunandi. Rekstrarnidurstadan er
i samreemi vid aeetlun sem gerd var i
upphafi ars og pau fjarhagslegu markmid
sem ISOR setti sér. betta er sérstaklega

anaegilegur vidsnuningur og til marks um
pann mikla kraft og arangurspérf sem byr
i mannaudi {SOR.

Oflugt markadsstarf erlendis undanfarin
ar hefur skilad peim arangri ad ISOR
er ordid vel pekkt i hinum alpjodlega
jardhitaheimi. Pad hefur leitt til pess ad
nyir vidskiptavinir leita mun meira til ISOR
en adur; vidskiptavinir leita fremur ad ISOR
en {SOR a8 peim. Verkefni innanlands eru
ekki sidur mikilvaeg en verkefni erlendis.
Innlend verkefni eru grunnur ad Dpeirri
bekkingu sem ISOR midlar & erlendri
grundu. Mikilveegt er ad rannsdéknum
innanlands verdi haldid afram og peer
efldar til ad vidhalda og auka pekkingu.
Leita parf leida til ad fjarmagna slikar
rannsoknir en rekstur {ISOR midast vid ad
stofnunin hafi pjonustutekjur fyrir allri
sinni starfsemi.

I byrjun ars voru gerdar breytingar &
skipuriti ISOR med pad ad markmidi ad
adlaga reksturinn ad breyttum markads-
forsendum. Deildum var faekkad uUr sjo i
fijérar og tveir nyir deildarstjérar radnir.

Sigrun Traustadottir

Chairman of the Board

stjornarformadur

Leitast er vid ad byggja meiri sveigjanleika
inn i starfsemina til ad takast a vi® sveiflur
i eftirspurn. Vel hefur tekist til vid pessar
breytingar.

A arinu veitti Alpjédajardhitasambandid
(IGA) i fyrsta sinn verdlaun fyrir bestu
freedigreinar um jardhita i vidurkenndum
visindaritum & sl. 5 &rum. Veittar voru tvaer
vidurkenningar og komu paer badar i hlut
starfsmanna ISOR. petta er til marks um
hinn mikla fraedilega styrk stofnunarinnar
og pekkingu tengda rannséknum a
jardvarma sem aunnist hefur i starfi ISOR
4 undanférnum &rum og aratugum.
Vidurkenningar sem pessar hafa mikid ad
segja og virka sem hvatning um ad halda
afram & sému braut.

Pad hefur verid anaegjulegt og leerdéms-
rikt fyrir stjorn {SOR ad vinna med starfs-
moénnum og stjérnendum stofnunarinnar
og vil ég pakka peim vel unnin stérf og
afar gott samstarf & arinu.




Ingvi Mar Palsson

The year 2014 saw a major milestone in
the financial history of ISOR. The business
was managed profitably for the first time
since the Iceland economic collapse in
2008, although the intervening years were
characterized by a fluctuating domestic
market and a sharp decline in revenue.
The increase last year was achieved de-
spite the fact that no high temperature
wells were drilled in Iceland. This had not
occurred for decades, but ISOR has had
significant revenue from servicing such
drilling.

Marketing abroad continued throughout
the year and the proportion of foreign
revenues increased from 8% in 2008 to
38% in 2014. This means that the activity
abroad has more than quadrupled and
never been higher in local currency
terms. ISORs” total turnover increased by
13% year on year and was 1,234 million
Ikr, with the net profit amounting to 4.8
million during the year. Financially ISOR
is robust. The equity ratio is 66% and the
current ratio is standing at 2, which is
quite satisfactory. Operating results were
in line with forecasts set at the beginning

Gudrdn Helga Brynleifsdottir

Svanfridur Jénasdéttir

of the year and in accordance with ISORs’
financial goals. This is a particularly
gratifying turnaround and symptomatic
of the great skill and pursuit of excellence
from the staff of ISOR.

Diligent marketing efforts abroad in
recent years, have boosted the interna-
tional reputation of ISOR in the geother-
mal community, and have led to signifi-
cant increase in new customers seeking
ISORs” services. Domestic projects are no
less important than international ones.
Domestic undertakings provide the foun-
dation for the knowledge which ISOR
then disseminates abroad. It is of great
importance that the research we pursue
in Iceland continues and is increased in
order to maintain and improve our know-
ledge. Funding must be accessed for this
research, since even as a state-owned
institute, ISOR operates on a commercial
basis, without any budget allocations.

At the beginning of 2014, changes were
made to the organizational structure
of ISOR with the aim of adapting its
operations to the change in market

Stjorn [SOR
Board of Directors
2010-2015

Sveinbjorn Bjérnsson

circumstances. Departments were reduced
from seven to four, and two new heads of
department were commissioned. Efforts
were made to build more flexibility into
the operations to respond to fluctuations
in demand for our services. These changes
have been very successful.

In 2014 for the first time, the International
Geothermal Association (IGA) presented
an award for the best papers published in
mainstream academic journals in the past.
5 years. Two awards were granted, and
both were received by employees of ISOR.
This is indicative of the strong theoretical
base of the institute, and the depth of
knowledge gained from research in the
geothermal sciences by ISOR staff over
recent years and indeed over decades.
Such recognition for the value of research
acts as an incentive to continue and
expand new work in the future.

It has been a pleasure and instructive
for the ISOR Board to work with the staff

and management of the institution, and I
would like to thank them for the excellent
work and very good cooperation during
the year.




Radgjof byggd

a rannsoknum og pekkingu

ISOR ték pa akvordun fyrir um tveimur
arum ad breyta dherslum i markadsstarfi
sinu erlendis. I stad pess ad leita adallega
eftir steerri verkefnum, sem fela i sér
meelingar og rannsoknarvinnu i tengslum
vid jarBhitaleit og jardhitavinnslu, skyldi
leggja aherslu & ad fa verkefni sem lGta
a0 mati & og umsjén med verkefnum,
gaedaeftirliti og radgjof. Grundvollur
bessarar akvordunar var sa ad ISOR
purfti ad velja um hlutverk i verkefnum
sinum  fyrir  Préunarsamvinnustofnun
fslands (pSSl) & svidi jardhita. SU ageeta
stofnun haféi pa, til vidbotar vid fram-
lag Islands, teki® ad sér ad styra fjarmun-
um sem erlendar stofnanir voréu til upp-
byggingar jarhitavinnslu til ad meeta
orkuporf préunarrikja. Vid pad urdu
jarBhitaprounarverkefni i umsja PSSI mun
steerri og umfangsmeiri og framkveemd
rannsékna vard ad bjéda ut. bar med
gat sami adili ekki ordid radgjafi vid
forkdbnnun, Utbod, eftirlit med rannsdoknum
og samhaefingu nidurstadna en jafnframt
bodid i rannsoknarvinnuna. Fyrrnefnda
hlutverkid krefst mikillar yfirsynar og
sterkrar pekkingar & 6llum svidum jardhita
medan hid sidarnefnda krefst fremur
pekkingar vid framkveemd tiltekinna jard-
visindarannsékna og Urvinnslu peirra.
SOR var pvi nokkur vandi & hondum pvi
pad hafdi burdi og getu til ad takast & vid
hvort hlutverkid sem var. Nidurstadan var
ad velja radgjafarhlutverkid. Adalasteed-
an var st ad pannig myndi yfirgripsmikil
bekking ISOR og tengsl vid jardhita-
geirann um vida verdld nytast best fyrir
Préunarsamvinnustofnun og samstarfs-
adila hennar og studla best ad sjalfbaerri
orkuvinnslu i préunarrikjum sem bua yfir
nytanlegum jar&hita.

Pessi akvordun hefur reynst farseel. i
kjolfarid hefur ordspor ISOR & pessum
svidum borist Gt medal fjarfesta og
annarra sem purfa ad fa alit eda mat a
jardhitaverkefnum og kanna éareidanleika
aeetlana og gagna. Verkefnum & pessum
svidum hefur fjolgad verulega undanfarid
og &tt rikan patt i pvi ad ISOR var arid
2014 rekid med smavegis rekstrarhagnadi
i fyrsta sinn sidan 2008, pratt fyrir ad
engar hahitaboranir heféu verid i gangi
4 arinu a Islandi. Jafnframt hefur &hugi
ymissa fyrirtaekja & samstarfi vid ISOR um
ad bjéda i ymiss konar rannsdknarvinnu
farid vaxandi. Hid sama gildir um spurn
eftir kennslu og pjalfun sem er veigamikill
pattur i starfi ISOR. Verdur ekki annad séd
en nokkud bjart sé framundan hja {SOR i
erlendum verkefnum.

Vid vinnu i préunarlondum leitast {SOR
jafnan vid ad starfa med heimamdénnum,
kenna peim til verka i jar8hitarannsdknum
og skilja pannig eftir pekkingu i vid-
komandi landi sem nytist pvi & braut
framfara til beettra lifskjara. Stundum ber
& pvi ad petta vidhorf sé gagnrynt med
peim rokum ad ekki sé skynsamlegt ad
kenna samkeppnisadilum framtidar pad
sem vid kunnum. ISOR etti a3 halda i
pekkinguna fremur en ad dreifa henni. A8
minum démi er su leid ekki skynsamleg.
Besta leidin til framfara er ad pekkingu sé
midlad og til lengdar mun aldrei ganga
ad atla sér ad einoka pekkingu. Midlun
pekkingar gengur hins vegar ekki til
frambudar nema sifellt sé aukid vid hana
med rannséknum. Pannig parf fyrirteeki
eins og ISOR ad byggja starf sitt & virkum
rannséknum og stédugri oflun nyrrar
bekkingar. An grunnrannsékna og préunar
mun ISOR fljétt stadna og grundvéllur
radgjafarstarfseminnar veikjast.

Chief Executive Officer

Olafur G. Flévenz

forstjori

A lidnu ari foru um 14% vinnutima
starfsmanna ISOR til grunnrannsékna
og préunar sem samtals kostudu um
130 mkr. bessa fjarmuni parf {SOR ad
finna med einhverjum heetti. ISOR feer
ekkert fé 4 fjarlogum, hvorki til rannsékna
né pjonustu vid hid opinbera, en hefur po
tekist ad fjarmagna grunnrannséknir sinar
eftir ymsum leidum. bar vega samkeppnis-
sj6dir pyngst, adallega peir styrkir sem
fengist hafa Gr rammaaaetiunum Evrépu-
sambandsins 4 svidi visinda og teekni
og jarShitarannséknarklasanum GEORG
sem er styrktur af Rannis. ba fer hluti af
andvirdi Gtseldrar vinnu ISOR til rannsékna
og préunar og sum verkefnanna hafa
notid studnings orkufyrirtaekja landsins.
P4 nytist st vinna sem sérfraedingar ISOR
nota vid leidsogn framhaldsnema einnig
til ad efla pekkinguna.

ISOR byggir p6é pekkingu sina & jardhita
langmest & peirri miklu og gédu reynslu
sem fengist hefur vid arangursrika
jardhitanytingu & fslandi i gegnum arin.
bess vegna skiptir heimamarkadurinn
miklu mali fyrir ISOR og adra sem flytja
Gt pekkingu & pessu svidi. An samfelldra
verkefna & Islandi myndi smam saman
fiara undan starfseminni. I 70 ar hefur
ISOR unnid sleitulaust a8 uppbyggingu
jardhitanytingar 4 fslandi og verid burdar-
as rannséknanna sem leitt hafa af sér
umbhverfisvaenar hitaveitur, sem na til um
90% landsmanna, og aflmiklar jardgufu-
stodvar. Arangur Islands & svidi nytingar
endurnyjanlegra orkulinda, einkum jard-
hita, er pad sem heldur merki landsins
a4 lofti i alpjédasamfélaginu umfram
annad. bad er s4 arangur sem ISOR
midlar af til annarra og skapar um leid
ordstir og atvinnu en studlar jafnframt
ad umhverfisveenni orkuframleidslu og
batnandi lifskjorum medal fateekra pjéda.



Consultancy Based on
Research and Knowledge

Two years ago ISOR decided to change
the focus of its marketing efforts abroad.
Rather than looking primarily for larger
projects, including geothermal logging
and research in connection with explora-
tion and exploitation, we concentrated
on assessment and management of proj-
ects, quality control and consultancy. The
decision was prompted by the need to
select a role in assignments for The Ice-
landic International Development Agency
(ICEIDA) in the field of geothermal energy.
This outstanding organization has, in
addition to the financial contribution of
Iceland, undertaken to manage funds
also provided by foreign organizations,
specifically for the development of geo-
thermal energy to meet the needs of
developing countries. Consequently, geo-
thermal development projects progressed
by ICEIDA became larger and more wide-
ranging, making it necessary to find a
partner in the area of research. Obviously,
ISOR could not become a consultant to
the preliminary assessment, tendering,
monitoring and coordination of research
results, and also bid for the research work
itself. The former role entails a broad
perspective and detailed knowledge of
all aspects of geothermal energy, whilst
the latter requires knowledge of the
implementation of specific geological
research and data processing. ISOR has
the capacity and know-how to deal with
both roles, but in the event chose the
consultancy task. It was felt that the
extensive knowledge within {SOR, and our
connections with the geothermal energy
sector worldwide, would best serve ICEIDA
and its associates in the promotion of
sustainable energy, in those developing
countries where usable geothermal
resources exist.

This decision has proven to be rewarding.
As a result, the reputation of ISOR in these
fields has received substantial attention

amongst investors and others, who are
investigating the reliability of project
plans and data, or who seek evaluation
and advice. Opportunities in these areas
have increased considerably recently, and
have played a significant role in ISORs’
ability to produce an operating profit for
the first time since 2008, despite the lack
of high temperature geothermal drilling.
Furthermore, there has been increased
interest shown from several companies in
collaborating with ISOR to bid for various
research projects. The same can be said
of the rising demand for education and
training, which is an important aspect of
our work. It seems that the future is bright
for ISOR in foreign projects.

When working in the developing world,
our policy is always to work in collabora-
tion with local companies providing train-
ing in geothermal practices, and thereby
leaving a legacy of understanding and
knowledge, which will be a rout towards
improved living conditions and sustain-
able development. At times the criticism
has been made, that it is may be unwise
to arm future competitors with our hard-
won know-how: fSOR should retain its
expertise, rather than sharing it. In my
opinion, this is a blinkered vision. In order
to progress, knowledge should be shared
and cannot be monopolized. Thus active
research and continuous acquisition of
new knowledge is the life blood of a
company like ISOR. Without basic research
and development the foundation of our
consultancy and expertise would quickly
stagnate and decay.

{SOR strives with all its might to build an
ever stronger base from fundamental
research. Last year, our employees spent
14% of their working hours perusing
basic research and development, with
a total cost of 130 million Icelandic
krona. As we do not receive funds from
the state budget, neither for research

nor for services to the state sector, this
funding must be found in some other
way. Basic research has been financed by
various means, mainly from competitive
research grants, in particular from the EU
Framework Programme for research and
technical development and from the geo-
thermal research cluster GEORG, which is
supported by the Science and Technology
Council in Iceland. In addition, some of
the revenue for {SORs" contract work is
allocated to research and development
and various research has been supported
by Icelandic energy companies. Postgrad-
uate training provided by specialists at
ISOR also contributes to the promotion of
knowledge.

Finally, ISOR has built its knowledge of
geothermal energy on the extensive and
detailed experience gained by successful
development of geothermal energy in
Iceland itself. Therefore, the domestic
market is very important for {SOR and
other companies which export knowledge
in this field. Without the continuation
of projects in Iceland, our operations
would gradually deadline. ISOR has
worked tirelessly for 70 years to build
up geothermal development in Iceland
and has been the foundation of studies
which have led to environmentally friendly
district heating, covering about 90% of the
population, and crucial high temperature
geothermal power plants. The success
of Iceland in the use of renewable
energy, particularly in the harnessing of
geothermal energy, has created in the
international community, the reputation of
a country at the forefront of a progressive
modernity. ISOR strives to share this
progress with others by contributing to
the expansion of environmentally friendly
energy production and improved living
standards and employment amongst the
poorer nations.



Rekstraryfirlit fyrir arid

Voxtur i umfangi
erlendra verkefna

Hlutur erlendra verkefna i heildarsélu
ISOR hefur vaxi® mikid a &runum
2008 til 2014. Umfang peirra hefur
riflega fjorfaldast & pessu arabili og
hlutfall i heildarveltu vaxid ur 8%
2008 i 38% 2014.

Skipting veltu ISOR

ISOR byggir starf sitt & premur
mattarstolpum; rannsodknum, radgjof
og kennslu og pjélfun. Heildarveltu
ma skipta i verkefni & svidi hahita,
kennslu og préunar og laghita og
nattdrufars. Verkefni & svidi hahita
eru umfangsmest i starfsemi ISOR,
eda um 50% arlegrar veltu.

Skipting erlendra verkefna

Steersti hluti erlendrar veltu ISOR
4 érinu 2014 er vegna verkefna i
Evropu, eda 45%. bar vega pyngst
ahrif  umfangsmikils  alpjodlegs
verkefnis sem styrkt er af 7. ramma-
4aetlun ESB. P4 vega verkefni i Afriku
og Asiu einnig pungt i erlendri veltu
ISOR, eda samtals 44%.

Innlend verkefni

Projects in Iceland

Nattarufar
og laghiti
Natural

resources

Europe

Financial Manager

Erlend verkefni

Projects worldwide

Onnur verkefni

Other projects

Hahiti
50%  Geothermal
energy
Kennsla og préun
Geothermal training
Africa

22%

America

Asia

Gudrun Erlingsdéttir

fijarmalastjori

Growth in Foreign Projects

The share of foreign projects in
fSORs” total sales grew extensively
during the years 2008-2014. In 2014
projects abroad increased fourfold
as compared to 2008 and their
contribution to the total turnover of
the company grew from 8% in 2008
to 38% in 2014..

iSORs’ Turnover

{SORs” business rests on three pillars;
research, consultancy and teaching.
The structure of our turnover is
comprised of geothermal energy,
the study of natural resources and
geothermal training. Projects based
on geothermal energy are by far the
most important, covering as much as
50% of ISORs” operations in 2014.

Breakdown
of Foreign Projects

As much as 45% of ISORs’ foreign
turnover in 2014 came from projects
in Europe. This is mainly due to an ex-
tensive project which is sponsored by
a European framework programme.
Projects in Africa and Asia also make
a large contribution to our foreign
turnover since they constitute 44% of
the yearly total in 2014.



Financial Statements for the Year

Rekstrarreikningur (pus. kr.)

Rekstrartekjur
Rekstrargjold

Afskriftir
Rekstrarhagnadur (tap)

fyrir fjarmagnslidi

Fjarmagnstekjur (gjold)

Hagnadur (tap) arsins

Efnahagsreikningur (pus. kr.)

Fastafjarmunir
Veltufjarmunir

Eignir alls

Eigi® fé
Skammtimaskuldir

Eigid fé og skuldir alls

Sjodstreymi (pus. kr.)

Veltufé fré rekstri
Breytingar &
rekstrartengdum
eignum og skuldum

Fjarfestingahreyfingar

Haekkun (laekkun)

a handbeeru fé

Kennitolur

EBITDA
EBITDA-hlutfall

Eiginfjarhlutfall

Ardsemi eigin fjar

Income statement (ISK thousands)

Operating revenues

Operating expenses

Depreciation

Operating profit (loss)

before financial expenses

Net financial income

Net profit (loss)

Balance sheet (ISK thousands)

Fixed assets
Current assets

Total assets

Total equity
Liabilities
Total liabilities and equity

Cash flow (ISK thousands)

Working capital from operating activities

Cash provided by operating activities

Cash flows from investing activities

Free Cash flow

Key figures

EBITDA
EBITDA ratio

Equity ratio
Return on Equity

2014 2013
1.234.503 1.094.146
1.190.589 1.051.518
39.778 41.721
1.230.367 1.093.239
4.136 907
655 (6.490)
4.791 (5.583)
154.520 117.888
313.294 438.213
467.814 556.101
311.073 306.282
156.741 249.819
467.814 556.101
48.069 41.337
(70.273) 68.114
(79.910) (61.141)
(102.114) 48.310
43914 42.628
3,6% 3,.9%
66,5% 55,10%

1,6% -1,8%
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Hahiti

Geothermal Energy

Rannséknir og pekking a
Jjarohitasvaedum er naudsynleg
til ad viohalda framproun og
meeta porfum samfélagsins
um endurnyjanlega orku og
sjalfbcera nytingu peirra

Jardhitaleit og
afmorkun jardhitakerfa

Vidndmsmaelingar eru ein helsta adferd-
in sem beitt er vid jardhitaleit og afmork-
un hahitakerfa. Maelingar foru fram &
Reykjanesskaga sidasta sumar fra Sandvik
yfir Reykjanes og Eldvorp og austur fyrir
Svartsengi. Pbrividdartalkun af vidnams-
gégnum var unnin. P4 var einnig vidnams-
meelt & Nordausturlandi fré Upptypp-
ingum ad Oskju og i Holuhrauni, eftir ad
eldgosid hofst.

Umhverfisvoktun

ISOR sinnir reglulegu eftirliti & vinnslu-
sveedum Landsvirkjunar og HS Orku
og fyrir Orkuveitu Reykjavikur og Orku
nattdrunnar. Meginaherslan er ad fylgjast
med hita- og prystingsbreytingum i jard-
hitakerfum vegna vinnslu Ur peim og
efnabreytingum 4 jardhitavokvanum. Pa
er einnig fylgst med massabreytingum i
jardhitakerfunum med pyngdar- og GPS-
meelingum. Pannig er fylgst med hversu
mikid er tekid Ur kerfinu og hversu miklu
er skilad til baka med nidurdaelingu. {
timans ras verdur til nytingarsaga fyrir
hvert vinnslusveedi fyrir sig.

Voktun smaskjalfta

Eftirlit med smaskjalftum, sem fylgja
borunum, vinnslu og nidurdeelingu a
vatni, er or8id mikilvaegur pattur i jardhita-
vinnslu hér 4 landi. ISOR hefur 4 undan-
fornum arum komid upp sjalfvirkum
skjalftastodvum a Reykjanesi fyrir HS Orku
og 4 Kroflusveedinu fyrir Landsvirkjun. A
arinu baettist vid voktun 4 jardhitasveedinu

Benedikt Steingrimsson
svidsstjori / Director

vid Namafjall og Peistareyki, er premur
maelum var komid fyrir & hvorum stadnum

fyrir sig.
Likangerd af vinnslusveedum

Mikil vinna var 16gd i ad yfirfara og endur-
baeta hugmyndalikan af jardhitakerfinu a
Reykjanesi fyrir HS Orku. Hugmyndalikén
parf stodugt ad endurbaeta til ad vid-
halda areidanleika peirra enda eru pau
lykillinn ad farszelli styringu og nytingu
jardhitakerfa. Eitt af markmidunum med
likangerdinni er ad likanid auki vitneskju
og audveldi alla akvardanatoku vardandi
vinnslu og rannsoknir & Reykjanesi. Unnid
var Ur ollum tilteekum jardfreedi- og jard-
ellisfreedigdognum, par med talid vid-
namsmaelingar, upplysingar um berghita,
dyptardreifingu ummyndunarsteinda,
stadsetningu smaskjalfta og upplysingar
um sprunguvirkni svo eitthvad sé nefnt.
Gognin eru oll sett fram i fjolpaettu pri-
viddarlikani. Endurbeetur voru gerdar a
hugmyndalikdnum fyrir Kroflu, peistareyki
og Namafjall fyrir Landsvirkjun.



Geothermal Exploration
and Boundaries
of Geothermal Systems

Resistivity measurements are one of the
main methods used in the exploration
and delineation of geothermal systems.
Measurements were carried out on the
Reykjanes Peninsula last summer, from
Sandvik in the west to Svartsengi (Blue
Lagoon) in the east. Three-dimensional
interpretation of resistivity data was
performed. Further resistivity exploration
was executed in NE Iceland from
Upptyppingar to Askja and in Holuhraun,
during the eruption of 2014.

Environmental Monitoring
of Power Plants

ISOR performs regular monitoring of the
production areas owned by Landsvirkjun,
HS Orka and Reykjavik Energy. The
primary focus is to monitor temperature
and pressure changes and changes in
the geothermal fluid during the power
production. Gravity changes are also
monitored closely, using gravity and GPS.
These data allow us to estimate the mass
which is extracted from the geothermal
systems and the amount returned by
reinjection. Over the course of time, this
allows us to map the production history of
each system.

Conceptual Modeling
of Production Areas

Great effort was devoted to revising and
improving the conceptual model of the
Reykjanes high temperature system for HS
Orka, which was then set out in a multi-
faceted three-dimensional model. All
available data were used in the modelling,
including surface research, well loggings,
resistivity data, formation temperatures,
distribution of alteration minerals, location
of micro-seismicity and structural activity.
The objectives of the modeling, are to
increase our knowledge and to facilitate
all  decision-making regarding future
exploitation and further research on
Reykjanes. Conceptual models of Peista-
reykir and Namafjall for Landsvirkjun were
also significantly improved.

Seismic Research

ISOR participates in a European research
project termed IMAGE (Integrated Met-
hods for Advanced Geothermal Explora-
tion). One of the goals of the project is to
develop new methods for examining and
evaluating geothermal systems in volcanic
rocks. Reykjanes, Krafla and Geitafell in

SE Iceland, are the domestic research
areas. Similar areas abroad, are the
geothermal fields Larderello and Elba
Island in Italy and also the Azores. It is
hoped that it will be possible to acquire a
more accurate picture of the geothermal
systems and detailed information on
deeper strata than currently exists. This
could lead to more precise and effective
siting of boreholes.

Seismic waves are used to detect fissures,
geological structures and characteristics
of geothermal systems. For this purpose,
54 seismometers were placed on the
Reykjanes Peninsula during last year,
of which 24 were sited on the seabed
around the peninsula. The seismometers
are intended to record seismic data over
the course of one year. During the past
two years, {SOR has located nine seismo-
meters on HS Orka processing area. The
Icelandic Meteorological Office operates
seven meters and Czech experts have
allocated 14 meters. All in all, these 84
meters will provide the information which
will be used in the project.

Pilot Project in Krafla

One part of the IMAGE project, is an
attempt to make VSP-seismic measure-
ments (Vertical Seismic Profile), as such
measurements have not previously been
performed in high temperature geother-
mal areas in Iceland.

The experiment was carried out in
two boreholes in Krafla over a two-
week period in May and June 2014.
Collaborators were the research centers,
GFZ in Germany, VBPR from Norway and
the National Power Company of Iceland
(Landsvirkjun).

The experiment was very extensive and
12 employees of ISOR took part, working
in shifts around the clock. GFZ managed

the seismic measurements in boreholes
and six employees from GFZ were on site
during the experiment. One employee
from VBPR worked on the preparation
of the experiment and organized the
subsequent processing and interpretation
of the data in cooperation with {SOR. ISOR
staff managed the design and conducts
of the experiment and benefitted from
invaluable assistance from Landsvirkjun in
Krafla and Reykjavik.

The preparation was highly complicated
and necessitated, for example, the cooling
of one well (KJ-18) for a month before
the experiment started. In addition to
VSP-measurements in KJ-18, the well was
explored using a televiewer and sonic
logging. Resistivity in the well was logged
several times at different temperatures
subsequent to the cooling-down opera-
tion.

Vertical Seismic Profile (VSP)

Such seismic research involves the
measuring of seismicity using sensors
which are lowered vertically into the
substrata via boreholes. Seismic waves
are induced using an air gun in water
pits near the borehole, as well as by
explosions in 9 m deep wells (which were
drilled specifically for this project), along a
line with increasing distance from the well.
Seismic waves are carried by and reflected
off lithological boundaries, and can
provide information on these boundaries
and phase changes within the geothermal
system. The data are interpreted in
combination with other measurements
resulting in a picture of the geothermal
system, lithological boundaries and the
potential location of the steam caps etc.
It is also hoped that it will be possible
to detect magma boundaries or magma
bodies which exist in Krafla and to identify
the evidence of fluids in supercritical state,
superheated steam, and varying degrees
of permeability.
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Jardskjalftarannséknir

ISOR er patttakandi i evrépsku rannsokn-
arverkefni sem nefnist IMAGE (Integrated
Methods for Advanced Geothermal Ex-
ploration). Eitt af meginmarkmidum
verkefnisins er ad préa nyjar adferdir
til ad rannsaka og meta jarShitakerfi i
gosbergi. Reykjanesid, Krafla og Geitafell
vid Hornafjoérd eru athugunarsveedin hér
4 landi og hlidsted sveedi erlendis eru
jardhitasveedin Larderello og eyjan Elba
4 ftaliu og Azoreyjar. Vonir standa til ad
haegt verdi ad gefa sem gleggsta mynd af
jardhitakerfum og fa upplysingar ar dypri
jardlogum en nu eru fyrir hendi. Petta
geetti leitt til pess ad stadsetning borholna
verdi markvissari og arangursrikari.

Jardskjalftabylgjur eru notad til ad greina
sprungur, jardlagagerd og eiginleika
jardhitakerfa. 1 pvi skyni var 54 skjalfta-
meelum komid fyrir & Reykjanesi a
arinu & vegum IMAGE, par af 24 Gt i sjé
umbhverfis nesid. Maelunum er atlad ad
safna jardskjalftagognum i eitt ar. ISOR
hefur undanfarin tvé ar komid fyrir niu
jardskjalftamaelum & vinnslusveedi HS
Orku. Vedurstofa fslands rekur sjo meela
og tékkneskir sérfredingar hafa ad auki
komid nidur 14 maelum. Allt i allt eru petta
84 meelar sem munu gefa upplysingar
sem nyttar verda i verkefninu.

Tilraunaverkefni i Kroflu

Einn lidur i IMAGE-verkefninu er tilraun
til pess ad gera VSP-skjalftamaelingar
(Vertical Seismic Profile), en paer hafa ekki
verid gerdar &8ur & hahitasvedi hér a
landi.

Tilraunin fér fram i Kroflu & tveggja vikna
timabili i mai og juni 2014 og var gerd i
tveimur borholum. Samstarfsadilar {SOR
voru rannsoknarstofnanirnar GFZ i byska-
landi og VBPR i Noregi auk Landsvirkjunar.
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Tilraunin  var mjég yfirgripsmikil og
toku 12 starfsmenn ISOR patt i henni
og var unnid a solarhringsvoktum allan
timann. GFZ sa& um jardskjalftamaelingar
i borholum og voru 6 starfsmenn fra
GFZ vid storf & medan meelingar féru
fram. Einn starfsmadur fra VBPR vann ad
undirbdningi tilraunarinnar og skipulagdi
i framhaldinu Grvinnslu og tulkun gagna i
samvinnu vid ISOR. Starfsfélk ISOR s& um
skipulag og framkveemd tilraunarinnar
og naut Omeeldrar adstodar starfsfolks
Landsvirkjunar i Kroéflu og Reykjavik.

Undirbuningurinn var margslunginn og fél
m.a. i sér kaelingu annarrar borholunnar
(KJ-18) i um ménadarskeid fyrir tilraunina.
Auk VSP-melinga i holu KJ-18 var holan
skodud med holusja og hljéodhradamaeld.
Holan var vidnamsmaeld nokkrum sinnum
vid mismunandi hitastig eftir ad keelingu
lauk.

Vertical Seismic Profile,
VSP-skjalftameelingar

Jar@skjalftameelingarnar ganga Ut & ad
meela skjalfta med nemum sem slakad er
|68rétt nidur i jordina eftir borholu. Jard-
skjalftabylgjur eru framkalladar med loft-
byssu i vatnspytti naerri borholunni og
eins med sprengingum i 9 m djupum
borholum eftir linu i vaxandi fjarleegd fra
holunni en skotholurnar voru boradar sér-
staklega fyrir petta verkefni. Bylgjurnar
berast eftir og endurkastast af lagmétum
og geta veitt upplysingar um jardlagaskil
og fasabreytingar i jar8hitakerfinu. Gognin
eru tulkud asamt 68rum meelingum og er
dregin upp mynd af jardhitakerfinu, jard-
lagaskilum,  hugsanlegri  stadsetningu
gufuplda o.fl. Einnig er vonast til pess ad
haegt verdi ad sja yfirbord kviku eda kviku-
poka, sem visbendingar eru um ad séu til
stadar i Kroflu, og vokva i yfirmarksastandi,
yfirhitada gufu og mismikla lekt.

1. VSP-skjalftamaelingar voru
vid borplan KJ-18 i Kroflu.
VSP-seismic measurements
(Vertical Seismic Profile) in Krafla.
2. 24 jardskjalftamaelum var komid fyrir &
hafsbotni umhverfis Reykjanes,
Ljésmynd Philippe Jousset.
24 seismometers were sited on the seabed
around the Reykjanes peninsula.
Photo Philippe Jousset..




Myndun trogs vid snidgengis-
hreyfingar a Peistareykjum

ISOR vann fyrir Landsvirkjun ad sprungu-
kortlagningu & Peistareykjum med fjar-
kénnunargdgn ein ad vopni & arinu. Med
peim ma greina marghéattar linuleg fyrir-
beeri & yfirbordi jardar sem geta stafad
af tektonik, ahrifum Utreenna afla eda
stadbundinna fyrirbeera neerri yfirbordi.
Med pvi ad kortleggja pessi fyrirbaeri og
freista pess ad greina pau eftir liklegum
uppruna ma setja fram kenningar um pa
tektonisku ferla sem métad hafa svaedid.

beistareykir liggja & moétum  glidnunar-
beltis, sem markast af sigdal og sig-
gengjum med nordlega stefnu, og mikils
snidgengis med VNV-leega stefnu og
kallast Husavikurmisgengid. bessi fyrirbaeri
eru aberandi & yfirbordi. Auk peirra ma
sja merki, stundum mjoég 6ljés, um adrar
brotastefnur i berggrunni sem stafa af
snidgengishreyfingum en eiga sér pod
sumstadar studning i brotlausnum smarra
jardskjalfta.

Glidnunarbeltid sem liggur um Peistareyki
virdist vid fyrstu syn hlidrast til um 4-5 km
med vinstri handar snidgengishreyfingu
um svaedi sem liggur samsida Husavikur-
misgenginu og liggur fra Tjarnarasi og
rétt nordur fyrir Lambafjéll. Greining fjar-
kénnunargagnanna opnar pé fyrir annan
tdlkunarmoguleika sem syndur er a
mynd 1. Par er gert rad fyrir ad sigdalur-
inn skiptist um hugsanlegt VNV-snidgengi
sem liggur frd Beejarfjalli ad Stérahver.
Nordan pess méa sja 5 siggengi & eystri
hlutanum (sveedi A) en nzer engin & vestari

A WATTW

hlutanum (B). Sunnan vid snidgengid
sjast 11  NS-snidgengi & vestari
hlutanum (C) en adeins 3 & peim eystri
(D). Nordleegu siggengin eru pannig ad
mestu bundin vid sveedin merkt A og C &
mynd 1. Petta ma tulka pannig ad sveedi
A og C eru ad feerast til gagnsteaedra atta
vegna haegri handar snidgengis milli
Bagjarfjalls og Stérahvers annars vegar
og Husavikurmisgengisins hins vegar.

f pessari talkun jafngilda nordlaegu
siggengin og sigdalurinn milli snid-
gengjanna tveggja myndun & togtrogi
(pull-apart basin) eins og skyrt er &
mynd 2.

Example of Pull-aparts
on Strike-slip Fault

in Peistareykir and
Tjornes Fracture Zone

In 2014 ISOR worked for the
National Power Company of Iceland
(Landsvirkjun) on structural mapping at
beistareykir using remote sensing data.
These data can detect various linear
structures on Earths” surface which may
have been created by tectonics, external
forces or local phenomena occurring
near the surface. By mapping these
phenomena and trying to analyse their
nature it is possible to build models
and theories regarding the tectonic
processes that have shaped the region.

beistareykir lie astride a rift zone
bounded by a graben and normal faults
with northerly strikes and a prominent

T

transform zone striking WNW, called
the Husavik transform. These are very
noticeable on the surface. In addition,
different fault strikes in the bedrock
can be seen, sometimes very vaguely,
caused by transform movements but are
sometimes supported by the analysis of
small earthquakes.

The rift zone lying across Peistareykir
appears to be shifted 4-5 km by a left
lateral transform movement in an area
lying parallel to the Husavik transform
and runs from Tjarnaras and just north
of Mt. Lambafjoll. However, analysis of
remote sensing data, opens up another
interpretation shown in Figure 1. It is
assumed that the Rift Valley is divided
across a potential WNW transform that
runs from Mt. Bagjarfjall to Stérihver hot
spring. North of it five normal faults are
observed in the eastern part (area A) but
no normal faults in the weatern part (B).
South of the transform eleven NS normal
faults are seen in the western part (C) but
only three to the east (D). The northerly
normal faults are therefore mostly found
in areas labeled A and C in Figure 1.
This can be interpreted in such a way
that areas A and C are being moved in
opposite directions because of the right
lateral transform between Baejarhals and
Storihver on one hand and the Husavik
transform on the other.

In this interpretation the northerly normal
faults and the rift valley between the
transform faults form a pull-apart basin as
shown in Figure 2.
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1. Sprungur og siggengi
4 glidnunarbeltinu um
Peistareyki.
The number of faults and
geometry of the grabens
in Peistareykir.

2. Skyringarmynd af togtrogi
(pull-apart basin)
& Peistareykjum.
Schematic figure
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summarising the pull-apart
structures accomodating
the dextral motion along
the Stérihver-Baejarfjall
fault.

Lambafjoll

®

2 inos Raport [BOR-20 0074 Borgarhraun r r & imos Report (SOR-2014-074
Kty 2054 — Khodayar, 2014

13




14

Umhverfiseftirlit
JarBhitasveedid a Reykjanesi

Vid nytingu a jardhita er
mikilveegt ad fylgjast vel med
viobrogdum jardohitasveedisins,
beedi djipt i jarohitakerfinu
sem og virkni pess a yfirbordi

Starfsmenn ISOR hafa fra arinu 2004
fylgst med breytingum & yfirbordsvirkni
& jarBhitasveedinu & Reykjanesi med
kerfisbundnum heetti i tengslum vid
virkjun HS Orku & sveedinu. Medal annars
hafa arlega verid gerdar melingar a
koldioxidfleedi um jardveg med pad
fyrir augum ad geta metid breytingar a
gasfleedi & magnbundinn hatt.

A hverju ari hafa verid gerdar um 400-500
punktmaelingar og hafa paer verid notadar
til ad reikna heildarfleedi koldioxids um
jardveg frad sveedinu fyrir hvert ar og
einnig til ad kortleggja Utbreidslu og styrk
gasflaedis og jardvegshitastig.

Frd pvi maelingar hoéfust arid 2004 hafa
ordid verulegar breytingar & jardhita-
svaedinu & Reykjanesi. Fyrstu tvo arin,
fyrir  gangsetningu  Reykjanesvirkjunar,
vard engra markverdra breytinga vart
en sumarid 2006, eftir ad vinnsla hofst,
bentu nidurstddur meelinganna otviraett
til aukinnar yfirbordsvirkni; baedi jokst
koldioxidfleedi um jardveg og hitastig
i jardvegi haekkadi vida. Sidan 2006

hefur virkni haldid afram ad aukast og
meelingarnar frd 2014 syndu ad heildar-
koldioxidfleedi hefur aukist meira en
varmafleedid sem  hefur prefaldast.
Breytingar hafa lika ordid i virkni og
stadsetningu gufuaugna og leirpytta og
grodurpekja hefur minnkad.

Pessar breytingar ma ad nokkru leyti rekja
til jardhitavirkjunarinnar & svaedinu pott
nattdrulegar breytingar hafi einnig ordid
4 sveedinu, svo sem vid jardskjalfta. Vid
nytingu & jarShitakerfi er vokvi numinn ar
kerfinu og veldur pad prystingslaekkun.
Medal afleidinga hennar eru suda og
myndun gufupuda i efri hluta jar8hita-
kerfisins, sem gerir pad ad verkum ad
gufa leitar i auknum meeli til yfirbords
og veldur pannig auknu flaedi koldioxids
og varma upp um jardveginn. Hins vegar
eru jardhitasveedi & virka gosbeltinu
sibreytileg og geta svona breytingar ordid
af nattdrulegum astedum, eins og a
timabilum pegar virkni vegna landreks er
mikil & jarShitasveedum. Pannig adsteedur
mé sja & malverki Knebels fra pvi um
aldamotin 1900.

L

2.

3.

JarBhitasvaedid vid Gunnuhver & Reykjanesi arid 2012.

Reykjanes geothermal area in 2012.
Mynd & svipudum slédum fra arinu 2004.
Same area in 2004.

Maélverk eftir Walther von Knebel af jar8hitasveaedinu a

Reykjanesi sumarid 1905.

A painting from Walther von Knebel in summer 1905.

Gasfledimeelingar

Gasflaedimaelingarnar eru punktmeelingar
sem eru gerdar med gasflaedimaeli & maeli-
neti med 25 x 25 m moskvasteerd 4 sveedi
sem ner yfir um 04 km? svaedi. Hver
meeling fer pannig fram ad lokad holf er
lagt pétt ofan & jardveg par sem meela
4 gasfledi. Lofti er stodugt hringdeelt
Ur hélfinu inn i gasnema og er styrkur
koldioxids meeldur med ljésgleypnimaeli
& innraudu svidi. Par sem koldioxid kemur
upp um jardveginn haekkar styrkur pess
jafnt og pétt i maelihdlfinu og Ut fra hrada
haekkunarinnar ma reikna koldioxi&fleedid.
[ sému meelipunktum er einnig meelt
hitastig & 15 ¢cm dypi og pau gogn nytt
til ad afla upplysinga um varmafleedi
frd sveedinu. Meelingar af pessu tagi
byggjast & pvi ad i jardhitakerfum er
alltaf til stadar visst magn af uppleystu
gasi vegna afgdsunar varmagjafans (m.a.
koldioxid) sem berst til yfirbords med
gufu. Gufan myndast vegna sudu i kerfinu
og p.al. geta breytingar & koldixoidflaedi
um jardveg gefid gddar visbendingar um
breytingar & suduastandi i kerfinu. Gufan
getur pd pést nedanjardar & leid sinni, t.d.
ef hin kemst i snertingu vid grunnvatn, en
gasid getur borist afram til yfirbords.



Monitoring Geothermal Activity

Reykjanes Geothermal Field - Case Study

It is known that changes in the
behaviour of geothermal systems
and of surface activity can occur
in relation to utilization of a
geothermal system. Therefore,
when geothermal systems

are utilized, it is important

to monitor any changes and
reactions, both deep underground
and on the surface

From 2004, employees from ISOR have
systematically monitored the changes in
surface activity in the Reykjanes geother-
mal area due to the utilization of HS
Orka. Soil measurements were carried
out annually since 2004, on the soil
temperature at 15 cm depth and CO,
emission through soil, in order to evaluate
the changes quantitatively. Since 2004, the
soil temperature and CO, measurements
have shown an increased activity both
in heat flow and in CO, flux. In the first
two years, prior to the commissioning of
the Reykjanes power plant, no significant
changes were observed but in 2006, the
results indicated increased surface activity
both in CO, flux and a large increase in
soil temperature. Since 2006, the surface
activity has continued to increase, and the
results from the measurements in 2014

suggested that the total CO, has increased
even more than the total heat flow, which
has tripled. Changes have also occurred in
the locations and activity of mud pits and
fumaroles and the vegetation cover has
diminished.

These changes can partly be traced to
the utilization of the area, even though
some natural changes which can be
related to earthquakes have also occurred.
The production involves withdrawal of
large volumes of geothermal fluid, which
causes pressure to lower in the system.
One of the consequences of lowering
the pressure, is the formation or increase
of a boiling zone in the upper part of the
system, which can result in more pathways
for steam towards the surface, increased
heat flow and CO, emission. On the other
hand, changes of this order of magnitude
are known to take place in Reykjanes and
other geothermal areas located on active
divergent plate boundaries without any
such utilization.

CO, Flux Measurements

The CO, flux measurements are point
measurements, noted on a measuring grid
with a 25 x 25 m grid spacing covering
approximately 0.4 km? area. The CO, flux
is measured directly in each measuring
point, by using a closed chamber, which
is pressed firmly against the ground
with air subsequently pumped from the
chamber into an infrared gas analyser.
The flux measurement is based on the
rate of CO, increase inside the chamber.
Soil temperature at 15 cm depth is
measured in the same points and these
data are used to calculate the heat flow
from the area. Measurements of this type
are based on the fact that in geothermal

{huprzun) g 200

CTEERRNFHEAGRERRLEDN

1. Starfsmadur vid gasflaeedimaelingar.
CO, flux measurements.

2. Flaedi koldioxids & arunum 2005 og 2014.

CO, emission in 2005 and 2014.

systems, some amount of gases (e.g. CO,)
are always present, due to degassing
of the heat source. It is known that a
significant amount of gas is released,
not only from craters and fumaroles,
but also from well-defined areas on
the flanks, and at the base of volcanoes
where CO, is the main component of
the geothermal gas. Monitoring CO,
emissions from geothermal areas s
one of the fundamental ways in which
to understand changes in geothermal
systems. For geothermal systems, soil
diffuse CO, degassing has been shown to
be a good indicator of the energetic state
of the system, and monitoring changes of
soil CO, degassing can therefore lead to
better understanding of the behaviour of
undisturbed geothermal systems.
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Laghiti og natturufar
Natural Resources

Rannsoknir a umhverfi og
ndttarufari, neysluvatni og
endurnyjanlegri orku eru
askoranir jardfreedinnar
og krafa natimasamfélags

Pjonusta og jarofraediradgjof

a svioi laghita

Stersta  laghitaverkefnid sem  ISOR
haféi adkomu ad & arinu var borun & um
1700 m djapri heitavatnsvinnsluholu ad
Hoffelli i Hornafirdi fyrir RARIK. Petta
er o6nnur vinnsluholan & svaedinu en
arangur borunarinnar vard ekki sem skyldi.
Reiknad er med ad nyjar hitastigulsholur
og adrar rannséknir leidi til pess ad vel
vatnsgefandi vinnsluhola verdi borud a
naestunni og tryggi par med rekstur fyrir
hitaveitu 4 H6fn og Nesjum.

A Modruvollum i Kjos var einnig borud
um 1700 m djup vinnsluhola sem tokst
vel og gefur hin nud i sjalfrennsli um
20 L/s af sjédandi vatni, sem er baedi
heitara og meira en buist var vid. Vid
jardhitaleit i Kjés og annars stadar vid
Hvalfjord hefur fyrst og fremst verid
notast vid hitastigulsboranir, pvi hiti
vex med dypi. baer hafa verid gerdar um
tveggja aratugaskeid i Kjosinni adur en
radist var i borun fyrri vinnsluholunnar,
MV-19, & M&3ruvéllum arid 2012. Adur
hafdi nytanlegur jardhiti fundist & Fremra-
Halsi og vid Hvammsvik uti vid Hvalfjord.

Einnig ma nefna vel heppnada borun vid
Langhus i Fljotum par sem borud var um
200 m djup hola sem nu gefur um 7 L/s i
sjalfrennsli af sj¢dandi vatni. A Husavik var
veitt radgjof og gerdar meelingar vegna
hreinsunar & heitavatnsholu frad 1964 en
vatnid ur holunni & ad nyta til heilsubada.

Steinunn Hauksdottir
svidsstjori / Director

Neysluvatn og vatnsvernd

Gerdar voru tilldgur um vatnsverndarsveedi
vids vegar um land. Mé par helst nefna vid
Urridavatn og jafnframt afndm vatnsvernd-
ar i Egilsstadanesi. Vardandi neysluvatns-
oflun og vatnsbdlavernd var tekin saman
yfirgripsmikil skyrsla um nyja moguleika a
vatnsoflun i nagrenni Akureyrar. Einnig var
gerd samantekt um neysluvatnsvinnslu &
Saudarkréki og tillaga um frekara vatns-
nam & Grenivik og i allmérgum fristunda-
byggdum, til a mynda i Flj6tum, Borgar-
firdi og Kjos.

Fyrir Umhverfisstofnun voru stadsettar
prjar ferskvatnsvinnsluholur & fjélséttum
aningarstodum ferdamanna; vid Reynis-
fjoru, i Pj6dgardinum & Snaefellsnesi  og
vid Hverfjall i Myvatnssveit. Einnig var ein
slik hola stadsett vid Godafoss.



Geological Consulting
in Low-Temperature Areas

The largest low-temperature project in
which ISOR was involved last year, was
the drilling of a 1700 m deep hot-water
production well at Hoffell in Hornafjodur
(SE-Iceland) for RARIK (Iceland State
Electricity). This was the second
production well in the area but the results
were not promising. Further drilling of
shallow gradient wells and other research
is expected to lead to the drilling of a
successful well in the near future and
ensure the provision of district heating for
the population in H6fn and Nesjar.

A 1700 m deep production well was drilled
at Modruvellir in Kjos County (W-Iceland),
producing 20 L/s of free-flowing boiling
water. This is both hotter and provides
greater capacity than had been expected.
Geothermal exploration in the Hvalfjérdur
area has primarily been based on shallow
gradient wells as formation temperature
increases with depth. Such research
had been ongoing in the area for two
decades before the first exploration well
(MV-19) was drilled at Modruvellir in
2012. Previously exploitable geothermal
water had been found at Fremri Hals and
Hvammesvik in Hvalfjordur.

Another project worth attention was the
drilling of a 200 m deep well at Fljot in
N-Iceland, which produces about 7 L/s
of free-flowing, boiling water. In Hdsavik
town, consultancy and loggings were
provided to swipe and clean an old hot
water well from 1964 which will eventually
be used in the construction of a spa.

Drinking Water
and Water Conservation

Several proposals were made regarding
water conservation areas around Iceland.
Here it is worth mentioning Urridavatn
in particular, as well as the elimination
of water conservation at Egilsstadanes
in E-Iceland. A comprehensive report
regarding new water resource potential
and water supply was compiled for the
area in the vicinity of Akureyri town in
N-Iceland. Another extensive report was
published on drinking water processing in
Saudarkrokur town and suggestions were
provided for further water production at
Grenivik village and a number of holiday
homes, for example in Fljot, Borgarfjordur
and Kjos.

Four freshwater wells were sited on behalf
of the Environment Agency of Iceland
at popular tourist sites at Reynisfjara, in
Snaefellsnes National Park, at Hverfjall in
Myvatn and by Godafoss.

Brine and Water
for Fish Farming

Analysis of the potential for the
production of freshwater and brine
(seawater) for Matorka ehf in a previously
unexplored area by Grindavik town (SW-
Iceland) was conducted and a promising
exploration well was drilled. Several
enquiries regarding the possibility of
fish farming using warm and cold water
around Iceland were also answered.
Water for fish farming seems to be
increasingly attractive and there are
several projects anticipated due to the
growing fish farming industry, for example
in Southwest and Northwest Iceland.

Cooling Water and Wastewater
from Geothermal Power Plants

When electricity is produced using
geothermal energy, large quantities of
cooling water are needed, leaving residual
heat which in some cases can be used in
district heating. Often, however, there is
no market for hot water and this surplus
water must be disposed of without having
an impact on the quality of the underlying
groundwater. Ample groundwater is
usually found in the vicinity of geothermal
power plants in Iceland. However, great
care must be taken regarding the disposal
of this water. The chemically rich waste
water is largely re-injected back into the
geothermal system via re-injection wells.
The cooling water (which is chemically-
depleted and heated) is often disposed
of at more than 200 m depth, where it
does not affect the natural groundwater
condition. ISOR monitors these factors
at the Nesjavellir and Hellisheidi power
plants. The experience will be used in
similar circumstances at Theistareykir in
N-Iceland but during the summer of 2014
several exploration and re-injection wells
were drilled in the area.

1. Tveir hopar fra ISOR féru i meelingafers
ad eldstédvunum i Holuhrauni og maeldu
vidnam i nagrenni gosstodvanna. Einnig var
gasutstreymi meaelt, sprungur kortlagdar og
syni af dtfellingum tekin.
Two groups of ISOR’s specialists went on
a survey to the eruption site at Holuhraun.
Resistivity and gas were measured, fractures
mapped and precipitation samples taken.
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Jardsjor og fiskeldisvatn

Gerd var Uttekt & moguleikum til vinnslu
a ferskvatni og jardsjo fyrir Matorku &
adur 6kénnudu svedi i Grindavik og
borud par rannsoknarhola sem lofar gédu.
Einnig var fjolmérgum fyrirspurnum um
fiskeldismoguleika vids vegar um land
svarad vardandi volgt og kalt vatn sem og
jardsjo. Vatn til fiskeldis virdist vera sifellt
eftirsdknarverdara og eru allmérg verkefni
fyrirsjaanleg vegna vaxandi parfa fiskeldis-
stddvanna, t.a.m. & Sudurnesjum og Vest-
fijoroum.

Keelivatn og afrennsli
fra jaréhitaorkuverum

Vid rafmagnsframleidslu med jardhita
parf keelivatn i stéorum stil og par verdur
til afgangsvarmi sem i einstaka tilfellum
er haegt ad nota i hitaveitu. Oft er samt
ekki markadur fyrir heitt vatn og pessu
vatni parf ad farga an pess ad pad hafi
umtalsverd ahrif & astand grunnvatnsins.
Hérlendis er vidast hvar gnétt grunnvatns
i grennd vid jardhitaorkuver en ad sama
skapi verdur ad fara varlega vid fra-
rennslismal. Efnarikt affallsvatn er ad
miklu leyti leitt djupt i j6rd nidur og alla
leid nidur i jardhitakerfid sjalft. Kaelivatninu
(sem er efnasnautt en upphitad) er oft
reynt ad farga & meira en 200 m dypi par
sem pad hefur ekki ahrif & nattdrulegt
grunnvatnsastand. ISOR fylgist gerla
med pessum pattum & Nesjavollum og
Hellisheidi. Pessi reynsla verdur nytt vid
alika adstaedur & Peistareykjum og sumarid
2014 voru boradar margar rannsoknar- og
férgunarholur par, sem allar voru préfadar
jafnédum.

Jardfreedikortlagning

Jardfreedi landsins hefur um &ratugaskeid
verid kortlogd, ymist fyrir sveitarfélog
eda orkufyrirteeki. Fyrir um fimm &arum
hof ISOR ad gefa Ut jardfraedikort fyrir

=

N

almennan markad i maelikvarda 1:100 000
og eru komin Ut tvo kort i peim flokki.
Jardfreedingar ISOR unnu fram & haust
vid ad kortleggja og aldursgreina hraun
& sudurhluta Nordurgosbeltisins, vegna
utgafu pridja kortsins sem azetlud er arid
2015.

Nytt berggrunnskort af fslandi i meeli-
kvardanum 1:600 000 kom ut & arinu. Vid
gerd kortsins var unnid i samreemi vid
nyjar alpjodlegar skilgreiningar 4 skiptingu
jardsoguskeida sem gengu i gildi arid
2012.

Hagnyt jardefni

{SOR hefur tekid ad sér ymsa radgjof
vid opinbera adila og einkafyrirteeki i
rannséknum & hagnytum jardefnum, s.s.
efnisval & bergi eda leit ad gulli i fornum,
islenskum  jardhitakerfum.  Undanfarin
ar hefur ordid vart vid vaxandi ahuga
& pessum svidum og hafa rannsoknir &
hagnytum efnum i auknum meeli beinst
ad hafsbotni og sér i lagi par sem jardhita
geetir & sprungusveedum.

ISOR er i samstarfi vid norraena sérfraed-
inga sem eru ad préa ndmu- og malm-
idnad & Nordurlondunum. Samstarfsnetid
kallast NordMin og er styrkt af Norreenu
radherranefndinni frd 2013 til 2016. Stefnt
er ad pvi ad halda samstarfinu afram og
er unnid ad pvi ad fjarmagna pad med
ymsum leidum, m.a. um rannséknaraaetlun
ESB (Horizon 2020).

Hja ISOR er unnid ad premur rannsoknar-
verkefnum sem styrkt eru af NordMin.
Verkefnid CRUSMID-3D er unnid i
samvinnu vid GEUS (Geological Survey of
Denmark and Greenland) og Orkustofnun
og snyst um ad tulka skjalftagdgn af hafs-
botni Austur-Graenlandshafs. Tengist su
vinna baedi malmleit vid austurstrond
Greenlands og skilningi & opnun
N-Atlantshafs.

. Hépurinn sem vann ad NAGTEC-verkefninu fagnar vid
tgafu kortabokarinnar. Ogmundur Erlendsson, Arni
Hjartarson, Anett Blischke og Sigurveig Arnadattir.
The NAGTEC-group celebrating the publishing
of the book of maps.

. Berggrunnskort af fslandi. Nytt og endurbaett
jardfraedikort af 6llu landinu var gefid Gt i lok &rsins.
Geological map of Iceland bedrock published
at the end of 2014.

Verkefnid Greenbas er unnid med
Nyskopunarmidstod Islands og  fleiri
adilum og par tekur {SOR patt i ad leita
ad hentugu basalti til gerdar basalttrefja.
Loks tekur ISOR patt i samstarfsverkefni
um medferd affallsvatns og endurvinnslu
vatns i ndmuidnadinum.

Kortabok og stafrcenn
gagnagrunnur

Fjolpjodlegu  verkefni  (NAGTEC), par
sem unnid var ad kortlagningu & botni
Nordaustur-Atlantshafs, lauk & arinu. Ad
verkinu stodu niu jardfraedistofnanir fra
Danmérku, Noregi, Feaereyjum, Bretlandi,
frlandi, fslandi, N-irlandi, Hollandi og
byskalandi. Afrakstur verkefnisins er korta-
bdk og vidteekur, stafreenn gagnagrunnur
af sveedinu. Verkefnid var ad helmingi
styrkt af oliuleitarfyrirteekjum sem hafa
forgangsadgang ad gdégnunum og hafa
pbau nU pegar i héndunum. Kortabokin
verdur sidan gefin Gt & almennum markadi
4rid 2016 og gagnagrunnurinn verdur
opnadur og ollum frjals til afnota arid
2019. Avinningur af pessu verkefni verdur
margpaettur, baedi fraedilegur og hagnytur.
A hinu freedilega svidi faest aukin pekking
4 jardsogulegri proun Nordaustur-Atlants-
hafs. A hinu hagkveema svidi faest pekking
4 hugsanlegum audlindum og nytingu
peirra. Par med teljast hugsanlegar oliu-
og gaslindir & hafsbotni og likur & oliu-
sveedum i islenskri 16gségu.
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Geological Mapping

For decades geological mapping has been
executed for local authorities and power
companies. Five years ago ISOR began
publishing  comprehensive  geological
maps commercially. The third map in the
series, on the bedrock geology of Iceland
in a scale of 1: 600 000 was issued in 2014.
The preparation of the map was entirely
carried out in accordance with the new
international definition on the division
of geological history introduced in 2012.
Geologists from ISOR continue mapping
and were in fact mapping in the southern
part of the Northern Volcanic zone
contemporaneously with the volcanic
eruption near Bardarbunga.

Material Science

[SOR  has undertaken  consultation
roles in public and private research on
practical material science. This includes
work as diverse as the choice of rock
types for use in civil engineering projects
and gold prospecting in ancient fossil
geothermal systems. In recent years we
have seen a growing interest in these
fields and research on practical materials
is increasingly focused both on areas of
the seabed and also where geothermal
activity is found in the rift zones of
Iceland.

ISOR is cooperating with Scandinavian
experts who are developing mining and
metal industries in the Nordic countries.
The consortium, called NordMin, has been
funded by the Nordic Council of Ministers
from 2013 to 2016. The aim is to continue
and extend the cooperation, and efforts
are underway to access finance through
numerous channels, including the EU
Framework Programme for Research and
Innovation (Horizon 2020).

ISOR is currently engaged in three
research projects funded by NordMin.
The CRUSMID-3D project, in collaboration
with GEUS (Geological Survey of Denmark
and Greenland) and the National Energy
Authority, involves the interpretation of
seismic data from the oceanic floor off
the East Greenland Sea. This research is
connected to metal prospecting at the
east coast of Greenland and to research
aimed at better understanding the
opening of the North Atlantic.

SOR is participating in the search for
suitable materials to make basalt fibre.
This exciting project, known as “Greenbas”
is being led by NMI (Innovation Center
of Iceland) with the involvement of other
research bodies. Finally, ISOR takes part
in a project aimed at treating waste
water and recycling water for the mining
industries.

Atlas Digital Database

A multidisciplinary  project (NAGTEC),
which focused on mapping the bottom of
the North Atlantic Ocean, was completed
during the year. The research involved nine
geological institutions from Denmark,
Norway, the Faroe Islands, the UK, Ireland,
Iceland, N-Ireland, the Netherlands and
Germany. The culmination of the project is
an Atlas and an extensive digital database
of the region. The project was partly
funded by oil exploration companies, who
have priority access to the data which
are already in their hands. The Atlas will
be released commercially in 2016, and
the database will be available and free to
use in 2019. The benefits of this project
will be substantial, in both theoretical
and practical terms. In the academic
field, it will increase our knowledge of
the geological history of the Northeast
Atlantic. Practically, it will increase our
knowledge of potential resources and
their utilization. This includes possible oil
and gas resources on the seabed and the
likely discovery of oil fields in Icelandic
waters.
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Modruvellir i Kjos

Hitaveitusevintyri

A laghitasvaedum hérlendis
hefur oft verio litio a boranir
eftir jardhitavatni sem dahcettu-
mal. betta er dyr framkvemd
og ekki sidur timafrek. bad
kemur skyrt fram i jarohita-
leitarsogu i Kjos og raunar
annars stadar vidé Hvalfjoro

Timafrek vatnsleit

Vid jardhitaleit i Kjésinni og annars stadar
vid Hvalfjord hefur fyrst og fremst verid
notast vid grunnar hitamaeliholur pvi hiti
vex med dypi. I Kjés ma oftast bdast vid
um 12°C hita 4 100 m dypi en hann parf
ad vera toluvert haerri ef von & ad vera &
nytanlegum jardhita i grennd. Boradar
voru fjdlmargar hitastigulsholur, oftast
70-100 m djupar, og einnig safnad saman
meaelingum Ur fjdlmérgum neysluvatnsbor-
holum vids vegar i sveitinni. Pannig fund-
ust tvd hitastigulshamork i landi Modru-
valla. Hitastigulsrannséknirnar voru gerdar
smam saman um tveggja aratugaskeid
i Kjésinni adur en radist var i borun fyrri
vinnsluholunnar (MV-19) 4 Modruvollum
arid 2012. Adur hafdi nytanlegur jardhiti
fundist & Fremra-Halsi og vid Hvammsvik
Gti vid Hvalfjord.
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Vinnsluhola MV-19 borud
i hitastigulshamark

Aris 2012 var afradid ad lata reyna &
pad hvort & Modruvollum veeri naegt og
nytanlegt vatn ad fa og var borud 822 m
djup vinnsluhola (MV-19) nidur i annad
hitastigulshamarkid. Holan reyndist vera
vel heppnud og gefur hiin nd um 80°C
heitt vatn, um 7 L/s i sjalfrennandi, og
han annar liklega um 20 L/s i héflegri
deelingu. P ad petta veeri 4geetur arangur
vantadi samt upp & ad naegt vatn veeri
til ad stofna hitaveitu fyrir allt Kjosar-
sveedid. barna er blémleg byggd og
hundrud sumarbustada. bess vegna var
afradid ad bora sams konar holu i hitt
hitastigulshamarkid & M6druvéllum i von
um svipad vatnsmagn og hita. Parna eru
adeins um 800 m & milli.

Af hverju annar borstadur?

Hitameelingar i MV-19 voru ad mérgu
leyti deemigerdar fyrir heitavatnsholur a
laghitasveedum hérlendis. Efst er brattur
stigull en sidan er komid i vatnsvinnslukerfi
4 um 270 m dypi, par sem hitastig er
tiltdlulega jafnt nidur & um 650 m dypi.
Pad er yfirleitt tdlkad sem svo ad borad
hafi verid i eda afar naleegt vatnsleidandi
bergsprungu sem gefur heita vatnid. petta
er freedilega kallad hreeringarkerfi og er
vatnsvinnsluhluti holunnar.

Vinnsluhola MV-24 borud
i annad hitahamark

Atlunin var ad nyja holan (MV-24) yrdi
i grundvallaratridum svipud hinni fyrri.
Vonast var til ad naegt vatn mundi fast a
innan vid 1000 m dypi og ad hitinn yrdi
riflega 80°C. begar borad hafdi verid nidur
i 1010 m gaf nyja holan saralitid vatn en
hitaferill hennar benti hins vegar til ad
hin heféi nad nidur i djupstedara og
mun heitara jar8hitakerfi. Pvi var borad
dypra i von um ad na pessu vatni inn i
holuna. Ekkert 6rladi & vatninu lengi vel en
hitapréunin var i samraemi vid veentingar
og pess vegna var borun fram haldid.
begar borad hafdi verid nidur i 1580 m var
astandid enn vid pad sama; upp Ur holunni
veetladi teplega 1 L/s af um 80°C heitu
vatni en slikt er kallad sermiga i Kjosinni.
Hitaferillinn benti samt sem &dur til ad enn
vaeri vatnsvon i holunni.

... 0g d sumardaginn fyrsta

Holan var ordin miklu dypri en upp-
haflega var gert rad fyrir. bratt fyrir ad
nokkur drangur hefdi nadst med orvunar-
adgerdum vildu menn kanna til prautar
hvort Ur henni fengist meira. bvi var
ar ad bora eins djdpt og heegt veeri. A
pessum endaspretti urdu menn varir vid
nyjar innrennsliseedar og vaxandi hita i
skolvatni. begar borad haféi verid i 1704
m var ljost ad ekki yrdi dypra farid pvi
byngdin & borstrengnum var ordin ofvida
lyftigetu borsins. betta var & sumardaginn
fyrsta 2014. Holan hefur verid latin gjésa
allt frd& borlokum og pannig gefur hin
rima 20 L/s. Vatnid er sjodandi heitt og
med kemur toluverd gufa, enda er hitinn
vid sudubord & 90 m dypi um 130°C.

A medan heita vatnid bulladi upp Gr nyju
holunni var stofnad hitaveitufélag, Kjos-
arveitur ehf, sem na er & fullri ferd ad
kanna mdguleika & lagningu hitaveitu f{
sveitinni. Honnun & dreifikerfi hitaveitu
um Kjésina stendur yfir og stefnt er ad
bvi ad forhonnun verdi lokid i vorid 2015.
Hver veit nema ad byrjad verdi & einhverri
hitaveitu fra Modruvallaholunum & sumar-
daginn fyrsta 2015. pad veeri einkar vel vid
heefi.

1. Hitastigulstoppar eru aberandi & Modruvollum. Par voru
tveer vinnsluholur boradar, hvor i sinn hitatoppinn og
heppnudust badar vel en gefa misheitt vatn i sjalfrennsli.
Temperature gradient observed in shallow soundings. Two
gradient highs were observed in the vicinity of Modruvellir
farm. Two production wells were drilled exactly on those

same spots, now yielding 80°-140°C hot water.

2. Valdar hitamaelingar ar vinnsluholunum MV-19 og MV-24
& Modruvollum. Badar tengjast holurnar vid 80°C heitt

vatnskerfi & <300-650 m dypi.

Some high temperature measurements from production
wells in M&druvellir. Both are connected into an 80° hot

water system <300-650 m deapth.
3. Prufudeeling ur MV-24.
A test measurement from MV-24 at Modruvellir.



M&druvellir in Kjés County
Getting Into Hot Water — A Case Study

In the low-temperature areas of
Iceland, drilling for geothermal
water has often been seen as a
risky business. Such operations
are costly and time-consuming.
The history of geothermal
exploration in Kjés and Hval-
fjorour, West Iceland, is indeed
a good example of this.

Time-consuming
Search for Water

Geothermal exploration in the Hvalfjérdur
area has primarily been based on shallow
gradient wells as formation temperature
increases with depth. As a rule of thumb,
one can expect temperatures of about
12°C at 100 m depth in Kjos. However, the
temperature must be significantly higher
for the water to be exploited. Several
gradient wells were drilled, usually 70-100
m deep, and temperature logs were also
collected from numerous drinking water
wells across the county. Implementing
this methodology, two geothermal highs
were discovered on Modruvellir farmland.
However, such research was ongoing for
two decades before the first exploration
well (MV-19) was drilled at M&druvellir in
2012. Previously exploitable geothermal
water had been found at Fremri Hals and
Hvammsvik in Hvalfjordur.

Exploration Well MV-19
was Drilled into a High
Geothermal Gradient Anomaly

In 2012 it was decided to test whether
sufficient water was available at M&dru-
vellir and a well was drilled to 822 m (MV-
19) in one of the two geothermal gradient
highs. The well proved to be successful
and today it produces about 7 L/s of free-
flowing, 80°C hot water, and probably
20 L/s using modest pumping. While
the well was regarded as a success it still
lacked sufficient water for space heating
in the whole of the Kjos area, where
several hundreds of summer cottages
have been built. Therefore, it was decided
to drill a similar well into the second

geothermal gradient high at M&druvellir
in the hope of encountering similar water
temperatures and volume. Only about
800 m separate the two target areas.

Another Well needed

Temperature in the first production well
(MV-19) was in many ways typical for
hot-water wells in the low-geothermal
areas of Iceland. In the upper section of
the well the geothermal gradient is steep
but when the reservoir is reached, at
about 270 m depth, the gradient becomes
gentle and relativily stable temperature
is measured down to about 650 m
depth. The usual interpretation would be
that during drilling the well penetrated
permeable formations by, or close to, a
fault or fissure. This is called a convective
system and forms the exploitable part of
the well.

Production Well MV-24 Drilled
in the Second Thermal Target

The intention was that the new well would
be similar to the previous one. The hope
was that enough water would be available
within 1000 m depth, with a temperature
in the excess of 80°C. However, at 1010 m
depth, the hole produced scarce water
whilst the temperature log indicated
that it had penetrated a deeper and
hotter geothermal system. Drilling was
continued therefore, in the hope of
finding feed-zones in the rock formation.
Yet permeability still seemed a far-off
dream at 1580 m, at which depth the
well produced only 1 L/s of about 80°C
water, which is only a drop in the ocean.
The temperature curve nevertheless still
indicated that water might be found with
further drilling.

00

1

Then, Hot Water at Last

The well had become much deeper
than originally planned. Although some
progress had been achieved by stimulat-
ing the hole, there was still hope that it
would be possible to access more water
by drilling as deep as the pulling capacity
of the rig would allow. During these
exhausting operations, it was noted that
new feed zones were penetrated and the
temperature had increased. When the
well had reached 1704 m it was clear that
drilling had to be terminated as the lifting
capacity of the rig had been reached.
This occurred on the first day of Icelandic
summer in 2014. From that day the well
has been discharging and it produces
20 L/s. The water is boiling hot and
steaming, as the temperature at 90 m
depth is about 130°C.

Whilst the hot boiling water was flowing
out of the well, a new district heating
company was being founded, which is
presently exploring the possibility of
piping the water throughout Kjés County.
The heating distribution system is being
planned and it is hoped that a preliminary
design will be completed in the spring,
perhaps on the first day of the Icelandic
summer this year, which would of course
be quite appropriate.
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Kennsla og proun
Geothermal Training

Leerdomur er hluti af starfinu
hvort sem pad er ad miola
pekkingu eda afla hennar.
ISOR tekur patt i ad pjilfa
sérfreedinga um allan heim

Jarohitaskoli Haskola
Sameinudu pjédanna (JHS)

Stor hluti kennslu nemenda vid Jardhita-
skolann er i hondum starfsmanna ISOR,
eins og verid hefur fra stofnun skélans
1978. Namid stendur i halft ar og i lok
ars 2014 hoféu 583 nemendur frd 58
l6ndum Gtskrifast fra skolanum. Fra ISOR
eru einnig sjo sérfredingar fulltrdar i
namsradi skélans. Auk kennslu i JHS hafa
starfsmenn ISOR tekid patt i kennslu &
arlegum namskeidum sem Jardhitaskolinn
hefur haldid tengd Pdsaldarmarkmidum
Sameinudu pjédanna. A arinu 2014 voru
slik ndmskeid haldin i Kenia og El Salvador,

eins og undanfarinn aratug. Til vidbotar
bessari reglubundnu pjalfun s& ISOR um
stéran hluta kennslu & moérgum 68rum
namskeidum vida um heim, sem sum voru
skipulégd med Jardhitaskdlanum.

Samstarf vio islenskt
haskélasamfélag

Starfsmenn {SOR hafa i gegnum arin sinnt
kennslu vid Haskola fslands og Haskélann
i Reykjavik og verid leidbeinendur
framhaldsnema par. Nokkrir starfsmenn
ISOR hafa verid, og eru, gestaprofessorar
vid HI. Kennt hefur verid vid Keili i
Reykjanesbee og vid Iceland School
of Energy, sem ISOR & hlut i og rekinn
er vid HR, par hefur kennsla aukist a
undanférnum  arum og var toluvert
umfangsmikil & arinu 2014.

Préounarverkefni

ISOR var virkur patttakandi i allmérgum
rannséknarverkefnum, styrktum af inn-

Gudni Axelsson
svidsstjori / Director

lendum jafnt sem erlendum adilum, a
arinu 2014. Segja ma ad stor hluti peirra
grunnrannsékna  og  préunaradferda
sem ISOR sinnir fari fram i tengslum vi&
pessi verkefni. Ma par nefna vidamikil
samvinnuverkefni  styrkt af  Evrépu-
sambandinu. Par & medal er IMAGE-
verkefnid sem héfst & arinu 2013 en pad er
umfangsmikid verkefni med pad markmid
ad proa nyjar adferdir til ad rannsaka jard-
hitakerfi og stadsetja djupar borholur
med markvissari haetti. {ISOR er um pessar
mundir jafnframt patttakandi i nokkrum
ficlda nyrra umsokna i rannséknarsjédi
Evrépusambandsins  asamt  nokkrum
samstarfsstofnunum & meginlandi Evropu.
Pa vinnur ISOR a8 nokkrum verkefnum
sem jarBhitaklasinn GEORG styrkir
samvinnu vid innlenda og erlenda adila og
ma par nefna verkefni tengt rétum hahita-
kerfa, Deep Roots of Geothermal Systems
(DRG), sem hofst arid 2013 og hélt afram
2014. Med pvi & ad reyna ad 6dlast betri
skilning & dypstu hlutum jardhitakerfa.



United Nations University
Geothermal Training
Programme (UNUGTP)

ISOR has taken the main responsibility
for the teaching of students from UNU-
GTP since the schools” foundation 1979.
By the end of 2014, 583 students from
58 countries had graduated. ISOR is
also represented in the Study Council
of the school by seven professionals.
In addition to the six months training
programme by the UNU-GTP, ISOR staff
have also participated in the annual
teaching courses organized by the UNU-
GTP held in relation to the United Nations
Millennium Development Goals. In 2014,
as in previous years, such courses were
held in Kenya and El Salvador. We also
make a major contribution to training in
many other courses around the world,
including some organized through the
UNU (see summary on map).

Collaboration with the Icelandic
University Community

Employees of ISOR have traditionally
lectured at the University of Iceland (UNI)
and Reykjavik University (RU) and been
supervisors for graduate students there.
Several employees of fSOR have been,
and are, visiting professors at the UNL We

supply teaching at Keilir (Atlantic Center
of Excellence) and at the Iceland School
of Energy, which is however, administered
by HR, and has grown in recent years to
become quite extensive in 2014.

Development Projects

In 2014, ISOR was an active participant
in a number of research projects funded
by domestic and foreign parties. These
projects have utilized our basic research
and development methods. They include
broad cooperative projects funded by
the European Union such as the IMAGE
project, which began in 2013; a major
project with the aim of developing new
methods to investigate geothermal
systems and to site deep wells with extra
precision. We are currently pursuing
a number of applications to research
funds of the European Union with several
cooperating organizations in Europe.
{SOR is also involved in projects which the
geothermal cluster GEORG supports in
collaboration with domestic and foreign
participants. This includes the project
"Deep Roots of Geothermal Systems”,
which began in 2013 and continued in
2014. The project aims to elicit a better
understanding of the deepest parts of
volcanic geothermal systems.

Umhverfisfraedi
environmAental Borholujardfraedi
science Borehole geology

Efnafraedi 2014

Chemistry of

thermal fluids Namsval 29 nemenda

Vid JHS 4 Islandi

Specialization of 29
fellows at UNU-GTP
in Iceland

Hugmynda- og reiknilikon
Conceptual and numerical modelling ™

B 5% 6% 9

Jar8hitanyting
Geothermal utilization

2014

JarShitanyting
Geothermal utilization

Stjornendapjalfun  Jardfraedikortlagning
Management training Geological mapping

e

Rumlega 250 manns
& sérhaefdum jarShita-

Vidnamsmeelingar
Resistivity surveying

namskeidum
Approx. 250 participants
attended specialised

Bortaekni cothermal courses Jardhitaleit
Drilling technology Eordafraedi 9 " og rannsoknir
Reservoir engineering Generalgeothermal
JarShitaboranir exploration
Geothermal drilling
Azores 2 @
g 1 & China 1
°
Mexico .
St. Vincent &
° ° Djibouti 2
El Salvador 2 the Grenadines 1 Sudgn 2 ) "e
o Ethiopia 2
Kenya 11
Ecuadorl @ o Rwancjla 5 Papa New Guinea 1
°
Tanzania 1
Bolivia 1 °
e @ Fjoldi nemenda hja JHS. ° Number of UNU fellows.
Sérhaefd jardhitanamskeid. <g) Specialised geothermal courses.
Sérhaefd jardhitanamskeid 4 vegum $ep Specialised UNU-GTP courses.

JHS tengd Pasaldarmarkmidum
Sameinudu pjédanna.
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Verkefni ISOR erlendis
(skeerlitud lond).
Projects abroad are
multicoloured.

Verkefni erlendis
Projects Worldwide

1 - Mexiké

Néamskeid um adferdir vid jardhitaleit fyrir
CEMIE-Geo o fl.

2 - El Salvador

Sérheeft jarShitanamskeid & vegum Jard-
hitaskélans.

6 - Belgia
Mat & jar8hitaverkefni vegna fyrirhugadrar
jardhitanytingar.

7 - byskaland

Mat & jardhitaverkefni vegna jardhita-
nytingar i Sudur-byskalandi.

3 - Chile

Sérhaeft ndmskeid i notkun vidnams-
meelinga til jardhitaleitar fyrir starfsfolk
SERNAGEOMIN (Jardfreedi- og namastofn-
un Chile), haldid i Reykjavik.

4 - Déminika

Radgjof og pjonusta vid boranir og
umhverfisvoktun ~ vegna  rannséknar-,
vinnslu- og nidurdeelingarholna, par
med talin hénnun & holum, meelingar i
borholum og & afkdstum peirra, sem og
synataka jar8hitavokva og gufu.

5 - Azoreyjar

Meelingar og préfanir & fjérum holum
fra fyrra ari héldu afram. Almenn jard-
hitarddgjof auk radgjafar i tengslum vid
yfirbordsrannsoéknir, borframkveemdir og
tillogur um gerd orkuvers. Namskeid um
jardfraedirannsoknir og jardhitanytingu.

8 - Tyrkland

Vinna ad nokkrum verkefnum fyrir orku-
fyrirtaeki vegna reksturs virkjana og jard-
hitaleitar. Einnig var fjarmalafyrirteekjum
veitt radgjof vegna fyrirhugadrar bygging-
ar jardvarmavera.

9 - Armenia

Gasfleedimaelingar vegna jardhitavinnslu a
Karkar-svaedinu i Sudur-Armeniu.

Marketing Manager

10 - Tansania

Undirbuningur jar8hitarannsékna og nam-
skeid um jardhitaboranir.

11 - Kenia

Uppfeersla & hugmynda- og reiknilikbnum
af jardhitakerfinu i Olkaria og almenn jard-
hitarddgjof fyrir orkufyrirteekid KenGen.
Haldid var namskeid i jardfreedikort-
lagningu og medferd landupplysinga og
pjalfun i gerd hugmynda- og reiknilikana
fyrir starfsfolk KenGen.

Bjarni Richter
markadsstjori

12. - Epidpia

Radgjof fyrir  Préunarsamvinnustofnun-
fslands og Norraena Préunarsjédinn vegna
jardhitaverkefna i I16ndum Austur-Afriku.

13 - Djibuti
Kénnun & stodu jardhitarannsdkna og

moguleikum & aframhaldandi rannsokn-
um.

14 - Eritrea
Undirbuningur og radgjof vegna frekari
jardhitarannsdkna fyrir parlend stjornvold.

15 - Indland

Radgjof i erlendu préunarverkefni og
umsjén med syniverkefni sem felst i litlu
kerfi til upphitunar hisa med jardhita i
Himalajafjéllum.

16 - Filippseyjar

Grunnrannséknir &  jar8hitasveedinu
Montelago & eyjunni Mindoro vegna
fyrirhugadra virkjunarframkveemda, m.a.
var vidndm meelt. Einnig var almenn
jardfreedi- og borholuradgjof veitt pegar
boranir hofust.

17 - Kina

Radgjof til orkufyrirteekis vegna hug-
mynda um raforkuvinnslu og radgjof til
fjarfesta vegna hitaveituframkvaemda.



1 - Mexico

Courses on methods of geothermal
exploration for CEMIE-Geo and more.

2- El Salvador

A specialized geothermal course run by
the United Nations University Geothermal
Training Program.

3 - Chile

A specialized courses in the use of
resistivity data for geothermal exploration
for the staff at SERNAGEOMIN (The
geology and mining institute Chile), held
in Iceland.

4 - Dominica

General geothermal consultation, envi-
ronmental monitoring and on-site ser-
vices during drilling of monitoring, re-
injection and production wells. Inclusive
of well design, evaluation of well output,
geophysical well-logging, short term flow
testing and chemical sampling during flow
testing.

5 - The Azores

Continued monitoring and testing of four
wells from the previous year. General
geothermal  consultancy.  Consultancy
regarding surface exploration, drilling
strategy and suggestions on power plant
design. Courses on geological surveying
and geothermal exploitation.

6 - Belgium
Evaluation of a project regarding planned
geothermal exploitation.

1. Fra Olkaria i Kenia.
Olkaria, Kenya.

2. bjalfun starfsfolks jardfraedi- og namastofnunar Chile,
SERNAGEOMIN i vidnamsmaelingum. Pjalfunin for fram
hér & landi.
Training the staff at SERNAGEOMIN, (the geology and
mining institute Chile) in resitivity, held in Iceland.

7 - Germany

Evaluation of a project regarding planned
geothermal exploitation in Southern
Germany.

8 - Turkey

Several projects for local power companies
regarding the management of power
stations and geothermal exploration.
Consultation to financial service compa-
nies regarding the planned construction
of geothermal power plants.

9 - Armenia
Gas flow measurements at a geothermal
exploitation site in Southern Armenia.

10 - Tanzania
Preparation of geothermal exploration
and a course on geothermal drilling.

11 - Kenya

Updates of the conceptual and reservoir
simulation models of the Olkaria geother-
mal system. General consultation to Kenya
Electricity Generating Company as well as
courses for their staff on the subjects of
conceptual models, reservoir simulation,
geological mapping and the treatment of
survey information.

12. - Ethopia

Consultation for The Icelandic Inter-
national Development Agency (ICEIDA)
and the Nordic Development Fund
regarding  geothermal  projects  for
countries in the East African Rift Valley.

13 - Djibouti

Exploration of the current status of
geothermal exploration and possibilities
for further exploration.

14 - Eritrea
Preparation and consultation regarding
geothermal exploration for the Eritrean
authorities.

15 - India

Consultancy to a foreign development
project and implementation of a small
geothermal demonstration house heating
system in the Himalayas.

16 - Philippines

Geothermal exploration of the Montelago
geothermal zone on the island of Mindoro
in preparation of its exploitation, e.g.
resistivity measurements as well as general
geological and drilling consultation as of
the time drilling commenced.

17 - China
Consultation regarding reservoir moni-
toring and field management. Evaluation
of potential geothermal areas for power
production.
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Grunnrannsoknir a Filippseyjum

{SOR gerdi samning vid fyrirtaekid Emerg-
ing Power Inc. um grunnrannsoknir &
jarBhitasveedinu  Montelago & eyjunni
Mindoro & Filippseyjum. Vonast er til ad
haegt verdi ad reisa par um 40 MW virkjun
til rafmagnsframleidslu.

[ febriarmanudi for sérfreedingahopur fra
ISOR til vidnamsmaelinga vid frekar erfidar
adstaedur i fjalllendi og péttum regnskdgi.
En med dyggri adstod heimamanna
nadust 54 meelingar sem tulkadar voru
einvitt jafnédum og sidar i prividd.
Rannsoéknarboranir  med  kjarnaborum
byrjudu i Montelago i lok arsins og sér
ISOR um holuhénnun, jardfreedi- og
borradgjof 4 medan borun stendur og
préfun holnanna eftir borun.

Jardhitakerfio Olkaria i Kenia

Unnid var ad pvi ad uppfeera hugmynda-
og reiknilikan af Olkaria-jardhitasveedinu
i Kenia. SU vinna var gerd i samstarfi vid
verkfraedistofurnar Vatnaskil, Verkis og
Mannvit sem og starfsmenn orkufyrir-
teekisins KenGen i Kenia.

Likanid hefur verid i stodugri préun
sidustu 35 arin. A drunum 2011-2012 var
hugmyndlikanid endurskodad af islensku
fyrirteekjunum & grundvelli  yfirgrips-
mikilla  jardvisindalegra gagna sem
aflad hafdi verid. Uppfeaerslan nlina folst
i pvi ad fera inn i likdnin upplysingar
sidan 2012 en KenGen hefur borad um
60 djupar holur & pessum fau arum
og préfad holurnar, enda eru 8 borar
stédugt i gangi & sveedinu. Starfsmenn
KenGen fengu jafnframt pjalfun i notkun
prividdarhugbunads. Markmidid er ad
peir sjai alfarid um ad préa og endurbaeta
likonin afram. Sérfraedingar ISOR og
Vatnaskila heimséttu Olkaria auk pess sem
sjo sérfreedingar fra KenGen séttu ISOR
heim i névember til ad vinna ad uppfeerslu
likansins. Pad likan tekur til steersta
rimmals og mesta fjolda borholna af
beim likénum sem ISOR hefur komid ad.

Fyrsta vinnsluholan a
Dominiku i Karibahafi

ISOR og Jardboranir hf. gerdu samning
2011 vid stjornvold a eyjunni Dominiku um
boranir og pjonustu vegna peirra. Byrjad
var & ad bora prjar grannar rannsoknar-
holur i desember 2011 og st6du boranir
fram & mitt &r 2012. Tokst ageetlega til
og voru jakvaedar visbendingar um ad
vinnanlegur jardhiti veeri til stadar. Akvedid
var ad halda afram med vinnsluboranir
sem hofust i lok arsins 2013 og lauk um
mitt ar 2014. [ peim &fanga baettist vi®
nidurrennslishola og vinnsluholan sem er
1505 m djdp og gefur um 7-9 MWe. ISOR
hefur sinnt umhverfiseftirliti, jardfraedi-
radgjof i tengslum vid boranirnar og bor-
holumalingum. PpPa hafa sérfreedingar
ISOR einnig metid afkdst holnanna og
rannsakad efnafraedilega eiginleika jard-
hitavokvans og gufu i peim. Um 10 sér-
freedingar fra ISOR hafa tekid patt i pessu
verkefni, baedi hér heima og & Déminiku.
Svaedid virdist vera gjofult og pvi geetu
holurnar séd jardvarmavirkjun fyrir gufu
sem uppfyllti raforkuporf eyjarinnar.

Verkefnid var fjarmagnad af préunarsjédi
Frakka (AFD) og préunarsjodi Evropu-
sambandsins (EDF), auk stjérnvalda &
Doéminiku.

1. Hopur sérfraedinga og adstodarmanna ad
undirbda vidnamsmeelingar a Filippseyjum
med vatnabuffal sem drattardyr fyrir
teekjabunadinn.

A group of {SORs’ specialists and assistants
preparing resistivity measurements in the
Philippines with a buffalo as their aid.

2. Komid var upp jardskjalftanemum i
Alalobeda, Tendaho i Epiopiu asamt
solarrafhlédum.

An installation of seismic sensors with solar
cells in Alalobeda, Tendaho in Ethopia.

Unnié ad pvi ad efla
Jjarohitanytingu i Austur-Afriku

{SOR er radgjafi Prounarsamvinnustofnun-
ar Islands (pSS) og Norreena Préunar-
sj6dsins (NDF) i jarBhitaverkefni sem
midar ad pvi ad adstoda 16nd i sigdalnum
i Austur-Afriku vid rannséknir og mann-
audsuppbyggingu a svidi jardhitanytingar.
Markmidid er ad kanna hvort nytanlegur
jardhiti sé til stadar og ad auka moguleika
pessara landa til framleidslu sjalfbaerrar
orku. Sem deemi mé nefna ad i Epidpiu
eru yfirbordsrannséknir sem taka til jard-
freedi, jardefnafredi og jardedlisfreedi a
vegum pessar adila langt komnar a jard-
hitasveedinu i Alalobeda i Tendaho og
nyhafnar i Aluto Langano. {SOR vann ad
gerd Utbodsgagna, vali tilbodsgjafa og
eftirliti med framkveemd rannséknanna.



Geothermal Exploration

in Philippines

A group of specialists from ISOR travelled
to Montelago for resistivity measurements
on the island of Mindoro in the
Philippines for Emerging Power Inc. This
work was done in February under difficult
conditions in mountainous terrain and
forest, but with the skilled help of local
people, 54 measurements were concluded
and interpreted 1D simultaneously and
3D afterwards. Exploration drilling started
in Montelago by the end of the year and
ISOR was in charge of geological and
drilling consultancy during drilling and
geophysical well testing after completion
of the drill.

Assessment of the Olkaria
Geothermal System, Kenya

Significant work was undertaken last year
to update the conceptual model of the
Olkaria geothermal system in Kenya. The
work was conducted in collaboration
with engineering firms Vatnaskil, Verkis
and Mannvit in addition to staff with the
KenGen energy company of Kenya.

The model has been developed constantly
through the past 35 years. In 2011-2012,
the conceptual model was revised by
Icelandic companies based on newly
acquired  comprehensive  geoscientific
data. The present update of the model
includes results from 2012, during these
few years KenGen has drilled around 60
deep wells and tested them. Eight drilling
rigs are operating constantly in the area.
KenGens' employees were also trained in
using 3D-visualtization software. The aim
is that they will develop and improve the
models by themselves in the future.

Experts from ISOR and Vatnaskil visited
Olkaria in 2014, and seven specialists
from KenGen visited ISOR in Iceland in
November, to work progress the project.
The model comprises the largest geo-
thermal volume and the greatest number
of boreholes ever undertaken by ISOR.

The First Production Well on the
Caribbean Island of Dominica

ISOR and Iceland Drilling Ltd. agreed with
the Dominican government in 2011, to
provide geothermal drilling, consultancy
and servicing on the island. Initially
three exploration wells were drilled from

1. 140 MW virkjun, Olkaria 1V, fér i gang 2014.

Olkaria IV 140 MW was commisioned in Kenya in 2014.
2. Likan af jardhitakerfinu i Olkaria.

Olkaria conceptual model.

December 2011 until mid-2012. The wells
were successful, giving positive indication
that the geothermal resource could be
exploited. Production drilling began in
late 2013 and was completed in mid-2014.
During this phase, a reinjection well was
added and the production well, which is
1505 m deep, yields 7-9 MWe. ISOR has
carried out environmental monitoring and
geological consulting in connection with
the drilling and geophysical logging. ISOR
has also evaluated the performance of the
wells and studied the chemical properties
of the geothermal fluid and steam. Some
10 experts from ISOR have participated
in this project, both in Iceland and in
Dominica. The geothermal area seems
to be productive and could provide the
whole island with electricity should the
decision be made to build a power plant.

The project was financed by the French
Agency for Development (AFD) and the
European Development Fund (EDF), as
well as the government of Dominica.

Efforts to Promote the
Utilization of Geothermal
Energy in East Africa

ISOR is an advisory body for The Icelandic
International Development Agency
(ICEIDA) and the Nordic Development
Fund (NDF) in a geothermal project
which aims to assist countries in the East
African Rift Valley, to develop research
and human resources in the field of
geothermal energy. The objective is
to study whether useful geothermal
energy is available along the rift valley,
thus increasing the potential of the
numerous East African countries to
produce renewable energy. For example,
in Ethiopia surface exploration involving
geology, geochemistry and geophysics
supported by these parties are well under
way in Alalobeda in Tendaho, and have
recently started in Aluto Langano. ISOR
drafted the bidding documents, worked
on bidder selection and is monitoring the
implementation the research.
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Utgefid efni

Skyrslur  Reports

Anett Blischke og Ogmundur Erlendsson (2014).
CRUSMID-3D - NORDMIN. Status Report 2014.
fslenskar orkurannsoknir, ISOR-2014/056. Unnid fyrir
GEUS (Geological Survey of Denmark and Greenland)
og Orkustofnun. 33 s. Lokud skyrsla.

Audur Agla Oladéttir (2014). Observations on CO,
Flux through Soil and Soil Temperature in the
Reykjanes Geothermal Area in 2012 and 2013.
fslenskar orkurannséknir, ISOR-2014/024. Unnid fyrir
HS Orku hf. 27 s.

Audur Agla Oladéttir, Finnbogi Oskarsson og
Dadi Pborbjornsson (2014). Measurements of CO,
Flux from Soil at Karkar, Armenia. Islenskar orku-
rannséknir, ISOR-2014/048. Unnié fyrir World Bank.
33 s. Lokud skyrsla.

Arni Hjartarson (2014). Huasavikurhofdi. Jardhita-
rannsékn 2014. fslenskar orkurannsoknir, ISOR-
2014/040. Unnid fyrir Orkuveitu Hasavikur. 21 s.

Arni Hjartarson (2014). Seydisfjordur. Jardhita-
rannsékn 2014. [slenskar orkurannsoknir, ISOR-
2014/059. Unnid fyrir RARIK. 19's.

Bjarni Gautason (2014). Nordurorka. Forgangsrédun
rannsokna og horfur i rekstri fyrir Akureyri og
nagrenni til arsins 2030. fslenskar orkurannséknir,
ISOR-2014/042. Unnid fyrir Nordurorku. 28 s.

Bjarni Gautason, Porsteinn Egilson og Hordur
Tryggvason (2014). Nordurorka. Eftirlit med
jardhitasveedum og orkubuskapur veitunnar

fyrir Akureyri og nagrenni 2011-2013. fslenskar

orkurannséknir, {SOR-2014/051. Unnid  fyrir
Nordurorku. 62 s.
Bjorn Mar Sveinbjornsson (2014). Success of

High Temperature Geothermal Wells in Iceland.
fslenskar orkurannsoknir, ISOR-2014/053. Unnid fyrir
Orkustofnun. 40 s. + vidauki & CD (lokadur).

Dadi Porbjornsson, Steinpér Nielsson, Gunnlaugur
M. Einarsson, Hjalti Franzson, Ragna Karlsdottir,
Saeunn Halldérsdottir, Prainn Fridriksson og Finnbogi
Oskarsson (2014). Reykjanes — Conceptual Model.
fslenskar orkurannsoknir, ISOR-2014/049. Unnid fyrir
HS Orku hf. 60 s. Lokud skyrsla.

Dadi Porbjornsson, borsteinn Egilson og Sigurdur
Sveinn Jénsson (2014). Short-Term Flow Test of Well
WW-P1, Laudat, Dominica. {slenskar orkurannséknir,
{SOR-2014/072. Unnid fyrir PGMU. 38 s.

Egill Arni Gudnason og Kristjan Agustsson (2014).
Earthquake Swarm on Reykjanes in October 2013.
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Borhola

Ordid borhola merkir, samkvaemt islenskri ordabdk, hola sem hefur verid borud (t.d. eftir heitu vatni).
Til eru margar gerdir af borholum og mismunandi adferdum er beitt vid borun.
Tilgangur borunar er einnig margvislegur og getur t.d. farid eftir umhverfis- eda arangurssjénarmidum.
Borholur eiga pad sameiginlegt ad dypi peirra er gjarnan gefid upp i metrum hérlendis en viddin oftast i tommum.

vinnsluhola

til ad afla heits vatns eda gufu

hahitahola
(gufuhola)
vinnsluhola til ad na i gufu til
rafmagnsframleidslu
sjohola

vinnsluhola til ad deela upp jardsjo
sem stundum er nedan vid ferskvatn

kaldavatnshola

vinnsluhola til ad afla neysluvatns
eda vatns fyrir idnad

laghitahola
heitavatnshola
vinnsluhola til ad afla heits vatns
fyrir hitaveitu eda adra notkun
héggborshola

hola borud med sérstakri gerd
jardbors, hoggbors, par sem pungur
hnallur hangir i togvir og er latinn
falla st6dugt & holubotninn og mylja
pannig bergid smatt og smatt

Steam well

Shallow well

Cored well

Production well

a well used to retrieve hot water or
steam from an underground deposit

Borehole

a hole that is drilled into the earth

nidurdaelingarhola

(nidurrennslishola)
misdjup hola til ad jardsetja vatn
ymist med deelingu eda sjalfrennsli

svelghola

grunn hola til ad jardsetja skolvatn
fra bor eda fra annarri starfsemi

skolvatnshola

sérstok hola sem borud er
ofan i vatn til ad na i skolvatn
a medan a borun stendur

férgunarhola

grunn hola til ad jardsetja vatn fra
akvedinni starfsemi t.d. heilsub6dum

Well

rannsoknarhola

(kdbnnunarhola)
hola borud i rannséknarskyni

hitastigulshola
(leitarhola)
rannsoknarhola borud

sérstaklega til ad akvarda
hitastigul

kjarnahola

synatdkuhola borud med
demantskronu (2-4")

stefnuborud hola

borhola sem er borud [68rétt i upphafi
en er sidan beint ad akvednu marki.
betta er gert vegna umhverfis- og
arangurssjénarmida

skahola

borhola sem er ekki 168rétt,
heldur borud a ska til ad leita
uppio og skera sprungur

The English definition for a well, is a hole or shaft that is

excavated, drilled, bored, or cut into the earth
so as to tap a supply of water, oil, gas, etc.

Few examples of wells are mentioned here.

Slanted well

Re-injection well Exploration well

Observation well

a well that is used to observe and monitor
changes over a period, or during
a pumping test

Geothermal well

Makeup well
Directional well

deviates by purpose from a vertically
straight line to hit special target

Slim hole well

Gradient well

Groundwater well
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