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Efni: Beioni um umsogn um umsokn um rannséknarleyfi a jarohita i Stéru Sandvik

Orkustofnun hefur mottekid medfylgjandi umsokn HS Orku, kt. 680475-0169, dags. 15. desember sl.,
par sem a grundvelli laga um rannsoknir og nytingu & audlindum i jordu, nr. 57/1998, er sott um leyfi til
rannsOknar og leitar ad jarohita i Storu Sandvik.

Samkvamt 1. mgr. 5. gr. laga nr. 57/1998, felur rannsoknarleyfi i sér heimild til handa leyfishafa til ad
leita a0 viokomandi audlind a tilteknu svadi & leyfistimanum, rannsaka umfang, magn og afkastagetu
hennar og fylgja ad 60ru leyti peim skilmalum sem tilgreindir eru i [6gum pessum og Orkustofnun telur
naudsynlega. Um veitingu leyfis, efni pess og afturkollun fer skv. VIII. kafla laganna. Orkustofnun
vekur athygli 4 a0 samkvemt 23. gr. laga nr. 57/1998 eru gogn sem afhent eru samkvamt 16gunum
bundin trunadi. Med visan til pessa eru umsagnaradilar bednir um ad virda pann trinad.

Med visan til 4. mgr. 5. gr. laga, um rannsoknir og nytingu a audlindum i jordu nr. 57/1998 er hér med
6skad umsagnar Reykjanesbajar um framkomna umsokn hvad vardar verksvid sveitarfélagsins.

bess er 6skad ad umsognin berist Orkustofnun eigi sidar en 10. mai nk.

Virdingarfyllst,
f.h. orkumalastjora

Maria Gudmundsdottir ’ m” ursdottir ‘

Afrit sent til: Umscekjanda

Fylgiskjol: Umsokn og fylgiskjol
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Harpa bérunn Pétursdottir, 16gfraedingur i

Grindavik

Grensasvegi 9 www.hsorka.is

108 Reykjavik

Sent med télvuposti

Svartsengi, 15. desember 2020

Umsékn um nytt rannséknarleyfi og endurskodun rannséknarazetlunar vid Stéru Sandvik

HS Orku var svo veitt rannsoknarleyfi vid Storu Sandvik pann 7.oktdber 2015 en svadid er i nytingarflokki
skv. Rammadaztlunar nr. 2. I umsokn um rannséknarleyfid var 16gd fram rannséknaraatlun eins og tilskilid
er skv. [6gum og er han hluti leyfisins.

I meginatridum er yfirbordsrannsoknum vid Stéru-Sandvik lokid en engin ummerki hafa sést & yfirbordi um
jardhita. Neesta skref er ad ljuka matskyldufyrirspurn til Skipulagsstofnunar fyrir rannsoknarholu & sveedinu
og i framhaldinu undirbta borun holunnar, sem hénnud verdur sem héhitahola.

Oljost er hvenar verdur af borun djdprar rannsoknarholu, en aaztladur kostnadur er um 700 MKr.
Samkveemt audlindamati sérfreedings HS Orku eru likur hlutfallslega litlar & ad & sveedinu finnist nytanleg
hahita audlind. Badi kostnadarsom framkveemd og 6hagsted skilyroi & raforkumarkadi gera pad ad verkum
ao frekar hefur verid haegt 4 rannsoknum & sveaedinu.

préatt fyrir fremur dhagstaed ytri skilyrdi sér HS Orka veromeeti i pvi ad halda rannséknarleyfinu afram.
I 1josi ofangreinds sekir HS Orka hf. hér med um nytt rannsoknarleyfi til 15. desember 2025.

Uppfaerd rannsdknaraatlun fylgir umsékninni asamt yfirliti um gogn er varda rannsoknir sem hafa att sér stad
eda eru i vinnslu.

Virdingarfylist,
f.h. HS Orku hf.

4%&%_

Asbjorn Blondal, framkvamdarstjori bréunarsvids
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HS ORKA
Rannsoknaraaetlun fyrir Storu Sandvik, Reykjanesi

Rannsdéknarazetlun sem 16g6 var fram 2015 er skipt a eftirtalda efnislidi, i samraemi vid leidbeiningar
Orkustofnunar og l6g um rannséknir og nytingu audlinda ar jordu
www.althingi.is/lagas/nuna/1998057.html. Greinanumer i yfirskriftum visa til viskomandi lagagreina®:

Tilgangur rannséknar.

Afmorkun rannsdknarsvaedis.

Timasetning rannséknarinnar og rannsoknarafanga m.v. fyrirliggjandi rannséknaraaetlun.
Greinargerd um ahrif nytingar a neerliggjandi svaedi.

Yfirlit um fyrri rannséknir @ sveedinu dsamt yfirliti yfir ny gogn fyrir sveedid, skyrslur og gogn.
Rannsdknaraaetlun i megindrattum, afangar og paettir.

Azetlun um fyrirhugadar framkvaemdir vid rannséknir.

Upplysingar um landeigendur 4 umraeddu svaedi.

NV Rk WNE

1. Tilgangur rannsoknar (16. gr.).

Svaedid er kennt vid Storu Sandvik sbr. gégn rammadaetiunar? og heyrir til jardarinnar Kalmannstjarnar
og Junkaragerdis.

Tilgangur rannsdkna er ad auka pekkingu a sveaedinu, meta tengingu pess vid jardhitakerfi sem
Reykjanesvirkjun nytir og skapa pannig heildstaett mat 4 audlindinni sem haft yrdi til hlidsjonar vid mat
a umfangi jardhitakerfis i Stéru Sandvik og hvort fysilegt sé ad hefja nytingu par. Engin merki um
hahitasvaedi sjast a yfirbordi 8 umraeddu svaedi en par hafa vidnamsmaelingar allt fra 1970 gefid
visbendingu um ad hahitasvaedi kunni ad leynast a talsverdu dypi upp af Stéru Sandvik.

Arid 2015 var sett fram rannséknarazetlun fyrir svaedid, sem nu er endurmetin m.v. arslok 2018 og
m.t.t. nidurstadna af peim rannsdknum sem farid hefur verid i sidan pa.

2. Nakvaem afmorkun rannséknarsvaedis (18. gr., 3. lidur).

Rannsdknarsveedid er synt a8 uppdreetti i vidauka V1, en stadsetning pess er gefin til kynna @ mynd 1
hér ad nedan (mynd dr gégnum rammaaeetlunar 2). Svaedid er i nytingarflokki rammaaaetlunar.

St. Sandvikursvaedi

Reykjanes .

Mynd 1. Afmérkun jardhitasvaedis sbr. rammadeetiun 2.

3. Timasetning rannsdkna (18. gr., 2. lidur) m.v. fyrirliggjandi rannséknaraaetiun.

Timadaetlun rannséknarpatta fra 2015 gerdi rad fyrir ad rannsdknartiminn spannadi prju ar og par a
medal vaeru borun rannséknarborholna & svaedinu (mynd 2.). i lok hennar, um mitt 4r 2018, var gert
rad fyrir pvi ad haegt vaeri ad meta tilurd og umfang jardhita & svaedinu, asamt pvi ad dkvérdum um

L L6g um rannsdknir og nytingu & audlindum i jérdu. 1998 nr. 57, 10. Juni.

2 http://www.os.is/jardhiti/jardhitasvaedi-a-islandi/hahitasvaedi/onnur-hahitasvaedi/ og
http://www.rammaaaetlun.is/media/beinleid/Minnisblad-62-Stora-Sandvik.pdf
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framhaldid geeti legid fyrir. Rannsdknarpaettir og timadezeltlun peirra hefur hinsvegar verid
endurskodadir i samraemi vid ny gogn fra sveedinu og nagrenni pess og uppfaerd til dagsins i dag
(Vidauki V2). Umfang jardhitaleitar reyndist meira og pvi ték timi grunnrannsékna mun lengri tima en
upphaflega var gert rad fyrir.

Rannséknarafangi Upphaf  Verktimi Man (Juni 2015) 2016 —» 2017 —* 2018 —*
1/2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38

Undirbuningur, kortagerd o.fl. 1 3 i /// 7
Vidnamsmaelingar 3 12
Kortlagning umhverfispatta 3 14
Landmaelingar, pyngdarmalingar 5 18
Grunnvatnslikan og fraveitukerfi 7 6
Skjalftamaelingar 5 12
Mat a nidurstodum 14 6
Stadsetning rannsdknarborana 16 8
Rannsoéknarboranir 23 8
Mat & vinnsluhzfi (jardhitamat) 26 6
Virkjunarméguleikar 27 6
Hagkvaemnidtreikningar 28 6
Kynning og dkvordunartaka 31 6

Mynd 2. Timadeetlun rannséknarpdtta frd 2015.

4. Greinargerd um hugsanleg ahrif nytingar a neaerliggjandi svaedi (17. gr.).

Nyting jardhita i Storu-Sandvik er ekki talin likleg til pess ad hafa ahrif & svaedid sem Reykjanesvirkjun
nytir. Jardhitakerfid par virdist vera fremur einangrad. Hugsanleg skyring er si ad bergpétting sé
nokkur i kringum pad, med utfellingasteind sem kallast anhydrit (CaSO4) sem fellur Gt vid pad ad ferskur
kaldur jardsjor hitnar yfir dtfellingarmork steindarinnar i ndleegd jardhitans. Ekki er vitad hversu
Utbreidd slik bergpétting er umhverfis hahitakerfid 4 Reykjanesi. Einnig hefur nidurdaelingarborhola
verid borud fra Syrfelli til nord-nord-vesturs og hafa ferilefna sem dzelt er ofan i hana ekki skilad sér til
baka i jardhitakerfid 4 Reykjanesi. Einnig hafa smaskjalftar, sem maelst hafa vié borun og nidurdaelingu
holuna, bent til pess ad vokvinn leiti til nordurs. Um 3.5 km eru fra nidurdeaelingarsvaedinu og inn ad
hasta vidnami Stéru-Sandvikur svaedisins. Hugsanleg astaeda pess ad ekki sé augljés tenging fra
vinnslusvaedinu 4 Reykjanesi og nidurdaelingarholunnar vid Syrfellid, er si ad vinnslusvaedid er ad
steerstum hluta sud-austan meginn vid Vatnsfells-misgengid, fyrir utan holurnar i Stémpunum, en
nidurdaelingarholan er borud i gegnum misgengid til nord-vesturs.

5. Yfirlit um fyrri rannsoknir a svaedinu asamt yfirliti yfir ny gogn fyri sveedi, skyrslur og
gogn.

Ymsar rannséknir sem farid hafa fram & Stéru Sandvikur svaedinu og umhverfi pess. Mest af pvi er tengt
Reykjanesvirkjun og vinnslusvaedi hennar. Helstu skyrslur fyrir 2015 eru:

e Gudni Karl Rosenkjaer og Ragna Karlsdéttir, 2008: MT- meelingar 4 Reykjanesi 2008. Skyrsla
ISOR-2009/002, 45 bls.

e Ludvik Georgsson og Helga Tulinius, 1983 : Vidnamsmaelingar 4 utanverdum Reykjanesskaga
1981 og 1982. Skyrsla Orkustofnunar 0S-83049/JHD-09.

e Ragna Karlsddttir og Hjdlmar Eysteinsson, 2010: MT- maelingar & Reykjanesi 2010. Skyrsla ISOR-
2010/049, 62 bls.

e Ragna Karlsdottir og Arnar Mar Vilhjalmsson, 2014: Reykjanes Geothermal Area, Southwest
Iceland. Extension of 3D Iversion of MT Data. Report ISOR-2014/016, 134 bls.

e /Avar Pedersen og Erling Olafsson, 1986: Dyralif Sudurnesja. Grein i Sudurnes: Natturufar,
minjar og landnyting. Stadarvalsnefnd, Kristbjorn Egilsson (ritstjori), Natturfraedistofnun
islands, bls. 31-48.

Einnig geta nyst paer rannséknir er féru fram vid mat 4 umhverfisahrifum Reykjanesvirkjunar (2002 -
2005) og staekkun hennar (2008 — 2009).

Bls. 2 af 9
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Sidan 2015 hafa einnig farid fram rannsdknir a sveedinu og ma par helst nefna:

e Egill Arni Gudnason, 2018. Double-Difference earthquake relocations in Reykjanes. Skyrsla
[SOR-2018/055

e Mannvit, 2019. Voktun grunnvatns @ sudurnesjum — Nidurstédur maelinga fra arinu 2018.
Skyrsla 1141215-000-CPR-0002

e Myléne Receveur, 2018. Ground deformation induced by geothermal utilization at Reykjanes,
SW-Iceland, inferred from interferometric analysis of Sentinel-1 Synthetic Aperture Radar
images (INSAR). Meistaraverkefni vid Haskdla islands.

e Ragna Karldsdéttir og Arnar Mar Vilhjalmsson, 2015. Svartsengi-Eldvorp-Sandvik. 3D Inversion
of MT data. Skyrsla [SOR-2015/001, bls 59 + 3 vidaukar.

e Ragna Karldsddttir og Arnar Mar Vilhjalmsson, 2016. Sandvik, Reykjanes Peninsula. 3D
Inversion of MT Data. Skyrsla [SOR2016/012. 145 bls.

e Ragna Karldséttir og Asdis Benediktsddttir, 2018. Resestivity anomalies outside known
geothermal areas in the Reykjanes Peninsula. Minnisblad 9.2.2018.

e Ragna Karldsottir, 2018. Siting an Exploratory well in Sandvik potential geothermal system
based on resestivity models. Skyrsla {SOR-17/060, 4 bls.

e Steinpdr Nielsson og Asdis Benediktsdéttir, 2018. Stadsetning & jardhitakerfinu austan Stéru-
Sandvikur. Minnisblad 10.8.2018.

e Steinpdr Nielsson, Asdis Benediktsdottir, Sigurdur G. Kristinsson, Egill Arni Gudnason og Audur
Agla Olafsdéttir, 2018. Skyrsla [SOR-2018/38, 23 bls.

e Verkfraedistofan Vatnaskil, 2018. Reykjanesskagi Grunnvatns- og rennslislikan — Arleg
endurskodun fyrir arid 2017. Skyrsla 18.05.

AJ auki hefur verid rekin GPS maelistd vid Syrfell, skammt fra, af Vedurstofu islands, sidan 2008.

6. Rannsoknaraaetlun i megindrattum, afangar og peettir.
Jardfraedirannsodknir

Jardfraedirannséknum a Sandvikursveedinu ma heita lokid. Fyrir liggur allnakveemt jardfraedi- og
sprungukort unnid af Kristjdni Seemundssyni/iSOR. Metid verdur hvort radast purfi i nakveemari
sprungukortlagningu.

o Verkpaetti lokid.

Vidnamsmeelingar

Baeta parf vid nokkrum tugum maelipunkta @ rannsdknarsveedinu og framkvaema baedi TEM og MT
vidnamsmaelingar.

o Verkpeetti lokid.

Landmeelingar

Metid verdur hvort pétta purfi net GPS-melistodva a sveedinu fyrir tengingu vid Urvinnslu
gervitunglamynda (InSar).

o Verkpeetti lokid

Bls. 3 af 9
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Jardskjalftar

Gogn fra jardskjalftamaelingum verda yfirfarin og metin m.t.t. jardhitanytingar en péttridid net
jardskjalftamaela er nu pegar 4 Reykjanesinu®.

e Verkpaetti lokid

pyngdarmeaelingar
Nakvaemar pyngdarmaelingar hafa verid gerdar a Reykjanesi um nokkurra ara skeid. [ ar verdur fleiri
maelistodum baett i netid p.a.m. & svaedi Stéru Sandvikur, til ad auka nakvaemni.

o Verkpaetti lokid

Grunnvatnslikan
Gert er rdd fyrir pvi ad endurbeaeta grunnvatnslikan og geeti komid til borunar 70 — 100 m djupra
grunnvatnsholna.

o Verkpaetti lokid

Landupplysingar, GIS, INSAR, GPS
Gert verdur haedarkort af Sandvikursvaedinu til ad meta hugsanlegar haedarbreytingar par.

Gervitunglamyndir verda skodadar og tulkadar med tilliti til hugsanlegrar vinnslu ar jardhitakerfi a
Sandvikursvadinu.

Nakveemar GPS maelingar hafa verid gerdar 4 6llu svaedinu og mun svo verda afram. Athugad verdur
hvort porf sé @ ad baeta vio fleiri maelistodvum nalaegt Stéru-Sandvik.

e Verkpaetti lokid.

3 péttridid jardskjalftanet var sett upp i tengslum vid Evrépska rannséknarverkefnid IMAGE sem HS Orka og {SOR
eru adilar ad, og verdur pad rekid fram & haust 2015. Jafnframt verda margir skjalftanemar (OBS nemar) settir
nidur a hafsbotninn umhverfis Reykjanes haustid 2014 og teknir upp ari sidar. Nidurstédurnar gagnast baedi
Reykjaneskerfinu sem og Sandvikursvaedinu og aettu nidurstédurnar ad liggja fyrir 2016.

A drinu 2013 kostadi HS Orka uppsetningu a tiltélulega péttridnu jardskjalftaneti (7 skjalftamaelar) vid og
umhverfis hahitakerfid & Reykjanesi, og sér i[SOR um Grvinnslu og vidhald kerfisins. Arid 2015 er fyrirhugad er ad
baeta vid fleiri skjalftamaelum 4 svaedinu um Eldvorp ad Svartsegni og yrdi pa trulega 2-3 meaelum beett vid til ad
na um Sandvikursveedid med sambaerilegum haetti. Netid yrdi rekid naesta dratug a.m.k.
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Rannsdknir & umhverfispattum

Gert er rad fyrir skrdningu og nanari skodun a umhverfispattum, m.a.:

Minjar, gagnaskodun auk vettvangsskodunar.
Lifriki, fuglar og fléra, skrasetning.
Sérkenni landslags
Synileiki hugsanlegra mannvirkja, alitleg svaedi til uppbyggingar.
Ferdapjonusta og Utvist
. Hugmyndir um uppbyggingu.
Nidurstodur umhverfisathugana verdur lyst i tilkynningu til Skipulagsstofnunar (rannsdknarboranir)
og/eda i matsaaetlun framkvaemdar (boranir og virkjun).
o Verkpaetti lokid.

ok wNE

Mat & nidurstodum

i lok rannsékna verdur gert frummat & staerd jardhitakerfisins, vinnsluhaefi jardhitavokvans metid og
vinnsluadferd akvordud ef tilefni er til. Pa verdur vinnslugeta til langs tima dzetlud og mat a pvi hvort
fysilegt er ad rddast i vinnsluboranir og virkjun hahitans.

e Verktimi:oljost
Rannsdknarboranir

Nidurstodur ur yfirbordsrannséknum, skjalftamaelingum o.fl. verda tengdar saman og tulkadar m.a. til
ad stadsetja dlitlegustu stadi til rannséknarborunar, dkvarda borstefnu hvers borverks og fastsetja
bordypt eda lengd borholu. Gert er rad fyrir borun einnar rannséknarholu. Rannséknarboranir eins og
hér er gert rad fyrir er tilkynningarskyld framkvaemd skv. I16gum um mat 4 umverfisahrifum og verdur
borverki og hugsanlegum ahrifum pess lyst eins og reglur kveda 8 um.

Fraveita fra borverki fyrir skolvatn og jarGhitavokva vid profanir verdur hofd skv. reglum sem
Heilbrigdisnefnd Sudurnesja sampykkir (HES) i starfsleyfi fyrir jardbor.

e Verktimi: 6ljést

7. Asetlun um fyrirhugadar framkveemdir vid rannséknina, fragangur borana og
mannvirkja.

Eftirfarandi framkvaemdir verda a svaedinu a rannsdknartima:

e Borun grunnra borhola til ad kanna grunnvatnslinsu. Slik borhola getur nyst fyrir vinnslu vatns
fyrir kaelingu og skolun vid borun djdprar rannséknarholu.

e A stigi yfirbordsrannsékna er midad vid ad fara um svaedid med létt taeki (fiorhjol/sexhjol) og
grofur/borteeki med beltum, nyta vegsldda sem pegar eru & svaedinu og ef parf ad leggja
vegsloda pa verdi raski haldid i lagmarki og lega akvedin ad hofodu samradi vid landeigendur.

e Veglagning: Vid borun djupra rannsdknarholu/-holna parf ad radast i veglagningu med
nzegilega burdargetu fyrir borteeki og flutninga ad og fra borteig. Verdur lega vega akvordud
ad hofdu samradi vid landeigendur.

e Hahitaborun: Gera parf einn eda fleiri borteiga fyrir rannsdknarboranir og er staerd peirra fyrir
eina borholu ad 6llu j6fnu & milli 3.500 fermetra og 5.000 fermetra.

e Gert er rad fyrir ad naudsynlegar lagnir og bunadur vegna borverka verdi bradabirgdalagnir
sem fjarlaegja ma ad loknum vidkomandi verkpattum.

Bls.5af 9
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8. Upplysingar um landeigendur.
Landeigendur ad 98,76% eignarhlutum:

a) Gudridur Steinunn Oddsdottir
b) Jéhannes V Oddsson

c) Ketill Oddsson

d) Olafur Hergill Oddsson

e) Vifill Oddsson

f) Ppengill Oddsson

Adrir landeigendur med 0,62% eiganrhlut hvor:

g) Helgi Vilhjalmsson
h) Sigurdur Gudmundsson
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9. Teikningar.

e Vidauki V1, jar6armork Kalmannstjarnar og Junkaragerdis med afmorkun rannsdknarsveedis
fyrir Stéru Sandvik.

e V2. Vidauki V2 — Uppfeerd rannsdknaraaetlun.
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V1. Vidauki V1 — kort og afmdrkun sveeda.
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V2. Vidauki V2—-Uppfaerd rannsdknarazetlun.
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1 Introduction

HS Orka has acquired a licence for exploration drilling in the area named after Stéra-
Sandvik (The Master Plan from 2011). The area is ~5 km inland east of the creek Stéra-
Sandvik (Figure 1). The area has been investigated with resistivity survey and indica-
tions of a geothermal system have been seen from those data sets since the 1980’s
(Georgsson and Tulinius, 1983; Karlsdoéttir, 1997; Rosenkjeer and Karlsdottir, 2009;
Karlsdéttir and Eysteinsson, 2010; Karlsdéttir and Vilhjalmsson, 2014, 2015, 2016).
Although there are indications of a geothermal system in the Stéra-Sandvik area no signs
of geothermal activity are known on surface (Seemundsson et al., 2016; Seemundsson,
2011).

The scope of this project was to further investigate the possible geothermal system
named after Stora-Sandvik by looking at signs of geothermal activity on the surface and
by constraining better an up-doming feature seen in previous resistivity models. This
work should be an input into decision making on further development in Stéra-Sandvik.

The following tasks were performed within the project:

e Task 1.1. Surface activity - Looking for signs of geothermal surface activity by
looking at aerial photographs and satellite images combined with two days of
field work, where CO2 flux will be measured on selected positions.

e Task 1.2. Seismic activity — Investigation of seismic activity in the area, by using
data collected by the ISOR and SIL seismic networks.

e Task 1.3 Resistivity — Further constrain the up-doming resistivity feature seen in
previous resistivity models.

e Task 1.4 Interdisciplinary interpretation of tasks 1.1-1.3.



Figure 1. Overview of the Stéra-Sandvik area, license area in the blue box.



2 Surface Geology and Activity

The Stdéra-Sandvik area is north of the main geothermal and production field in
Reykjanes peninsula. The area is faulted by major NE-SW normal faults and some
parallel fissures that have erupted in the last 1900- >2400 years. Most of the area is though
covered with the lavas from Sandfellshaed shield volcano (>7000 years, Seemundsson et
al., 2016). The most interesting area here from the resistivity survey (chapter 4) is
between the fissure from Haugahraun (hn) and the Horslahraun (rr) (Figure 2).
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Figure 2. Part of the geology map of Reykjanes (Seemundsson et al., 2016) with green lineaments
(possible faults).

The main purpose of this study was to see if any surface activity was present or if there
were some indications of up-flow of geothermal gases like carbon dioxide. To look at
this in a more detail manner we looked at aerial images to see if some surface activity
was present (Figure 4). An Aster image taken in wintertime in 2017, when snow was
covering the areal, was scanned to see if any snowmelt from geothermal activity was
present. Also aerial images where examined for mapping faults that had not been
detected or mapped before. Profiles of CO2-flux measurements and temperature soil
measurements were taken horizontal to the NE major faults to see if any geothermal
signal was in the area (Figure 4 and Figure 6).



Legend
Lineaments (category 1),
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Figure 3. Aster image taken in April 2017, showing snow cover over all the area, no snowmelt
from geothermal activity.

Legend
Lineaments (category 1)
Lineaments (category 2)

Figure 4. Aerial image with mapped faults and other possible fault structures (lineaments).
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The results of this short survey is that no signal of geothermal activity was detected in
the area from the temperature and CO2 measurements. We could find some of the NW
lineaments already seen in aerial images (Figure 5). They correspond to similar patterns
that have been observed within the geothermal area at Reykjanes (Khodayar et al., 2018),
and are related to strike slip faulting. This is also detected in the seismic events from
1967-1972 and 2013 (chapter 3). No snow melting was observed from aerial images
(Figure 3) which indicates that there is no surface geothermal activity in the area.

Figure 5. Two fault lines, blue line is the NE-normal fault that forms graben structures in the
area. The yellow lines show the broken zone of NW-strike slip fault.
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Figure 6. CO2-flux measurements in a NE-normal fault.
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3 Overview of seismicity in the Stora-Sandvik area

The Reykjanes Peninsula is one of the most seismically active parts of Iceland. Seismicity
is continuous along the plate boundary, with earthquake swarms prominent on the
western part of the Reykjanes Peninsula, and the Reykjanes Ridge to the southwest
(Einarsson, 1991).

The latest active periods in Reykjanes occurred in 1967-1972 and 2013. During the
summers of 1967 and 1968, micro-earthquake activity was monitored for the first time
on the Reykjanes Peninsula (Ward and Bjornsson, 1971). One major swarm occurred in
September 1967, on the western part of the Reykjanes Peninsula, with a maximum
magnitude event of 4.9 (Tryggvason, 1970). In 1972, an intense earthquake swarm of
several thousand micro-earthquakes occurred north of Reykjanes on a 1.5-2 km wide
and 12 km long seismic zone trending NE-SW, interpreted as the currently active
American - Eurasian plate boundary (Klein et al., 1977). Hypocentral depths were mostly
between 2 and 5 km depth, with a maximum magnitude event of 4.4 (Figure 7). During
the latest swarm of around thousand micro-earthquakes in October 2013, the plate
boundaries southeast of Reykjanes were expressed by a 5 km long seismic zone trending
NE-SW (Gudnason and Agtistsson, 2014). Hypocentral depths were mostly between 3
and 5 km depth, with a maximum magnitude event of 4.7 ML.

The two swarms in 1972 and 2013 are interpreted as the northern and southern
boundaries of the greatly deformed Southern Riedel Shear Zone (SRSZ) in Reykjanes
(Khodayar et al., 2018). Earthquake activity in Reykjanes in recent years indicates that
the SRSZ is presently the most active part of the transform zone.

T T

REYKJANES PENINSULA
ALL EPICENTERS

3 AUG - 13 SEP 1972

: , e 63°52"
"< e 2 o8 g v gu

ATLANTIC
OCEAN

22°45' - 22°30'
A0 1

Figure 7. Epicentral map of the 1972 swarm that bisects the Reykjanes rift zone (Klein et al.,
1977). Earthquakes cover the period from August 3 to September 13". Ground tempera-
ture measurements at 0.5 m depth in summer 1968 show the extent of the Reykjanes
geothermal area at that time (ambient at 100°C — ISOR data file, from Seemundsson and
Einarsson, 2014).
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Since 1991, earthquake activity in Iceland has been continuously monitored by the
regional seismic network in Iceland (SIL network), operated by the Icelandic
Meteorological Office. The Reykjanes station (RNE) of the SIL network was installed in
May 2008, and it increased the sensitivity of the network in the Reykjanes area. Since
2013, ISOR has operated a dense seismic network of seven seismic stations around the
Reykjanes geothermal field, and three more stations northeast of Reykjanes, close to
Eldvérp and Svartsengi. In addition to the ten ISOR stations, on-line data from four
seismic stations of the SIL network are available.

From 1995 to 2013 (SIL data since 1995 available on the internet), no earthquake activity
is located in the Stéra-Sandvik area. Since 2013 (ISOR data), earthquake activity is in
general located south of the Haugsvordugja fault, mainly in two clusters between Syrfell
and Sandfellshaed, with a NW-SE striking trend (Figure 8). Earthquake activity to the
northeast of Syrfell is generally deeper than in Reykjanes, i.e. between 4.5 and 7 km
depth.

63.85°N

/0 90 | (B :., y
¢ : ‘%&tﬁ--i"ﬂ ) ol [e) X@
Figure 8. Location of earthquakes in the greater Stéra-Sandvik area from January 2013 to June
2018, colored according to depth. Green triangles show the location of the seismic stations
operated by ISOR for HS Orka. In light grey: Location of earthquakes from the 1972
swarm.
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All available data; i.e. the 1972 swarm, SIL data and [SOR data show no clear signs of
earthquake activity in the Stéra-Sandvik area (Figures 7 and 8). The only part of the 1972
swarm within the Stéra-Sandvik area is the northernmost part of the swarm that crosses
the southern end of the Haugsvorougja fault (Figures 7 and 8).

Fault plane solutions of the 1972 swarm (Figure 9) do not represent a particular event,
but rather the type of mechanism in a given area (Klein et al., 1977). Fault plane solutions
within the northernmost part of the 1972 swarm that crosses the Haugsvorougja fault
show both normal and strike-slip faulting, i.e. right-lateral displacements on N- to NW-
trending planes. Fault plane solutions since 2013 (Figure 10) from one of the clusters
between Syrfell and Sandfellshaed show both normal and strike-slip faulting, with
mainly right-lateral displacements but a mixture of trending planes from NW to NE.
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Figure 9. Fault plane solutions of the 1972 swarm show normal faulting at Reykjanes and strike-
slip faulting further east (Klein et al., 1977). The seismic zone active during the swarm
in September 1972 is outlined for reference. The fault plane solutions shown do not
represent a particular event, but rather the type of mechanisms in a given area.
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Figure 10. Fault plane solutions for selected earthquakes from January 2013 to June 2018. These
are lower hemisphere plots and compressional quadrants are red. In light grey: Location

of earthquakes (Jan. 2013 to June 2018).
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4 Resistivity

4.1 Previous Results

Prior to this work the Sandvik area had been identified, among other areas, as area of
geothermal interest. Several resistivity models exist of the area. Figure 11 shows a depth
slice through the most recent model, the SAND model (Karlsdottir and Vilhjalmsson,
2016), at 1000 m below sea level is shown. Sandvik is one of three areas of interest in the
model. The others are Eldvorp and the Phantom area; which was pointed out as a
possible site for geothermal utilization by Ragna Karlsdottir (Karlsdottir and Vilhjalms-
son, 2015, 2016).

Figure 12 shows a cross-section through the SAND model. The Sandvik area is well
observable in the model, as a prominent up-doming feature in the low-resistivity cap.

4.2 Current Work

In order to get a clearer view of the Sandvik area using resistivity the following tasks
were executed:

1. The soundings used to create the model were quality checked

2. Two new sounding pairs were added (points RKN206 and RKN207) and two MT
soundings were re-measured.

3. The SAND model was re-run using the new soundings

A bottom of clay map (BOC map) was created for the area.

Quality checking the SAND model re-assured us that this was the best model possible
for the area. A 3-D resistivity model is not preferable for a location such as the Reykjanes
peninsula, as it takes in the effect of the ocean on the model. A 1-D model bring out a
blurry resistivity picture of the area, as the peninsula is literally surrounded by ocean.

The most useful product of the work was the BOC map. A BOC map is a map that shows
the depth to the bottom of the low resistivity-cap, often referred to as clay-cap. Such a
map crystalizes the character of the 3D resistivity model that is most relevant for a work
such as this. With a BOC the outlines of an up-doming feature are easily mapped, which
is useful rather than going through cross-section after cross-section to get a feeling for
the structure. It should be noted that while a BOC is a very useful map, one should
always refer to the cross-sections of a model in order to fully understand the resistivity
structure of the area.

4.3 Results

Figure 13 shows a BOC of the Sandvik area. The BOC maps the boundary of the bottom
of the low-resistivity cap and though the idea behind such maps is the same, the exact
methodology changes with each region.

For the Sandvik area, the best and most describing BOC map was generated by tracing
the 30 Om iso-resistivity line in the model, below the low-resistivity cap. This is
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important because the model reaches 30 Om quite often above the bottom of the low-
resistivity cap as the shallow resistivity structure in the area is very complex.

The features one is after in a BOC map are locations that clearly show where the low-
resistivity cap domes up. A flat-low lying low-resistivity cap is not of any use (as is seen
in the north-eastern corner of the BOC presented here, (Figure 13) as it is not indicative

of an up-welling.

The outline of the Sandvik up-doming feature is outlined with a black dashed line in
Figure 3. The up-doming feature is a ridge which has roughly a N45°E orientation, which
is the same strike as the major faults in the area. Interestingly, the southern part of the
up-doming feature has a different orientation and seems to be aligning in the N-S

direction.
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Figure 11. A depth slice through the SAND model (Karlsdottir and Vilhjalmsson, 2016) at 1000
m below sea level. Three areas of interest are shown with transparent circles. Sandvik is
the area of interest in this report. The line shows the cross-section shown in Figure 12.
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Figure 12. Cross-section of the SAND model. The location of the cross-section is shown in Figure
1. The black horizontal line indicates the 1000 km depth. The up-doming of the low-
resistivity cap at Sandvik is marked in as well as an unknown up-doming feature farther
south. Note the location of the North and South directions. The black line indicates the
30 Qm iso-resistivity line which is the input for the map shown in Figure 13.
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Figure 13. A bottom of clay map for the Sandvik area. The black line shows the location of the
cross-section shown in Figure 2. The Sandvik area is outlined with a dashed line. White
circles are MT/TEM sounding sites. See text for further discussion on the map.
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5 Conclusions

¢ No signal of geothermal activity was detected in the area from the temperature
and CO2 measurements. No snowmelt was observed from the Aster image from
2017. The existents of NW lineaments already seen in aerial image cross the area
from Sandfellsheed to the NW.

e All available seismic data; i.e. the 1972 swarm, SIL data (since 1995) and ISOR
data (since 2013) show no clear signs of earthquake activity in the Stora-Sandvik
area. Only the northernmost part of the 1972 swarm crosses the southern end of
the Haugsvordugja fault, while all earthquake activity since 1995 is located south
of the Haugsvordugja fault. Fault plane solutions south of the Stora-Sandvik area
show both normal and strike-slip faulting; mainly right-lateral displacements
with a mixture of trending planes from NW to NE.

e The resistivity domes up in a very prominent ridge which outlines are defined
by two fault scarps (the ridge is outlined in Figure 13). The ridge has a N45°E
orientation, same as the main faults in the area. The southern part of the ridge
changes in orientation to a more N-S strike. This orientation is in agreement with
an earthquake tensor analysis of earthquakes just south of the yellow star in
Figure 14.

e In Figure 14 bottom of clay map as shown in with faults and earthquakes
overlain. The black circles denote recent earthquakes (January 2013-June 2018)
and the gray circles denote earthquakes from the 1972 earthquake episode. Gray
star is an earlier suggested drilling site from Ragna Karlsdottir (Karlsdottir and
Vilhjalmsson, 2014). The main shift of the drilling site is the new and improved
model of the resistivity where a slight shift is in the strike at the new position and
existence of a walking pathway (Prestastigur) is to close to the prior position.

By an interdisciplinary interpretation of the data presented in this report, a drill site
location is suggested at X 321.534 - Y 378.216 location (yellow star in Figure 14). This
location would have to be revised on site if drilling is decided.
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Figure 14. Same bottom of clay map as shown in Figure 13 with faults and earthquakes overlain.
The black circles denote recent earthquakes (January 2013-June 2018) and the gray circles
denote earthquakes from the 1972 earthquake episode. Gray star is an earlier suggested
drilling site from Ragna Karlsdottir. Yellow star is the suggested drill site after compila-
tion of the data in this report.
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