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Ljsmyndir { skyrslunni eru teknar af starfsfélki [SOR
nema annad sé tekid fram.

Photographs were taken by the staff of Iceland GeoSurvey,
unless committed.

Svarthvitar ljésmyndir af stjorn og starfsfolki/
Black and white photos of employees: Helga M. Helgadéttir.

Forsida, bls 2-3,5,14,15: Namafjall, Myvatnssveit.
Ljésmynd: Sigurdur G. Kristinsson.
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Jardvisindarannsoknir,
kennsla og pjénusta

W-_-. 1 SJO ératugi
" Seven Decades

of Scientific and Technical
Services

Jardfraedikortlagning - Jardedlisfreedilegar maelingar - Jardefnafreedi
Radgjof vid boranir - Borholumeelingar
Mat & jarShitaforda - Styring jardhitavinnslu
Umhverfisrannséknir - Grunnvatnsrannsoknir
Mannvirkjajardfreedi - Hafsbotnsrannsoknir

Kennsla og pjalfun

fslenskar orkurannsoknir, ISOR, eru sjalfstaed rikisstofnun sem heyrir undir
umhverfis- og audlindaraduneytid. Starfsemin byggist & pekkingu sem fengin
er med rannséknum, flun gagna og préun teekni og adferda. ISOR starfar 4
samkeppnisforsendum med hagkvaemar lausnir og virdingu fyrir umhverfi
og samfélagi ad leidarljosi.

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

Geothermal Training

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

compilation and development of technologies and techniques based on expertise

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




Avarp stjornarformanns

Sigrdn Traustadottir

Arid 2015 var um margt mjog gott hja
{SOR. Annad arid i rod var fyrirtaekid rekid
med hagnadi og veltan hefur aldrei verid
meiri fyrir utan arid 2008. S& samdrattur
sem vard i kjolfar efnahagshruns 2008
virdist ad baki og séknarferi eru vida
baedi innanlands og utan. A &rinu 2015
nam veltan teepum 1400 mkr. og
hagnadur nam 10 m.kr. ad teknu tilliti
til &rangurstengdra launa starfsmanna.
Verkefni, baedi innanlands og utan,
hafa skilad aukinni veltu undanfarin ar
pott umsvif innanlands hafi ekki nad
peim haedum sem pau voru arid i 2008.
Tekjurnar arid 2015 eru svipadar i krébnum
talid og paer voru 2008 en samsetning
verkefna hefur breyst. Erlend verkefni
hafa aukist Ur um 8% af veltu i rim 34%.
Stadan hefur jafnframt breyst hvad vardar
timalengd og umfang verkefna. Adur var
um ad raeda morg sma verkefni til skamms
tima, par sem vidskipti vid einn verkkaupa
nému um pridjungi tekna, en nd eru mérg
verkefni til lengri tima, beedi meelingar
og rannsoknar- og eftirlitsverkefni. Gerir
petta pad ad verkum ad oll skipulagning
og aaetlanagerd er vidradanlegri. Um 70
arsverk voru innt af hendi hja ISOR af 85

starfsménnum og nam launakostnadur
784 mkr. Fjarhagsstada ISOR er sterk en
eigid fé er 321 mukr, eda 62% eiginfjar-
hlutfall. Veltufjarhlutfallid er einnig sterkt,
eba teepir tveir. Ljost er ad uppsodfnud
fjarfestingarporf er fyrir hendi par sem
adilar hafa haldid ad sér hondum hvad
fjarfestingu vardar & undanférnum arum.

A arinu var ahersla [6g8 & nylidun i starfs-
mannahopnum, pjalfun og menntun. Ljost
er ad porf er a frekari nylidun og pjalfun
& yfirstandandi ari par sem drjugur hluti
reynslumikilla starfsmanna mun hverfa fra
storfum & naestu arum. Mikilvaegt er ad vel
takist til vid ad midla nyjum starfsménnum
af pekkingu peirra.

Stjorn ISOR hélt 10 fundi 4 arinu 2015. {
april skipadi umhverfis- og audlindarad-
herra nyja stjorn ISOR. Nyir inn i stjérn
komu Asta Bjorg Palmadottir sveitarstjori,
Ingveldur Seemundsdottir, adstodarmadur
radherra, og Stefan Gudmundsson, skrif-
stofustjéri i umhverfis- og audlindaradu-
neytinu. Fyrir eru i stjérninni Sigran
Traustadottir, vidskiptafreedingur og for-
madur, og Sveinbjorn Bjornsson, edlis-
fraeedingur. Pau Ingvi Mar Palsson, Gudrin

Helga Brynleifsdottir  og  Svanfridur
Jonasdottir hurfu Gr stjorninni. Eg pakka
frafarandi stjérn fyrir afskaplega gott
samstarf & lidnum arum.

Ari 2011 var farid i umfangsmikla stefnu-
motunarvinnu sem lagdi linurnar fram til
arsins 2016. Markmid peirrar vinnu var
ad skoda hvernig best veeri ad komast i
gegnum paer breytingar sem ordnar voru
& markadnum. Farid var i mikla markads-
vinnu vid ad afla verkefna erlendis i peim
tilgangi ad vidhalda starfseminni og
peirri pekkingu sem byggd hafdi verid
upp & undanfornum aratug. Arlega hefur
pessi vinna verid metin og uppfeerd i ljosi
breytinga & umbhverfinu. NG er ljést ad
fyrir liggur vinna vid stefnumétun 2016-
2021. Soknarfeeri virdast liggja vida og
mikilveegt er ad vel takist til vid morkun
pessarar stefnu. bad er tilhlokkunarefni ad
takast & vid pau verkefni sem framundan
eru med haekkandi sél.

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

Stjérn ISOR / Board of Directors

Asta Bjorg Palmadottir, Stefan Gudmundsson,
Ingveldur Seemundsdbttir, Sigrdn Traustadottir formadur
og Sveinbjorn Bjornsson




Chairman of the Board

Sigrun Traustadottir

The year 2015 was on the whole a very
good one for ISOR. The company record-
ed a profit for the second consecutive
year with the best turnover since 2008.
The recession that followed the econom-
ic collapse in 2008, appears to be over
and we have identified new market op-
portunities both in Iceland and abroad.
In 2014, the turnover was ISK 1.4 million
and profit was ISK 10 million after perfor-
mance related wages were accounted for.
Work in Iceland and abroad has increas-
ed and returned high turnover despite
the fact that home based projects are
fewer than in 2008. The revenue in 2015
is approximately the same as in 2008,
but the combination of projects is very
different. The proportion of foreign
revenue has risen from 8% in 2008 to 34%
today. The timeframe and scope of the
projects is also different. Before, a third
of all projects were commissioned be a
single large customer, and these were
small short term projects. Now there are
many long term projects for a variety of
customers, both in borehole loggings and
research. This allows for ease of organisa-
tion and planning. Around 70 man-years
were carried out at ISOR by 85 employees
and wages were ISK 874 million. ISORs’

financial position is strong with equity
and ISK 321 million, or 62% equity ratio.
Current turnover is also good, a little
under two. It is clear that a need for new
investment has accumulated over the last
few years as investment commitments
have been low.

In 2015 there was an emphasis on new
recruits at ISOR, bringing new ideas and
methods to the company. It is clear that
more recruitment and training will be
needed in the coming year as many of the
most experienced staff reach retirement
age in the near future. It is of great
importance that the more experienced
staff can pass on their knowledge to the
new recruits.

In April, the minister of the Environment
and Natural Resources, appointed a
new board of directors for ISOR. The
board held 10 meetings in 2015. New-
comers to the board were Asta Bjorg
Palmadattir, district manager, Ingveldur
Seemundsdottir, the minister's aide and
Stefan  Gudmundsson, office manager
in the Ministry of the Environment and
Natural Resources. Previously in the
board were Sigrin Traustadottir, business
administrator and director of the board

and Sveinbjorn Bjornsson, physicist. Ingvi
Mar Palsson, Gudrun Brynleifsdottir and
Svanfridur Jénasdottir left the board of
directors last year. I thank them for their
very good work over the last few years.

In 2011, ISOR put in place an important
strategic plan intended to set the agenda
within the company until 2016. The aim
was to examine how best to tackle the
market changes that had occurred. In
order to safeguard and employ the know-
ledge which has been amassed at {SOR
over many years, an extensive marketing
initiative was implemented to win projects
abroad. This has been assessed on a
yearly basis and upgraded whenever
necessary in light of the ever changing
environment. Preparation for a new strate-
gy plan for 2016-2021 is underway. There
are many opportunities for new projects,
and therefore internal planning is of great
importance. We look forward to the many
new and existing projects that lie ahead
and anticipate a bright future for the
company.

I wish to thank SORs” staff, management
and the board of directors for their
excellent work and cooperation during the
last year.



Horft fram a veginn

Olafur G. Flévenz forstjori

Arid 2015 var ISOR hagsteett. Smaveegi-
legur hagnadur vard af starfseminni
annad arid i rod en peim hagnadi er varid
til ad styrkja innvidi ISOR. Aukin umsvif i
islensku samfélagi og vaxandi orkupd&rf
hefur leitt til umfangsmeiri verkefna hja
{SOR. Verkefnasflun erlendis hefur gengid
vel og ljést ad starfsfolk ISOR nytur mikils
alits og trausts i jardhitaheiminum. Ahugi 4
nytingu jardhita vida um heim fer vaxandi
sem lidur i barattunni vid loftslags-
breytingar og er mikid leitad til ISOR um
patttoku i ymis konar jar8hitaverkefnum i
utlondum. Starfsfolki hefur fjolgad, ungt,
vel menntad folk hefur baest i hopinn og
hlutfoll kynja i starfsmannahépnum og
medal stjérnenda nalgast jofnud heegt og
rélega. Storf hja ISOR eru eftirsott sem sést
medal annars & pvi ad yfir 300 umsoknir
barust sidastlidid haust um 7 sérfraedistorf.
A3 venju 4ttu starfsmenn ISOR veglegan
hlut i birtingum rannséknarnidurstadna a
Alpjédajardhitaradstefnunni  WGC-2015
og visindamenn fra ISOR hrepptu baedi
verdlaunin sem Alpjodajardhitasambandid
veitti fyrir bestu fraedigreinar i jardhita
undanfarin fimm ar. Pa nadist mjog godur
arangur i umséknum um rannséknarstyrki
til Horizon 2020 rannsoknarazetlunar
Evrépusambandsins. ISOR var adili ad
fimm umséknum sem allar nadu lagmarks-
einkunn og af peim hlutu fjérar myndar-
lega styrki. Pessi verkefni skipta ISOR miklu
mali vid ad byggja upp pekkingu sem er
grundvéllur pjénustu og radgjafar ISOR.

KynsléBaskipti eiga sér na stad hja ISOR.
beir starfsmenn sem undanfarna aratugi
hafa verid burdarasinn i starfsemi {SOR
fara na & eftirlaun hver af 68rum. Petta
er sa stori hopur folks sem kom til starfa
ad orkumalum og jardvisindum hja Orku-
stofnun & attunda aratug tuttugustu
aldar, pa nyutskrifad folk ar héaskolum.
betta er hépurinn sem prdadi og leiddi
paer rannséknir sem liggja ad baki hinni
stérfelldu  uppbyggingu hitaveitna og
raforkuvinnslu Gr jardhita & Islandi en
naut jafnframt frumkvodlastarfs peirra
fau brautrydjenda sem adur hofdu komid
til starfa. pessi fjolmenni hépur verdur ad
mestu horfinn Ur starfslidinu eftir 6-8 ar. Til
ad bregdast vid pessu hefur ISOR lagt rika
aherslu & ad rada ungt folk til starfa og
pjalfa pad upp med pvi ad blanda reynslu
peirra eldri saman vid kraft hinna ungu
og feerni peirra i tolvuteekni nutimans.
Jafnframt hefur ISOR fra stofnun arid
2003 lagt aherslu & ad jafna kynjahlutfoll
i starfslidi sinu og medal stjérnenda og
hefur verulega aunnist i peim efnum. pad
er afar mikilvaegt fyrir framtid ISOR og
orkurannséknir & Islandi ad pessi kyn-
slédaskipti takist vel.

Arid 2012 var gerd st breyting & stjornar-
radi Islands a8 audlindamal voru ad hluta
til flutt til umhverfisrdduneytisins sem
sidan hefur borid heitid umhverfis- og
audlindaraduneytid. Hugsunin var su ad
feera pangad rannsoknir & audlindum en
lata nytingu nattdruaudlinda falla undir
atvinnuvega- og nyskopunarraduneytid.
Med hlidsjon af pessari skiptingu verk-
efna milli raduneyta var ISOR fert fra
idnadarraduneytinu  til  umhverfis- og
audlindaraduneytisins. { sjalfu sér skiptir
litlu mali fyrir ISOR undir hvada raduneyti
stofnunin fellur pvi hin er fjarhagslega
og stjérnunarlega sjalfstaed. NU er komin
teeplega fjdgurra ara reynsla a veru {SOR

undir umhverfis- og audlindardduneytinu.
Samskipti  ISOR  og  raduneytisins
hafa fra upphafi verid med &geetum.
Radherra setti reglugerd um starf-
semi ISOR 4ri& 2014 en adur hafsi verid
gengid fra rammasamningi milli {SOR og
réduneytisins um vinnu ISOR ad verk-
efnum fyrir rdduneytid. Sa galli var po6 a
pessum breytingum & skipan raduneyta
ad umhverfis- og audlindardduneytid
fékk enga fjarmuni til ad kosta rannséknir
4 orkulindum landsins. { raun er pvi ausd-
lindapattur raduneytisins bara nafnid eitt,
pad litur i reynd fyrst og fremst & sig sem
umhverfisraduneyti en audlindapatturinn
gleymist gjarnan. betta er afar sleemt til
framtidar litid.

ISOR hefur itrekad lagt fram hugmyndir
og tillogur um skipulegar rannsoknir &
jardhitaaudlindinni  utan peirra sveeda
par sem orkufyrirtaeki hafa nytingar-
eda rannsoknarleyfi. bar er ekki verid ad
tala um rannséknir sem mida ad pvi ad
virkja sjalf hahitasveedin, sem morg eru
i verndarflokki rammaaaetlunar, heldur
sveedin innan gosbeltanna & milli peirra.
bar benda likur til ad f& megi mikla orku
med borunum nidur & 3-4 km dypi. Adur
en til pess kemur parf kerfisbundna kort-
lagningu & jardfraedi gosbeltisins og raf-
leidni jardlaga sem gefur upplysingar um
hita djupt i jordu og slikt tekur tima. Med
hoflegum  fjarframlégum, td. 100-200
m.kr. & ari, i pennan malefnaflokk maetti
fa greinargddar upplysingar um jard-
hitaaudlindina & naestu 10-20 &rum. Pad
geeti studlad ad skynsamlegri nytingu
hennar & komandi aratugum til ad meeta
vaxandi raforkuporf an pess ad fara inn
4 pau svaedi sem menn helst vilja vernda
til frambudar. Til ad tryggja ad umhverfis-
og audlindaraduneytid geti stadid undir
nafni er naudsynlegt ad tryggja pvi fé til
rannsékna & jardreenum audlindum lands-
ins. Ef pad verdur ekki gert veeri betra ad
feera audlindapéttinn til atvinnuvega- og
nysképunarraduneytisins



Looking ahead

Olafur G. Flévenz CEQ

The year 2015 was a very a favourable one
for ISOR. The company returned a small
profit for the second year that is being
used to improve ISORSs™ infrastructure
and to pay for own research projects.
Increased business in Iceland and the
growing need for energy has led to
[SORs” involvement in larger projects.
Marketing abroad has been successful
and it is obvious that the knowledge and
experience of {SORs” staff is held in high
regard in world of geothermal. Increased
interest in geothermal utilization world-
wide may be attributed to the battle
against climate change. This has resulted
in various collaborations between ISOR
and international organizations involved
in geothermal and environmental pro-
jects. Staff numbers at {SOR has grown
significantly recently and young, well-
educated people have joined the institute.
The gender balance within the staff and
directors is gradually improving. Over 300
applications were received for seven posts
that were advertised recently, showing
that jobs at {ISOR are in great demand.

As usual, ISORs' staff played an important
part in the release of research findings at
the World Geothermal Congress (WGC-
2015) and ISORs' scientists claimed both
of the awards that the International
Geothermal Association awarded for
the best geothermal research papers
from the past five years. There were also
excellent outcomes for the grant research
applications to the EU Framework
Programme for Research and Innovation;
Horizon 2020. ISOR participated in five
proposals that all scored the minimum
grade, four of which earned substantial
grants. Such projects are of vast
importance to ISOR as they concern the
development of infrastructure and the
knowledge, which is the basis of all of
ISORs” service and consultancy work.

One might say that a generational shift
is occurring at ISOR. The individuals who

hitherto have been the linchpins in {SORs’
operations are now gradually heading
towards retirement. This original group of
scientists started working at The National
Energy Authority, the predecessor of ISOR,
in the 70’s, having just graduated from
their studies. They developed and lead
all research work that was carried out and
laid the groundwork for today's large-
scale development of heating utilities and
electricity production from geothermal
energy in Iceland. They also worked with
the first pioneers in this field. Since this
large group will mostly leave ISOR in the
next 6-8 years, the company places great
emphasis on recruiting young scientists to
work alongside their older colleagues, so
that both parties may benefit. At the same
time, ISOR has from the start in 2003,
successfully emphasized the importance
of gender equality in the workplace. It is
of extreme importance for the future of
ISOR and energy research in Iceland that
this inter generational paradigm shift is
successful.

In 2012, {SOR was moved from the
Ministry of Industry to the Ministry of
the Environment and Natural Resources.
When it comes down to, it is of little
concern to ISOR which ministry it belongs
to since ISOR is fully independent
financially as well as administratively.
Today, ISOR has been under the Ministry
of the Environment and Natural Resources
for four years. All interactions between
the two parties have been excellent
from day one. The minister put forward
a regulation on ISOR in 2014, but before
that, a framework agreement between
ISOR and the Ministry of the Environment
and Natural Resources had been made,
concerning projects that ISOR would carry
out on the ministry’s behalf. However,
there was a flaw, since no money was
allocated to the ministry to pay for
the research of Iceland’s geothermal
resources. Thus, the role of natural
resources research within the Ministry

of Environment and Natural Resources
seems to be meaningless as the Ministry’s
primary interest is the environment, whilst
research into natural resources is ignored.
For future reference, this is not a good
thing.

[SOR has repeatedly introduced ideas
and proposals for organized research, on
the geothermal resource outside of areas
where the power companies have been
granted research or utilization permits.
We are not referring to research that
aims to harness the geothermal areas
themselves, many of which fall under the
protection group in Iceland’s Master Plan
on Protection and Utilization, but those
areas that fall within the volcanic zones
between the known geothermal areas.
Such areas may have potential to provide
a huge energy resource by drilling 3-4 km
into the earth. Before that can be done,
careful and systematic mapping of the
geology of the volcanic zones and the
electrical conductivity of the subsurface
must be measured. The electrical
conductivity provides information about
temperature distribution in the Earth’s
crust. This is a long-term project, but it will
provide the basis for energy production in
the future. With a moderate contribution
of, for instance, 1-2 M€ per year, detailed
information on the geothermal resources
of Iceland could be obtained over the
next 10-20 years. This would contribute to
the sensible utilization of the geothermal
resources for the coming decades, in
order to meet the growing need for
energy, whilst also leaving untouched
those sensitive areas that we prefer
to protect. In order to ensure that the
Ministry of the Environment and Natural
Resources could live up to its name, it is
necessary to secure funds for research
on geo-resources. If that doesn't work,
the natural resource part is better be
moved to the Ministry of Industries and
Innovation.



Rekstraryfirlit fyrir arid

Rekstur ISOR gekk vel & éarinu 2015 og Eigid fé og eiginfjarhlutfall / Equity and equity ratio
haekkudu heildartekjur um 13,2% milli ara,
eda 163 m.kr. 325.000 70,0%
Eiginfjarhlutfall {SOR er gott, eda riflega 60%. 320.000 60,0%
Undanfarin ar hefur rikari dhersla verid 16gd 50,0%
. . o  315.000
a verkefnapréun og erlenda markadi til 3 20.0%
P . . . £ - ,07%
aéﬁ (.iraga ar svelflum i relzkstrl. I dag er um £ 310.000
pridjungur af veltu ISOR i erlendum verkum 3 30,0%
og er pad veruleg aukning ef hgrft er nokkur % 305000 )
ar aftur i timann. Verkefni ISOR & svidi 20,0%
hahita eru umfangsmest, eda riflega 60% af 300.000 10.0%
heildarveltu arsins 2015.
: . . 295.000 0,0%
ISQR had a good year‘ of opgratlon in 2015 2012 2013 3014 2015
with total revenues increasing by 13,2%
compared to the year before, or by ISK 163 mmm EQUITY s EQUITY RATIO
million.
fSORs’ equity ratio is good, or over 60%. Tekjur og EBIDTA / Revenue and EBIDTA
More focus has been on project develop- 1.600.000 7,00%
ment and international markets in recent 1.400.000 6,00%
years as a means to reduce operational
. . : , 1.200.000
fluctuations. Today a third of ISORs 5,00%
turnover comes from foreign projects & 1.000.000
. L . 5 4,00%
which is a significant increase compared S 800.000
to recent years. More than 60% of ISORs' 3 3.00%
. . . o ’
total turnover in 2015 originates from high- £ 600.000
temperature projects. 400.000 2,00%
200.000 1,00%
0 0,00%
2012 2013 2014 2015
I REVENUE === EBIDTA as % of revenue
Gudrun Erlingsdéttir
fijarmalastjori
Financial Manager
Skipting veltu ISOR eftir heimshlutum Skipting veltu ISOR
Revenue by gegraphical location in 2015 Revenue by business segment
Asia Amerika Annad
Asia America Other
Afr?ka >~ 9% A.S%
Africa 4 \
12% Laghitiog /24%
nattarufar
Evrépa fyrir Natural
utan fsland ‘ | resources _
Europe | 66% 4 62%
except Iceland - 9 island Kennslaog ' 9% Hahiti
: ! Geothermal
Iceland préun
Geothermal energy

training



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

Financial Statements for the Year

2015 2014
1.397.463 1.234.503
1.314.612 1.190.589
71.096 39.778
1.385.708 1.230.367
11.755 4.136
(946) 655
10.809 4.791
135.405 154.520
381.326 313.294
516.731 467.814
321.881 311.073
194.850 156.741
516.731 467.814
82.273 48.069
4.633 (70.273)
(52.350) (79.910)
34.556 (102.114)
82.851 43.914
5,9% 3,6%
62,3% 66,5%

3,5% 1.6%



10

Hahiti

Hahitaboranir héfust & ny & éarinu hja
orkufyrirteekjum i landinu eftir ad hafa
legid nidri allt 4&rid 2014. Pjonusta
ISOR vegna hahitaborana er ein af
grunnstodum starfseminnar og pvi er
mikilveegt ad geta bodid hana hér a
landi. Pjonustan er margpaett og felur
m. a. i sér ad safna synum af borsvarfi a
tveggja metra dyptarbili til ad greina
jardlég og ummyndun bergsins og fa
par med vitneskju um jarShitakerfi®
a4 borstad. Sidan eru ymsar meelingar
gerdar i borholunum & medan & borun
stendur. Hitamaelingar eru gerdar til ad
afla vitneskju um adar og upphitun i
borholunni, jar8lagameelingar (vidnams-,

nifteinda-, gamma- og viddarmeelingar)
til ad fa upplysingar um jar8lég og
I6gun borholunnar og hljédsjarmaelingar
til ad greina sprungur sem holan sker
dsamt pvi ad fa upplysingar um legu
sprungnanna og stadfestingu um jard-
I6g. Einnig eru gerdar girbmelingar i
stefnuborudum holum til ad fylgjast med
hallauppbyggingu og stefnu peirra. Loka-
hnykkurinn vid borun er prepaprof til ad
meta lekt i jardhitakerfinu vid holuna og
aeetla afkastagetu. A3 lokinni borun er
holunni leyft ad hitna upp og eru hita- og
prystingsmaelingar gerdar til ad fylgjast
med upphituninni. A3 upphitun lokinni
er holan afkastapréfud og pa fyrst kemur
arangur borunarinnar i ljés.

Fjérar holur voru boradar hérlendis a
arinu og sa fSOR um jardlagamaelingar
og radgjof. Fyrir Orku nattdrunnar voru
boradar tveer vinnsluholur, HE-58 i Hellis-
skardi & Hellisheidi i 2531 m dypi og NJ-28
& Nesjavollum sem vard 1301 m djup.

Fyrir HS Orku voru tveer holur boradar. Ein
nidurdaelingarhola, RN-34, var borud &
Reykjanesi nidur & 2695 m dypi og er hin
nordvestur af Syrfelli. Ein vinnsluhola til
gufudflunar, SV-24, var svo borud i Svarts-
engi i 2004 m dypi.

A Kroflusvedinu voru gerdar borholu-
meelingar i tengslum vid eftirlit og
hreinsun a holum KJ-14 og KJ-15 auk pess
sem ISOR sinnti ymiskonar maelingum vid
hreinsun holu IDDP-1. Vegna pess hve
holan var illa farin tokst ekki ad hreinsa
hana og var hun ad lokum fyllt med mol
0g steypu.

A arinu var jafnframt unnid a8 lokaafanga
verkefnis fyrir Landsvirkjun um tektoniska
greiningu & Peistareykjasvaedinu  og
tengslum pess vid Tjornesbrotabeltid.
Verkinu lauk med pverfaglegri greiningu
& tilteekum goégnum i peim tilgangi ad
setja fram heildsteeda talkun & samspili
glidnunar i rekbeltinu og Tjérnesbrota-
beltisins og ahrifum pess & jardfraedi
svaedisins og jardhitavirkni. Nidurstodur-
nar voru notadar til ad benda & élitleg
svaedi til borunar. Verkefnid er unnid med
samskonar adferdafredi og hefur verid
beitt & Reykjanesi fyrir HS Orku.

Sifellt meiri ahersla hefur verid 16gd a
pverfaglega nalgun & sidustu arum pegar
kemur ad rannséknum og pekkingaréflun
& innri gerd og edli jardhitakerfa.

Benedikt Steingrimsson
svidsstjori / Director



Geothermal Energy

The Icelandic power companies continued
high-temperature drilling this year after
work had been discontinued for twelve
months. ISORs’ expertize in all areas of
high-temperature drilling is crucial to its
operation and therefore, it is vital that
this service can be offered in Iceland.
The miscellaneous nature of {SORs” work
includes the collection of drill cuttings
in order to analyse lithology and rock
transformation,  thus identifying all
features of the geothermal system at
any drill site. Various measurements
are executed of the boreholes during
the drilling phase. Loggings of high
temperature are made in order to gain
knowledge of fractures, feed-zones,
lithology and warm-ups in wells (e.g.
resistance, neutrons, gamma and caliper),
to better understand the lithology and
configuration of the borehole. Televiewer
measurements are used to identify
faults and fractures in boreholes, as well
as gaining further information on the
stratigraphy.

Gyro measurements are performed in
directionally drilled wells in order to
assess the inclination and azimuth of
the well path. Pressure transient analysis
is used to identify permeability and to
estimate the productivity of the well. On
completion of drilling temperature and
pressure are measured in order to monitor
the heating process. When the borehole
reaches equilibrium, its performance is
measured and the result of the drilling
becomes clear.

Four boreoles were drilled in Iceland
this year and ISOR provided services
for mud logging and consultancy. Two
wells were drilled for ON Power, one in
Hellisskard (HE-58), 2531 m in depth and
another in Nesjavellir (NJ-28), 1301 m
in depth. Two boreholes were drilled for
HS Orka. One injection well, RN-34, was
drilled in Reykjanes north west of Syrfell,
down to 2695 m. A production well for
providing steam, (SV-24) was then drilled
at Svartsengi down to 2004 m depth. In
the Krafla region, borehole measurements
in connection to monitoring control and
cleansing were performed in wells KJ-
14 and KJ-15 and ISOR also provided
miscellaneous measurements as a result
of cleansing of borehole IDDP-1. However,
due to the poor condition of the well the
cleaning was not successful and it was
plugged with gravel and concrete.

In 2015 the last stage of a tectonic
analysis for the Peistareykir region and its

connection to the Tjornes fracture zone
was completed. That project was finished
by an interdisciplinary data analysis of all
data, in order to better understand the
interaction of spreading in the Northern
rift zone and the Tjornes fracture zoneand
its influence on geothermal activity in the
area.The results were used to pinpoint
potential drilling areas.

Resistivity measurements

Resistivity measurements, which is one
of the main methodologies used in
geothermal exploration and delimitation
of geothermal systems, were conducted
last summer. Over previous years, ISOR
has performed resistivity measurements
at the Reykjanes Peninslua and made a
3D-resistivity model of the geothermal
systems in that area. This year, a 3D-model
covering the area from Sandvik in the
west to the east of Svartsengi. The model,
which was created for HS Orka, contains
163 TEM and MT measurements and it
is the most comprehensive 3D resistivity
model that {SOR has completed so far. In

addition more measurements are being
included to the model and work on a new
3D model for Sandvik is underway. During
the summer, a resistivity profile, which
is intended to connect the geothermal
area at Krysuvik to the geothermal area
at Hengill, was executed. The profile,
which includes Brennisteinsfjoll, is very
difficult to access so completed intended
measurements was not possible to finish.
In late summer, the volcanic fissure
swarm at Holuhraun north of Vatnajokull,
was explored using MT- and TEM-
measurements.

Seismic monitoring
and research

ISOR has installed and operates seismic
networks on behalf of the energy

companies HS Orka on Reykjanes
and Landsvirkjun in the Namafjall-
Krafla-Peistareykir areas. Considerable,

maintenance has been carried out on
these networks, as well as relocation of
stations and the installation of new ones.

35
30 | Fjoldi boradra hahitaholna
&rin 1970-2015.
25 Number of drilled high-temperature
5 wells during the period 1970-2015.
o)
o
5 15
el
('S
10
5
{111 TY1 1171 P || L
1970 1975 1980 1985 1990 1995 2000 2005 2010 2015
3000
Meeldir kilémetrar
E 2500 +—— i hahitaholum &rin 1970-2015.
s
ey
© Measured kilometres in high-
C
9 2000 temperature wells during
the period 1970-2015.
€ 1500
=
e
[)]
E, 1000
500
o ..II|||""|I||I|!|I||!|"|!II I II
1970 1975 1980 1985 1990 1995 2000 2005 2010 2015

11



fA "-I‘-:-.-..-:'-'u'blc, i TN it b':._:

rar

Pt i Boes T8 e

—

Pirdtrity Heah

Vionamsmeelingar

Likt og undanfarin ar var sumartiminn
nyttur til vidondmsmaelinga en pad er ein
af meginadferdunum vid jardhitaleit og
afmérkun héhitakerfanna. A undanférnum
arum hefur ISOR gert vidnamsmaelingar 4
Reykjanesskaga og unnid privid vidnams-
likon af jarShitakerfunum par. A arinu var
gert vidnamslikan af sveedinu frd Sandvik
i vestri allt austur fyrir Svartsengi. Likanid,
sem unnid var fyrir HS Orku, byggist 4 163
meelipérum af TEM- og MT-maelingum
og er steersta privida vidnamslikan sem
ISOR hefur gert til pessa. [ framhaldi
af pvi var fleiri maelingum beett vid og
hafin vinna vid prividdarlikan af Sand-
vik. Um sumarid hofust meelingar eftir
snidi sem er atlad ad tengja jardhita-
kerfid i Krysuvik & Reykjanesskaga vid
jardhitakerfid i Hengli. Snidid liggur
einnig um Brennisteinsfjoll. Land er par
mjog erfitt til maelinga og tokst ekki ad
ljka maelingum. 1 lok sumars var farid ad
eldstddvunum i Holuhrauni og meelt snid
MT- og TEM-meelinga yfir gossprunguna.

Jardskjalftarannséknir

Toluverd vinna var tengd uppsetningu og
rekstri jardskjalftamaelistodva sem ISOR
hefur komid upp fyrir orkufyrirteekin a
Reykjanesi og vid Kroflu. Um er ad reeda
nokkud péttridid net skjalftamaela sem
gefa gogn i rauntima. Alls eru 11 jard-
skjalftamaelar & Reykjanesi med raun-
timatengingu, par af 4 meelar Vedur-
stofunnar, auk 6 mala par sem saekja
pbarf gogn. A sveedinu fra Pbeistareykjum
ad Namafjalli eru 17 jardskjalftameelar
Landsvirkjunar og ISOR og 6 maelar
Vedurstofunnar med rauntimatengingu.
Nékvaeem greining & jardskjalftum vid
beistareyki var gerd vegna aztlana um
boranir par. Vid Nesjavelli var rekid jard-
skjalftamaelanet haustid 2015. pad var
gert til ad fylgjast med skjalftum sem
hugsanlega yrdu samhlida borun NV-28
og nidurdeelingu i Kyrdal. Unnid hefur
verid ad beettri stadsetningu jardskjalfta
i Hasmula fyrir timabilid pegar full nidur-
daling var sett i gang haustid 2011. Su
vinna er ad hluta til doktorsverkefni starfs-
manns {SOR og er unnid i samvinnu vi®
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Haskélann i Uppsdlum. Gagnasoéfnun
fyrir IMAGE-verkefni® er lokid og unnid
er ad Urvinnslu & gégnum sem &fludust. |
DEEPEGS-verkefninu verdur nokkur vinna
tengd jardskjalftamaelingum og hofst
undirbuningur og skipulag peirrar vinnu
4 arinu. Talsverd innri vinna fér einnig
fram vardandi uppfeerslur & hugbuinadi,
endurbaetur og uppfeerslur & stddva-
upplysingum  og vardveislu  gagna.

Holusjarmeelingar

Meling med holusjd i borholu synir
stefnubundnar hljédmyndir af holuvegg-
num sem nota ma til ad stadsetja sprungur
og jardlagamét sem holan sker og akvarda
stefnu peirra og halla. Holusjarmaeling
byggist & pvi ad meelitekid sendir fra
sér hljodmerki sem rekst & holuvegginn
og endurkastast i attina ad teekinu. Ut
frd ferdatima og utslagi endurkastsins
eru bunar til myndir af holuveggnum
sem gefa visbendingar um paetti eins og
sprungur, brot og gljupleika bergsins.

Holusja var fyrst notud & Islandi arid
2002 & Hjalteyri vid Eyjafjord og nu hafa
rimlega 60 borholur verid maldar baedi
a laghita- og hahitasveedum, yfirleitt med
pad ad meginmarkmidi ad akvarda stefnu
og halla sprungna, einkum vatnsleidandi
sprungna. Melingarnar hafa reynst g6d
vidbét vid hefdbundnar borholumaelingar
og nyst vid kortlagningu a vatnsleidandi
sprungum sem holurnar skera og vid gerd
hugmyndalikana af  jar8hitakerfunum.
Jafnframt hafa menn notad nidurstddur
holusjarmeelinga i eldri holum & dkvednum
jadhitasvaedum til ad stadsetja borholur,
sem atlad er ad skera akvednar sprungur
sem sjast med holusjanni & akvednu dypi.
betta hefur reynst mjég arangursrikt.
Sem deemi ma nefna jarBhitasvaedid vid
Hoffell i Nesjum en par hafa tveer djupar
rannsoknar-/vinnsluholur verid stadsettar
a grundvelli holusjarmeelinga i eldri
holum og i badum tilfellum var hitt i paer
sprungur sem midad var a.

Auk nattdrulegra sprungna eru brot og
sprungur, sem myndast i holuvegg vid
borun, oft sjdanleg & holusjarmyndum
en slik fyrirbzeri gefa visbendingar um

umhverfis

spennusvid i
holuna. Nylega birtist visindagrein i tima-

jardskorpunni

ritinu  Tectonophysics sem fjallar um
spennusvidskort af Islandi. Kortid synir
stefnu mestu laréttu spennu (S, ) |
jardskorpunni & Islandi en medal peirra
gagna sem notud voru vid gerd pess
eru holusjarmeelingar sem ISOR gerdi &
arunum 2002-2015.

Rennslismeelingar
me0 ferilefnum (TFT)

Rennslismaelingar med ferilefnum hafa
verid notadar { auknum meaeli & undanférn-
um arum til ad meta tveggja fasa rennsli
ur jardhitaholum. Adferdin er gjarnan
notud samhlida hefdbundnum adferdum
vid rennslismeaelingar vid profanir & holum
og vid eftirlit & afkdstum vinnsluholna og
jardhitageyma.

Adferdin byggist & notkun tveggja feril-
efna sem deelt er inn i 16gn frd borholu
med innsprautunarnal sem tryggir full-
naegjandi bléndun vid vatn og gufu i
[6gninni. Synum af vatni og péttivatni
er safnad nedar & légninni og styrkur
ferilefnanna meeldur i synunum. Pynning
ferilefnanna er notud til ad akveda vatns-
og gufurennslid. ISOR beitir adferd sem
Brian Lovelock lysti arid 2001 en par er
Na-Fluorescein notad sem ferilefni fyrir
vatnsfasann og alkohol (isépropanol) fyrir
gufufasann. TFT-meelingar eru i auknum
meeli notadar vid eftirlit & hahitasveedum
par sem afkdst holna og vermi rennis
Ur peim &samt 63rum gdgnum veita
mikilveegar upplysingar um astand jard-
hitageyma.

TFT-meelingar hafa allmarga kosti umfram
hefdbundnar adferdir vid mat a rennsli og
afkéstum jardhitaholna. Adferdin truflar
ekki rennsli Gr peim holum sem verid
er ad meela hverju sinni og pvi ma beita
meelingunum an pess ad hafa ahrif a
rekstur vinnsluholna. Fyrir vikid er einnig
liklegra ad néa rennslismaelingu vid jafnari
og edlilegri adstaedur en pegar holur eru
teknar ur rekstri fyrir maelingar. Adferdin
gefur einnig kost a miklum sveigjanleika i
meelingum.



1 Vidnami1000 m u.s.

Example of a resistivity map
at 1000 m b.s.l.

Opin sprunga sést &
endurkastsmynd (til vinstri) og
ferdatimamynd (til haegri).

Open fracture visible in amplitude
image (left) and travel time image
(right).

Einfold skyringarmynd af
blnadi sem notadur er vid
rennslismaelingar.
Schematic diagram of tracer
measurement setup.

On Reykjanes 11 seismic stations with real
time data actuation, 4 of which are part of
the regional seismic network operated by
the Icelandic Meteorological Office. There
are 17 real time seismic stations operated
by ISOR on behalf of Landsvirkjun, and
in addition the real time data from 6
stations of the Icelandic Meteorologic
Office are accessible. Due to planned
drillings at peistareykir, detailed analyses
of earthquakes in the area were carried
out. A temporary seismic network was
in operation at Nesjavellir in the Hengill
area, during the summer and autumn
of 2015. It was installed to monitor
possible earthquakes during drilling and
re-injection in the area. Improvement of
detection and location of earthquakes
during a full-scale injection at Husmuli,
in the Hengill area, in the autumn of
2011, has been addressed. This is part
of a PhD project being undertaken by
an ISOR employee in collaboration with
Uppsala University. Data collection for
the IMAGE project has finished and now
the focus is on interpretation of the data.
The DEEPEGS project on the Reykjanes
Peninsula includes involves considerable
seismic work and planning of that began
this year. The updating of software for
analysis of the data, improvement of
station inventory and data storage, has
also demanded significant effort.

Televiewer logging

Televiewer logs provide oriented acoustic
images of the inside of the borehole wall
which can be used to locate fractures and
bedding along the well path and deter-
mine their orientations. The Televiewer
logging tool transmits ultrasonic pulses
that encounter the borehole wall and
are reflected again towards the tool.

F bl e

The images, which are created from the
travel time and amplitude of the acoustic
wave, give indications on factors such as
fractures, breakouts and the porosity of
the rock.

In Iceland, Televiewer logging was first
carried out in 2002 in Hjalteyri. Currently,
just over 60 wells have been logged, both
at low-temperature and high-temperature
areas, usually with the principal aim of
determining orientations of fractures,
particularly permeable fractures. The Tele-
viewer logs have proved to be a helpful
addition to conventional well logs and
been useful in mapping of geothermal
systems and creation of conceptual
models. Moreover, results of Televiewer
logging have been used to site wells that
are assigned to cut specific fractures at
a specific depth, which has proved to be
a good addition to more conventional
methods of siting wells. For example, two
deep exploration-/production wells have
been sited on grounds of Televiewer logs
in the geothermal area at Hoffell in Nesjar,
and in both cases the proposed fractures
were encountered.

In addition to natural fractures, borehole
breakouts and drilling-induced fractures
are often visible in Televiewer images.
Such failures of the borehole wall are
indicators of the in-situ crustal stress
orientation. Recently a comprehensive
stress map of Iceland was published in
a peer-reviewed paper in the scientific
journal Tectonophysics. The map is the
result of a comprehensive and systematic
compilation of the orientation of
maximum horizontal stress (SHmax) in
Iceland, and among the data used for its
creation are Televiewer logs, run by ISOR
in 2002 through 2015.

Tracer Flow Testing (TFT)

Tracer Flow Testing (TFT) has in recent
years become a widely used method to
measure flow from discharging wells. The
method is commonly used along with
conventional methods during well testing
and in producing wells, as part of well/
reservoir monitoring.

Two tracers, one for the liquid phase and
another for the steam phase, are pumped
from a tracer mix into the flow line with an
injection needle to ensure proper mixing
of the tracers. Samples of the two tracers
are collected downstream and the dilution
used to calculate the flow of liquid and
steam, respectively. ISOR uses a method
described by Brian Lovelock in 2001 which
is based on the use of Na-Fluorescein for
the liquid phase and alcohol (isopropanol)
for the steam phase. TFT is increasingly
being used in reservoir monitoring as the
well output and discharge enthalpy, along
with other data, give valuable information
on individual wells and the condition of
reservoirs.

The TFT method has number of advantag-
es compared to traditional methods in
evaluating flow from geothermal wells.
The method is non-invasive and thus,
wells can be measured without interrupt-
ing power plants. Stable flow conditions
are more likely as the production is not
disturbed, permanent well head test
equipment is not needed, atmospheric
discharge of wastewater is avoided and
TFT allows significant flexibility in schedul-
ing testing.
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Umhverfiseftirlit

Jardhitasveedin a Peistareykjum,
vid Namafjall og i Kroflu

Starfsmenn ISOR hafa sinnt reglubundnu
umhverfiseftirliti fyrir Landsvirkjun
4 héhitasveedum & Nordausturlandi,
pb.e. & Peistareykjum, Namafjalli og i
Kroflu, allt fra arinu 2012. Eftirlit med
jarBhitasveedum er mikilveegt til ad
fylgjast med nattirulegum breytingum
& yfirbordsvirkni og hvernig borholurnar
og jardhitageymarnir  bregdast  vid
vinnslu. I teep 40 ar hefur jardhitakerfid
i Kroflu verid nytt til raforkuframleidslu
(60 MW) og smaveegileg vinnsla er ur
Namafjallskerfinu (Bjarnarflag, 2 MW) en
rannsoknir og rannséknarboranir hafa
verid gerdar & Peistareykjum & undan-
férnum tiu arum og par er nd verid ad
reisa 45 MW jardvarmavirkjun.

Jardhitavirkni & yfirbordi er sibreytileg af
nattdrulegum astedum, svo sem vegna
eldvirkni og jar8hniks, en virknin getur
einnig breyst i tengslum vid orkuvinnslu ar
jardhitakerfum. Til ad unnt sé ad meta peer
breytingar sem verda vegna vinnslu er
naudsynlegt ad kortleggja yfirbordsvirkni
og efnafredi gufu og grunnvatns
vandlega. Fra ari til ars hefur verid fylgst
med peim breytingum sem ordid hafa
4 jardhitavirkninni og efnasamsetningu
grunnvatns og gufu & pessum svaedum

undanfarin ar og é&ratugi hvort heldur
sem er af natturulegum orsokum eda
af voldum jar8hitanytingar. Nidurstédur
hvers &rs eru bornar saman vid eldri
athuganir & sveedunum sem na mislangt
aftur i timann eftir atvikum. Nidur-
stodurnar leggja sidan grunn ad frekara
eftirliti til framtidar. A jardhitasveedunum
eru gerBar itarlegar rannséknir &
jardhitavirkni, Gtbreidsla jardhitans er
kortlogd og teknar myndir m.a. med
hitamyndavél. Koldioxidfleedi um jardveg
er maelt og syni tekin ar gufuaugum.

Overulegar breytingar hafa ordid a yfir-
bordsvirkni & sveedunum premur undan-
farin &r en p6 mé enn sjd merki um
minnkandi jar8hitavirkni & Kroflusveedinu
par sem toluverdar breytingar urdu i
Kroflueldum, sem stédu fra 1975-1984.
Fremur litlar breytingar eru a efnasam-
setningu gufunnar milli &ra en pé virdist
gasstyrkur fara heldur vaxandi & Namafjalli
og Hverum austan Namaskards, svo
og i Ketilfjalli & beistareykjum. Nidur-
stodur jardvegsgasmaelinga syna ad baedi
koldioxidfleedi og haekkad jardvegshitastig
er fyrst og fremst ad finna par sem einnig
er virk jardhitavirkni & yfirbordi.

Efnasamsetning grunnvatns i Myvatnssveit
hefur verid rannsokud éarlega fra éarinu
2002 i peim tilgangi ad meta ahrif
affallsvatns fra virkjununum i Kréflu og
Bjarnarflagi. Fyrir pann tima var eftirlitid
oreglulegra en lengstu synaradirnar
teygja sig aftur til 1970. Einnig hefur verid
fylgst med efnasamsetningu grunnvatns
i beistareykjasprungusveimnum, baedi a
beistareykjum fra 2012 og i Kelduhverfi
frd 2007, til vidmidunar i framtidinni pegar
vinnsla hefst & Peistareykjum. Voktunin
undanfarin ar synir engar meirihattar
breytingar fra fyrri arum. Eftirlit med
efnasamsetningu grunnvatns i Myvatns-
sveit sidustu aratugina synir ad ahrifa
jardhitavatns fra Bjarnarflagsvirkjun og
Krofluvirkjun geetir hvorki i vatni i heitum
og koéldum lindum vid Myvatn né i
grunnvatni vestan Namafjalls.
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1 Efnafreedingur ad storfum vid synatoku & Namafjalli.
Geochemist sampling at Namafijall, NE-Iceland.

2 Fylgst er naid med gasstyrk i gufu, eins og nitri, koltvisyringi, argoni, metani,
surefni, vetni, og brennisteinsvetni og samsaetuhlutféllum i péttivatni,
Gas observation in the steam, such as nitrogen, carbon dioxide, argon,

methane, oxygen, hydrogen, hydrogen sulphide and isotopes are

carefully monitored.

3 Hitamynd af Namafjalla. Litaskalinn fer ar fiolublaum (kaldast)

yfir i hvitann lit (heitast).

Infrared image at Namafjall, NE Iceland.. Colour scale shows
purple as “cold” and white as "hot".

Monitoring Geothermal Activity

Peistareykir, Namafjall og Krafla Geothermal Field

ISORs' specialists have from the year
2012 systematically monitored the high
temperature fields in the North East of
Iceland, i.e. at Peistareykir, Namafjall and
Krafla. It is of vital importance to monitor
the geothermal fields in order to observe
natural changes in surface activity and
understand the response of these areas
to production. For almost 40 years, the
geothermal system of Krafla has been
utilized for the production of electricity
(60 MW), with limited power also coming
from the Namafjall system (Bjarnarflag, 2
MW). Research and exploration drilling
have been carried out at Peistareykir for
the last few years, where a plant producing
up to 45 MW of power is planned.

Surface geothermal activity is constantly
changing due to natural causes, such
as volcanic activity and tectonic events,
but changes in the activity can also
be related to energy production from
the geothermal systems. To be able to
evaluate changes resulting from the
production, it is necessary to map the
surface activity and explore chemical
gases and groundwater systems care-
fully year by year. In this way it is possible

to monitor any changes that may have
occurred in the geothermal activity and
chemical composition of groundwater
and gas over a period of time, either by
natural causes or geothermal utilization.
The results from each year are then com-
pared to previous studies made in earlier
years. Thus, the results establish the
basis for further monitoring in the future.
Detailed studies of geothermal activity
are conducted in the geothermal fields,
such as mapping distribution of geother-
mal manifestations, and photographs
are taken, often using a thermal camera
(infrared imagery). Carbon dioxide (CO,)
flux through soil is measured and steam
samples are collected.

Minor changes have occurred in surface
activity in the three areas in recent years,
although signs of declining activity in
the Krafla area are still observed, follow-
ing changes which occurred after the
Krafla Fires of 1975 to 1984. Studies
show relatively small annual changes in
the chemical composition of steam, but
it appears that the concentration of gas
is increasing at Namafjall ridge, at Hverir
east of Namaskard and at Mt. Ketilfjall in

the Peistareykir area. Results of CO, flux
and heat measurements show that both
the carbon dioxide flow and elevated soil
temperature coincides mainly with areas
of visible surface geothermal activity.

Groundwater composition in Myvatnssveit
has been studied annually since 2002, in
order to evaluate the impact of waste
water from the Krafla and Bjarnarflag
power plants. Previously, monitoring
was irregular, although some sampling
was carried out over a period before the
Krafla Fires. Monitoring of the chemical
composition of groundwater in the
beistareykir fissure swarm, has been
executed since 2012 and in Kelduhverfi
since 2007, in order to establish a
reference, employed when  power
production is initiated at Peistareykir.
Results of monitoring of the chemical
composition of water in springs at Lake
Myvatn, and of groundwater west of
Namafjall, over decades do not show any
impact by geothermal water from the
power stations in Bjarnarflag and Krafla.
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Laghiti og natturufar

[SOR hefur gefis Gt nytt jardfreedikort
af suBurhluta Nordurgosbeltisins, p.e.
Odadahrauni og nagrenni. betta er fyrsta
nakvaema jardfraedikortid af pessum lands-
hluta og jafnframt prigja kortid sem ISOR
gefur Gt af gosbelti fslands. Kortid er beint
framhald af jardfreedikorti af nyrdri hluta
Nordurgosbeltisins sem kom Gt arid 2012.
Pad neer til margra af helstu nattdruperlum
landsins, s.s. Herdubreidar, Krepputungu,
Oskju, Kverkfjalla og Sudurarbotna. Einnig
méa nefna yngsta hraun landsins sem kom
upp i Holuhrauni 2014-2015. Mdébergs-
myndanir og nutimahraun med gigum
og gossprungum pekja staerstan hluta
svaedisins & kortinu. Alls voru um 90 hraun
adgreind og peim skipt i flokka eftir aldri
og gerd, m.a. med hjalp gjoskulaga.

Af 68rum jardmyndunum ma nefna fl6dset
vid Jokulséd & Fjollum sem vitna um mikil
hamfarahlaup, lindir, lindasvaedi og jar&hita.
Sprungur og misgengi setja ennfremur
mikinn svip 4 landid. Helsta nynaemid
med pessu korti er ad nu er haegt ad fa
mun heildsteedari og nakveemari mynd af
jardfraedi sveedisins en &dur par sem morg
hraunanna hafa aldrei verid skodud eda
skilgreind fyrr.

Kortid byggist ad hluta til & jardfreedikortum
i steerri maelikvarda sem unnin hafa verid
fyrir verkkaupa ISOR og forvera pess, auk
eldri utgefnum yfirlitskortum. Kortin voru
unnin i GIS-hugbunadi fra ESRI og var
Utgafan styrkt af Landsvirkjun.

1 Jardfraedikort af Nordurgosbelti. Sydri
hluti - Odadahraun 1:100 000. Petta er
fyrsta nakveema jardfraedikortid sem gefid
hefur verid Gt af pessum landshluta.
Geological Map of the Northern Volcanic
Zone, Southern Part - Odadahraun

Steinunn Hauksdottir
svidsstjori / Director




A bakhlia kortsins eru lysingar og myndir af 23
ahugaverdum stodum, Krepputunga milli Jokulsar
& Fjollum og Kreppu, en ein af peim. Haegt

er ad greina sex mismunandi hraunstrauma i
Krepputungu en aldurs-munur peirra er ekki ljos.
Yfirbord hraunanna er vatnssorfid og vida pakid
pykku seti eftir tid hlaup i Jokulsa & Fjéllum og

Kreppu og nordan til af vikri frd Oskjugosinu 1875.

Vida sjast hlaupfarvegir og fossbruanir, svokalladir
kérar, sem hlaupvatn hefur rofid i hraunin.

On the reverse of the map there are
descriptions and photographs of the

most important geological wonders of

the area e.g., Krepputunga. Six lava flows
were distinguished in Krepputunga, but the
age difference is not known. Stream erosion has

affected the surface of the lavas and covered them

locally by sediment from frequent floods of both
rivers. The pumice of the Askja 1875 eruption

throws a bright hue over northern Krepputunga. In
several places erosional channels are seen ending in

curving alcoves of dry cataracts.

Sudurarbotnar eru medal vatnsmestu lindasveeda &

fslandi, i um 430 m y.s. Lindirnar bulla ar hrauninu
og mynda upptakakvislir Sudurar.

Sudurarbotnar, the sources of Sudura, are amongst

the most voluminous spring areas in Iceland. The
water emerges at about 430 m a. s. |. bubbling up
from the vast lava desert to the east and south.

Natural Resources

{SOR has published a new geological
map of the southern part of the Northern
Volcanic Zone (NVZ), Iceland. This is
the first detailed geological map of this
area and also the third map that ISOR
issues of the volcanic zone. The map is
a continuation of the geological map
of northern part of the NVZ published
in 2012. Included in the map are many
of the countrys’ natural wonders, such
as Herdubreid, Krepputunga, Askja,
Kverkfjoll  and  Sudurarbotnar.  Also
worth mentioning is the youngest lava
that erupted in Holuhraun 2014-2015.
Hyaloclastites and  historical  lavas,
with craters and fissures, extend over
a large part of the map. A total of 90
separate lavas are identified on this map,
defined by age and type, with the aid of
tephrochronology. Of other geological
formations included are flood sediments
reflecting catastrophic floods close to
Jokulsa River & Fjollum, cold springs,
geothermal springs, fissures and faults.

The new map shows a more complete and
accurate picture of the geology of the area
and importantly, defines many new lavas
that have not been mapped previously.

The data sets used are based on previous
work/maps that ISOR and its predecessors
have produced for the last decades,
in part during project work for several
clients, mostly Landsvirkjun, who has
provided valuable assistance for the
publication of two maps.

Geothermal district
heating companies

ISOR has serviced the geothermal district
heating companies for decades, or since
the start of such utilization during the
middle of the last century. The projects
have changed over time, from locating
the first site for a production well in
a geothermal field, monitoring the
utilization and consultation regarding
potential problems to additional drilling

to increase production. There are several

district heating services in Iceland
planning to drill additional production
wells in 2016 to meet increased demand
for hot water, both because of escalation
in population and also to sustain the
needs of smaller industries. Preparatory
work has been carried out for drilling in
Laugar in Sugandafjordur, Laugaland in
Holtum and Thorleifskot by Arborg.

Geothermal exploration in so called “cold
regions” has been one of the important
tasks of ISOR experts. Recently, the
geothermal potential has been explored in
several areas in Iceland and it is clear that
in the next few years, more people around
Iceland will enjoy the increased quality
of life that the use of geothermal water
brings. Kjosarhreppur district heating,
which will utilize water from Maodruvellir,
will be officially put into use in 2016.
Also, in preparation, is district heating
for the town Hofn at Hornafjordur and its
neighbouring communities, as drilling into
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Laghitaveitur

pjonusta ISOR vid hitaveitur landsins &
sér aratugalanga sogu, eda allt fra pvi
ad landid var hitaveituveett um og eftir
midja sidustu oOld. Verkefnin hafa breyst
i gegnum tidina, fra pvi ad finna fyrstu
borholum pekktra jar8hitasveeda stad,
leera & nytingu og hugsanleg vandkvaedi
vid hana, eftirlit og radgjof & tilfallandi
vandamalum og svo i auknum meeli a
sidari arum ad auka vid vinnslu med
vidbotarborunum. Pannig er verid ad
skoda vidbotarvinnslu & nokkrum sveedum
a landinu par sem nytingin hefur aukist,
baedi vegna félksfidlgunar en ekki sidur
vegna margvislegrar atvinnustarfsemi.
Undirbuningsvinna  hefur farid fram
vegna borana sem eru framundan, m.a.
a Laugum i Sugandafirdi, Laugalandi i
Holtum og i Porleifskoti i Arborg.

Jardhitaleit a ,koldum” sveedum hefur
verid mikilvaegt verkefni hja ISOR. Undan-
farid hafa moguleikar & nytingu jardhita
verid skodadir 4 nokkrum  kéldum”
sveedum og ljést ad fleiri landsmenn munu
njota hitaveitu & naestu arum. Hitaveita
Kjésarhrepps, sem nytir vatn fra Modru-
vollum, verdur formlega tekin i notkun a
arinu 2016. b4 er i undirbdningi hitaveita
fyrir H6fn i Hornafirdi og nagrannabyggdir
eftir drangursrikar boranir & Hoffelli.

Ny vinnsluhola
a Skeggjabrekkudal

A sumarméanudum lét Nordurorka bora
nyja vinnsluholu fyrir hitaveituna 4
Olafsfirsi. Hitaveitan nytir vatn annars
vegar Ur borholum i Laugarengi og
hins vegar sjélfrennandi vatn Gr gamalli
borholu & Skeggjabrekkudal. Nyja holan

er & Skeggjabrekkudal og var hugsud sem
endurnyjun & gémlu vinnsluholunni SK-
12 sem Nordurlandsbor boradi arid 1963.
pad mannvirki er ordid nokkud IGid og ur
sér gengid. Holan SK-16, sem var stadsett
svo til vid hlid gdmlu vinnsluholunnar, er
f6drud i 60 m dypi til ad skerma af kaldar
aedar & 30 til 40 m dypi. Pad kom nokkud
4 Ovart a0 aedar & 240 til 265 m dypi i
holunni voru talsvert heitari en nedsta
2edin sem holan skar & 274 m dypi. pvi var
brugdid a pad rad ad setja nidur steyptan
holk til ad freista pess ad einangra kaldari
adina fra heitari @dum ofar i holunni. Pad
tékst vel og gefur holan nd um 15 L/s af
57°C vatni i sjalfrennsli sem er meira og
heitara vatn en gamla holan gaf.
Sjédandi laghiti

{SOR hefur unnid yfirlitsskyrslu ~ fyrir
Orkustofnun um sjédandi laghitasveedi
landsins sem gefur til kynna moguleika a
framleidslu allt ad 44 MW rafmagns med
adferd sem byggist & tvivokvataekni. |
skyrslunni er yfirlit um 193 borholur & 37
jarBhitasveedum sem gefa hita & bilinu
90 til 200°C. Sjédandi laghiti er radandi
pattur i jardhita margra landa sem eru
ad leita ad orkugjofum i stad brennslu
jardefnaeldsneytis. Teekni vid nytingu
laghitans til raforkuframleidslu fleygir fram
0g nu getur raforkukerfid & fslandi tekid
vid raforku fré litlum jar8hitavirkjunum
sem nyta sjédandi laghita. SU nyting hefur
lika synt ad hdan studlar ad fjolbreyttari
varmanytingu i sk. audlindagordum. f
kjolfarid hofst vinna vié gerd samantektar
4 arangri jardhitaborana a laghitasveedum
hja einkaleyfisveitum, einnig fyrir Orku-
stofnun. Arid 2014 kom sambeerileg
samantekt Gt i skyrslu ISOR um &rangur
jardhitaborana & hahitasveedum.

Hola SK-16 &
Skeggjabrekkudal loftdeeld
i lok borunar. Jar8borinn
,Gudda" boradi holuna,
borverktaki var pérsverk og
borstjéri Magnus Gislason.
ISOR s& um rannséknir og
visindalega radgjof.

Well testing in SK-16 at
Skeggjabrekkudalur. The
well was drilled using the

rig "Gudda”. Drilling was
conducted by Pérsverk and
pool-pusher was Magnus
Gislason. {SOR was in charge
of geothermal research and
scientific consultancy.

Vatnsveitur og vatnafar

I gegnum tiina hafa sérfraedingar ISOR
veitt radgjof vid 6flun neysluvatns vida um
land, baedi fyrir péttbylissveedi, dreifbyli og
fristundabyggd. Sveitarfélog hafa fengid
radgjof vardandi vatnsverndarsveedi og
afmorkun peirra vegna skipulagsmala en
einnig um vatnsoflun pegar vidbotarvatns
er porf eda vatnsbol purfa skodun vegna
umhverfis- og mengunarmala. Pannig hafa
til deemis verid skodadir vatnsmoguleikar
fyrir Akranes, stadsett nytt vatnsbol fyrir
Voga 4 Vatnsleysustrond, undirbdin
borun & holu til neysluvatnsoflunar fyrir
Hveragerdi og unni® ad samantekt um
vatnsbol fyrir Akureyri og Eyjafjardarsveit.

Afram er aukning i pjonustu vid
idnadarfyrirtaeki sem nyta laghitavatn og
par er fiskeldi steersti hlutinn. Fiskeldis-
stodvar & Reykjanesi, i Ho6fnum og vid
Grindavik hafa undanfarid aukid notkun a
volgum jardsj6 og koldu neysluvatni i takti
vid vaxandi umfang starfseminnar og hafa
fengid radgjof vid borun.

Loks er talsvert leitad til grunnvatns-
sérfreedinga og jardfreedinga [SOR  til
radgjafar vegna umbhverfismats orku-
kosta eda ryni & samantektum um ahrif
framkveemda & vatnafar. Landsvirkjun er
med ymsa vatnsorkukosti i undirbuningi.
Einnig hafa verid skodud grunnvatnssveedi
sem Orka nattdrunnar nytir & Hengils-
svaedinu.



the geothermal field at Hoffell in recent
years has been successful.

Nordurorka drilled a new production well
for the district heating at Olafsfjordur
during the summer months of 2015. The
district heating system utilizes water
from wells in Laugarengi and from an
artesian well in Skeggjabrekkudal. The
new production well, SK-16, is located in
Skeggjabrekkudalur and replaced an old
production well, SK-12, which was drilled
in 1963. Well SK-16 is located next to the
old well and has a liner down to 60 m
depth to block off inflow of cold water
at 30 to 40 m depth. The well intersected
feed zones at 240 to 265 m and they
proved to be considerably warmer than
a feed zone found at 274 m depth. It was
therefore decided to put down a concrete
cylinder in attempt to restrict the flow
from the lower and colder feed zone from
getting up through the well. This exercise
proved to be successful and the well
produces about 15 L/s of 57° C of artesian
water, more and hotter water than the old
well.

Boiling low-temperature
geothermal water

ISOR has recently prepared a report for
Orkustofnun, National Energy Authority,
on the potential of boiling low tempera-
ture geothermal areas in Iceland. The
result indicates the possibility of produc-
ing up to 44 MW of electricity by using
technology based on organic Rankine
cycle. The report provides an overview
of 193 geothermal wells in 37 fields, with
temperature ranging from 90 to 200°C.
Boiling low temperature geothermal water
is an important part of the geothermal
potential in many countries worldwide
that are looking to replace some of
the use of fossil fuels with renewable
energy. Recently there have been
technological advances in the field of
electricity production from low to medium
temperature geothermal systems as well
as the Icelandic electricity distribution
system is now able to accept electricity
from small producers into the grid. The
utilization of boiling low-temperature
systems has also proven to contribute to
a wider range of geothermal utilization
in so called geothermal resource parks.
This report will be followed by another
study for National Energy Authority on
the success of geothermal drilling in low
temperature fields. In 2014 a comparable
study for high temperature fields in
Iceland was published in the ISOR report.

2

Um 70°C heitt vatn flaedir fra holu ASK-122 vid Hoffell.
About 70° C hot water flows from the well ASK-122, at Hoffell, SE-Iceland.

Hydrology and
potable water

Through the years, ISOR experts have
provided valuable expertise in obtaining
drinking water/potable water across the
country, for urban and rural areas as well
as individual farms. Consultation has
been provided for municipalities and local
authorities regarding water protection
due to environmental and pollution issues
as well as location of additional water
sources. A few examples of the projects
that the hydrologists at ISOR have been
involved in recently include; summary of
further potable water sources for Akranes,
locating a new water source for Vogar,
prepare drilling of a cold water well for
Hveragerdi and working on a summary
of potable water supply for Akureyri and
Eyjafjardarsveit.

Continued is increase in services to
industrial companies that utilize geother-
mal water for their production and in this

regard the fish farms have been impor-
tant. Large fish farms on Reykjanes, by
Hafnir and Grindavik have been increasing
the use of warm seawater and cold water
in line with the growth in the production.

Finally there are several projects involv-
ing hydrogeologists and geologists for
consultation and review of environ-
mental impact assessments of various
energy production choices, hydro and
geothermal, including possible hydro-
logical effects of such developments.
Landsvirkjun, National Power Company of
Iceland, has several such potential power
projects in preparation and ISOR has
also provided consultation for ON power
(Reykjavik Energy) for the reinjection of
geothermal water and gas.
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Jardfreedi hafsbotnsins

EMODnet - Evropskt samstarfsverkefni um hafid og hafsbotninn

EMODnet er samvinnuverkefni fijdlmargra
stofnana i l6ndum Evrépu sem starfa
ad hafrannsdknum og er fjarmagnad af
Evrépusambandinu. Verkefninu er aetlad
ad opna adgang ad upplysingum og
rannséknargégnum sem varda hafsvaedi
patttokulandanna, samraeema pau og gera
adgengileg fyrir breidan hop notenda,
jafnt fyrir einstaklinga sem opinbera
adila. Nuverandi verkhluti héfst  arid
2013 og lykur fyrir arslok 2016. Framhald
verkefnisins verdur svo unnid 2017-2020.

NU pegar hafa sj6 fagsvid verid skilgreind:
sjomeelingar, jar8fraedi hafsbotnsins, edlis-
freedi, efnafraedi, liffreedi, busveedi lifvera
og mannleg umsvif. ISOR sinnir jardfraeda-
svidinu en onnur svid hafa ekki islenska
patttakendur. Jardfreedinni er skipt a milli
fimm vinnuhdépa sem fjalla um berggrunn
hafsbotnsins, botngerd, strandhegdun,
hagnyt jardefni og jardva.

Nokkur kort syna berggerd hafsbotnsins.
Adalaherslan er pd & tvenns konar jard-
freedikort ad alpjédlegri sidvenju. Petta
eru kvarterkort og berggrunnskort.
Kvartera kortid af islenska landgrunninu
synir setlagapekjuna sem vidast hvar
hylur berggrunninn. Setlégin eru adgreind
eftir gerd og uppruna. Kortid synir
einnig jokulgarda nedansjavar og mestu
Utbreidslu jokla & isold. Kortlagningin
hefur leitt i lj6s meiri joklun og steerri
isaldarjokul en adur var vitad um.

Berggrunnskortid  synir gerd  berg-
grunnsins. Honum er skipt i fjora
meginflokka sem tadkna skorpugerdir,
Gthafsskorpu, fslandsskorpu og megin-
landsskorpu. Par er um ad raeda Jan
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Mayen skorpuflisina. Auk pessa parf
ad syna kvartera skorpu sérstaklega. A
kortinu sjast lika megineldstodvar a land-
grunninu og s&fjoll.

Samhlida pessu er kort sem synir aldur
berggrunnsins i kringum landid. Par er ad
langmestu leyti studst vid segulmaelingar
pvi beinar aldursgreiningar eru ekki til.
A kortinu kemur vel fram hvernig hafs-
botninn eldist med aukinni fjarleegd fra
glidnunarbeltunum og  athyglisverdar
undantekningar fra peirri meginreglu.

Botngerdarkortid er unnid i samvinnu
vid  Hafrannséknastofnun, Landhelgis-
gaesluna og Natturufraedistofu Vestur-
lands. Korti® synir efnisgerd hafsbotnsins
og kornasteerd setlaga en midar einungis
vid efstu 30 sentimetrana. Botngerdin
hefur ahrif & vistkerfin og pekking a
henni er mikilveeg i liffreedirannséknum.
Rannsoknir & botngerd og synatékur hafa
verid stundadar allt fra upphafi skipulegra
hafrannsékna vid fsland. Alls voru skrad
um 3000 botngerdarsyni i gagnagrunninn
en pau eru misjofn ad geedum og grein-
ingaradferdir dlikar. Kortid er fyrsta heild-
steeda botngerdarkortid af hafsbotninum
umhverfis fsland og synir sj6 botngerdar-
flokka. Adur hafa orfa kort verid birt af
botngerd & takmorkudum svaedum.

Strandhegdunarkort synir breytingar a
strondum landsins, rof og agang sjavar,
jafnveegisastand eda setmyndun og fram-
sokn strandlinunnar. Gégn um strand-
breytingar & fslandi eru einkum gémul
og ny kort og loftmyndir og svo nylegar
gervitunglamyndir. Vegna pess hve gémlu
kortin eru o6nakveem er ekki haegt ad

1 Ystu mork isaldarjokulsins & landgrunninu, jokulgardar, djup

0g grunn, sprungur, misgengi og margt fleira.

The boundaries of the ice age glacier on the continental

shelf, moraines, faults and fissures.

2 Botngerd vid Reykjanes og inn i Faxafléa.
The oceanic floor by Reykjanes and Faxafloi.

3 Berggrunnskort sem synir mismunandi gerd jardskorpunnar.
Bedrock map that shows different types of the earth’s crust.

4 Hoggun og eldvirkni fyrir Midnordurlandi.

Tectonics and volcanism in the North of Iceland.

fullyrda um rof eda setmyndun nema par
sem pessar breytingar eru miklar, einkum
er pad & sudurstrondinni.

Vakort er byggt & gognum fra Sjo-
meelingum Landhelgisgaeslunnar, HAFRO,
Orkustofnun, Haskéla fslands og nokkrum
alpjédlegum rannsoéknarleidongrum. pad
synir eldstodvakerfi, gossprungur, gos-
giga, misgengi og snidgengi, hraunjadra
i sj6, nedansjavarskridur og berghlaup og
skjalftavirkni.

Gosstodvum er skipt i tvennt eftir aldri,
b.e. fra sogulegum eda forségulegum
tima. Gosstodvar eldri en um 15.000 é&ra
eru ekki syndar. Hraunjadrar i sjo eru
tvenns konar, badi hraun sem hafa runnid
af landi i sjé fram og svo hraunjadrar sem
myndast hafa vid nedansjavareldgos.

Berghlaup hafa vida hlaupid i sjo fram
4 landinu og & seinni arum hafa fundist
ummerki eftir nedansjavarskridur og fram-
hlaup. Slikar skridur hafa komid i ljés baedi
inni i fjoréum uppi & landgrunninu og f{
landgrunnshlidunum. Steersta framhlaupid
er ad finna uti fyrir Hala & Vestfjoréum og
er daetlad 138 km? ad flatarmali.

Jardefnakortid synir stadsetningu og Ut-
breidslu hagnytra jardefna & hafsbotni.
Synd er Utbreidsla sand- og malarlaga,
einnig kalkporungalég og utfellingar sem
tengjast jardhita & hafsbotni, baedi laghita-
og hahitautfellingar.

EMODnet-verkefnid hefur leitt i ljos ymis-
legt sem nystarlegt mé teljast i jardfraedi
fslands enda hefur margt i jardfraedi land-
grunnsins og naleegra hafsveeda ekki verid
kortlagt af sambeerilegri nékvaemni fyrr.



The EMODnet-project

The European Marine Observation and Data Network

The EMODnet is a co-operative project
of involving several European institutions
working in oceanographic research, fund-
ed by the European Union. The aim of
the project is to allow access to infor-
mation and research data referring to
the participating countries, and make it
available to a broad group of users, both
individuals and public bodies.

Seven disciplines have been prioritized:
hydrography, geology of the oceanic
floor, physics, chemistry, biology, natural
habitats and human activity. {SOR involve-
ment is in the area of geology and the
present work phase began in 2013 and
is due to finish at the end of 2016. The
project will, however, continue from 2017-
2020. The geology is divided between five
workgroups which investigate the bedrock
of the oceanic floor, its composition,
coastal influence, exploitable resources
and geological hazards. The maps below
show some of these features.

However, the main emphasis is focused
on Quaternary and pre-Quaternary maps.
The Quaternary map of the Icelandic sea
bed shows the sedimentary layers which
cover most of the bedrock. The sediments
are separated by type and origin. The
map also shows submarine moraine and
the extent of glaciers during the last ice
age. The geological mapping has shown
more and larger ice age glaciers than were
previously known.

The bedrock map shows the composition
and age of the different rock types. It is
divided into four main groups, which re-
present the crust, oceanic crust, Icelandic
crust and continental crust, which probab-
ly represents part of the Jan Mayen

crust. The map also shows extinct central
volcanos on the sea bed and submarine
mountains.

In addition there is a map showing the
age of the bedrock around Iceland, which
uses mostly use magnetic data, as since
only a few isotopic dating have been
made. The map shows clearly how the
oceanic floor increases in age the further
it lies from the main rift zones. Although
there are also interesting exceptions to
that rule. The map of the sea floor is made
in collaboration with specialists at the
Marine Research Institute, the Icelandic
Coast Guard and the Westfjords Natural
History Institute. The map shows the
type of materials of the sea floor and the
grain size of sediments in the top 30 cm.
This influences the ecosystems and thus,
knowledge of it is essential in biological
research.

Study of the sea bed and samplings
has been carried out since the start of
organized marine research in Iceland.
Around 3000 samples of data have been
registered, although they are different in
quality and diagnostics. This is the first
comprehensive map of the oceanic floor
around Iceland.

The coastal maps record all changes of
Icelandic beaches, hiatal and sea en-
croachment, equilibrium status, sediment-
ation and coastal erosion. Data related to
changes in the Icelandic coastline come
mostly by comparing old and new maps,
as well as from aerial and satellite imagery.
Because of the inaccuracy of the old maps,
one cannot assess hiatus or sedimentation
unless, the changes that have occurred

are very great, especially on the Southern
coast of Iceland.

The map geologic events and probabilities
is based on data from the Coastguard, the
Marine Research Institute, the National
Energy Authority, the University of Iceland
and international research expeditions.
It shows volcanic systems, eruption rifts,
eruption craters, faults and wrench faults,
marine lava borders, undersea landslips,
rock slides and seismicity.

Eruption sites are divided into two groups
according to age; i.e. from historic or
prehistoric age. Eruption sites that are
older than about 15,000 years, are not
shown on the map. There are two kinds of
submarine lava borders, lavas which flow
from land to sea and submarine lavas.

In the last few years, evidence of sub-
marine landslides has often been observ-
ed in fjords and on the continental shelf.
The biggest landslide was be found near
Hali in the Westfjords, and it is estimated
to cover an area of 138 km?area.

The map of igneous geochemistry shows
the location and distribution of pragmatic
minerals on the sea floor. It indicates the
distribution of sand and gravel, specifically
calcareous algae, and precipitation
relating to subsea heat, both from high
and low temperature areas.

The EMODnet project has revealed several
new previously unknown features in
relation to the geology of Iceland, since
such precise mapping of the seabed
around the island has never before been
undertaken.
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Kennsla og proun

Jarodhitaskoli Haskéla
Sameinudu pjédanna

Hid hefdbundna ndm vid Jardhitaskélann
(JHS) er halfs ars nam. { lok ars 2015 héféu
613 nemendur frd 59 I6ndum Utskrifast
fra skélanum. Stér  hluti  kennslunnar
vid JHS er i hdndum starfsmanna ISOR,
eins og verid hefur fra stofnun skélans
1978. 1 namsradi skolans eru einnig sjo
sérfreedingar ISOR. Auk kennslu vid JHS
hafa starfsmenn ISOR tekid patt i kennslu &
arlegum namskeidum sem Jardhitaskolinn
hefur haldid tengd Pusaldarmarkmidum
Sameinudu pjédanna. A arinu 2015
voru slik ndmskeid haldin i Kenia og El
Salvador, eins og undanfarinn &ratug.

Til vidbotar pessari reglubundnu pjalfun
sa ISOR um stéran hiuta kennslu &
morgum 638rum namskeidum vida um
heim, sem mdrg voru skipulégd af Jard-
hitaskélanum, p.da m. namskeid i Austur-
Afriku og a Azoreyjum. Einnig adstodadi
ISOR Préunarsamvinnustofnun fslands vid
skipulagningu vidamikillar og fjélbreyttrar
pjalfunar sérfreedinga fra jaréhitalondum i
Austur-Afriku & arinu.

Samstarf viod islenskt
haskoélasamfélag

Starfsmenn ISOR hafa i gegnum é&rin sinnt
kennslu vid Haskéla fslands og Haskdlann
i Reykjavik og verid leidbeinendur fram-
haldsnema par. Jafnframt hafa nokkrir
starfsmenn ISOR verid gestaprofessorar
vid Hi. A arinu 2015 var kennsla ISOR vid
Iceland School of Energy (ISE) umfangs-
mikil og hefur hin aukist undanfarin
ar. ISE er rekinn vid HR og {SOR 4 hlut i
skolanum. P4 hafa starfsmenn ISOR kennt
i einhverjum mzeli vid Keili i Reykjanesbze.

Gudni Axelsson
svidsstjori / Director

Préounarverkefni

ISOR var virkur patttakandi i morgum
rannséknarverkefnum, styrktum af innlendum
jafnt sem erlendum adilum, & éarinu 2015.
I raun er pad svo ni ad stor hluti peirra
grunnrannsékna og préunaradferda sem ISOR
sinnir fer fram i tengslum vid pessi verkefni.
Ma par nefna vidamikil samvinnuverkefni
styrkt af Evrépusambandinu sem ISOR tekur
patt i asamt nokkrum samstarfsadilum a
meginlandi Evropu. bar & medal er IMAGE-
verkefnid sem hofst arid 2013 og felst i
proun nyrra adferda vid rannsékn dypri
hluta jardhitakerfa, en pvi lykur arid 2017.
A arinu 2015 atti ISOR adild ad fimm
vidamiklum  umséknum  til  rannséknar-
deetlunar Evrépusambandsins, Horizon 2020.
Fjorar af pessum umséknum voru sampykktar
sem verdur ad teljast mjog gddur arangur.
Almennt er talid ad deemigert arangurs-
hlutafall i styrkumséknum til ESB sé um
15-30% i Horizon 2020. b4 vinnur {SOR a3
nokkrum  verkefnum sem jardhitaklasinn
GEORG styrkir i samvinnu vid innlenda og
erlenda adila og méa par nefna verkefni tengt
rotum hahitakerfa, Deep Roots of Geothermal
Systems (DRG), sem hofst arid 2013 og lykur
2016-2017. Med pvi a ad reyna ad 6dlast betri
skilning & dypstu hlutum jarhitakerfa med
pbad ad lokamarkmidi ad stekka nytanlega
hluta jardhitaaudlindarinnar.



Geothermal Training

United Nations University
Geothermal Training
Programme (UNU-GTP)

The regular program of the UNU-GTP
involves a 6-month diploma course and
at the end of 2015, 613 students from
59 countries had graduated from the
programme. A large part of the instruction
at the UNU-GTP is in the hands of ISOR,
as has been the case since the foundation
of the programme in 1978. Seven ISOR
experts are members of the programme's
Study Board. In addition to teaching at
the UNU-GTP ISOR employees have also
participated in annual training courses
organized by the UNU-GTP in relation
to the United Nations Millennium
Development Goals. In 2015 these
training courses were held in Kenya and
El Salvador, as has been the case the last
decade. In addition to this ISOR has been
responsible for a large part of the teaching
at many other training courses around
the world, many of which were organized
by the UNU-GTP including courses in
East Africa and the Azores in 2015. {SOR
also assisted Icelandic International
Development Agency in 2015 with the
organization of extensive and diverse
training of experts from geothermal
countries in East Africa.

Collaboration with the
University Community
in Iceland

Through the years ISOR employees have
lectured at the University of Iceland
(U) and Reykjavik University (RU) and
been advisor to graduate students at
these universities. Furthermore, several
employees of ISOR have been adjunct
professors at UL ISOR's role in instructing
at the Iceland School of Energy (ISE) has
been growing in recent years, being quite
extensive in 2015. ISE is operated under
UR and ISOR holds a share in the school.
In addition, ISOR staff has taught to some
extent at Keilir, the Atlantic Centre of
Excellence, operated in Reykjanesbaer.

Research and
Development Projects

In 2015 ISOR continued to be an
active participant in  many research
projects, funded both domestically and
internationally. The situation is actually
such today that a large proportion of the
basic research and development carried
out by ISOR is linked with such projects.
These include extensive cooperative
projects funded by the European Union,
which fSOR is part of along with several

European partners. Among these is
the IMAGE project that began in 2013,
and ends in 2017, and involves the
development of new exploration methods
aimed at studying the deeper parts of
geothermal systems. In 2015 ISOR was a
participant in five large research proposals
to the Horizon 2020 research programme
of the European Union. Four of these
proposals were accepted, which must be
considered very successful, as the success
rate of grant proposals in Horizon 2020
is generally about 15-20%. ISOR is also
involved in several research projects
funded by the GEORG Geothermal
Research Group in cooperation with
domestic and foreign institutes and
companies, including a project involving
the roots of high-temperature geothermal
systems, the Deep Roots of Geothermal
Systems (DRG) project, which began
in 2013 and continues into 2016-17.
The aim of that project is to attempt to
better understand the deepest parts of
geothermal systems, with the ultimate
aim to expand the exploitable portion of
geothermal resources in general.

1 Nemendur og leidbeinendur & ndmskeidi, sem
haldid var & vegum Jar8hitaskdlans & Azoreyjum.
Participants and supervisors at a short course,
held by the United Nations University GTP on
borehole geophysics in geothermal development
in the Azores.
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Verkefni erlendis

1 - Nikaragva

ISOR veitti orkufyrirteekjum radgjéf um
uppfeaerslu & hugmyndalikani, boranir og
holustadsetningar. Einnig padu kanadiskir
fjarfestar radgjof um kaup & hlut i orku-
fyrirtaeki.

2 - Gvadelup (Frakkland)

Reglubundnar hita- og prystimalingar i
vinnslu- og eftirlitsborholum & Boulliante-
jar®hitasveedinu. Farnar voru tveer ferdir til
maelinga 4 arinu. { seinni ferdinni voru einnig
gerdar rennslismaelingar med ferilefnum.

3 - Azoreyjar

Almenn  jardhitaradgjof og radgjof i
tengslum vid jarhitalikan og borfram-
kveemdir. Namskeid i borholumaelingum,
jardefnafreedi og borunum fyrir Jardhita-
skélann. Unnid ad endurskodun hugmynda-
likans af Pico Alto sveedinu a Terceira med
frekari boranir og vinnslu i huga.

4 - Rimenia

Sérfraediradgjof og Uttekt & tveimur jard-
hitasveedum fyrir hond stjérnvalda og
uppbyggingarsjéds EES. Radgjof var veitt vid
val & verkefnum sem eru styrkt af sj6dnum
og eftirlit haft med peim.
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5 - Tyrkland
Lagt var mat & jardhitaverkefni fyrir Evrépska
préunarbankann, EBRD, vegna jardhita-

nytingar, auk radgjafar vegna fyrirhugadrar
byggingar jardvarmavera. bar ad auki voru
nokkur verkefni unnin fyrir orkufyrirteeki
sem tengjast rekstri virkjana og jardhitaleit.

6 - Tansania

Adstod vid skipulagningu og Utbod &
rannséknum tveggja jardhitasveeda, Luhoi
og Kiejo-Mbaka, fyrir hond Préunar-
samvinnustofnunar fslands og Norraena
bréunarsjodsins. [SOR mat adstaedur &
premur jardhitasveedum, hélt vinnufund
og mat porf fyrir pjalfun. Teeknileg radgjof
var veitt vegna eftirlits med yfirbords-
rannséknum 4 jardhitasvaedinu Ngosi.

7 - Kenia

Haldid var afram fra fyrra ari ad vinna ad
uppfeerslu & hugmynda- og reiknilikonum
af jar8hitakerfinu i Olkaria auk almennrar
jardhitaradgjafar fyrir orkufyrirteekid
KenGen. Einnig var haldid namskeid i jard-
freedikortlagningu og medferd landupp-
lysinga auk pjalfunar i gerd hugmynda-
og reiknilikana fyrir starfsfélk KenGen.
Ryni & samantektarskyrslu um orku&flun
i Menegai hoéfst. Unnid var med starfs-
monnum GDC ad innleidingu ISO 17025 &
efnarannsoknarstofu i Nakuru. P4 haf8i ISOR
eftirlit med jardhitarannséknum i Suswa.

8 - Epiopia

Radgjof  fyrir  Préunarsamvinnustofnun
fslands og Norraena préunarsjésinn (NDF)
vegna Yfirbordsrannsékna &  tveimur
svaedum. Veitt var adstod vid Utbodsgerd
og mat lagt & nokkur tilbod, auk annarra
eftirlitsstarfa.

9 - Djibati
Gerd var Uttekt & stodu jardhitarannsokna

og haldid ndmskeid i yfirbordsrannséknum
4 einu svaedi, Lake Abbe.

10 - Eritrea

Verkefnastjérnun og framkveemd yfirbords-
rannsoékna fyrir Umhverfisstofnun  Sam-
einudu pjodanna, UNEP, & Alid jardhita-
svaedinu fyrir parlend stjérnvold.

11 - Filippseyjar

Almenn jar8hitaradgjof, p.m.t. borholu-
rannséknir, meelingar i holum og afkasta-
meelingar & premur holum & eyjunni
Mindoro sudur af Manila. Tveer holur voru
um 1200 metra djupar kjarnaholur og ein
hef8bundin vinnsluhola, borud nidur i 2000
metra. Adstod vid uppfeerslu & rammalsmati
og hugmyndalikani.

12 - Kina

Orkufyrirtaeki var veitt rddgjéf um hug-
myndir um raforkuvinnslu og fjarfestar
fengu radgjof um hitaveituframkvaemdir.



Projects Worldwide

1 - Nicaragua

Consultation provided for energy com-
panies on an update of a conceptual
model, drilling and well locations. Con-
sultation to Canadian investors interested
in investing in an energy company.

2- Guadeloupe (France)

Regular temperature and pressure logging
of production and monitoring wells in
Bouillante. Two logging trips this year, one
of which included tracer flow testing.

3 - The Azores

Consultation in relation to a conceptual
model and drilling projects. Courses on
borehole measurements, geochemistry
and drilling, for the United Nations
University Geothermal Training Program-
me. The conceptual model of the Pico Alto
field in Terceira reviewed with regard to
possible further drilling and development.

4 - Romania

Specialist consultation regarding two
geothermal areas, on behalf of the
government and the EEA Grants. Consul-
tation on project selection and surveil-
lance to be financed by the EEA Grants.

5 - Turkey

Evaluation of geothermal projects for the
European Bank for Reconstruction and

Development, EBRD, and consultation
regarding the planned building of
geothermal power plants. Several projects
for energy companies on power plant
operations and geothermal exploration.

6 - Tanzania

Assistance with the organizing of research
and tender on two geothermal areas,
Luhoi and Kiejo-Mbaka, on behalf of
the Icelandic International Development
Agency and the Nordic Development
Fund. Three geothermal areas were
evaluated, as well as the need for training.
Technical consultation provided in relation
to surface exploration monitoring in
Ngosi.

7 - Kenya

Updates of the conceptual and reservoir
simulation models of the Olkaria
geothermal system continued. General
geothermal consultation to the energy
company KenGen, as well as courses for
their staff on the subjects of conceptual
models, reservoir simulation, geological
mapping and the management of
survey information. Review of the
analysis report on energy production in
Menegai launched. Worked with GDC
employees on the instillation of ISO
17025 at a chemical laboratory in Nakuru.
Geothermal research monitoring in Suswa.
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8 - Ethiopia

Consultation for the Icelandic International
Development Agency and the Nordic
Development Fund regarding surface
exploration in two areas. Assistance with
tendering out research and several bids
evaluated along with other monitoring
work.

9 - Djibouti

The current status of geothermal research
assessed and a course held on surface
exploration in one area, Lake Abbe.

10 - Eritrea

Project management and  surface
exploration for the United Nations
Environmental Programme, UNEP on

the Alid geothermal area for the Eritrean
government.

11 - Philippines

General geothermal consultation, includ-
ing borehole investigation, well logging
and flow testing in three wells on the
island of Mindoro, south of Manila. Two
1200 metre cored wells and one standard
geothermal well, drilled down to 2000
meters. Assistance provided with volu-
metric assessment and conceptual model.

12. - China

Consultation provided for an energy
company regarding potential areas for
power production and investors advised
on district heating projects.
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[ minningu frumkvoduls
| landmaelingum 20. aldar

In the memory of a pioneer of geodetic survey of the 20th century

Gunnar Porbergsson, landmaelingamadur
a Vatnsorkudeild og sidar Rannsdknasvidi
Orkustofnunar, forvera ISOR, lést 6. agust
2015 & 86. aldursari.

Gunnar Porbergsson kom til starfa vid
landmeelingar hja embeetti Raforkumala-
stjora, sem sidar vard Orkustofnun, arid
1952 pa 22 éara gamall. Embeettid hafdi
pa i faein ar fengist vid landmeelingar
til undirbdnings virkjunar vatnsfalla. Su
starfsemi 6x og dafnadi hrodum skrefum
a naestu arum og aratugum undir stjérn

Gunnars sem forstédumanns  Land-
meelinga  Orkustofnunar.  Hafist  var
handa vid umfangsmikla kortlagningu
landsins i meelikvarda 1:20.000 med

5 metra haedarlinum og sérkort i enn
nakveemari maelikvarda. Eldri kort voru
byggd & takmorkudum maelingum og
hofdu einungis 20 metra haedarlinur
sem neegdi ekki fyrir aeetlanir um
vatnsaflsvirkjanir. Undir lok aldarinnar
hafdi Gunnari og samstarfsfolki tekist ad
meela um pridjung landsins og gera kort
af fjordungi pess, einkum inn til landsins.
bessar  umfangsmiklu landmeaelingar
voru krefjandi vinna sem kraf&ist mikillar
nakveemni og aludar jafnframt pvi sem
fara purfti torsottar leidir & 6reefum til
meelinganna. Notadi Gunnar pa medal
annars pyrlur par sem erfidast var ad
komast ad.

Jafnframt pessu bar Gunnar hitann og
pungann af pyngdarmeelingum landsins
en paer eru snar pattur landmaelinga dsamt
pvi ad veita mikilveegar jardfreedilegar
upplysingar. Pegar jardhitavinnsla hofst
fyrir alvéru & hahitasveedum landsins
baettust haedar- og pyngdarmaelingar par
vid starfssvid Gunnars.

Gunnar var alla tid i fararbroddi i taekni-
nyjungum vid landmeelingar og Urvinnslu
peirra. Hann hof snemma ad nota loft-
myndir vid kortagerdina og var medal
peirra fyrstu & landinu sem notudu télvur
til dtreikninga. Hann forritadi alla tid
pann hugbunad sem Orkustofnun notadi
til landmalinga og pyngdarmaelinga.
Gunnar skrifadi fyrstu forritin til pess arid
1965, arid eftir ad fyrsta IBM-tolva Haskola
fslands kom til landsins. ba voru forritin
og gogn skrad & gataspjold. Pannig vard
Gunnar einn af frumkvodlum i notkun
tolvutaekni & Islandi. Eftir Gunnar liggja &
annad hundrad skyrsina og greina. Eftir ad
Gunnar lét af storfum arid 1999 var land-
meelingadeildin 1698 nidur og starfsemin
flutt til Landmeelinga Islands sem pé voru
nyfluttar til Akraness.

Gunnar var haglatur madur og hégveer.
Hann var famall og taladi lagum rémi en af
peirri pekkingu og pvi viti sem fékk félk til
ad hlusta. Hann gumadi aldrei af verkum
sinum sem po eru gridarmikil ad voxtum.
Hann var ad mestu leyti sjalfmenntadur i
landmaelingafraedum en vard pé leidandi
sérfraedingur i landmaelingum 4 Islandi um
aratugaskeid. Eftir hann liggur dmetanlegt
a®vistarf i pagu islenskra orkumaéla og
landmeelinga.

Gunnar borbergsson, a geodesist at the
National Energy Authority (NEA), ISOR’s
predecessor, died on the 6th of August
2015, 85 years of age.

Gunnar borbergsson came to work in
geodetic surveying in the year 1952. By
then, the office had been performing
geodetic survey as a preparation for
the harnessing of power stations. That
operation grew and prospered fast in

the next few years and decades under
Gunnar’'s management. Extensive mapp-
ing work was founded in the 1:20.000
scale with 5 m contour lines and even
more detailed specialized maps. By the
end of the century, Gunnar and his co-
workers had measured about a third of
the country and map about a quarter of
it, specifically the inland. Making these
massive geodetic measurements was a
very demanding work which craved great
precision and cordiality.

Apart from all of this, Gunnar also was the
central figure in gravimetry research in
Iceland, which were a big part of geodetic
survey as well as being the source of
important geological information.

During his whole working life, Gunnar was
at the forefront of technical innovation
for geodetic survey and its process. He
started using aerial photography with
the mapping work early on and he was
among the first Icelanders to computerize
his calculations. He wrote all codes that
NAE used for geodetic surveying as well
as gravimetry. During his vast carreer,
Gunnar wrote over a hundred reports.

Gunnar was a very undemonstrative
and modest man. He was taciturn and
quietly spoken, but his wit and impressive
knowledge made people listen to what
he had to say. He never boasted about
his achevements, great though they
were. Gunnar was largely self educated
in geodetic surveying and yet he became
Iceland’s leading specialist in the geodetic
science for decades. His life work and
legacy in his scientific fields was invaluable
to Icelandic energy affaris and geodesy.
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Ragnheidur St. Asgeirsdéttir
jardefnafreedingur Geochemist

hof storf hja ISOR sem sumarstarfsmadur og
er nii med mastersgradu fra Haskéla fslands.
Hun er ein af peim atta starfsmonnum sem
baettust vid hopinn a arinu.

1 Sigran Magnusdottir, nyr umhverfis- og audlindaradherra,

i heimsokn.
Ragnheidur started as a summer The Minister of the Ministry for the Environment and
employee. She has since Natural Resources came to visit.

completed her Master's degree ,
in geology from the University 2 AkureyrarGtibd ISOR tok patt i Visindasetrinu i tengslum

of Iceland and is now one of vid menningarvéku Akureyrar.

the eight employees who have Science Centre at Akureyri birthday festival.
joined ISOR in 2015.
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3 Hopur sérfraedinga ISOR tok patt i Alpjodajardhitaradstefnunni,
(WGC-2015), sem haldin var Melbourne i Astraliu i april. Petta er einn
umfangsmesti vidburdurinn { jardhitageiranum. Sérfraedingar ISOR
kynntu rannsoknir og voru héfundar ad 37 greinum. A myndinni er
hluti af islensku patttakendunum.

A group of experts from ISOR took part in one of the largest event in
the geothermal sector, the World Geothermal Congress (WGC-2015),
which was held in Melbourne, Australia in April. Experts

from ISOR were authors of 37 papers. The photo shows a part of the

Icelandic participants.

&1 WORLD
}}Gsmnsnmm

7 CONGRESS
IGA Best Paper

4 Finnbogi Oskarsson efnafraedingur flytur erindi 4 WGC-
radstefnunni.
One of ISORs’ chemist, Finnbogi Oskarsson, at WGC2015.

5 Jardvisindamennirnir Gudni Axelsson, KnGtur Arnason og
Gylfi Pall Hersir (vantar & myndina) fengu vidurkenningu
Alpjédajardhitasambandsins (IGA) fyrir bestu fraedigreinarnar
sem birtar hafa verid i ritryndu visindatimariti sl. fimm ar. 7

Afhending fér fram a Alpjédaradstefnunni.
The geoscientists Gudni Axelsson, Kndtur Arnason and Gylfi Pall E HEitsueﬂandi
framhaldsskoli

Hersir received the International Geothermal Association (IGA)

Best Paper Award of papers published in internationally peer-
reviewed scientific journals in the past 5 years.

6 Sumarstarfsfolk {SOR & arlegu skyndihjalparnamskeidi.
Each year our summer employees attend a first aid course.

7 Kynning & nyju jardfraedikorti af sudurhluta
Nordurgosbeltisins hja bokaverslun Eymundsson.
Introduction of a new geological map of the Northern
Volcanic Zone, Southern Part of Iceland.

8 Framhaldsskélum & landinu gefid berggrunnskort
af fslandi.

All secondary schools in the country were given
the new geological map of Iceland.
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