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ONSOz

Son birka¢ on yilda artan enerji talebi, kiiresel fosil enerji fiyatlar1 ve iklim degisikli-
ginin olumsuz etkileri, daha ¢evreci ve siirdiiriilebilir yesil enerji kaynaklarmin kulla-
nimint zorunlu kilmaktadir. Giderek artan enerji gereksinimini karsilamak ve disa ba-
gimlilig1 azaltmak igin tilkemizde temiz, ucuz ve gevre dostu, kaynagi dogada bulunan
stirdiirtilebilir ve daha giivenli alternatif enerji kaynaklariin (glines, riizgar, biyokiitle,
hidrojen, dalga, hidrolik ve jeotermal) arastirilmasi ve tiretimi tesvik edilmistir. Jeoter-
mal enerji, zengin jeotermal potansiyeli nedeniyle Tiirkiye’de baskin bir rol oynamustir.
Dolayisiyla, gerek teknolojik gelismelere bagli olarak gerekse uygulanan tesvik meka-
nizmalarmin etkisiyle de enerji liretimine yonelik arama ve yatirimlara hiz verilmis,
yeni santral ve igletmeler devreye sokularak jeotermal santrallerin kurulu giicii, buna
bagli olarak da enerji iiretimi artmis, jeotermal enerjinin ¢ok amacl kullanimi (elekt-
rik Uretimi, konut 1sitma, seracilik, termal ve saglik turizmi gibi) potansiyel olusturan
alanlarda yayginlagmistir. Benzer gelisme dogal mineralli sularda da goriilmektedir.

Bahse konu olumlu gelismelere paralel olarak jeotermal enerji kaynaklar1 ve dogal
mineralli sularla ilgili gerek uygulamada, gerekse idari ve teknik isleyiste 6nemli si-
kintilar da yasanmaktadir. Bu olgudan hareketle, jeotermal enerji kaynaklar1 ve dogal
mineralli sular konusundaki arama-arastirmalar1 ve bu konuda gelismekte olan tekno-
lojik bilgileri paylasmak, sektorde yasanan sorunlara yonelik ¢dziim onerileri getirmek
ve yeni tartigmalar agmak amaciyla TMMOB Jeoloji Miihendisleri Odasi tarafindan
“Uluslararast Katiliml1 Jeotermal Kaynaklar ve Dogal Mineralli Sular Sempozyumu”
diizenlenecektir. Sempozyum, 17-19 Mart 2022 tarihinde ‘Cevrimigi’ olarak gercekles-
tirilecektir.

Bilim insanlarini, arastirmacilari, ilgili kurum ve kuruluslari, tiniversiteleri, yerel
yonetimleri, meslek odalarini, 6zel sektor temsilcilerini, kisacasi tiim sektor bilesenle-
rini bir araya getirmeyi hedefleyen sempozyumda;

*  Mevcut jeotermal sistemlerin korunmasi, gelistirilmesi ve siirtidiiriilebilirligi

» Jeotermal rezervuarlarin modellenmesi

»  Teknolojik gelismeler

*  Hukuki sorunlar

» Egitim ve ar-ge calismalar

*  Proje tasarim, yonetim ve finansmani

*  Cevre

*  Yerel yonetimler

gibi konularin tartisilmasi, bilgilerin paylasilmasi ve Onerilerin sunulmasi etkinligin



temel amacidir.

Gerek bildiri ve poster sunumlarmizla bilimsel ve teknik yonden, gerekse katilim-
la vereceginiz destek ve katkilarinizla zenginlesecek sempozyumun, 6nemli ¢oziimler
iiretecek bir amaca hizmet edecegine inanmaktayiz.

Bu amaci hep birlikte gerceklestirmek tizere sizleri “Uluslararas1 Katilimli Jeoter-
mal Kaynaklar ve Dogal Mineralli Sular Sempozyumu”na katilmaya, destek vermeye
ve katki koymaya davet ediyoruz.

Saygilarimizla

Sempozyum Yiiriitme Kurulu
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YER KAYNAKLI SISTEMLERDE KUYU ISI
DEGISTIRICILERININ TASARIM, iNSAAT VE
IZLENMESINDE TOPLAM KALITENIN ARTIRILMASI

INCREASING TOTAL QUALITY IN DESIGN, CONSTRUCTION
AND MONITORING OF BOREHOLE HEAT EXCHANGERS IN
GROUND SOURCE SYSTEMS

Aysegiil Cetin?, Halime Paksoy®

“Yerbilimleri Uygulama Merkezi, Ankara Universitesi, Ankara
bFen Edebiyat Fakiiltesi, Kimya Béliimii, Cukurova Universitesi, Adana
(aysegulcetin32(@gmail.com)

oz

Yeraltinda 1s1 enerjisi depolama ve yer kaynakli (jeotermal) 1s1 pompast sistemleri yeraltinin
dogal sicakligimi kullanarak yenilenebilir ve temiz enerji kaynaklarindan verimli bir sekilde
yararlanmasini saglar. Yerin dogal soguk ve/veya sicak termal enerjisi binalar, sanayi, seralar,
bilgi islem merkezleri gibi uygulamalarda iklimlendirilmede kullanilmaktadir. Sistemlerin uy-
gulanmasinda dikey kuyu 1s1 degistiricilerinin dogru tasarim ve insaat1 giivenilir bir uygulama
ve yiiksek enerji verimliligi acisindan ¢ok 6nemlidir. Bir¢ok iilkede uygulanan bu sistemlerde
teknik olarak odnemli kilavuzlar, kodlar ve standartlar mevcut olmakla birlikte uygulamada kar-
silasan sorunlara ¢6ziim Onerileri getirmek ve toplam kalitenin artirilabilmesi igin Uluslararast
Enerji Ajansi-Enerji Depolama Teknoloji Isbirligi Programi kapsaminda Annex27 projesi ger-
¢eklestirilmistir. Projenin yiriitiiciiligii ZAE Bayern-Almanya tarafindan gergeklestirilmistir.
Projede kuyu 1s1 degistiricilerinin tasarim, ingaat ve izleme konular1 detayli olarak ele alinarak
kapal1 diisey 1s1 degistiricilerinin tasarimindan baslayarak, ingaatinin nasil yapilmasi gerektigi
ve sistemin siirdiiriilebilirliginin saglanmasi igin izlemenin nasil yapilmasi gerektigi ele alin-
mistir. Burada Annex27 ¢aligmasindan elde edilen sonuglar paylasilacaktir.

Anahtar Kelimeler: Yeraltinda Is1 Enerjisi Depolama, Yerkaynakli Is1 Pompasi, Kuyu 1s1 de-
gistiricileri, Annex27

ABSTRACT

Underground thermal energy storage and ground source heat pump systems use natural tem-
perature of the ground to provide efficient exploitation of renewable and clean energy sources.
Natural thermal energy in the ground as cold or heat can be used in heating and cooling of
applications such as buildings, industry, greenhouses, and data centers. Accurate design and
construction of vertical borehole heat exchangers is very important for secure application and
high efficiency. Although there are technically important guides, codes and standards about
these systems implemented in a number of countries, Annex27 project was carried out within the
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scope of International Energy Agency-Energy Storage Technology Collaboration Program in
order to advise solutions to the problems encountered in practice and to increase total quality.
The operating agent of the project was from ZAE Bayern-Germany. In the project, the design,
construction and monitoring of the borehole heat exchangers were discussed in detail, starting
from design to construction and monitoring of closed vertical heat exchangers to ensure the
sustainability of the system. In this article, the results from the Annex27 project will be shared.

Keywords: Underground Thermal Energy Storage, Ground Source Heat Pump, Borehole Heat
Exchanger, Annex27
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AFYONKARAHISAR JEOTERMAL SAHALARININ
MAGMA REZERVUAR SICAKLIGI VE OMRU

MAGMA RESERVOIR TEMPERATURE AND LONGEVITY OF
THE AFYON GEOTHERMAL FIELDS

Ozgiir Karaoglu

Eskisehir Osmangazi Universitesi, Miihendislik Fakiiltesi, Jeoloji Miihendisligi Béliimii,
Eskisehir
(ozgur.karaoglu@ogu.edu.tr)

oz

Jeotermal enerji, iilkemizde konutlarin 1sitilmasi, termal turizm, elektrik iiretimi, seracilik ve
diger cesitli endiistriler i¢in yaygin olarak kullanilan 6nemli bir yenilenebilir kaynaktir. Tiir-
kiye’deki en dikkat ¢ekici jeotermal lokasyonlardan biri, bes ana diisiik sicaklikli (30-125
°C) jeotermal alanin yer aldigi Afyon’un disiik entalpi bolgesidir. Bununla birlikte, daha ile-
ri arama sondaj sahalarinin sonugsuz kalmasi, bolgedeki yiiksek sicaklikli jeotermal sistem-
lerin etkin varligina dair siipheler uyandirmaktadir. Bu bolgedeki aramacilik faaliyetine ilig-
kin zorlugun bir kismi, jeotermal sistemin 1s1 kaynagimin geometrisi, boyutu ve derinligi ile
ilgili oldukg¢a az bilginin bilinmesidir. Afyon bdlgesinin, 15-8 milyon y1l 6nce olugsmus, yiik-
sek hacimli ve iyi korunmus potasik/ultrapotasik volkanik istiflere ev sahipligi yaptigi daha
once belgelenmistir. Volkanlarin, fay zonlar1 ve jeotermal sistemlerle baglantili olabilen mag-
ma odalar1 ve rezervuarlar tarafindan beslendigi de iyi bilinmektedir. Bu ¢aligmada, hidroje-
okimya verilerinden kaydedilen maksimum kuyu i¢i sicakligr 125 °C ve tahmini rezervuar
sicakligr 125 °C dikkate aliarak Afyon’daki jeotermal sistemlerin kdkeni arastirilmaktadir.

Hesaplanan ve 6lgiilen sicakliklar, termal sonlu eleman yontemi modelleri kullanilarak yorum-
lanmistir. Burada sunulan termal modeller, kabuga yerlesen bir magma odasinin termal siiregle-
rini ve 30 °C/km’lik bir jeotermal gradyan1 varsayarak, kabuk boyunca olasi sicaklik dagilimini
gostermektedir. Sonuglar, 125 °C 6l¢iilen kuyu basi sicakliginda veya tahmini 125 °C rezervuar
sicakligindaki sivilarin sicakliginin, 5-7.5 km derinlikte; 600-800 °C araliginda bir sicakliga
sahip bir magma odasinin etkin oldugunu gostermektedir. Kabuksal jeotermal gradyanlar1 si-
miile eden bu iki boyutlu modeller, diger jeotermal alanlarin daha iyi anlagilmasi igin uygun
modifikasyonlarla kullanilabilir.

Anahtar Kelimeler: Magma rezervuari, sicaklik, jeotermal sistemler, sistem 6mrii, 1s1 transferi

ABSTRACT

Geothermal energy constitutes an important renewable resource in Turkey that has been exten-
sively utilized for heating buildings, power generation, greenhouse farming and various other
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industries. One of the most remarkable geothermal locations in Turkey is the low-enthalpy area
of Afyon, where five main low-temperature (30—110 °C) geothermal fields are exploited. Howe-
ver, further exploration drilling sites have proven inconclusive, casting doubts on the effective
presence of high-temperature geothermal systems in the region. Part of the challenge is that the
geometry, size and depth of the heat source of the geothermal system is poorly constrained. It is
documented that the Afyon region hosts voluminous and well-preserved potassic/ultrapotassic
volcanic successions that formed between 15 and 8 Ma. It is also well known that volcanoes are
fed by magma chambers and reservoirs which can be linked to fault zones and geothermal sys-
tems. In this study, the origin of the geothermal systems in Afyon is explored by considering the
maximum recorded well-head temperature of 110 °C and the estimated reservoir temperature of
125 °C from hydrochemistry data. The calculated and measured temperatures are interpreted in
terms of thermal finite element method models. Various thermal models illustrate the possible
temperature distribution throughout the crust assuming an arrangement of a crustal magma
chamber and a geothermal gradient of 30 °C/km. Results show that the temperature of the fluids
at the measured well-head temperature of 110 °C, or estimated reservoir temperature of 125 °C,
require the presence of a magma chamber with a temperature in the range 600-800 °C at a dep-
th of 5-7.5 km. These two-dimensional models that simulate crustal geothermal gradients can
be used with suitable modifications, to advance the understanding of other geothermal fields.

Keywords: Magma reservoir, temperature, geothermal systems, longevity, heat transfer
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JEOTERMAL KAYNAKLARIN CEVRESEL ETKI
DEGERLENDIRME SURECI

ENVIRONMENTAL IMPACT ASSESSMENT PROCESS OF
GEOTHERMAL RESOURCES

Nusret Giingor', Akin Akbulut?, Behzat Gokcen Demir', Ali Koray Ozdogan'

'Maden ve Petrol Isleri Genel Miidiirliigii, Ankara
’Sanayi ve Teknoloji Bakanligi, Ankara
(nsrtgungor@hotmail.com)

oz

Tiirkiye’de bulunan jeotermal kaynaklarin etkin bir sekilde aranmasi, arastirilmasi, gelistirilme-
si, liretilmesi, korunmasi, bu kaynaklar iizerinde hak sahibi olunmasi ve haklarin devredilmesi,
cevre ile uyumlu olarak ekonomik sekilde degerlendirilmesi ve terk edilmesi ile ilgili usul ve
esaslar 5686 Sayili Jeotermal Kaynaklar ve Dogal Mineralli Sular Kanununda belirtilmistir. Je-
otermal kaynaklara yonelik projeler; kirlilik vasiflar1 g6z dniinde bulundurularak EK-1 ve EK-2
listesinde olmak {iizere iki grup altinda toplanmuistir. Isil kapasitesi 20 MWe ve iizeri jeotermal
kaynagin ¢ikartilmasi ve kullanilmasi asamasinda EK-1 listesine tabi iken, 1s1l glicii 5 MWe
ve lizeri jeotermal kaynagin ¢ikartilmasi ve kullanilmasi ile jeotermal kaynak arama projele-
ri (sismik, elektrik, manyetik, elektromanyetik, jeofizik vb. yontemle yapilan aramalar harig)
Cevresel Etki Degerlendirmesi EK-2 listesine tabidir. EK-1 listesine tabi faaliyetler i¢in Cevre,
Sehircilik ve iklim Degisikligi Bakanligina bagvurulurken, EK-2 listesine tabi faaliyetler icin
Cevre, Sehircilik ve Iklim Degisikligi Il Miidiirliigiine bagvurulmaktadir. Arama ruhsat1 alinma-
sin1 miiteakip, arama faaliyetlerine baslanilmadan 6nce olumlu CED kararina ait belge alinmasi
zorunludur. CED kararinin alinmasini miiteakip miilkiyet izni alinarak arama faaliyetleri yiirii-
tiiliir. Arama ruhsat asamasina benzer sekilde isletme ruhsati alinmasini miiteakip faaliyetlere
baslanilmadan énce CED Y&netmeligi kapsaminda Bakanlik ya da il Miidiirliigiinden “CED
muaf’, “CED gerekli degildir karar1” veya “CED olumlu karar1” kararlarindan birisinin alin-
mas1 gerekmektedir. CED karart i¢in ilgili kuruma proje tanitim dosyast sunulmaktadir. Proje
tanitim dosyast; CED Yo6netmeligi'nin Ek-2 listesinde segme eleme kriterlerine tabi projelerin,
CED uygulanmasinin gerekli olup olmadiginin belirlenmesi amaciyla hazirlanmasi gereken bir
rapordur. Proje tanitim dosyasinda projenin adi, proje sahibine ve dosyay1 hazirlayan ¢alisma
grubuna ait bilgiler, projenin teknik olmayan 6zeti, proje yeri ve etki alaninin mevcut ¢evresel
ozellikleri (meteorolojik, iklimsel, jeolojik, hidrojeolojik, hidrolojik 6zellikleri), igletme 6ncesi
yapilacak ingaat faaliyetlerinde ve isletme agamasinda olusabilecek gevresel etkiler ve alinacak
onlemler, isletme faaliyete kapandiktan sonra olabilecek ve/veya siirebilecek etkiler ve bu etki-
lere kars1 aliacak dnlemler ve taahhiitler acik sekilde belirtilmelidir. Bakanlik veya i1 Miidiirlii-
§ii tarafindan proje tanitim dosyasinda taahhiit edilen hususlarin yerine getirilip getirilmedigini
izlenmekte ve denetlenmektedir. Projede yer alan taahhiitlere aykiri faaliyet bulunuldugunun
tespiti halinde 2872 sayili Cevre Kanunu’nun ilgili hiikiimlerine gore islem yapilmaktadir. Bu
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calismada, jeotermal kaynaklar icin CED siireci genel olarak anlatilarak, basvuru agsamalari
hakkinda bilgi verilecektir.

Anahtar Kelimeler: Jeotermal Kaynak, Cevresel Etki Degerlendirme

ABSTRACT

Procedures and principles regarding the effective exploration, research, development, produc-
tion, protection of geothermal resources in Turkey, ownership of these resources and transfer of
rights, economic evaluation and abandonment in harmony with the environment. It is specified
in the Mineral Waters Law. Projects for geothermal resources; Considering the pollution chara-
cteristics, they are grouped under two groups as Annex-1 and Annex-2 list. Geothermal resource
exploration projects (seismic, electrical, magnetic, electromagnetic, geophysical etc.) with the
extraction and use of a geothermal resource with a thermal power of 5 MWe and above, while
it is subject to the Annex-1 list during the extraction and use of a geothermal resource with a
thermal capacity of 20 MWe or more. (except) Environmental Impact Assessment is subject to
Annex-2 list. The Ministry of Environment, Urbanization and Climate Change is applied for
activities subject to the ANNEX-1 list, while the Provincial Directorate of Environment, Urba-
nization and Climate Change is applied for activities subject to the ANNEX-2 list. After obtai-
ning the exploration license, it is obligatory to obtain the document of the positive EIA decision
before starting the exploration activities. After the EIA decision is taken, the search activities
are carried out by obtaining the property permit. Similar to the exploration license stage, one
of the “EIA exempt”, “EIA not required decision” or “EIA positive decision” decisions must
be taken from the Ministry or Provincial Directorate before starting the activities after the ope-
ration license is obtained. The project introduction file is submitted to the relevant institution
for the EIA decision. Project introduction file; It is a report that should be prepared in order
to determine whether the implementation of EIA is necessary for the projects that are subject
to the selection and elimination criteria in the Annex-2 list of the EIA Regulation. The name of
the project in the project introduction file, information about the project owner and the working
group that prepared the file, non-technical summary of the project, the current environmental
characteristics of the project location and impact area (meteorological, climatic, geological,
hydrogeological, hydrological characteristics), construction activities to be carried out before
the operation and during the operation phase The environmental effects that may occur and the
measures to be taken, the effects that may occur and/or continue after the operation is closed,
and the measures and commitments to be taken against these effects should be clearly stated.
The Ministry or the Provincial Directorate monitors and inspects whether the issues committed
in the project introduction file are fulfilled. If it is determined that there is an activity contrary
to the commitments in the project, action is taken in accordance with the relevant provisions of
the Environmental Law No. 2872. In this study, the EIA process for geothermal resources will be
explained in general and information will be given about the application stages.

Keywords: Geothermal Resource, Environmental Impact Assessment
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JEOTERMAL KAYNAKLAR VE DOGAL MINERALLI
SULARIN ARAMA RUHSATLANDIRMA SURECI

EXPLORATION LICENSE PROCESS OF GEOTHERMAL
SOURCES AND NATURAL MINERAL WATER

Ali Koray Ozdogan', Nusret Giingor', Akin Akbulut?, Behzat Gok¢en Demir!

'Maden ve Petrol Isleri Genel Miidiirliigii, Ankara
’Sanayi ve Teknoloji Bakanligi, Ankara
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oz

TC Anayasasimin 168’inci maddesinde tabii servetler ile ilgili olarak, “Tabii servetler ve kay-
naklar Devletin hiikiim ve tasarrufu altindadir ve bunlarin aranmasi ve isletilmesi hakki Devlete
aittir. Devlet bu hakkini belli bir siire igin, gercek ve tiizel kisilere devredebilir.” hitkkmii bulun-
maktadir. Bu hiikiim kapsaminda sayilan tabii servetlerden olan jeotermal kaynaklar ve dogal
mineralli sularin aranmasina yonelik miilkiyet hakki Devlete aittir. Devletin bu hakkini belli
stire i¢in devredebilecegi ilkesi geregi, kanun ile koyulmus usul ve esaslara gore bu kaynaklarin
arama faaliyetleri gergek veya tiizel kisiler tarafindan gergeklestirilebilir. Arama faaliyetlerinin
gerceklestirilebilmesi igin 5686 sayili Jeotermal Kaynaklar ve Dogal Mineralli Sular Kanununa
gore arama ruhsatinin alinmasi gereklidir. Genel olarak Jeotermal Kaynaklar ve Dogal Mine-
ralli Sular Kanununa gore arama ruhsatinin alinmasinda sirasinda yapilmasi gereken iglemler
3213 sayili Maden Kanunu arama ruhsati alinmasi sirasinda yapilmasi gereken islemler ile ben-
zerlik gostermektedir. Arama ruhsati; sinirlart belirlenmis bir alanda, kaynak arama faaliyet-
lerinde bulunulabilmesi igin projeye dayali verilen izin belgesi/ruhsat olarak tanimlanmistir.
Arama ruhsati miiracaatlari, talep sahibi tarafindan 1/25000 6lgekli pafta adi ve koordinatlari
belirtilerek bes bin hektar1 gegmeyecek sekilde arama projesi ile birlikte biiyiliksehirlerde Yati-
rim izleme ve Koordinasyon Baskanliklari (YIKOB) na, biiyiiksehir olmayan illerde ise il 6zel
idaresine yapilir. Miiracaat edilen alanin koordinatlar1 saat ibresi yoniinde saga (y), yukar1 (x)
olarak belirtilir. Miiracaatlar tek poligon iizerinden yirmi noktay1 gegmeyecek sekilde yapilir.
Bu esaslara uygun sekilde yapilmayan miiracaatlar kabul edilmez. Miiracaatlarda dncelik hakki
esas oldugundan talep sahibinin idareye miiracaati esnasinda miiracaat tarihi, numarasi, saati,
dakikas1, kaynagin cinsi ile arama ruhsat miiracaat formu iizerine kaydedilir. idare, miiracaat
alan1 hakkinda bilgileri Maden ve Petrol Isleri Genel Miidiirliigii (MAPEG)’ ne bildirir. Arama
icin bagvurulan saha, 6nceki diger bagvurular ile ¢akisiyorsa, MAPEG c¢akisan kisimlar talep
alanindan ¢ikararak kalan saha i¢in arama ruhsati verilebilecegini idareye bildirir. Idare, verilen
ruhsati koordinatlari ile birlikte kayitlara alinmak tizere MAPEG’e bildirir. Arama ruhsat siiresi
ii¢ (3) yildir. Faaliyetlerin olumlu gelismesi ve ilave etiitlere ihtiya¢ duyulmasi halinde revize
arama projesi verildikten sonra idarece uygun bulunmast halinde arama ruhsatinin siiresi bir
yil uzatilir ve uzatma islemi MAPEG’e bildirilir. Ancak yakin donemde yapilan ilave arama
ruhsat siiresi taleplerinin genellikle derin sondaj ¢alismasina ihtiya¢ duyan Jeotermal Kaynak
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Arama ruhsat sahiplerince istenildigi, Dogal Mineralli Sularda ise ilave arama ruhsat siiresine
cogunlukla ihtiyag duyulmadigi gériilmektedir. Arama ruhsatinin siire uzatim talebi, ruhsat sii-
resi bitiminden 6nce biiyiiksehirlerde YIKOB’a, biiyiiksehir olmayan illerde il 6zel idaresine
yapilir. Birden fazla ili i¢ine alan arama faaliyetlerinde, bagvurular alanin biiyiik oldugu il ida-
resine (YIKOB veya il 6zel idaresi) yapilir ve yapilan islemler alanin kiigiik oldugu il idaresine
bildirilir. 5686 sayili Jeotermal Kaynaklar ve Dogal Mineralli Sular Kanununa tabi kaynaklar
icin arama ruhsati devir alinarak, intikal ve ihale yolu ile de alinabilir. Bu ¢aligmada, jeotermal
kaynaklar ve dogal mineralli sulara yonelik arama ruhsat bagvurusu ve ruhsatlandirilma agama-
lar1 genel olarak degerlendirilmistir.

Anahtar Kelimeler: Jeotermal Kaynak, Arama, Bagvuru

ABSTRACT

Regarding natural assets in clause 168 of TC Constitution, “Natural wealth and resources are
under the jurisdiction and disposal of the State, and the right to seek and exploit them belongs to
the State. The state may transfer this right to real and legal persons for a certain period of time.
has a provision. The property right for the exploration of geothermal resources and natural
mineral waters, which are among the natural assets within the scope of this provision, belongs
to the State. Pursuant to the principle that the state can transfer this right for a certain period
of time, the search activities of these resources can be carried out by real or legal persons, in
accordance with the procedures and principles laid down by law. In order to carry out explo-
ration activities, it is necessary to obtain an exploration license according to the Geothermal
Resources and Natural Mineral Waters Law No. 5686. exploration license, In general, the pro-
cedures to be done during the issuance of the exploration license according to the Geothermal
Resources and Natural Mineral Waters Law are similar to the procedures to be done during
the exploration license in the Mining Law No. 3213. It is defined as a project-based permit/
license to carry out resource exploration activities in an area with defined boundaries. Explora-
tion license applications are made to the Investment Monitoring and Coordination Directorates
(IMCD) in metropolitan cities, and to the special provincial administration in non-metropolitan
provinces, with the exploration project not exceeding five thousand hectares, by specifying the
1/25000 scaled sheet name and coordinates by the requester. The coordinates of the applied
area are indicated as right (y) and up (x) clockwise. Applications are made not to exceed twenty
points on a single polygon. Applications that are not made in accordance with these principles
will not be accepted. Since the right of priority is essential in the applications, the application
date, number, hour, minute, type of the source and the search license application form are recor-
ded during the application of the requester to the administration. The Administration notifies
the General Directorate of Mining and Petroleum Affairs (GDMPA) about the application area.
If the area applied for exploration overlaps with other previous applications, GDMPA notifies
the administration that the exploration license can be issued for the remaining area by removing
the overlapping parts from the demand area. The administration notifies GDMPA of the given
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license together with its coordinates to be recorded. The exploration license period is three (3)
years. In case the activities develop positively and additional studies are needed, after the revi-
sed exploration project is submitted, the duration of the exploration license is extended for one
year if it is approved by the administration and the extension is notified to GDMPA. However,
it is seen that the requests for additional exploration license period made in the recent period
are generally requested by the Geothermal Resource Exploration license holders who need deep
drilling works, whereas for Natural Mineral Waters, additional exploration license period is
generally not needed. The request for extension of the exploration license is made to IMCD in
metropolitan cities and to the special provincial administration in non-metropolitan provinces
before the expiry of the license period. In exploration activities involving more than one provin-
ce, applications are made to the provincial administration (IMCD or provincial administration)
where the area is large and the transactions are reported to the provincial administration where
the area is small. For the resources subject to the Geothermal Resources and Natural Mineral
Waters Law No. 5686, the exploration license can also be obtained through transfer, transfer
and tender. In this study, exploration license application and licensing stages for geothermal
resources and natural mineral waters were evaluated in general.

Keywords: Geothermal Resource, Exploration, Application
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TERMAL SULARDAKI COZUNMUS CO, KOKENININ
JEOKIMYASAL VERILER ESLiGINDE 613C DEGERI iLE
BELIRLENMESI

DETERMINATION OF THE ORIGIN OF DISSOLVED CO, IN
THERMAL WATERS BY 013C VALUE WITH GEOCHEMICAL
DATA

Hiiseyin Karakus'

'Kiitahya Dumlupinar Universitesi, Jeoloji Miih. Béliimii, Kiitahya
(huseyin.karakus@dpu.edu.tr)

oz

Termal bosalimlardaki CO,’in manto, karbonatlarin ¢dziinmesi/bozunmasi ve organik ¢okeller
olmak iizere farkli kaynaklari bulunmaktadir. $13C degeri, suda ¢dziinmiis karbonun kaynagi
hakkinda bilgi sunmakla birlikte, farkli kaynakli gazlarin olas1 karisimi durumunda kdkensel
degerlendirmelerde zaman zaman farkli goriiglere veya hatali yorumlara yol agmaktadir. Su-
nulan bu ¢alismada jeokimyasal veriler ile birlikte 613C degeri birlikte degerlendirilerek Emet
havzasindaki termal sulardaki CO, kaynaklari ayirt edilmistir. Bélgede farkli alanlarda bosalim
yapan ve sicakliklar1 20 - 50 °C arasinda degisen on kadar termal nokta bulunmaktadir. CO2’in
kokensel bilesenlerinin ayirt edilmesinde ilk asama olarak ¢dziinmiis karbon bileseninin molar
derisimi, 6rneklerdeki Ca, Mg ve SO, igeriklerinin tamamen kalsiyum - magnezyum karbo-
natlar ile siilfatlarin ¢6ziinmesinden kaynaklandigi varsayimiyla belirlenmistir. Ardindan, kiitle
esitligi yardimi ile harici karbonun (manto, denizel kiregtaglarinin termal bozunmasi, organik
cokel) molar derisimi ve bu karbonun izotopik kompozisyonu hesaplanmistir. Son asamada, 61-
neklenen termal sulara derin kokenli karbon (manto ve denizel kiregtaslarinin termal bozunma-
s1) ve organik karbon katkilar1 olusturulan ikili karisim modeli ile hesaplanmistir. Derin kokenli
karbonun 313C degeri %o 0 VPDB olarak belirlenmis ve bu izotopik deger nedeniyle, magmatik
(manto) kokenli karbonun bolgedeki termal sulara katkisinin 6nemsiz oldugu sonucuna varil-
mustir. Termal sularin karbon biit¢elerine en dnemli katki denizel kirectaslarinin termal bozun-
mas1 ve karbonatlarin ¢oziinmesi sonucunda gerceklesmekte olup organik karbon katkisi ise
genellikle% 20’den diisiiktiir.

Anahtar Kelimeler: Karbon, izotop, jeokimya, jeotermal

ABSTRACT

CO: in thermal manifestations has various origins such as mantle, dissolution/decomposition
of carbonates, and organic sediments. Although the 613C value provides information about the
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origin of dissolved carbon in water, it sometimes leads to different opinions or misinterpreta-
tions in the case of a possible mixture of gases from different sources. In this study, the 613C
value was evaluated together with chemical data, and the origin of dissolved CO: in thermal
waters in the Emet Basin was differentiated. There are up to ten thermal points in the region that
vary in temperature from 20 to 50 °C. As a first step in distinguishing the original components
of COz, the molar concentration of the dissolved carbon component was determined on the as-
sumption that the Ca, Mg and SO+ contents in the samples were entirely due to the dissolution
of calcium-magnesium carbonates and sulfates. Then, the molar concentration of the external
carbon (mantle, decomposition carbonates, organic sediments) and the isotopic composition
of this carbon were calculated by means of a mass-balance equation. In the last stage, using a
binary-mixing model the deep carbon (mantle and decomposition of marine limestones) and or-
ganic carbon contributions to the sampled waters were calculated. The 613C value of the deep
carbon component was determined as 0 %o VPDB, and it was concluded that the contribution
of the mantle carbon to thermal waters in the region was insignificant. The most important
contribution to the carbon budgets of thermal waters occurs from of thermal decomposition of
marine limestones and dissolution of carbonates, while the contribution of organic carbon is
generally less than 20%.

Keywords: Carbon, isotope, geochemistry, geothermal.
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KULA JEOTERMAL SAHASI, BATI ANADOLU - TURKIYE;
JEOLOJIiSi, JEOKIMYASI VE JEOTERMAL AKISKANIN
EVRIMI

/GEOLOGICAL, GEOCHEMICAL PROPERTIES OF KULA GE-
OTHERMAL FIELD, WESTERN ANATOLIA - TURKIYE; EVO-
LUTION OF THE GEOTHERMAL FLUID

Murat Tokcaer

Dokuz Eyliil Universitesi Miihendislik Fakiiltesi Jeoloji Miih. Boliimii
Tiirkiye
(murat.tokcaer@deu.edu.tr)

oz

Kula jeotermal sahasi, Menderes Masifinin kristalen kayalarindan olusan bir temel lizerinde yer
almaktadir. Bélgede, masifinin temel kayalari, gnays ve mermer mercekleri igeren farkli tiirdeki
sislerle temsil edilir. Masifin temel kayalarini tektonik olarak, Kretase yasli Vezirler Melanji
tizerler. Neojen - Kuvaterner yash volkano-sedimenter istif masife ait kayaclarin ve Vezirler
Melanjt’nin tizerine uyumsuzlukla gelir. Kuvaterner yasli Kula volkanitleri de bu volkano-sedi-
menter istifin izerinde bulunur.

Bat1 Anadolu'nun en geng volkanitleri olan Kula volkanitleri Na-baskin karakterdedir. Bat1 Ana-
dolu i¢in benzersiz bir 6rnek olan Kula’da, astenosferik manto malzemesinin hizli yiikselisinin
bir baska gostergesi olan plato bazaltlar ¢ok genis alanlara yayilmislardir.

Kula jeotermal sahasi tektonik konum olarak Bati Anadolu’daki bir ¢ok jeotermal alana gore
farkli bir konumda bulunmaktadir. Horst - graben sistemlerindeki jeotermal alanlarda oldugu
gibi, Kula bolgesinde meteorik sularin derin sirkiilasyonunu saglayan yiiksek hidrostatik basing
olusturabilen yiiksek kotlardan beslenme yoktur. Bu nedenle diisiik hidrostatik basingli meteo-
rik sular daha si1g dolagimli, diisiik - orta entalpili bir jeotermal sistem olusturur. Ayrica, diisiik
kondaktif 1s1 iletim katsayisina sahip Neojen ortii kayaglari, graben bolgelerindeki jeotermal
alanlara gore yeterince kalin degildir, bu nedenle Kula diisiik-orta entalpili jeotermal alanlar
arasinda yeralir. Bu jeolojik farkliliklarinin yaninda adiabatik soguma, soguk sularla karigim
gibi jeokimyasal siiregler de Kula termal sularinin sicakliginin diismesinde dnemli faktdrlerdir.

Su analizlerinin ve 180 - 2H gibi durayli izotop oranlarinin, bdlgenin jeolojisi ile birlikte de-
gerlendirilmesiyle jeotermal akiskanlarin yiizeye ulasincaya kadar gegcirdikleri evrim ortaya
konabilir. Jeotermal akiskanlarin bu evriminin ortaya konmasi, ileriki ¢aligmalarda jeotermal
sahalardaki yiiksek entalpili sulara ulagsmada kilavuzluk edebilir.

Meteorik kokene sahip, Na-HCO3 tipindeki Kula termal akigkaninin yiizeye ulagsmadan derin-
de fazlarina ayrildig1 buna bagl olarak adiabatik sogumanin ger¢eklesmis olabilecegi, jeokim-
yasal degerlendirilmeler ve saha gbzlemleri sonucunda ortaya konmustur. Akiskandan ayrilan
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CO2’nin soguk yeralt: sulariyla karisimi ve sonrasinda ikincil mineral ¢dziinme reaksiyonlari
ile Kula maden suyu olusmustur.

Anahtar Kelimeler:

ABSTRACT

Kula geothermal field is located on a block of crystalline rocks of the Menderes Massif. In the
region, basement rocks of Massif are represented by gneisses and various schist with marble
interlayers. The basement rocks of the massif are tectonically overlain by the Cretaceous aged
Vezirler mélange. The Neogene - Quaternary volcano-sedimentary sequence unconformably
overlies the rocks of the massif and the Vezirler Mélange. Quaternary Kula volcanics are also
located on this volcano-sedimentary sequence.

The youngest volcanic rocks of western Anatolia, the Kula volcanics are Na-dominant in chara-
cter. In Kula, which is a unique example for Western Anatolia, plateau basalts, another indica-
tor of the rapid rise of asthenospheric mantle material, are spread over large areas.

Kula geothermal field is in a different tectonic setting compared to many geothermal fields in
Western Anatolia. As in geothermal areas in horst - graben systems, recharge from high elevati-
ons that can create high hydrostatic pressure that allows the deep circulation of meteoric waters
is absent in the Kula region. For this reason, meteoric waters with low hydrostatic pressure,
form a shallower circulating, low to medium enthalpy geothermal system. In addition, the Ne-
ogene cap rocks which have low conductive heat transfer coefficient are not thick enough com-
pared to the geothermal areas in the graben regions that's why Kula is among the low-medium
enthalpy geothermal areas. In addition to these geological differences, geochemical processes
such as adiabatic cooling and mixing with cold waters are also important factors in decreasing
the temperature of Kula thermal waters.

The evolution of geothermal fluids until they reach the surface can be revealed by interpreting
water analyzes and stable isotope ratios such as 180 - 2H together with the geology of the
region. Revealing this evolution of geothermal fluids can guide future studies in reaching high
enthalpy waters in geothermal fields.

1t has been revealed as a result of geochemical evaluations and field observations that the Kula
thermal fluid of meteoric origin, Na-HCO3 type, separated into phases at depth before reaching
the surface, and accordingly adiabatic cooling may have occurred. The mixture of CO2 sepa-
rated from the fluid with cold groundwater and then secondary mineral dissolution reactions
formed Kula mineral water.

Keywords:
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BiR TERMAL AKISKANIN SOGUMA ASAMALARI; ORNEK
BOLGE SALIHLIi-KURSUNLU JEOTERMAL ALANI

COOLING STAGES OF ATHERMAL FLUID; AS AN EXAMPLE
CASE SALIHLI-KURSUNLU GEOTHERMAL FIELD

Murat Tokcaer

Dokuz Eyliil Universitesi Miihendislik Fakiiltesi

Jeoloji Miih. Béliimii Tiirkiye

(murat.tokcaer@deu.edu.tr)
oz
Bir termal akigskanin sogumasina neden olan ii¢ etken vardir. Bunlar, kondiiktif soguma, adi-
abatik soguma ve soguk sularla karigim sonucu sogumadir. Bunlardan kondiiktif soguma tiim
termal sularda gergeklesen bir etken iken digerleri ya tek tek yada her ikisi beraber kondiiktif
sogumaya katki yaparlar. Kursunlu jeotermal alaninda da bu ii¢ etkenin varligi saha gozlemleri
ve sularin kimyasal analiz sonuglar ile durayli izotop oranlarin degerlendirilmesi sonucu or-
taya konmusgtur.

Kursunlu jeotermal alanindaki kuyulardan 6rneklenen sularin sicaklar: 73,80C - 84,20C arasin-
da 6l¢iilmiis olup Na-HCO3 tipinde ve meteorik kdkenli olduklar: saptanmustir.

Termal akiskanlarin soguma evrelerinin saptanmasi amaciyla saha gézlemleri ve jeokimyasal
karisim modellemeri yapilmistir. Karisim modellemeleri sonucunda dnceki arastirmacilarin da
bulmus olduklar1 karigim oranlarina benzer sonuglar elde edilmistir. Bu gibi jeokimyasal model-
lemeler ile yaklasimlarda bulunulabilinir ancak saha gozlemleri ile elde edilen somut veriler ile
daha kesin yorumlar yapilabilinir. Bu arazi verilerinden biri de iretim kuyularinin hemen giine-
yinde agilmis olan bir kuyudan ¢ikmakta olan yogusamayan gazlarin varligidir. Kuyudan sadece
bu yogusamayan gazlarin ¢ikiyor olmasi, akiskanin derinlerde gaz ve sivi fazlarina ayrildigini
gosterir. Adiabatik soguma (kaynama) olarak bilinen bu olay sonucu akigkan basing diigmesine
bagli olarak 1sisin1 kaybetmigtir. Bu olay tiretimin yapildig1 siyrilma fayinin altindaki bol kirikli
kataklastik zonda meydana gelmektedir. Bu soguma asamasin1 soguk sular ile karisim takip
eder. Basmcini yitirmis bu termal sular soguk yer alt1 sulariyla kolaylikla karisabilir.

Bu gibi jeotermal sahalarda zaman zaman iiretim kuyular: faaliyetlerine ara verebilirler veya
tamamen reenjeksiyon kuyular1 haline dondiiriilebilirler. Ancak akiskanin gegirmis oldugu bu
fiziko-kimyasal siire¢lerin saptanmasi bundan sonraki ¢aligmalar i¢in kilavuz olacaktir. Bu saha
icin yapilacak iiretim amagli yeni sondajlarin hedefi siyrilma fay yiizeyine akiskani tagiyan
yliksek acili normal fay ylizeylerine olmalidir.

Anahtar Kelimeler: Bati Anadolu, jeotermal enerji, adiabatik soguma
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ABSTRACT

There are three factors that cause a thermal fluid to cool. These are conductive cooling, adiaba-
tic cooling, and cooling as a result of mixing with cold waters. Of these, conductive cooling is
a factor that occurs in all thermal waters, while the others contribute to the conductive cooling
either individually or together. The existence of these three factors in Kursunlu geothermal area
was revealed as a result of field observations and the results of chemical analysis of the waters
and the evaluation of stable isotope ratios.

The temperatures of the waters sampled from the wells in Kursunlu geothermal area were mea-
sured between 73.80C - 84.20C and it was determined that they were of the Na-HCO3 type and
of meteoric origin.

In order to determine the cooling stages of thermal fluids, field observations and geochemical
mixture models were carried out. As a result of mixing models, results similar to the mixing
ratios found by previous researchers were obtained. Approaches can be made with such geoc-
hemical models, but more precise interpretations can be made with concrete data obtained from
field observations. One of these field data is the presence of non-condensable gases coming out
of a well drilled just south of the production wells. The fact that only these non-condensable
gases come out of the well indicates that the fluid is separated into gas and liquid phases at
depth. As a result of this phenomenon known as adiabatic cooling (boiling), the fluid lost its
heat due to the pressure drop. This event occurs in the heavily fractured cataclastic zone under
the detachment fault where the production is made. This cooling stage is followed by mixing
with cold water. These thermal waters, which have lost their pressure, can easily mix with cold
underground waters.

In such geothermal fields, production wells may be suspended from time to time or they may be
turned into reinjection wells. However, the determination of these physico-chemical processes
that the fluid has undergone will be a guide for future studies.The target of new drillings for
production purposes for this area should be on high-angle normal fault surfaces carrying fluid
to the detachment fault surface.

Keywords:
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SUR, CINAR VE BiSMIL (DiYARBAKIR) ARASINDAKI
ALANIN JEOTERMAL POTANSIYELI UZERINE JEOLOJIK
VE HIDROJEOKIMYASAL VERILER

GEOLOGICAL AND HYDROGEOCHEMICAL DATA ON THE
GEOTHERMAL POTENTIAL OF THE AREA BETWEEN SUR,
CINAR AND BISMIL (DIYARBAKIR)

Aydin Cigek', Orhan Kiling?, Alper Baba’, Ahmet Yildiz* Ve Galip Yiice®
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oz

Ulkemizde 2008 yilindan sonra yenilenebilir ve temiz bir enerji kaynagi olan jeotermal enerji
konusunda hizli bir artig yaganmistir. Bu artisa paralel olarak giiniimiize kadar Maden Tetkik
ve Arama (MTA) Genel Midiirliigii tarafindan iilkemizin her bolgesinde ¢ok sayida jeotermal
enerji arama/arastirma ¢alismasi yapilmistir. Son yillarda ise Giineydogu Anadolu Bélgesinde
(GDA) ¢aligmalar hiz kazanmistir. GDA bélgesinde neotektonik donemde meydana gelen acil-
ma catlaklari, normal faylar boyunca gelisen yapilar ve yer yer volkanizma iiriinleri olugmusgtur.
Bolgede meydana gelen K-G yonlii sikisma sonucunda D-B eksenli kivrimlar, K-G yonlii acil-
ma ¢atlaklari ile D-B y6nelimli bindirmelerin ortaya ¢iktig1 gdzlemlenmektedir. Bu tektonik ya-
pilar 1s1 yiikli akigkan igeren jeotermal sistemleri barindirmaktadir. Bélgede daha dnce yapilan
caligmalarda elde edilen jeoloji, jeofizik, hidrojeokimya, hidrotermal ve kuyu bilgileri bolgenin
onemli 6lgekte jeotermal potansiyele sahip oldugunu gostermektedir.

2010-2014 yillart arasinda Diyarbakir ili, Sur, Cinar ve kismen de Bismil ilgelerini kapsayan
bolgede MTA Genel Miidiirliigli tarafindan yogun jeotermal arama/aragtirma ¢aligmalar1 yii-
rltiilmiistiir. Bu alanda 98 adet i¢cme/sulama kuyusunda yerinde hidrojeokimyasal 6l¢iimler
yapilmistir. Ayrica, 17 adet kuyudan alinan su 6rneklerinin laboratuvarda analizleri gergekles-
tirilmistir. Bu ¢aligmada bdlgeye ait tiim analiz sonuglar bir araya getirilerek yorumlanmis,
bolgenin yapisal jeolojisi, soguk ve sicak sularin karakteri ve rezervuar olabilecek kayag tiirleri
hakkinda bazi 6ngoriilerde bulunulmustur. Bu degerlendirmeler sonucunda, Pliyo-Kuvaterner
yash Karacadag bazaltlar1 soguk su (genellikle <20 °C) rezervuarini, genellikle kirmtililardan
olusan Orta Miyosen-Pliyosen yash Selmo formasyonu ile Alt Eosen-Ust Oligosen yash Mid-
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yat Grubuna ait kirectaslari 1lik su (genellikle 20-35 °C arasi) rezervuarini, genellikle kiregtasi,
dolomitik kirectaglarindan olusan Kretase yaslt Mardin Grubuna ait birimlerin ise sicak su (>40
°C) rezervuarini olusturdugu anlasilmigtir.

Schoeller diyagramina gore sondaj kuyusu ve kaynaklardan alinan akiskanlarin ¢ogunlugu Ca-
HCO3’11, geri kalan sular ise Na-HCO3’l1 ve Ca-Mg-Na-HCO3’l1 sular simifina girmektedir.
Yapilan degerlendirmeler neticesinde ¢alisma sahasinda yiizeyde belirgin morfoloji sunmayan,
fakat 6zellikle Paleojen doneminde etkin oldugu diigiiniilen KD-GB dogrultulu gomiilii paleog-
rabenler ile karakteri ve yast tam olarak ortaya konamayan yapisal unsurlarin giiniimiiz jeoter-
mal sistemin gelisiminde etkin rol oynadig: anlagilmistir.

Elde edilen sonuglar degerlendirildiginde, bdlgenin jeotermal potansiyele sahip oldugu ve bol-
gedeki jeotermal sistemin daha ayrintili arastirilmasi gerektigi sonucuna varilmistir. Ayrica elde
edilen bu sonug giiniimiize kadar jeotermal agidan nispeten bakir kalmis Giiney Dogu Anadolu
Bolgesi’nin jeotermal olanaklarinin daha kapsamli bir sekilde arastirilmasi gerektigini ortaya
koymaktadir.

ABSTRACT

After 2008, there has been a rapid increase in geothermal energy, a renewable and clean energy
source, in Turkey. In parallel with this increase, many geothermal energy exploration/research
studies have been carried out in every region of Turkey by the General Directorate of Mineral
Research and Exploration (MTA) by now. In the recent years, studies in the Southeastern Ana-
tolia Region (SEAR) have been accelerated. E-W-trending folds, approximately N-S-trending
fissures/normal faults and related volcanic products were developed due to N-S compression
during the neotectonic period in the region. These tectonic structures accommodate geothermal
systems which contain heat carrying fluids in SEAR. Based on the information such as geologi-
cal, geophysical, hydrogeochemical, hydrothermal, and drilled boreholes data obtained from
previous studies in the region indicate that the region has a significant geothermal potential.

Intensive geothermal exploration/research studies were carried out by the MTA General Dire-
ctorate in the study area covering the province of Sur, Cinar and partially Bismil in Diyarbakir
between 2010 and 2014. Some hydrogeochemical measurements were conducted in 98 drinking/
irrigation wells in the field. In addition, laboratory analyzes were made from water samples
collected from 17 wells/springs. In this study, all analytical results belonging to the region
were brought together and evaluated. Also, some inferences were made about the structural
geology, the character of the hot/cold waters and the reservoirs rocks of the region. As a result
of these evaluations, it seems that the Plio-Quaternary Karacadag basalts incorporate cold
water (usually <20 °C) reservoir, the Middle Miocene-Pliocene Selmo formation, composed
of mainly clastic rocks and the Lower Eocene-Upper Oligocene Midyat Group, contain mainly
limestones comprise warm water (usually 20-35°C) reservoir, and the units belonging to the
Cretaceous Mardin Group, consists of mainly limestone and dolomitic limestone hosts the hot

19



Uluslararasi: Katiliml
5 Jeotermal Kaynaklar ve
CJ

Dogal Mineralli Sular Sempozyumu 17-18 Mart 2022 Cevrimici

water reservoir (>40 °C).

According to the Schoeller diagram, most of the fluids collected from boreholes and springs are
Ca-HCO3 type waters while some of the rest are classified as Na-HCO3 and Ca-Mg-Na-HCO3
type waters. As a result of the evaluations, it has been considered that NE-SW-trending buried
Paleogene aged paleograbens, which are not apparently observed by a clear morphology at the
surface, along with the NW-SE-trending structural elements whose character and age cannot
be fully revealed, play an active role in the development of the present day geothermal fluids.

Considering all available results, it is concluded that the SEAR has a considerable amount of
geothermal potential. Therefore, the geothermal system in the region should be investigated
in more detail. Furthermore, the results reveal that the geothermal potential of the South East
Anatolian Region, relatively remained intact up to now, and should be investigated in a more
comprehensive way.

Geothermal, South East Anatolia, Diyarbakur.

Keywords: Jeotermal, Gliney Dogu Anadolu, Diyarbakir. Geothermal, South East Anatolia, Di-
yarbakar.
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OZDERE (MENDERES, iZMiR) BOLGESI DERIN

JEOTERMAL YAPISININ MANYETOTELLURIK

VERILERIN iKi BOYUTLU TERS COZUMU iLE
ARASTIRILMASI-ILK BULGULAR

INVESTIGATION OF THE DEEP GEOTHERMAL
STRUCTURE OF OZDERE (MENDERES, IZMIR) REGION BY
TWO-DIMENSIONAL INVERSION OF MAGNETOTELLURIC
DATA-PRIMARY FINDINGS

Ozcan Ozyilldirnm’!, Ahmet Yildiz'2, Can Basaran'?, Metin Bagc1'?,
Feyzullah Ekrem Conkar’

'Afyon Kocatepe Universitesi, Jeotermal ve Maden Kaynaklar: Uygulama ve Arastirma
Merkezi, Afyonkarahisar
!Afyon Kocatepe Universitesi, Miihendislik Fakiiltesi, Jeoloji Miihendisligi Boliimii,
Afyonkarahisar
(ozyildirim@aku.edu.tr)
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Tiirkiye nin batisinda yer alan Izmir ve gevresi, Tiirkiye’de jeotermal potansiyelin yiiksek ol-
dugu bolgelerden biridir. Bolgede ¢alisilmis yiiksek ve diigiik sicaklikli jeotermal kaynagin bu-
lundugu kisimlar mevcut oldugu bilinmekle birlikte, heniiz ¢alisilmayan jeotermal potansiyeli
yliksek sahalarin varlig1 da merak konusudur. Jeotermal sistemleri olusturan yapilar, yan kayag-
larla iligkilerine, jeotermal akigkani tasiyan faylara, jeotermal akigkanin oranina, gozenekliligi-
ne ve gecirimliligine bagh olarak, elektriksel agidan iletken veya yalitkan olabilmektedir. Bu
iletkenlik farki nedeniyle jeotermal kaynak arama ¢alismalarinda, iletkenlige duyarl bir jeofizik
yontem olan manyetotelliirik yontemi, ana yontem olarak kullanilmaktadir.

Calisma alan1 Kiigiik Menderes grabeninin bati ucunda yer almakta olup, Tuzla ve Giimiildiir
faylar1 bolgedeki en énemli tektonik unsurlardir. inceleme alaninin temelinde yer alan meta-
morfik birimlerin i¢erisindeki mermer bloklar1 ve kalk sist birimleri bolgedeki termal sular i¢in
rezervuar kayag 6zelligindedir. Bornova Filisine ait kumtasi, silt ve seyl birimleri ile Menderes
metamorfiklerinin ayrismis 6zellikteki kloritsist, muskovitsist ve biyotitsist tiirtindeki kayaclar1
ise gecirimsiz 6zelliktedir. Bolgedeki jeotermal sistemin ortii kalinliginin az olmast ve deniz
suyu girisimi termal kaynagin sogumasina ve oldugundan daha soguk bir sekilde yiizeye ¢ik-
masina neden olmaktadir.

Bu calismada, Ozdere jeotermal sahasinin da derin yapisinin manyetotelliirik yontemi kullanila-
rak belirlenmesi amaglanmistir. Bu amagla ¢alisma alaninin derin yapisini ortaya ¢ikarmak i¢in
bolgenin jeolojik 6zelliklerine uygun olarak GB-KD dogrultulu 6l¢iim hatlart boyunca 0.3-1
km aralikli istasyonlarda genis bant (10kHz-1000sn) manyetotelliirik verisi toplanmistir. Ol-
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¢iilen verilerin iki-boyutlu ters ¢dziimleri sonucu elde edilen manyetotelliirik 6zdireng kesitleri
ile oncel jeoloji ve tektonik ¢aligmalara uyumlu olarak jeotermal akiskanin derin senaryosu
sunulmustur. Manyetotelliirik verilerinin ters ¢oziimii i¢in Ozy1ldirim vd (2020) tarafindan ge-
listirilmis diizensiz ag kullanan iki-boyutlu ters ¢ozlim algoritmasi ilk kez jeotermal bir sahada
kullanilmistir.

Anahtar Kelimeler: Jeotermal, Manyetotelliirik, Kiiciik Menderes Grabeni, Ozdere, izmir

ABSTRACT

Located in the west of Turkey, Izmir and its surroundings are one of the regions with high ge-
othermal potential in Turkey. It is known that there are parts with high and low-temperature
geothermal resources that have been studied in the region, the existence of areas with high geo-
thermal potential that have not been studied yet is also a matter of curiosity. The structures that
make up the geothermal systems can be electrically conductive or resistive depending on their
relations with the wall rocks, the faults carrying the geothermal fluid, the rate, porosity, and
permeability of the geothermal fluid. Owing to this conductivity difference, the magnetotelluric
method which is a geophysical method sensitive to conductivity is used as the main method in
geothermal resource exploration studies.

The study area is located at the western end of the Kiiciik Menderes graben, and the Tuzla and
Giimiildiir faults are the most important tectonic structure in the region. Marble blocks and
calc-schist units of the Menderes metamorphics, which form the basement of the study area,
have reservoir rock features. The sandstone, silt, and shale units of Bornova Flysch and the we-
athered chloriteschist, muscoviteschist, and biotitschist units of the Menderes metamorphics are
impermeable. Due to the low cover rock thickness of the geothermal system and the seawater
intrusion, the thermal waters cool and ascend to the surface colder than it is.

This study, it is aimed to determine the deep structure of the Ozdere geothermal field using the
magnetotelluric method. For this purpose, to reveal the study areas deep structures, broad-
band (10kHz-1000sec) magnetotelluric data were collected at stations with 0.3-1 km intervals
along the SW-NE direction measurement lines by the geological property of the region. With
the magnetotelluric resistivity sections obtained as a result of two-dimensional inversion of the
measured data, the deep scenario of the geothermal fluid is presented by preliminary geology
and tectonic studies. For the inversion of magnetotelluric data, the two-dimensional inversion
algorithm using unstructured mesh developed by Ozyildirim et al. (2020) has been used for the
first time in a geothermal field.

Keywords: Geothermal, Magnetotelluric, Kiiciik Menderes Graben, Ozdere, Izmir.
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BOLU HAVZASI SICAK VE MINERALLI SULARININ JEO-
KiMYASAL VE iZOTOPIiK OZELLIiKLERIi

GEOCHEMICAL AND ISOTOPIC CHARACTERISTICS OF
THERMAL AND MINERAL WATERS IN THE BOLU BASIN
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Ulkemizin en énemli aktif dogrultu atiml1 yapist Kuzey Anadolu Fay Sistemi (KAFS) iizerinde
yer alan Bolu ¢ek-ayir havzasinda sicakliklart 21,2-43° C arasinda degisen su kaynaklari ve
sondajlardan elde edilen akiskanlar mevcuttur. Bu ¢caligmada bu akigkanlarin detayli bir sekilde
arastirilmasi amaciyla Maden Tetkik ve Arama Genel Midiirliigii biinyesinde gergeklestirilen
“Kuzey Anadolu Fay Zonu ve Dogu Anadolu Fay Zonu Boyunca Gelismis Havzalarin Jeoter-
mal Enerji Potansiyellerinin Uzaktan Algilama ve Cografi Bilgi Sistemleri (CBS) Ydntemleri
ile Incelenmesi” baslikli ¢ok disiplinli projenin hidrojeokimya boliimii ele almmustir. Havza-
daki sicak sularin olusumu, kokeni, 1sitict kaynagi, rezervuar kayaci, kimyasal 6zellikleri gibi
hidrojeolojik bilgilerin ortaya konmasi amaciyla Bolu Havzasi’ndaki sicak su kaynaklarindan,
acilan kuyulardan iiretilen sicak akiskanlardan ve ¢esitli soguk su kaynaklarindan 6rnekleme-
ler yapilarak sularin kimyasal ve izotopik dzellikleri belirlenmistir. Orneklenen soguk ve sicak
sularin elektriksel iletkenlikleri (EC) 162-1646 uS/cm arasindadir. Havzadaki tiim sicak sular,
Uluslararasi Hidrojeologlar Birligi (IAH)’ne gore kalsiyum karbonatli sicak ve mineralli sular
smifina girmektedir. Olgunlagma indeksi 2’den kiiciik olan Bolu Havzasi’ndaki sicak sularin
rezervuar sicakligini belirlemek amaciyla silis jeotermometresi uygulanmistir. Silis jeotermo-
metresine gore sicak sularin rezervuar sicakliklar1 68-128 oC arasindadir. Incelenen 6rneklerin
5180 degerleri sirasiyla %o -10,08 ile -11,53, 62H degerleri ise %0-68,16 ile -78,7 arasinda
degismektedir. Sicak sularin tiimiiniin 62H ve 8180 degerleri, Ankara ve Kiiresel Meteorik Su
Dogrulari’nin iistiinde yer almaktadir. Bu durum sicak sular1 besleyen yagis sularimin buharlas-
maya ugramadan yeraltina siiziildiigli ve karstik akiferi besledigi sonucunu desteklemektedir.
Bolu sicak sularinin trityum igerikleri 0,54 ile 2,28 TU arasindadir. Karacasu ve Narven ornek-
leri i¢in kaydedilen diisiik trityum degeri ve yiiksek Cl icerikleri bu sularin yeraltindaki dolagi-
minin derin olduguna isaret etmektedir.
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Anahtar Kelimeler: Hidrojeokimya, Bolu Havzasi, durayli izotoplar, jeotermometre, Bolu si-
cak sulart.

ABSTRACT

The Bolu pull-apart Basin located on the North Anatolian Fault System (NAFS), which is the
most important active strike-slip structure of our country, has water sources with temperatures
ranging between 21.2-43°C and fluids obtained from drillings. In order to investigate the fluids
in detail, a project entitled “Investigation of Geothermal Energy Potentials of Developed Ba-
sins Along the North Anatolian Fault Zone and East Anatolian Fault Zone by Remote Sensing
and Geographic Information Systems (GIS) Methods” has been conducted by the General Di-
rectorate of Mineral Research and Exploration (MTA) multidisciplinary approach are constru-
cted. The hydrogeological features such as the formation of hot water in the basins are among
the topics of this project.

The chemical and isotopic properties of the waters were determined by sampling from hot water
sources, hot fluids produced from wells and various cold-water sources in the Bolu Basin. The
electrical conductivity of cold and hot waters varies from 162 to 646 umho/cm. According to
the International Association of Hydrogeologists (IAH), the Sariyazi hot waters are classified
calcium, carbonated hot and mineral waters. The maturation index of the hot waters in the
Bolu basin is less than 2 and only silica geothermometers were applied. According to the silica
geothermometer, the reservoir temperatures of the hot waters vary between 68-128 oC. The
0180 contents of the studied samples range from -10,08%o -11,53%0 and 62H values range
from -68,16%o ile -78,7 %o. 02H and 6180 values of all hot waters are located above Ankara
and Global Meteoric Water Lines. In this case, it can be stated that precipitation feeding the hot
waters infiltrate underground without evaporation and recharged the karst aquifer. The tritium
values of Bolu hot waters vary between 0.54 and 2.28 TU. The low tritium value and high CI
contents recorded for the Karacasu and Narven samples indicate that these waters have a deep
circulation.

Keywords: Hydrogeochemistry, Bolu Basin, stable izotopes, geothermometer. Thermal waters
in Bolu.
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EGS (HDR) SISTEMLERININ UYGULAMALARI VE
EKONOMISI

APPLICATION AND ECONOMY OF EGS (HDR) SYSTEMS

Orhan Mertoglu, Nilgiin Basarir

Tiirkiye Jeotermal Dernegi Jeotermal Arastirma ve Tesisler A.S.
(nilgunbasarir@hotmail.com)

oz

2022 yil itibariyle, Diinya’daki 29 iilkede jeotermal elektrik iiretim santrallarinin kurulu giicii
16.000 MW (95.000 GWh/y1l) iizerindedir. Diinya’da jeotermalin elektrik dig1 kullanimi ise
108.000 MWt civarinda olup, bu rakamda yaklasik 18 Milyon konut 1sitma esdegeridir. Tiirki-
ye’de ise, 158.000 konut esdegeri (Konut, Sehir) jeotermal merkezi 1sitma (1422 MWt); 126.000
konut esdegeri sera 1sitmasi (4900 doniim, 1139 MWt); 68.000 konut esdegeri kaplica, termal
tesis 1sitmasi (680 MWt); 520 adet kaplica, termal otel, devremiilk ve termal motellerde kullanilan
termal suyun 1s1 enerjisi 1763 MWt, meyve-sebze kurutma, sogutma ve jeotermal 1s1 pompasi uy-
gulamalari ile birlikte toplam jeotermal dogrudan kullanim 5022 MWt, jeotermal elektrik tiretimi
ise 1710 MWe’a ulagsmustir. Bu uygulamalarin hepsi hidrotermal sistemlerden {iretim yapmaktadir.
Diinyada HDR ¢alismalart 1974°de baslamis ve 2000°1i yillarda hizlanmustir.

Tiirkiye de bulundugu jeolojik ortam, jeotermal kusak ve jeolojik olusum nedeniyle Avrupa’da
en bitylik EGS (HDR) potansiyeline sahiptir. Yiiksek sicaklikli gézenekliligi bulunmayan (aki-
fer olmayan) kayacglar EGS (HDR) i¢in en uygun sicak kayaglardir. Yiiksek sicakligin nedenleri
olarak biiyiik 6lgekli fay ve kiriklar vasitasiyla dikey akis veya bolgesel termal 6zelliklerden
(6rnegin granit kiitleleri) kaynaklanan termal gradyan sayilabilir. Bugiin EGS’te (HDR) yeral-
tinda ve 6zellikle masif formasyonlarda (granit, granodiyorit) borulu esanjor yaratma ¢alisma-
lar1 hiz kazanmigtir. EGS (HDR) konsepti sayesinde konvansiyonel jeotermal uygulamalarda
karsilasilabilecek iiretimsiz kuyu riski ortadan kalkmig olacaktir. Su anda Diinyada 70’e yakin
EGS (HDR) projesi vardir. Almanya’da, Fransa’da, ABD’de ve Ingiltere’de ticari uygulamalar
vardir. Bir jeotermal rezervuarin miithendisligini yaparak kayac igerisinde akiskan sirkiilasyonu-
nu gerceklestirmek veya kapali koaksiyal esanjor sistemi ile yakin gelecekte bir¢ok alanda ¢ok
temiz ve yenilenebilir enerji kaynaginin tiretilebilmesi anlamia gelmektedir. Bu teknolojiye,
uygulama/kullanim ve jeotermal elektrige uygulanan feed in tarife bagli olarak kiigiik degi-
siklikler gosterebilir. EGS’e su anki mevcut yaklasik 8 $ cent/kWh’lik tesvik (YEKDEM) ile
jeotermal elektrik iiretimi ekonomik olmayacaktir. Kuyu maliyetleri, hidrotermal kuyulara gore
% 25-50 oraninda daha fazla olmaktadir. HDR/EGS’deki yatirim ve isletme maliyet fark: hidro-
termale gore yiiksek basing pompalari ve temiz suyun enjeksiyonundaki kayip ve stimiilasyon
ilave maliyetleridir. Biitiin bu faktorleri ve ortalama kabulle yapilan hesaplamalari dikkate aldi-
gimizda, HDR/EGS’nin (11 USD cent/kWh gore bile) kritik ekonomik oldugunu séyleyebiliriz.
Ancak Tiirk Ozel sektériiniin iyi ve basarili bir 6rnege ve tesvige (FiT e) ihtiyaci vardir ve bir
tane basarili 0rnegin devlet tarafindan yapilmasinda yarar vardir.Yatirimin geri 6demesi 8 yil
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olarak alinmistir. $Faiz %8, 3 yi1l 6demesiz kredi (6deme toplam 12 yil), %25 6zkaynak esas
alinmistir. Diinyada 15’in tizerinde tilkede jeotermale feed in tarif (12$cent/kWh-43€cent/kWh)
seklinde tesvik uygulanmaktadir (alim garantisi 15-20 yildir).

Anahtar Kelimeler: EGS (HDR), jeotermal, Diinya, Tiirkiye, ekonomi

ABSTRACT

As of 2022, geothermal electricity generation in 29 countries in the world is over 16.000 MW
(95.000 GWh/year) electricity installed power. Non-electrical use of geothermal in the world is
around 108,000 MWt, which is the equivalent of approximately 18 million residential heating.
In Turkey, 158.000 residences equivalence geothermal district heating (1422 MW?t) (residen-
ce, city); 126.000 residences equivalence greenhouse heating (1139 MWt, 4900 acre); 68.000
residences equivalence thermal facilities and spa heating (680 MW?t); heat energy of thermal
water used total of 520 spa, thermal hotel, time share facilities 1763 MW?t, with the agriculturel
drying, geothermal cooling and heat pump utilization total direct use of geothermal is 5022
MWt Geothermal electricity production has reached 1710 MWe. All of these utilizations above
produced from hydrothermal systems.

Hot Dry Rock (HDR) studies in the world started in 1974 and accelerated in the 2000s. Due to the
geological and tectonic properties, Turkey has the greatest HDR potential in Europe. High-tem-
perature, non-permeable rocks are constituting the most suitable environment for HDR (EGS).
Vertical flow through large-scale faults and fractures or thermal gradient caused by regional ther-
mal features (eg granite masses) can be considered as the cause of the high temperature. Today,
efforts to create tube heat exchangers underground and especially in massive formations (granite,
granodiorite) have gained development at EGS. Through EGS (HDR) concept, it will be possible
to eliminate the risk of unproductive wells. Nowadays, there are nearly 70 HDR projects in the
world. There are commercial applications in Germany, France, USA and England.

By geothermal reservoir engineering, performing fluid circulation in the rock or producing a
very clean and renewable energy source in many areas in the near future with the closed coaxial
heat exchanger system. This technology may vary slightly depending on the application/use and
the feed in tariff applied to geothermal electricity. The current approximately 8 USD § cent/kWh
incentive would be not economical for EGS electricity generation. Drilling costs are 25-50%
higher in EGS compared to hydrothermal wells. The investment and operating cost difference in
HDR (EGS) is higher compared to hydrothermal. Pressure pumps, stimulation and clean water
loss during injection are creating additional costs.

By consideration of all these factors and the calculations, we can say that HDR/EGS (even by 11
USD $ cent/kWh incentive) is critically economical. However, the Turkish private sector needs
a good and successful example accomplished by state and needs adequate incentives. Payback
of the investment is taken as 8 years. USD Interest rate 8%, 3 year grace period, total payback
period 12 years and 25% capital based on. Incentives (12 $cent/kWh-43 € cent/kWh) are given
for geothermal in more than 15 countries around the world. Purchase guarantee is 15-20 years.

Keywords: EGS (HDR), geothermal, World, Tiirkiye, economy
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BOLU VE YENiICAGA (BOLU) HAVZALARININ
JEOTERMAL OZELLIKLERININ UYDU VERILERI
(ASTER, LANDSAT 8, LANDSAT 7 ETM+, ALOS PALSAR-1),
JEOLOJIK, TEKTONIK VE COGRAFI BILGi SISTEMi
(CBS) CALISMALARI iLE INCELENMESI

INVESTIGATION OF THE GEOTHERMAL
CHARACTERISTICS OF BOLU AND YENICAGA (BOLU)
BASINS WITH SATELLITE DATA (ASTER, LANDSAT
8, LANDSAT 7 ETM+, ALOS PALSAR-1), GEOLOGICAL,
TECTONIC AND GEOGRAPHICAL INFORMATION SYSTEM
(GIS) STUDIES
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oz
Ulkemizin jeolojik olarak sekillenmesinde en biiyiik dneme sahip tektonik yapisi olan Kuzey
Anadolu Fay Sistemi (KAFS) aktif sag yanal dogrultu atimli bir yap1 olup, lizerinde gelismis
havzalarin jeotermal potansiyellerini isaret eden ¢ok sayida jeotermal kaynaga sahiptir. Bu hav-
zalarin jeotermal potansiyellerinin ortaya g¢ikarilmasi alternatif enerji kaynaklarmin ilke eko-
nomisine kazandirilmasi agisindan oldukga biiyiiyk 6nem arz etmektedir. Bu kapsamda, Maden
Tetkik ve Arama Genel Midiirliigii biinyesinde “Kuzey Anadolu Fay Zonu (KAFZ) ve Dogu
Anadolu Fay Zonu (DAFZ) Boyunca Gelismis Havzalarin Jeotermal Enerji Potansiyellerinin
Uzaktan Algilama ve Cografi Bilgi Sistemleri (CBS) Yéntemleri ile incelenmesi” baslikli pro-
je 2018-2021 yillari arasinda gergeklestirilmistir. Projenin ¢aligma alanlar1 arasinda yer alan
Bolu ve Yenicaga (Bolu) Havzalari’nin jeotermal enerji 6zellikleri; ASTER, Landsat 8, Landsat
ETM+ ve ALOS Palsar-1 uydu verileri, jeolojik, tektonik, hidrojeolojik calismalar ile cografi
bilgi sistemi (CBS) metot ve araclar1 kullanilarak incelenmistir.

Uzaktan algilama ¢aligmalar1 kapsaminda ASTER (gece/glindiiz ¢ekim), Landsat 8 ve Landsat
7 ETM+ uydu verilerinin termal bantlar1 kullanilarak yiizey sicaklik haritalar1 (LST) hazir-
lanmistir. ASTER goriintiilerinin goriiniir-yakin kizilotesi (VNIR: 0.52-0.85 um) ve kisa dalga
kiz1lotesi (SWIR: 1.600-2.430 pm) bdlgedeki spektral bantlarinin analizleri ile hidrotermal
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alterasyon anomali alanlar1 belirlenmistir. Ayrica ALOS Palsar-1 Yapay Aciklikli Radar (SAR)
goriintiilerinin interferometrik analizleri (Kiigiik Temel Alt Kiimesi Interfermetri-SBAS) ile
havzalardaki yiizeysel deformasyonlar (¢cokme/yiikselme vb.) incelenmistir.

Jeolojik ¢aligmalar kapsaminda, bdlgenin stratigrafik dikme kesitleri olusturularak havzalari
jeotermal agidan temsil eden jeolojik enine kesitler ¢izilmistir. Jeotermal sistemlerde sularin ve
sicakliklarin dolagimi ve taginmasi agisindan tektonik yapilar 6nemlidir. Havzalarin sikigsma ve
genisleme yoOnlerini ve dolayistyla jeotermal agidan 6nemli fay ve fay sistemlerinin dogrultu-
larin1 belirlemek amaciyla fay diizelmelerinden 6l¢iilen kayma verilerinin kinematik analizleri
yapilmuistir.

Uzaktan algilama, jeolojik, tektonik ve hidrojeolojik ¢aligmalardan elde edilen sonuglar CBS
ara¢ ve yaklagimlari kullanilarak degerlendirilmistir. LST haritalarindaki termal anomali so-
nuglarinin yer gergegi dogrulamalari bilinen Karacasu, Narven ve Cepni jeotermal kaynaklari
g6z Onilinde bulundurularak yapilmistir. Buna goére uydu verilerinin termal bantlarindan elde
edilen yiiksek sicaklik anomali degerlerinin bu kaynaklar ile uyumlu oldugu belirlenmistir. Ki-
nematik analiz sonuglari, ¢calisma alaninin yaklagik KB-GD yoniinde bir sikigmali tektonik reji-
min etkisinde oldugunu gostermistir. Dolayistyla KAFS’nin ana kolu ve DKD-BGB dogrultulu
faylarin ¢evresindeki yiiksek sicaklik anomali alanlarinin jeotermal enerji agisindan oncelikli
alanlar olarak degerlendirilmesi gerektigine isaret etmektedir. ASTER goriintiilerinin analizle-
rinde killesme, silislesme ve alunit/kaolinit mineral anomali alanlar1 6zellikle Bolu Havzasi’nda
KAFS’nin giineyinde yaygin olarak goriilmektedir. InNSAR analiz sonuglari, bélgedeki yiizeysel
deformasyonlarin 6zellikle heyelan hareketleri, insaat ve alt yap1 gibi insan faaliyetleri, tag oca-
81 isletmeleri gibi sebepler ile olusmus oldugunu gostermistir.

Anahtar Kelimeler: Bolu ve Yeni¢aga (Bolu) Havzalari, jeotermal, yiizey sicaklik haritasi
(LST), InSAR, tektonik, hidrotermal alterasyon

ABSTRACT

The North Anatolian Fault System (NAFS), which is the most important tectonic structure in the
geological formation of our country, is an active right-lateral strike-slip structure and has many
geothermal resources pointing to the geothermal potentials of the developed basins. Uncovering
the geothermal potentials of these basins is of great importance in terms of bringing alternative
energy sources to the country’s economy. Within this scope, the project titled “Examination
of Geothermal Energy Potentials of Developed Basins Along the North Anatolian Fault Zone
(NAFZ) and East Anatolian Fault Zone (EAFZ) with Remote Sensing and Geographic Informa-
tion Systems (GIS) Methods” was carried out between 2018-2021 at the General Directorate
of Mineral Research and Exploration. The geothermal energy characteristics of the Bolu and
Yenicaga (Bolu) Basins, which are among the study areas of the Project, were analyzed using
ASTER, Landsat 8, Landsat ETM~+ and ALOS Palsar-1 satellite data, geological, tectonic, hyd-
rogeological studies and geographic information system (GIS) methods and tools.
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Within the scope of remote sensing studies, land temperature maps (LST) were prepared by
using thermal bands of ASTER (daytime/nighttime), Landsat 8 and Landsat 7 ETM+ satellite
data. Hydrothermal alteration anomaly areas were determined by analyzes of the spectral ban-
ds of the ASTER images in the visible-near infrared (VNIR: 0.52-0.85 um) and short-wave infra-
red (SWIR: 1.600-2.430 um) regions. In addition, surface deformations (subsidence/uplift etc.)
in the basins were investigated by Synthetic Aperture Radar Interferometry (InSAR) technique
referred to as the Small BAseline Subset (SBAS) of ALOS Palsar-1 images.

As geological studies, stratigraphic column sections of the region were created and geological
cross-sections representing the basins from a geothermal point of view were drawn. Tectonic
structures are important in terms of circulation and transport of water and temperature in geo-
thermal systems. In order to determine the compression and expansion directions of the basins
and thus the directions of the geothermally important fault and fault systems, kinematic analyzes
of the slip data measured from the fault plane were made.

The results obtained from remote sensing, geological, tectonic and hydrogeological studies
were evaluated using GIS tools and approaches. Ground truth validation of the thermal ano-
maly results in the LST maps were made by considering the known Karacasu, Narven and Cepni
geothermal resources. Accordingly, the high temperature anomaly values obtained from the
thermal bands of the satellite data were found to be compatible with these sources. Kinematic
analysis results showed that the study area is under the influence of a compressional tectonic
regime in approximately NW-SE direction. Therefore, it indicates that the high temperature
anomaly areas around the main branch of the NAFS and the ENE-WSW trending faults should
be considered as priority areas in terms of geothermal energy. In the analyzes of the ASTER
images, argillization, silicification and alunite/kaolinite mineral anomaly areas are commonly
seen in the south of the NAFS, especially in the Bolu Basin. InSAR analysis results showed that
the surface deformations in the region were caused by landslide movements, human activities
such as construction and infrastructure and quarry operations.

Keywords: Bolu and Yeni¢caga (Bolu) Basins, geothermal, land temperature map (LST), InSAR,
tectonic, hydrothermal alteration
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MUSTAFAKEMALPASA (BURSA) ILCESIi JEOTERMAL
OLANAKLARI VE ALANIN HIDROJEOLOJIK VE
HIDROJEOKIMYASAL INCELENMESI

GEOTHERMAL POSSIBILITIES OF MUSTAFAKEMALPASA
(BURSA) AND HYDROGEOLOGICAL AND
HYDROGEOCHEMICAL INVESTIGATION OF THE AREA
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Enerji ihtiyacinin kargilanmasi igin rezervleri her gecen giin azalan buna kiyasla maliyetleri

artan fosil yakitlar hayatimizdaki yerini korumaya devam ederken ¢evre dostu ve yenilenebilir
enerji kaynaklarina olan ihtiya¢ artmaktadir.

Caligma alani olarak secilen Bursa ili, Mustafakemalpasa ilgesi Marmara Bolgesi’nde, Marmara
Denizi’nin giineyinde bulunmaktadir. Caligma kapsaminda Mustafakemalpasa ilgesi igerisinde
belirlenen yaklasik 577 km?2’lik alanda jeolojik, hidrojeolojik ve hidrojeokimyasal ¢aligmalar
yapilmis, alanin jeotermal kavramsal modeli olusturulmus ve jeotermal potansiyeli ortaya ko-
nusmustur.

Uluabat Goli’niin giineybatisinda yer alan ¢alisma alani, Uluabat fay1 ve Mustafakemalpasa
fay1 arasinda kalan asimetrik ¢ek-ayir tipte bir havza olarak nitelendirilmistir. Bolgedeki 1si1-
tict kaynagin; soz konusu faylarla gelisen kabuk incelmesine bagli olarak yiikselen jeotermal
gradyan ile iligkili oldugu disiiniilmektedir. Bolgede Neojen yaslt sedimanter kayaglarin killi
seviyeleri ile bazi bolgeler de tiifler ve Kuvaterner aliivyonun killi seviyeleri ortii kayag olarak
belirlenmistir. Rezervuar birimler ise; gnays, mermer ve Kristalize kirectasi birimleridir.

Bolgede bulunan sularin hidrojeokimyasal karakterinin, jeotermal alanin hazne sicakliginin ve
elde edilecek akigkanin kullanim alanlarinin yorumlanabilmesi i¢in alani en iyi sekilde temsil
edecek lokasyonlardan 4 adet su 6rnegi alimmistir. Alinan drneklerin kimyasal analiz degerleri
ve bu degerlerin birbiriyle olan kimyasal iligkileri diyagramlar yardimiyla incelenmis, ¢caligma
alan1 igerisinde bulunan akigkanlarin hidrojeokimyasal 6zellikleri belirlenerek jeotermal alan
ozellikleri ortaya konulmustur. Alinan su drnekleri ile jeotermometre ¢alismalart yapilmis ve
bolgede beklenen yaklagik rezervuar sicakligi 120°C olarak hesaplanmuistir.

Sahada yapilan jeolojik, hidrojeokimyasal ve jeofizik caligmalar bir arada degerlendirilerek jeo-
termal potansiyele sahip olabilecek alanlar belirlenmis ve bu alanlarda derinlikleri 550 ile 1200
metre arasinda degisen 3 adet arama/iiretim sondaj lokasyonu belirlenmistir. Onerilen sondajla-
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ra ait muhtemel kuyu loglar1 ve techiz planlar1 hazirlanmigtir.

Anahtar Kelimeler: Mustafakemalpasa, hidrojeokimya, jeotermal, jeotermometre

ABSTRACT

The need for environmentally friendly and renewable energy resources is increasing rapidly,
while fossil fuels, for which the reserves are decreasing day by day, continue to be present in our
everyday life to meet global energy needs, with their increasing prices.

For this study, the Bursa province, Mustafakemalpasa district located in the Marmara Region,
in the south of the Marmara Sea, was chosen as the study area. Within the scope of this rese-
arch, geological, hydrogeological and hydrogeochemical studies were carried out throughout
the area of approximately 577 km2 which was determined in the district of Mustafakemalpasa,
followed with the creation of the geothermal conceptual model and the discovery of its geother-
mal potential.

The study area, located in the southwest of Uluabat Lake was described as an asymmetric
pull-apart type basin between the Uluabat fault and the Mustafakemalpasa fault. The heating
source in the region was related with the rising geothermal gradient due to crustal thinning
developed by the faults. The clayey levels of the Neogene aged sedimentary rocks in the region
and the clayey levels of the tuffs and Quaternary alluvium in some of the regions were deter-
mined to be cover rock. Reservoir units were determined to be gneiss, marble and crystallized
limestone units.

For the interpretation of the hydrogeochemical characteristics of the water bodies in the re-
gion, the reservoir temperature of the geothermal area and the potential areas of use for the
harvestable fluid; 4 water samples were collected from locations determined to best represent
the study area. The chemical analysis results of the collected samples and their relationship
with each other were examined by using diagram-based analysis techniques. With this study, the
hydrogeochemical properties of the fluids and the geothermal field properties of the study area
were specified. Geothermometer studies were carried out with the water samples taken and the
expected approximate reservoir temperature in the region was determined as 120°C.

Geological, hydrogeochemical and geophysical studies carried out for the area were evaluated
together and areas with higher geothermal potentials were emphasized respectively, while three
exploration/production drilling locations with potential drill depths ranging between 550-1200
meters were determined. Additionally, possible well logs and equipment plans for the determi-
ned drill locations were proposed.

Keywords: Mustafakemalpasa, hydrogeochemistry, geothermal, geothermometer
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JEOTERMAL SANTRALLERDEN SALINAN YOGUSMAYAN
GAZLARIN KONSANTRASYONLARININ AZALTILMASINA
YONELIK BiR SAHA CALISMASI

A FIELD STUDY ON REDUCING EMISSION OF
NON-CONDENSABLE GASES CONCENTRATIONS FROM
GEOTHERMAL PLANTS
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oz

2050 Avrupa Yesil Mutabakat1 hedefi kapsaminda 6n plana ¢ikan karbonsuzlagma hedefi 6zel-
likle son iki yildir diinya genelinde yenilenebilir enerji kaynaklarinin kullaniminin dnemini 6n
plana ¢ikmistir. Bu amagla her iilke karbonsuzlasma yol haritalarint ortaya koyarken, riizgar,
giines, hidroelektrik, jeotermal, biyogaz-biyokiitle santrallerinin kullanimi, yesil hidrojen tireti-
mi, enerji depolama ve elektrikli araclarin kullanimi gibi farkli uygulamalara yapilan yatirimlar
her gecgen giin artmaktadir.

Jeotermal santraller dogru kosullarda isletildiklerinde yiiksek kapasite faktorleri ve bdlgesel
1sitma, mineral eldesi gibi farkli uygulamalarin birlikte kullanimma olanak saglayabilmesi
acisindan diger yenilenebilir enerji santralleri arasinda énemli, destekleyici bir yere sahiptir-
ler. Bununla birlikte jeotermal rezervuar kosullarina bagli olarak her jeotermal saha kendine
0zgii karakteristiklere sahiptir ve yerin derinliklerindeki rezervuar kayalarindan, farkli jeolo-
jik, jeokimyasal siireclere maruz kalarak yiizeye gelen jeotermal akigkan buharla birlikte farkli
konsantrasyonlardaki CO,, H,S gibi yogusmayan gazlari tasimaktadir. Diinya genelinde enerji
iiretimi ardindan konsantrasyonlar1 belirlenen limitlerin iistiine ¢ikan bu gazlarin yeraltina atik
jeotermal akigkanla birlikte re-enjekte edilmesi, farkli endiistriyel {iriinlere doniistiirtilerek sinir
degerlerin altinda tutulmasi gibi uygulamalar bu konuya hassasiyetin oldugu bolgelerde jeoter-
mal santrallerin sosyal kabul edilebilirliklerini muhakkak arttiracaktir.

Bu ¢alisma kapsaminda jeotermal santrallerden salinan 6zellikle CO, ve H,S’in kimyasal ve
biyolojik olarak tutulabilmesi olanaklari Bati Anadolu’daki bir jeotermal santralde farkli test
kosullar1 olusturularak, laboratuvar 6lgeginde tasarlanan bir reaktor vasitasiyla gaz dlglimlerinin
yapilip, yogusmayan gaz 6rneklerinin alinmasi yoluyla arastiriimistir.

Alnan sonuglara gore kimyasal ve biyolojik metodlarla farkli diizeylerde CO,veya H,S gazinin
tutulabildigi ortaya konulmustur.

Anahtar Kelimeler: Jeotermal enerji santrali, CO, gazi, H,S gazi, Bat1 Anadolu
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ABSTRACT

Decarbonization target, which have come to the fore within the scope of the 2050 European
Green Deal has highlighted the importance of the use of renewable energy sources throughout
the world, especially in the last two years.

In accordance with this purpose, each country has been declared their decarbonization ro-
admaps, investments in different applications such as wind, solar, hydroelectric, geothermal,
biogas-biomass power plants, green hydrogen production, energy storage and the use of electric
vehicles are increasing day by day.

Geothermal power plants, when operated properly, have an important and supportive place
among other renewable energy power plants in terms of high capacity factors and enabling the
use of different applications such as district heating and mineral extraction. However, depen-
ding on the geothermal reservoir conditions, each geothermal field has its own characteristics
and carries non-condensable gases such as CO2 and H2S in different concentrations, together
with the geothermal fluid steam coming to the surface from the reservoir rocks deep in the
ground, exposed to different geological and geochemical processes.

Applications such as re-injection of these gases with brine, converting these gases into different
industrial products in some regions whose concentrations exceed the determined limits after
energy production, keeping them below the limit values and this will surely increase the social
acceptability of geothermal power plants in some regions where there is sensitivity about this
geothermal sourced gases.

Within the scope of this study, the possibilities of chemical and biological capture of CO2 and
H2S released from geothermal power plants were investigated by a reactor which is designed at
laboratory scale by changed test conditions, gas measurements and collecting non-condensable
gas samples in a geothermal power plant in Western Anatolia.

As a result of the study, it has been revealed that different levels of CO2 and H2S gas can be
retained by applying different chemical and biological methods at laboratory scale in a geot-
hermal power plant.

Keywords: Geothermal energy power plants, CO2 gas, H2S gas, Western Anatolia
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DIKILI (iZMiR) KAYNARCA JEOTERMAL SAHASINDA
DEPREM BEKLERKEN

WAITING FOR EARTHQUAKE IN KAYNARCA GEOTHERMAL
FIELD OF DIKILI (IZMIR)

ismail Hakki Karamanderesi

EVKA-3 Mah. 126 Sokak No:1 D:6 35050 Bornova / [ZMIR
(h.karamanderesi@gmail.com)

(074

[zmir ili Dikili flgesi Kaynarca mevkii sicak su iiretim kuyular1 ve ¢evresinde ilk biiyiik deprem
22.09.1939 tarihinde olmustur. Salamon Calvi tarafindan rapor edilmistir. Dikili Kaynarca jeo-
termal sahas1 Izmir ili kuzeyinde yer alir. 2008 y1lindan beri aktif olarak merkezi 1s1tma sistemi
isletmeye alinmistir. Bu siire igersinde 50 1t/sn debi ile akiskan iretilmektedir. Bu sistemden
2011 yil icerisinde 1350 konut esdegeri 1sitma yapilmaktadir. Cevrede yiizlerce donlim sera
1sitilmaktadir.

Dikili Kaynarca mevkiindeki sicak su iiretim kuyularinda 23.01.2011 tarihinde hareketlilik géz-
lenmistir. Haberin tarafimiza iletildigi tarih olan 28.02.2011 tarihinden baslayip 17.06.2011 tari-
hine kadar alt1 adet yerinde gézlem ve 6l¢iim tarafimizca yapilmistir. Dikili kaynarca jeotermal
sahasinda dogu bati uzanan bir zon iizerinde acilmis olan ortalama 500m derinlikli kuyularda
iretim muhafaza borulari destekli bir ylikselme gézlenmistir. Bu gdzlemlerde bolgesel jeolojik
yap1 gozden gegirildiginde jeotermal kuyular kuyu verilerine gore andezitler {izerinde agilmisg
ve ¢cimentolanarak monte edilmistir. Dogu bati uzanimli ana graben fay1 andezitlerin i¢erisinden
iiretim yapan kuyularda andezitlerle beraber zeminin yiikselmesine sebep olmus ve bu kuvvet-
lerin tesiri ile iki adet kuyu basinda diisey hareketler 6l¢iilmiistiir. Periyodik dlgiimler bolgede
diri bir tektonik deformasyonun oldugunu gostermistir. Gegmis yillarda Tiirkiyede ve Diinyada
depremlerin dnceden bildirilmesi ve yerinde arastirma yontemleri ¢ok degisik disiplinlerce ve
yontemlerle aragtirilmistir. Gegmiste degisik bolgelerde gozlenen olaylarla kurulan iliskiler ne-
ticesi Dikili Kaynarca Bolgesinde makro gozlemlerle deprem beklenmistir.

23.05.2011 tarihinde baslayip 24.05.2011 tarihlerinde Bergama odakli 5 adet deprem kaydedil-
mistir. 2.7-3.6 arasinda olusan bu depremler bélgedeki depremsellik ile zemin yiikselmesinin
iligkili oldugunu gostermistir. Bu verilerin literatiirde gézlenen diri fay bolgelerinde yapilacak
calismalara ve deprem bdlgelerinde yapilmasi gerekli veri derleme ¢aligmasina bir 6rnek olmast
nedeni ile ilging sonuglar ¢ikarilmasina onciilitk etmektedir.

Bu bolgedeki gozlemlerde diisey hareketlerin gozlendigi bolgelerde borularin burkulmasi ne-
deni ile izolasyon borularinda kaplama ortiilerinin ¢atlamasi, baglama kelepgelerinin ¢oziilme-
si ornek olaylardir. Kuyu baslarinda vanalarin zamana ve bolgesel harekete bagl yiikselmesi
gozlenmistir. Bu gézlemlere eslik eden aktarma borularinda dokiim vanalar kirilmistir. Boru-
larin yiikselmesi binalarda hasarlara sebep olmustur. Jeotermal kuyularda su tablasi agir1 algal-
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ma gostermistir. Jeotermal sisteme asir1 beslenme ve asirt ¢ekim sonucu sistemin iiretim 1s1s1
(810C) diismiistiir. Deprem sonrasi ise hazne su seviyesi hizla yiikselmis, dogal akisa gectiginde
ise orijinal akiskan sicakligina (930C) ¢ikmustir.

Sistemin konumu dogru belirlendigi takdirde sistem analizi dogru yapilir. Beslenme ve iiretim
bolgeleri ile sistemin genel dengesi kontrol altinda tutularak stabil bir iiretim projesi yapilmasi
miimkiindiir. Zemindeki yiikselmelere bagl bélgesel depremselligin beraber gdzlenmesi sonucu
bolgesel afet senaryolarinda alinacak tedbirler organize edilebilir. Tiim bu gézlemlerin kurum-
sal yapilanma, yonetim planlamasi devlet politikasi olarak organize edilmesi gerekmektedir.

ilk sonuglar hareket baslangiglarmin ¢ok dikkatli lciilmesi gerektigini ortaya koymustur.

Olgiim kayitlarinin hassas 6l¢iim ve kayit sistemi ile yapilmasi gereklidir. Ayrica dlgiimleri ya-
pacak ekiplerin devamli egitimli ve tecriibeli elemanlar elinde yapilmast mecburidir.

Bunun sonucu isletmelerin 6mrii uzayacak, isletmelerin uzun stireli diizenli isletmesi miimkiin
olacaktir. Bu bildiride Dikili Jeotermal sistemindeki gozlemlerin sonuglari, elde edilen verilerin
yeniden yorumlanarak jeotermal isletmecilere oneriler sergilenecektir.

Anahtar Kelimeler: Dikili, deprem, zemin gbzlemler, kirilmalar, yiikselmeler, jeotermal sis-
temler

ABSTRACT

The first major earthquake occurred on 22.09.1939 in and around the hot water production
wells in Kaynarca locality, Dikili District of Izmir. Reported by Salamon Calvi. Dikili Kaynarca
geothermal field is located in the north of Lzmir province. Since 2008, the central heating system
has been actively put into operation. During this period, fluid is produced with a flow rate of
50 It/sec. This system provides heating equivalent to 1350 houses in 2011. Hundreds of acres of
greenhouses are heated in the surrounding area.

Activity was observed in the hot water production wells in Dikili Kaynarca locality on 23.01.2011.
Six on-site observations and measurements were made by us, starting from 28.02.2011, the date
when the news was communicated to us, until 17.06.2011. In the wells with an average depth
of 500 m drilled on an east-west stretching zone in the Dikili Kaynarca geothermal field, an
uplift supported by the production casing pipes was observed. In these observations, when the
regional geological structure was reviewed, geothermal wells were drilled on the andesites
according to the well data and cemented and mounted. The east-west trending main graben
fault caused the ground to rise together with andesites in wells producing from andesites, and
vertical movements were measured at the head of two wells with the effect of these forces. Pe-
riodic measurements have shown that there is a lively tectonic deformation in the region. In the
past years, earthquake prediction and on-site research methods have been investigated by many
different disciplines and methods in Turkey and in the world. As a result of the relations estab-
lished with the events observed in different regions in the past, an earthquake was expected in
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the Dikili Kaynarca Region with macro observations.

Starting on 23.05.2011 and on 24.05.2011, 5 earthquakes focused on Bergama were recorded.
These earthquakes, which occurred between 2.7 and 3.6, showed that the seismicity in the re-
gion was related to the ground elevation. Since these data are an example for the studies to be
done in the active fault zones observed in the literature and for the data compilation study to be
done in the earthquake zones, they lead to interesting results.

In the observations in this region, cracking of the coating covers in the insulation pipes due to
the buckling of the pipes in the regions where vertical movements are observed, and the loose-
ning of the clamping clamps are exemplary cases. It has been observed that the valves rise in the
wellheads depending on time and regional movement. Cast valves in the transfer pipes accom-
panying these observations were broken. The rise of the pipes caused damage to the buildings.
In geothermal wells, the water table has shown extreme lowering. As a result of overfeeding
and overdrafting to the geothermal system, the production temperature of the system (810C)
decreased. After the earthquake, the reservoir water level rose rapidly, and when it passed to
the natural flow, it rose to the original fluid temperature (930C).

If the location of the system is determined correctly, the system analysis is done correctly. It is
possible to make a stable production project by keeping the nutrition and production areas and
the general balance of the system under control. Measures to be taken in regional disaster sce-
narios can be organized as a result of the observation of regional seismicity due to elevations
in the ground. All these observations need to be organized as institutional structuring, manage-
ment planning as state policy.

Initial results indicated that movement initiations should be measured very carefully.

Measurement records must be made with a precise measurement and recording system. In ad-
dition, it is obligatory to carry out the measurements in the hands of constantly trained and
experienced personnel.

As a result of this, the life of the enterprises will be extended, and long-term regular operation
of the enterprises will be possible. In this paper, the results of the observations in the Dikili Ge-
othermal system and the data obtained will be reinterpreted and suggestions to the geothermal
operators will be presented.

Keywords: Dikili, earthquake, ground observations, fractures, elevations, geothermal systems
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JEOTERMAL SAHALARDAN HiDROJEOKIMYASAL VERI
TOPLANMASI ESNASINDA iS SAGLIGI VE GUVENLIGI
ONLEMLERI

OCCUPATIONAL HEALTH AND SAFETY PRECAUTIONS DU-
RING HYDROGEOCHEMICAL DATA COLLECTIONS IN GEO-
THERMAL FIELDS

Sevim Ozulukale Demirbilek

Yozgat Bozok Universitesi
(hidrojeologsevim@hotmail.com)

oz

Is saghg1 ve giivenligi, 6zel ya da kamu sektorii fark etmeksizin caligma hayatinda galisanin sag-
ligin1 ve giivenligini korumak ig¢in bir takim tehlike ve riskleri belirleyerek bunlara karst dnlem
alimmasini kapsamaktadir. Bu 6nlemlerin basinda, bir veya birden fazla saglik ve giivenlik riski-
ne kars1 korunmak igin kisilerce giyilmek, takilmak veya taginmak amaciyla tasarlanmig malze-
meleri kapsayan Kisisel Koruyucu Donanimlar gelmektedir. Yenilenebilir enerji olarak goriilen
ve genis kullanim alani olan jeotermal enerjiden faydalanirken is sagligi ve giivenligi yoniinden
bazi problemler meydana gelmektedir. Bu yiizden jeotermal faaliyetlerin dogru planlanmasi,
dogru tekniklerin uygulanmasi ve gereken onlemlerin alinmasi, beklenmeyen kazalari, tehlike
ve riskleri azaltacaktir. Bu ¢aligmada, jeotermal kaynak ve kuyulardan, hidrojeokimyasal veri
toplama esnasinda is saglig1 ve giivenligi agisindan karsilasilabilecek riskler ve dnlemleri iize-
rinde durulmustur. Jeotermal sahalarda bazi fiziksel ve kimyasal riskler bulundugundan, calig-
malart yiirliten kisilerin uygun kisisel koruyucu donanim kullanimi biiyiik 6nem tagimaktadir.
Onemli risk kaynaklarmi sicaklik, kayganlik, toksik gazlar ve dogal radyasyon olustururken,
temel 6nlemler, termal koruyucu eldiven, ayak koruyucular, gaz detektorleri, koruyucu maske-
ler ve havalandirma olarak belirlenmistir.

Anahtar kelimeler: Jeotermal, Hidrojeokimya, Is Saglhig1 ve Giivenligi, Kisisel Koruyucu Do-
nanim

ABSTRACT

Occupational health and safety include to take precautions for determined hazards and risks in
order to protect health and safety of workers in work environments regardless of public or pri-
vate sector. One of the most important precautions is Personal Protective Equipment covering
materials designed for being worn, put, carried by individuals in order to be protected for one
or more health and safety risks. Some problems happen when geothermal energy, considered
important sustainable energy source and had very wide range utilization areas, is being used.
Therefore, correct planning of geothermal activities, applications of correct techniques, and
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taken of necessary precautions decrease risks and hazards as well as unexpected accidents. In
this study, potential risks and precautions in terms of occupational health and safety encounte-
red during hydrogeochemical data collections from geothermal sources and wells are taken into
account. It is very important that individuals working in the geothermal fields use suitable per-
sonal protective equipment since some physical and chemical risks exist in these works. Heat,
slipperiness, toxic gases, and natural radiation are considered as major risk sources whereas
thermal protective gloves, feet protections, gases detectors, protective masks, and ventilation
are determined as primary precautions.

Keywords: Geothermal, Hydrogeochemistry, Occupational Health and Safety, Personal Prote-
ctive Equipment
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SURDURULEBILIR YERKAYNAKLI SISTEM (JEOTER-
MAL) POTANSIYELI-ANKARA

SUSTAINABLE GROUND SOURCE SYSTEM (GEOTHERMAL)
POTENTIAL-ANKARA

Aysegiil Cetin

GeoHeatDesign, Tiirkiye
(geoheatdesign@gmail.com)

oz

Yenilenebilir enerji kaynaklarindan biri olan yerkaynakli sistemler karbonsuz enerjiye gecis-
te 6nem tagimaktadir. Tiirkiye nin Paris Iklim Antlasmasi’n1 onaylamasi ile birlikte sera gazi
salimlarinda 6nemli pay1 olan konutlarin isitma ve sogutma ihtiyaglarinin yerkaynakli sistem-
lerden karsilanmasi kaginilmaz olmaktadir. S6z konusu sistemlerin siirdiiriilebilir kullanimi ye-
raltindaki 1s1 enerjisi dengesini koruyarak miimkiin olmaktadir. Yogun yapilagsmanin yer aldig:
Ankara ilinin kapali sistem kuyu 1s1 degistiricisi kullanilarak 1s1 enerjisi depolama potansiyeli-
nin hesaplanmasi i¢in il alan1 iginde yiizeylenen kayalarin termal iletkenlikleri, yogunluklari ve
su icerikleri ile bozulmamis yer sicakliklart aragtirilmistir. Bu veriler kullanilarak Ankara bol-
gesinde 100 m derinlikte agilacak kapali bir kuyu 1s1 degistiricisinden sadece 1sitma ve sogutma
icin minimum siirddriilebilir 1s1 degisim potansiyeli hesaplanmistir. Metakumtas: ve kiltaslar
yapilasmanin yogun oldugu alanlarda yer almakta ve termal iletkenlikleri 1,038 ile 5,047 W/
mK arasinda degismektedir. Gabro, mermer, kirectasi tiirli kayaglar en yiiksek 1s1 degisim po-
tansiyeline sahip oldugu belirlenmistir. Bu bildiride Ankara il alani igerisinde yer alan kayalarin
stirdiirtilebilir 1s1 degisim potansiyelleri ve ile minerolojik-petrografik 6zellikleri arasindaki ilis-
kiler hakkinda bilgi verilecektir.

Anahtar Kelimeler: Yerkaynakli Is1 Pompasi, Yeraltinda Is1 Enerjisi Depolama, Ankara

ABSTRACT

Ground-based systems, one of the renewable energy sources, are important in the transition to
carbon-free energy. With Turkey s ratification of the Paris Climate Agreement, it is inevitable to
meet the heating and cooling needs of the buildings which have a significant share in greenhou-
se gas emissions, from ground source systems. Sustainable use of these systems is possible by
preserving the heat energy balance underground. The thermal conductivity, densities and water
contents of the rocks outcropping in Ankara and undisturbed ground temperatures were inves-
tigated in order to calculate the heat energy storage potential of Ankara, where there is dense
residential area, by using a closed system well heat exchanger. Using these data, the minimum
sustainable heat exchange potential for heating and cooling was calculated from a closed well
heat exchanger to be drilled at a depth of 100 m in the Ankara region. Metasandstones and
claystones are located in densely populated areas and their thermal conductivity varies between
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1.038 and 5.047 W/mK. Gabbro, marble, limestone type rocks were determined to have the hig-
hest heat exchange potential. In this paper, information will be given about the sustainable heat
exchange potentials of the rocks in the Ankara province area and the relations between their

mineralogical-petrographic properties.

Keywords: Ground source heat pump, Underground Thermal Energy Storage, Ankara
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KOZAKLI JEOTERMAL ALANINDA OBRUK
OLUSUMUNDA INSAN KAYNAKLI FAALIYETLERIN
ROLU

THE ROLE OF HUMAN- INDUCED ACTIVITIES IN THE
FORMATION OF OBRUK IN KOZAKLI GEOTHERMAL
FIELD, NEVSEHIR, TURKEY

Halil Boliik', Mustafa Afsin', Mutluhan Akin?, M. Murat Kavurmaci'
'Aksaray Univ. Jeoloji Miihendisligi Béliimii, Aksaray

Nevsehir Hacibektas Veli Uni. Jeoloji Miih. Boliimii, Nevsehir

(halilboluk@gmail.com)

0z

Kozakli jeotermal alant (KJA) Orta Anadolu’nun bolgesinin en énemli jeotermal turizm alan-
larindan birisidir. KJA’daki jeotermal sularin asil akiferi Paleozoyik yasli mermerler, ikincil
akiferi Eosen yagl kiregtaslari; ortii kayalari ise alandaki gegirimsiz birimlerdir. KJA’daki jeo-
termal sularin sicakliklar1 45-96 °C, pH’s1 6.22-6.61 arasinda olup, genel su tipi Na-Ca-CIl-SO4/
HCO3 bigimindedir. Bu sular balneoterapi, konut 1sitmacilig1 ve seracilikta kullanilmaktadir.
KJA’da jeotermal sularin yiizeye ¢ikislarina yol agan KB-GD, KD-GB ve D-B yonlii faylarin
kesisme noktalarinda 2007 ve 2018 yillarinda 6rtii ¢ékme tipli iki obruk olusmustur. Bu obruk-
larin olusum nedenleri hidrojeoloji, su kimyasi, izotop ve ¢cok kanalli rezistivite ¢aligmalari ile
irdelenmigtir.

Incelenen obruklar dogal ve insan kaynakli nedenlere bagl olarak olusmustur. Dogal neden-
ler; yiizeyde epijenik, derinlerde hipojenik karstlasma sergileyen ikincil gozenekli karbonatl
kayalar, havzaya diisen yagisin ~%80’inin buharlagmasi; 6180 izotop degerlerine gore yiiksek
kotlardan beslenen, yiiksek miktarda CO2 ve kismen H2S gazlar1 igeren iyon miktar1 yiliksek
jeotermal sularin derinlerden yiikselimi sirasinda % 40 ve iizerinde iyon miktari diisiik soguk
sularla karigimi sonucu agiga ¢ikan karisim korozyonudur. Insan kaynakli nedenler ise, asir1 su
cekimi ve kazi ¢aligmalaridir. Bu obruklar KJA ve ¢evresinde jeotermal sularin siirdiiriilebilir
kullanimin1 ve yerlesim alanlarini1 olumsuz bi¢cimde etkilemektedir. Obruk olusumunun 6nlen-
mesi i¢in, 5686 say1lt yasada belirtildigi gibi, 6zellikle 1. kaynak koruma alaninda, 6rtii basin-
cmin artmasina yol agan ve dogal dengeyi bozan ¢evre diizenleme ¢aligmalar yapilmamali,
kontrolsiiz su ¢ekiminin olmamasi igin KJA’daki tiim termal tesisler toplama havuzundan sicak
su almali, beslenim alanindaki tas ocaklar1 kapatilmali ve yeni bir reenjeksiyon kuyusu aktif
faylardan uzakta, muhtemelen Taslibayir sirtinin GB’sinda acilmalidir.

Bu calisma TUBITAK (Tiirkiye Bilimsel ve Teknolojik Arastirma Kurumu) tarafindan 120Y313
no’lu proje ile desteklenmistir.
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Anahtar Kelimeler: Obruk, jeotermal sular, balneoterapi, asirt su ¢ekimi, karisim korozyonu,
insan kaynakli faaliyetler, Kozakli

ABSTRACT

Kozakli geothermal field (KGF) is one of the most important geothermal tourism centers of the
Central Anatolia region. The main aquifer of geothermal waters in KGF is Paleozoic marbles,
secondary aquifer is Eocene limestones and cover rocks are impermeable units in the area. The
temperatures and pH of the geothermal waters in the KGF are between 45-96 °C, 6.22-6.61,
respectively, whereas the common type of water is Na-Ca-CI-SO4/HCO3. These waters are
used in balneotherapy, residential heating and greenhouse cultivation. In the KGF, two cover -
collapse obruks were formed in 2007 and 2018 at the intersection points of the NW-SE, NE-SW
and E-W trending faults that caused the geothermal waters to rise to the surface. The processes
in the formation of the obruks were examined by hydrogeology, water chemistry, isotope and
multi-channel resistivity studies.

The investigated obruks were formed due to natural and human-induced causes. Natural causes
are as follows: secondary porous carbonate rocks exhibiting epigenic at the surface and hy-
pogenic karstification at depths, evaporation of ~80% of the precipitation falling into the basin;
it is the mixing corrosion that occurs as a result of the mixing of geothermal waters with high
ionic content, which is recharged from high altitudes according to 0180 isotope values, and
contains high amounts of CO2 and partially H2S gases, with cold waters with low ionic content
of 40% or more during the rise from the depths. In addition to these, human-induced causes are
excessive water withdrawal and excavation works. These obruks adversely affect the sustainab-
le use of geothermal waters and residential areas in and around KGF. In order to prevent the
formation of obruks, as stated in the Law No. 5686, especially in the Ist spring protection zone,
landscaping works that cause an increase in the cover pressure and disrupt the natural balance
should not be performed. The quarries in the area should be closed and a new reinjection well
should be drilled away from active faults, possibly on the SW of the Taslibayr ridge.

This study was supported by Tubitak (The Scientific and Technological Research Council of
Turkey) with Grant number 120Y313.

Keywords: Obruk, geothermal waters, balneotherapy excessive water withdrawal, mixing cor-
rosion, human-induced activities, Kozakl
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JEOTERMAL SAHALARDA CALISAN SAGLIGINI
ETKILEYEN TOKSIiKOLOJIiK BILESENLER VE i$
GUVENLIGINIi TEHDIT EDEN UNSURLARIN YER BiLiMCi
BAKIS ACISIYLA INCELENMESI

TOXICOLOGICAL COMPONENTS AFFECTING THE HE-
ALTH OF EMPLOYEE IN GEOTHERMAL FIELDS AND IN-
VESTIGATION OF THE ELEMENTS THREATENING OC-
CUPATIONAL SAFETY FROM THE EARTH SCIENTIST’S
PERSPECTIVE

Hacer Diizen

Maltepe Universitesi, Is Sagligi ve Giivenligi Programi, Marmara Egitim Koyii, Maltepe,
Istanbul / Turkey
(hacerduzen@maltepe.edu.tr)

oz

Jeotermal kaynaklar, hayatimizi kolaylastiran en 6nemli yenilenebilir enerji kaynaklarindandir.
Ancak s6z konusu kaynagi kullanmak iizere gerceklestirilecek faaliyetler bu sahalarda calis-
makta olan is¢ilerin saglik ve gilivenligini tehdit edici bazi sonuglar ortaya koyabilmektedir.
Ozellikle jeotermal sondaj kuyularinin agilmasi esnasinda isgileri olumsuz yonde etkileyen fak-
torler kaginilmazdir. Bu ¢alismanin amaci jeotermal sahalarda gergeklestirilmekte olan uygu-
lamalarin ¢alisan sagligina vermekte oldugu zararlarin tespit edilmesi ve is giivenligi a¢isindan
tehdit edici unsurlar ve ¢dziimiine yonelik yaklagimlarin belirlenmesidir.

Bu ¢aligma kapsaminda hem jeotermal sistem igerisindeki bazi kimyasallar ve is¢ilerin bu kim-
yasallardan hangi 6lciide etkilenebilecegi, hem de is kazalarina neden olabilecek tehlike ve risk
faktorlerinin belirlenmesi konusunda bazi degerlendirmeler yapilmigtir. Jeotermal sahalarda
bazi kimyasal gazlarin solunmasi saglik acisindan olumsuz durumlara sebep olmaktadir. Bun-
lardan en 6nemli olanlar1 hidrojen siilfiir, karbondioksit (CO2), tiyosiilfat (TS), nitrojen (N2),
metan (CH4), helyum (He) ve radon (222Rn)’dur. Ozellikle jeotermal sondajlar esnasinda agiga
¢ikan H2S (Hidrojen siilfiir gaz1) oldukga toksik bir 6zellige sahiptir. En sik rastlanan durumlar;
gozlerde ve solunum sisteminde tahris, nefes tikanikligi, bayginlik, gozlerde iltihap, kizarma,
agr1, yasarma, 1s1k korkusu, bag donmesi, bas agrisi, halsizlik, sinirlilik, uykusuzluk, sindirim
sistemi bozukluklaridir. CO2 (karbondioksit) gazi genellikle yasami tehdit etmez, ¢linkii ortam
havasinda diisiik konsantrasyonlarda hizlica seyreltilir. Diisiik konsantrasyonlarda CO2 solun-
masinin toksikolojik etkileri varsa da ¢ok azdir. Literatiirde, jeotermal alanlarda yiiksek lokal
konsantrasyonlarda yayilan H2S ve/veya CO2’nin solunmasindan kaynaklanan dliimlerle ilgili
sadece birkag vaka calismasi bulunmaktadir. Is giivenliginin saglanamamasi, jeotermal sahalar-
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da gerceklestirilen islerin agir olmasi, vardiyali ¢alisilmasi, sektorde ¢alisan is¢ilerin genellikle
egitimsiz kisilerden segilmesi, kullanilan ekipman ve malzemelerin daginik olmasi gibi neden-
lerden dolay1 da birtakim is kazalar1 yasanabilmektedir. Ayrica fiziksel, kimyasal, biyolojik,
psikososyal ve ergonomik risk faktorleri gibi ¢ok sayida risk etmeni is kazalar1 ve meslek has-
taliklarina neden olabilmektedir.

Calisma sonucunda is giivenliginin saglanmasi agisindan jeotermal sondajlarda kuyu kontrol
donanimlarinin bulundurulmasi zorunluluguna uyulmasi gerektigi ve bu donanimlarin her kuyu
icin kurulmasi ve bu donanimlarin ¢aligir durumda olmasinin saglanmasinin énemi ortaya ¢ik-
maktadir. Gaz ve sivi1 pliskiirme ihtimali bulunan diger sondaj kuyularinda da bunlarin kurulmasi
ve isletilmesi 6nemlidir. Ayrica yapilan literatiir calismalar1 sonucunda hataya neden olabilecek
en riskli alanlarin buhar toplama ve iletim ekipmanlari, tiirbin ve yardimei elemanlari, sogutma
ve yogusmayan gazlarin ekstraksiyon sistemi, jenerator ve elektrik sistemi, enstriimantasyon ve
kontrol sistemi oldugu belirlenmistir. Burada hatlarin tikanmasi, azalan gaz akisi, gii¢ liretim
kayiplari, ekipman hasar1 ve arizasi, ekipman onarimi ve degisimi, tam veya kismi olarak tesis
kapatma gibi ¢esitli operasyonel sorunlarin olusmasinin yiiksek oldugu goriilmiistiir.

Anahtar Kelimeler: Jeotermal, toksik bilesenler, isci sagligi, is giivenligi

ABSTRACT

Geothermal resources are one of the most important renewable energy resources that make
our life easier. However, the activities to be carried out to use the said resource may reveal
some consequences that threaten the health and safety of the workers working in these areas.
Especially during the drilling of geothermal drilling wells, the factors that negatively affect the
workers are inevitable. The aim of this study is to determine the damages caused by the appli-
cations carried out in the geothermal fields to the health of the employees and to determine the
threatening elements in terms of occupational safety and the approaches to their solution.

Within the scope of this study, some evaluations have been made on both some chemicals in the
geothermal system and the extent to which workers may be affected by these chemicals, as well
as the determination of hazards and risk factors that may cause work accidents. Inhalation of
some chemical gases in geothermal fields causes adverse health conditions. The most impor-
tant ones are hydrogen sulfide, carbon dioxide (CO2), thiosulfate (TS), nitrogen (N2), methane
(CH4), helium (He) and radon (222Rn). Especially H2S (Hydrogen sulfide gas), which is relea-
sed during geothermal drilling, has a very toxic feature. The most common situations, irritation
in the eyes and respiratory system, respiratory congestion, fainting, inflammation in the eyes,
redness, pain, tearing, fear of light, dizziness, headache, weakness, nervousness, insomnia, di-
gestive system disorders. CO2 (carbon dioxide) gas is generally not life-threatening because it
is quickly diluted in low concentrations in environment air. Inhalation of low concentrations of
CO?2 has minimal if any toxicological effects. There are only a few case studies in the literature
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regarding deaths from inhalation of HS and/or CO2 emitted at high local concentrations in
geothermal fields. Some occupational accidents may also occur due to reasons such as lack of
occupational safety, heavy work performed in geothermal fields, working in shifts, the selection
of workers working in the sector from uneducated people, and the scattered equipment and ma-
terials used. In addition, many risk factors such as physical, chemical, biological, psychosocial
and ergonomic risk factors can cause work accidents and occupational diseases.

As a result of the study, in terms of ensuring occupational safety, it is important to comply with
the obligation to have well control equipment in geothermal drillings and to install these equip-
ment for each well and to ensure that these equipment are in working condition. It is important
to establish and operate them in other boreholes where gas and liquid eruption is possible. In
addition, as a result of the literature studies, it has been determined that the most risky areas
that can cause errors are steam collection and transmission equipment, turbine and its auxiliary
elements, cooling and non-condensable gas extraction system, generator and electrical system,
instrumentation and control system. It has been observed that the occurrence of various opera-
tional problems such as blockage of lines, reduced gas flow, power generation losses, equipment
damage and failure, equipment repair and replacement, complete or partial plant shutdown is
high here.

Keywords: Geothermal, toxic components, occupational health, occupational safety
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OLUDENIZ FAY ZONUNUN KUZEY BOLUMUNDE
TRAVERTEN OLUSUMU VE SU-KAYAC ILiSKiSi: HATAY
(BASLAMIS)

TRAVERTINE FORMATION AND WATER-ROCK
INTERACTION IN THE NORTHERN PART OF THE DEAD
SEA FAULT HATAY (BASLAMIS)

Mehmet Furkan Sener

Fen-Edebiyat Fakiiltesi Cografya Béliimii, Izmir Bakir¢ay Universitesi, 35665, Izmir, Tiirkiye
(mehmetfurkansener@hotmail.com)
oz
Bu calisma ile Oliideniz Fay Zonu’nun kuzey béliimiinii temsil eden Iskenderun Fay1 boyunca
meydana gelen travertenlerin olusum mekanizmasi, jeokimyasal ve hidrojeokimyasal &zellik-
leri ortaya konulmustur. Jeokimyasal ¢aligmalara gore, diisik Mg igerikli kalsit Baglamis tra-
vertenlerinin ana bilesenidir. Buna gore Baslamig travertenleri meteojen ¢okelleri olarak sinif-
landirilabilir. Baglamis boélgesindeki sularin iyon dagilimi Piper diyagraminda incelendiginde
s1g yeraltt sularinin Ca-HCO3 bilesimine sahipken derin dolasimli sularin ise Mg-Ca-CIl-HCO3
bilesimine sahip oldugu anlasilmaktadir. §180-513C Izotop sonuglarina gore, galisma alanin-
daki travertenler ii¢ grup altinda incelenebilir. Birinci grup, termal akigin halen devam ettigi bir
alanda olusan travertenlerdir. ikinci grup fay diizlemi iizerindeki travertenlerdir. Ugiincii grup
ise bolgedeki en eski travertenlerden olusmaktadir. Ayrica, ¢aligma alanindaki sularm §180-
3D izotop sonuglari, bu alandaki akiskanlarin meteorik kokenli oldugunu gostermektedir. Or-
neklenen yeralti suyu genellikle meveut yagmur suyu beslemesinden (~4—4,5 TU) daha diisiik
trityum degerlerine sahiptir. Ancak, 5,38 TU degerine ulagan birka¢ 6rnek bulunmaktadir, bu
durum yer alt1 sularina yiizey sularinin karigmasi ile agiklanabilir.

Anahtar Kelimeler: Baslamis, Hatay, Traverten, Jeotermal

ABSTRACT

This study is revealed the formation mechanism, geochemical and hydrogeochemical properties
of the travertines formed along the Iskenderun Fault, which represents the northern part of the
Dead Sea Fault Zone. According to geochemical studies, calcite with low Mg content is the
main component of Baslamuis travertines. Accordingly, Baslamig travertines can be classified
as meteogene deposits. the ion distribution of the waters of the Baglamuis region shows that the
shallow groundwaters have a Ca-HCO3 composition, while the deep circulating waters have
a Mg-Ca-CI-HCO3 composition in the Piper diagram. According to the 0180-013C isotope
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results, the travertines in the study area can be examined under three groups. The first group
is the travertines formed in an area where the thermal flow still continues, the second group is
the travertines on the fault plane and the third group is consisted of the oldest travertines in
the region. In addition, the 6180-0D isotope results of the waters in the study area show that
the fluids in this area are of meteoric origin. Sampled groundwater generally has lower tritium
values than the available rainwater supply (~4—4.5 TU). However, there are a few samples rea-
ching 5.38 TU, which can be explained by the intrusion of surface waters into the groundwater.

Keywords: Baslamis, Hatay, Travertine, Geothermal
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