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ABSTRACT

MATHEMATICAL MODELLING OF GEOTHERMAL CARBON DIOXIDE
PRODUCTION IN A SPECIFIC GEOTHERMAL FIELD IN TURKEY

Kumsal, Beril
Master of SciengdPetroleum and Natural Gas Engineering
Supervisor : Prof. DiSerhat X & n

January 202048 pages

T ur k e ydvrddensablengases production from geothermal fields is very high when
comparedtmt her countries6é average producti on
gases is generally carbon dioxide/() and the origin of thig / is generally meteoric

for the studied area as reservoir rocks are carbalwaténated metamorphic rocks
such as dolomitic marbles and marbles.The dissolution of calcite mineral within the
reservoir rocks, where it equilibratesth water, results i# / release from the
system. And this release occurs because of meteoric waters. When a field is put on
production, & / decline is observed during the production life time and this decline
can be addressed in three different sdesaFirst, reinjected brine does not include
any# / as itis released to the atmosphere after production. When this brine reaches
to the production wells due to the strong hydraulic connectivity, a shéargecline

occurs in the reservoir. Second, tharight be a weak hydraulic connectivity between

the production and rmjection wells and a gradu#l/ decline may be observed with

time due to the natural recharging. Lastt & decline may occur as a result of a sharp
pressure decline in an excessywploducing well because of the water invasion that
comes from the upper part/shallow part of the geothermal system and tSisrfade

water has less amount of dissolved in it. This study aims to clarify modelling of



#/ declinesfo an Al &ewmeahfield.It hgsdoeeh observed that declines

show the best matches with the hyperbolic d
1945. I n this study, the reasons of the obse
showed that a strong hydraulic connectivity between thejeetion and produn

wells resulted in a sha#p / decline. On the contrary, a grad#al decline has been

observed when there is a weak hydraulic connectivity between the wells.

Keywords: Carbon Dioxide, Production Decline Curve Analysis, -Samdensable

gases.
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CHAPTER 1

INTRODUCTION

Geothermal energy is a renewable, sustainable and green energy and it is expected
to replace by fossil fuel energies in the near future due to its environmental
friendlinessandcogtf f ect i veness t o é16)eepateddhate| ect r
this environmental friendly energy source can be also used in some industrial areas
such as heating, farming, irrigation efedditionally, General Directorate of Mineral
Research and Explation (MTA) reported that 90% of geothermal fields in Turkey

can be classified as low and moderate temperature reservoirs. Therefore, those fields
can be used directly for heating, thermal tourism, industrial areas and the remaining
10% can be used foreetric power production. In the last decade Turkey has
achieved a great momentum regarding investment in geothermal power plants.
Turkey has been included in the'@Qw country club in 2017. The current total
installed geothermal power capacity in Tyke 1514.70 w as shown in Figure

1.1. By 2023, it is planned to reach 2000w . The main drive mechanism of
geothermal investments in Turkey is feed in tariff mechanism providethdoy
government. The special incentives give a guarantee of punghelgctricity at a

cost of 10.5 cent US Dollar per kilowatt hour (KWh) for 10 years. This encouraged

the private sector to invest in geothermal projects.

Turkey plays an important role in this industry and it is rich in geothermal energy
sources. Therefer it can be said that it is one of the most active countries in the

world. There are many geothermal fields with different characteristic properties

Turkey. The major fields are located on the Menderes graben and Gediz graben in
western TurkeyMedium to high geothermal fields have been discovered in these
regions. Highest temperature well (Z&8)) was recorded i n Kava

regi on. I n Kézeéel der e 2C were regorted. aheuemaiinga s hii



fields are located in other pgarof Turkey such as East Anatolia and central of

Anatolia region with reservoir temperatures less tharPC5The first high enthalpy

di scovery was in 1968 in Kezéldere field ir
some additional geothermal fields suahGermencik, Simav and Salavatli suitable

for energy production were discovered around eighties (Aksoy et al., 2010).

Haizlip et al., (2015) reported thatDeniklié z €| der e geot her mal fi el d
in 1968 and the first commercial power plant wasstructed in 1984 with a capacity

of 17.40 w . After privatization, another 80 w capacity power plant was putdn

production in 2013. By the end of 2019, the total installed geothermal power capacity

in Kézél der ed ar. inadditoa, dhe fiel ha3 Be@n characterized by

high amount of nortondensable gases with a content df between 96% and 99%.

According to the unpublished recent reports the depths of wells drilled up to date are

ranging from 370 m to 4500 m.

The AGedrentk field is | ocated in the Bg¢gyek Me
Anatolia and was discovered by MTA (General Directorate of Mineral Research and

Exploration). Several wells drilled up to date from the depth of 285 m and 2398 m.

The temperatures of the reseruginge from 208C to 232°C (Simsek et al., 2000).

The ¢ arlrazlagemtheemal field is located in northwest Anatolia and the first
well was drilled in 1982. The temperature was recorded a¥Cl&#a depth of 333
553 m and then the second well wadlelli up to 1020 m yet the temperature was
recorded 174C again (Gokcen et al., 2004).

Mertojlu et al ., ( 2 @1 &gm the ggotharnakfidlds inh a t pr od:u
Turkey is directly released to the atmosphere. However, there ig@%@lecrease

in the # / amount for the last 11 years arfdst decrease is still ongoinghis

decrease in th# / can be explained in the following manner; reinjected water has

very low amount off / , meteoric wate# / , content that is naturally recharged in

the reservoihas lesse#t / content and finallyt / decreases due to excessive fluid

production decreasing reservoir pressure and thu$ theontent.



Sinceall of the geothermal power plant are located in Western Turkey. It is worth
mentiorinig common reservoir properties. The reservoir fluid is liquid dominated,
and most of them are of meteoric origin. The reservoir fluid includes non
condensable gases (NCG) up to 4 % in some wells. High NCG content is measured
at very initial period of produiin. However, it shows a sharp decline after a while
during production in most of the fields. The main reason of the decline is possibly
fast recirculation of injection fluid in the reservoir. Most of the reservoirs in Western
Turkey produce from metamongirocks. These metamorphic rocks mainly consist

of quartz, schist and marble.

One of the most important geothermal field\ie st er n Tur key (known
geothermal field) has been evaluated in this study due to its high enthalgy/and
content.t Xin et al ., (2018) reported that Al a
has norcondensable gases in the reservoir and more than 96% of these gakes is

The reservoir temperatures change between moderate to higRQ200 &0

Haizlip et al., (206) stated that calcite in the reservoir rocks including but not limited

to dolomitic marbles, marbles and calchitst provides high potentials fér/ when

the calcite equilibrates with water.

In addition to the above, in this study/ decline in geoth@nal wells were analysed

by wusing Arpds equations. The field has
dominated geothermal fluid, which includes significant amount of NCG at the
beginning of the production. Akin (2017) stated that the southern pae k#g@rvoir

is liquid dominated with 2% to 4% / by weight. Because of strong hydraulic
connectivity between injection and production wells, reasonable amount of decline
has been observed within few months of production. There are several studies in the
field area. Aydin and Akin, (2019) proposed that there is no compartmentalization
in the reservoir based on DFN (Discrete Fracture Network Model) modelling study
supported by tracer test, geochemical components and interference test results.
Aydin et al.,(2018) studied the effect &/ decline on reservoir pressure drop and

IPR performance of wells in the fielcCurrently, there are 7 license holders



producing a total of 210 w from the field. The proximity of the license areas and
small well spacingesulted in pressure interference and a siafpdecline was
observed. A sharp flow rate decline (more than 60%) occurred in some production
wells, which are somewhat away fromingection area that stabilized after a year of
production. However, the wslthat are relatively far from an injection area showed

a gradual decline rather than a sharp decline.

GEQTHERMAL DEVELOPMENT - TURKEY '
POWER GENERATION CAPACITY ADDITIONS BY YEAR (MW) + PLANNED
STATUS - January 2019 GEOENERGY
57
2,000
Turkey .
1.800 Turkey instolled
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Figurel.1 Power Generation Additions by Years (Web: ThinkGeoEnergy)
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CHAPTER 2

LITERATURE REVIEW

In this chapter, literature review studies have been conducted in order to obtain
information regarding the origins of carbon dioxide of geothermal systems and their
carbon dioxide emissions rates. Also, some specific searches have been carried out
for the specific countries to make comparison between their geological

characteristics and carbon dioxide emission amounts.

2.1 Origin of A°E

Non-condensable gases (NCG) found in geothermal systems can be originated from
different sources. Sedimentary, magmaiic meteoric watetock interactions are
among the main sources of naturally occurring NCG. Carbon dioxide constitutes the
major component dfiCG in geothermal reservoirs and origins of this carbon dioxide

can be considered as follows:

1 A smallamount of the carbon dioxide can be derived from the geothermal
fluid itself and this carbon dioxide is dissolved in sea water, meteoric
water or recharging fluid as it enters to the relevant geothermal system.
This small fraction of carbon dioxide can bensidered insignificant
when compared to the total dissolved carbon dioxide in geothermal
fluids.

1 A large amount of the carbon dioxide can be derived from host or bed
rocks of the geothermal system. In volcanic geothermal systems, the
dominant rock typesiigneous rocks and these rocks contain little amount

of carbonates. Because of the chemical interactions between the fluids



and rocks these carbonates can be released. Hence, in volcanic
geothermal systems, the amount of carbon dioxide might be moderate i
the major source of carbon dioxide is rock dissolution in geothermal fluid.
Iceland geothermal fields (i.e Reykjanes, Nesjavallir) can be given as an
example for this type of volcanic geothermal systems. Carbonate rocks
may release large amount of carlaboxide into the geothermal fluids as
carbonates are major components in these systems. This large amount of
carbon dioxide release can be occurred due to metamorphic processes or
dissolution at high temperatures. These high temperature carbonate
hosted gothermal systems are not common around the world, yet
western Turkey can be given as an example, and high carbon dioxide
fluid concentration is observed in these geothermal systems. Sedimentary
rocks also may contain a changeable amount of carbonatesghis in

carbon dioxide concentrations in the fluids.

2.2  Worldwide "A"EEmissions from Several Countries

Some of the information regarding the mmondensable gases from different
geothermal fields are as follows:

221 "A"EEmissions in Icelandic GeothermaFields

In Iceland, geothermal systems can be classified as low tetdmngberature and
these lowtemperature systems are generally from Quaternary and Tertiary
formations where the higlemperature systems are located onan active volcanism
and rifting aras. The main heat source is due to the magma intrusions. Hence, it can
be said that these geothermal systems are mostly volcanic (Arnorsson et al., 2008)

and the origin of the carbon dioxide is magmatic.

The # / emissions have been monitored for Icelangéothermal plants since

seventies as shown in the Figur& 2nd# / emission increases for some of the



plants presented in the below figure can be discussed as follows (Armannsson,
2017):

ton per hour

250.000

== Reykianesvirikjun (Power
Plant)
200.000 +
\ j == Svartsengi (CHP Plant)
{ i~ Hellisheidi (CHP Plant]
150.000 +
\ ] e Nesjavelic (CHP Plant)
\/
wes HveragerQi (Heat Plant)
100.000 +
w= Bjarnarflag (CHP Plant)
w0 Krafla (Power Plant)
50.000 +

weree Samitals / Total

0.
1960 1970 1980 19%0 2000 2010 2020

Year

Figure2.1 Gas HEnissions from Geothermal Activity in Iceland 192014
(Armannsson, 2017)

1 Krafla (Power Plant)# / emissions were slightly high during the eighties
because of the magmatic gas. After that it has been stabilised yet another
increase occurred around 200@éase of a production increase and since
then a gradual decrease has been observed due to the steady production.



1 Svartsengi (CHP Plant¥. / emission increased after nineties because of the

formation of a steam cap and production from that steam cap.

M Hellis hei #Hi

(CHP Pl ant)

and Rlegmissioasnesvir kj u

have increased during initial production in these geothermal power plants.

However, the increase in Reykjanesvirkjun plant is not drastic compared to

t hat i n

He |

i shei Hi

pl ant .

Major geohermal power plants in Iceland can be divided into two groups according

to the amount of / emissions per kWh. Krafla and Svartsengi can be classified as

group one,

and

Reykjanesvirkjun,

Hel | i shei F

group two as showm the Table 2.1# / emissions can be seen from the below

table and it can also be seen that there is a significant decrease in group one since

2000 due to the cascaded use of heat and electricity.

Table2.1# / Emissions per kWh from Major Geothermal Power Plants in Iceland

(Armannsson, 2017)

Power plant Electricity generation only Heat and electricity
production

CO, (kW) 2012 €O, (gkWh ') 2000 CO, (gkWh") 2000
Krafla 100 152
Svartsengi 150 8] 4
Reykjanes 18
Hellisherdi 19
Nesjavellir 23 26 10

2.2.2

‘A"EEmissions in Geothermal Fields in Italy

Arias et al., (2010) stated that geothermal exploration started in theehury in

Tuscany, ltaly for the extraction of boric acid. Giovanni et al., (2005) reported that

both Larderello and Mt. Amiata geothermal fields have so many similarities in terms

of geological and geothermal aspects. In terms of geological similarities

10



followings can be said; the shallow reservoirs are hosted in carbonate units and the

deep reservoirs are hosted in the metamorphic formations. As for geothermal aspects

it can be said that both geothermal systems can be classified astarhpgratece

geothermal system for the deep exploration. The maximum observed temperatures
3000

are more than 408 C

Bravi and Basosi, (2014) stated that in Mt. Amiata,-oondensable gases emissions

are relatively h g h

at

when

t he

dept h

compared

of

t o

mor e

t he

t han

wor |

include but not limited to carbon dioxide, hydrogen sulfide and methéarie (

"O"YH "0O. However, most of the emissions incluie and the relevant /

emission rates ranging from 2k§/MWh to 779 kg/MWh with the average weighted

of 497 kg/MWh.

The most reliable global survey @éh/ emissions was presented by Bertani and

dos

Thain, (2002) and their survey included 85 power plants and 11 countries. It was

found that# / emissions from geo#dimal power generation ranged between 4 to

7409/kWh, with a power weighted average of 122g/kWh. The Figreah give

an idea about / emissions from different countries including Italy (Fridriksson et

al., 2017):

Coal —
oil [ |
s — ;
as Fossil fuels
122
Global | ‘g Geothermal
California 1.07
Iceland .3':l
330
Italy @
Turke 400 900 1120 1300
v O O o
4] 200 400 600 800 1000 1200

CO, emission factor (g/kWh)

122

Legend:
Fuel Cycle
Emissions
weighted
average and
range

Point values

Fossil fuel

.-

1400

Plant Cycle
Emissions

Range for
geothermal
plants

Figure2.2 Weighted Average and Range of Emission Factors from Geothermal
Power Plants (Fridriksson et al., 2017)
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2.2.3 ‘A"EEmission in Geothermal Fields in Turkey

In western Turkey, most of the explored geothermal systems have high non
condensablgas concentrations in reservoir fluids and theseawmensable gases
contain 9698% or higher amount af / . Carbonate dominated reservoir rocks,
which include dolomitic marbles provide a big potential souree bfas the calcite

mineral in these rocksquilibrates with water (Haizlip et al., 2016)

Akén et al ., (2016) #allfremo thesptodutirgdields dareat t he s o
due to the crustal carbonates found in the western Anatolia. Mutlu et al., (2008)

reported that crustal marine limestonesgtitute total carbon budget from 70% to

97% which is followed by the sediments ranging 1.04% to 26.6% and mantle rocks

from 0.03% to 4.37%. And this can be explained by the metamorphics of the

Menderes Massif in the basement of the western Anatoliadimgjignessischist

marble lithologies.

The# / emissions have been presentedable2.2. I can be seen that Turkey
geothermal fields have high n@ondensable gas contents ranging from 400g/kWh
to 1120g/kWh for 2017:
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Table2.2 Turkey Geotherma# / Emission Data (Layman, 2017)

il . win | oo
Narms of Power Plant [ P ek | Under | Resoure .
B i Developer Capacity Y P resevolr | emissions | Sourees for CO2 data
" M) | "V SR TR R g itk | et gfkuh
[taw)
in Operation or Under Canstruchs n
Kizildere Lorlu % 1F2.8 00245 1 189-44 | 900-1300  |Askoy et ol [2005); Gokcen et ol [2004)
izilders Bereket 69 B 140 no dota availohle
iskoy et of (2015);: DiPippo (2012): Kaplan & 5
Salavatli {Dora 1,2, 3a) Mederes Geothermal | 509 B 7 17 1022 | 900-1100 (;U?;;ﬂf HtE
1
. A tkins Internotional Ltd {2014); Askoy et ol (2015);
Germenchk Gurmat 1623 258 2027 15-21 | 83110
Tureyan etal (2016)
Germenchk o data 125 F no data availoble
Tuzla Enda 15 B 15 17 03 a0 (Askoy et ol (2015)
idirbeyl Maren i B % 18| 15-20 1933 |Kaypokglu ot of (2015); Askoy et ol (2015)
Pamukoren Collkler 15 B 1149 | 1 925 [Korahan et ol {2015); Askoy et ol (2013)
Alzsehir Turkeler U B 185 i MO (Askoy etol [2005)
ENVY (2013 ): Askay ot ol (2015 Velrades & Associot
el kavaidere (ot 5 | %3 | W | G |[TERARRISENGES e
[2012)
Cumuskoy BM (1 B 13 180 15-20 | 900-1100  |Askoy et al [2015)
Yilmzzkoy KenKinas Energy bl B 175 10 ND  (Askoy etal 2015)
Ceral-Sarakoy legencea M B 124 ND ND  |nodoto availohle
areenkea Enargy
Umurly Raradeniz Elektrik 2 B 1 155 (] ND |nodoto ovailble
TOTALS 6177 147.1
Flanned Project
Buharkent Limak Yatirim 15 BP 145 02 0 |Meriogul, Basorir & Saracoglu (2015)

1F= single flash; 2F = dual f ash; B = artesian binary; B = pumped binary

Also the difference between tie/ emissions of Turkey and Icelandic geothermal
fields can be seen from the Figur8 2nd it can be said th#t/ emission is much

more higher in geothermal fields in Turkey.
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Figure2.3# / Emission Rates for Turkey and Some Other Countries (Layman,

2017

In this study, wells located in one of the important geothermalsfiel Turkey,

Al akehi

r geot her mal fi

emissions by using decline curve modeling.
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CHAPTER 3

STATEMENT OF PROBLEM

Turkeyds geot her mal reser v oncandensable!l ude r
gases) compared to the worldbés average
condensable gases produced from Turkish geothermal reservoirs consists of mainly
carbon dioxide # /). In order to decrease emissions of these gases for
environmenal purposes some methods are being widely used. In this study, some of

the selected wells from the Al akehir geol
the observed / declines by using a mathematical modelling method with the help

of Ar p 6 s vea egueationsn Ehe results proved tha# @ decline occurs
continuously during the production lifetime of a geothermal reservoir. Additionally,
modelling results showed that-irgection of produced brine from a well supports

these declines. Further to tha strong hydraulic connectivity between the re

injection and production wells playssagnificantrole in theset / declines.
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CHAPTER 4

METHODOLOGY

Decline curve analysis is a technique that uses production data from oil and gas
fields. The aim of using this technique is to predict the future production forecast

and to determine the estimated ultimate recovery (EUR) of the reserves.

J.J. Arps (1945) identified a relationship between the production rate and time
considering the point ware production has started to decline. Since that time, many
papers have been published theoretically
Yet, thisstilli s t he most widely used method for |
estimations.

Li and Horne(2003) reported that most of these techniques are based on empirical
Arpds equations; exponential, hyperbolic
of which equation will be used for the specific reservoir is case spd@iiie.issue

is that each eqgation has its own advantages. For instance, the exponential equation
estimation has tendency to underestimate reserves and production ratesthieere

harmonic equation has tendency to overpredict the performance.

Exponential, hyperbolic and harmonic etioas were introduced by Arps (1945).
However, his work has been studied by others for some special cases. These studies
are as follows:

1 Fetkovich (1980), Fraim and Wattenbarger (1987) published type of curves
to describe the decline curve analysis in logdrbon reservoirs;

1 Li and Horne (2001) proposed an analytical method derived from the
relationship between production rate and reciprocal of the total production;
Reyes et al., (2004) applied this relation to the Geysers in order create another
decline cave method.
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Arpds decline curve analysis is a very simp
of reservoirs. However, it can be said that subject methanhited regarding the

two assumptionghe estimated ultimate recovery calculatioowdd be cared out

for unchanged pruction condition in the future artkde declineconditionpresumes

that a reservoir is at boundary dominated flow rate. Hence, this method shall not be

used for the reservoirs where there is a transient flovaddition to theabove
explanation, Arpos decfrequerly usado modelod quati ons
production decline. For instande;incewill et al., (2018) reported that this method

has been used in Southeast Nigeria in ordeatoy outproduction forecast foa

selected well for the year 2020 by using the production history starting from 1990.
Brantson et al.,, (201§t at ed t hat Arpds decline curve ec
to a specific well in the KN Field in Gulf of Guinea and production history of this

well has been used to forecast the future production rate period of 20 years.

He°k et a@adonfi f@®dOt)hat Arpbs equations have
production amounts of the Chinads 9 giant ¢
Daqing, Hwabei, Liaohe, Shengli, Tarim, Xinjiang and Zhongyudhe results

showed that a considerable amount of oil decline from the abovementioned fields

can be observed over the years as expected. In this gtidgecline rateef some

wells in a geothermal fid have been obtained by using the same method while

assuming wells are flowing in a boundary dominated manner.

The gener al ,whichpsbused im g pradtiction well is given below and
all the other equations that are used for production forecasarranged by using

this equation.

r‘]:— (1)
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There are three (3) types of declines:

Exponential Decline; wher®is equal to zero (0) anflis defined as a current
production rater) is initial production rateQ is initial decline rate andis

the cumulative time that passed from the start of the production. By using the
above equation and consideriagjs equal to zero (0); exponial decline

equation is arranged as:

—-=— @

Hyperbolic Decline; wheréis between zero (0) and one (1) anig defined
as a current production ratg, is initial production rateQ is initial decline
rate andbis the cumulative time that passed from the start of the production.

Hyperbolic decline equation is given below:

- ®3)

Harmonic Decline: wheréis equal to one (1) anflis defined as a current
production rater is initial production rateQ© is initial decline rate andis
the cumulative time that passed from the start of the production. Harmonic

decline equation is given below:

(4)
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Differences between harmonic, hyperbolic and exptakdeclines are
shown in Figure 4. and as expected it can be said that hyperbolic declines

occur between an exponential decline curve and a harmonic decline curve.

Harmonic (b=1)
e
: I+ Dy Hyperbolc (0<b<)
q d,
g=— "
(1+bDp)°
Exponentiol (=0
xpcnomu’(m | p
g=qc
l l I l

Figure4.1 Comparison oExponential, Hyperbolic, and Harmonic Relations (Shin
et al., 2014)
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CHAPTER 5

CHARACTERI STI CS OF ALAKEHKR GEOTHERMAL

Al akehir geothermal field is one of the
and is |l ocated iim ANeaske hAmrat®@rlahbae Dewey
reported that Al akehir Graben (also know!
of Izmir and it is about-@40 km wide for the subject study area and it expands along

the Aegean Sea (Figurel). The exploratiomctivities have been started by TPAO

(Turkish Petroleum Corporation) in 1989 and since then it has become more and

more attractive for other companies and more than six different companies have
drill ed more than 100 werépbredthapthetearegsixat e. /£
binary power plants and one combined flaghary power plant that generate

electricity from the relevant geothermal fields.

¢ci fteci a, (2009)Bderaified stratigraphic units of the field as shown in

Figure 5.2 and it isvery clear from Figure .B that Paleozoic metamorphites
including marbl es, mi caschi st and gnei s
geothermal field and there are marbles in the upper parts of the basement and these
mar bl es ar e al s os, Kamidndeksi & al.e(198¥)cel nmeaazr ebrl ee t
al., (2010) stated that above these marbles there are Mesozoic ophiolithic rocks
including but not limited to dolomites, limestones and sandstones. The sediments

which belong to Miocene and Pliocene cover thlieounits. Quaternary alluviums

are |l ocated at the top of the I ithology.
graben is an active tectonic region and due to this active tectonism there are several

active faults i n t hgureXd giverebblomm gr aben as
A geol ogi cal conceptual mo d e | of the Al a

by ¢i ft ci,(2009dandBloszzdncepal model is given in Figure &. As
per this subject model it can be said that geothermal fluid has a meteoric origin and
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there are many conductive faults within the geothermal system that create several
paths between the surface and subsurface. The meteoric fluids and spring @&aters th
come from the surface travel through these conductive faults and reach to the
reservoir rock. Since meteoric water is acidic, calcite minerals are dissolved in
marble and with the increasing temperature and pressure values with respect to

depth, it turs into geothermal fluids (brine).

Akén (2017) reported that in thmmsouthern pe
of deep wells where their depths change between 1100 m and 2500 m. Well depths
can reach more than 3000 m in the center of the Gediegrand in this part, at

depth of 3011 m, the highest observed bottom hole temperature9€ 251

G¢rel (2016) also reported that the Al asehi.
temperatures between 190 to 250°C. He reported that the net aaderage gross
reservoir thickness are 650 m and 1200 m respectively.

Akén (2017) stated t hi sthicknessdromtte fraztareshas good
that are observed in the graben and the subject reservoir fluid is liquid dominated

with more than 2%f noncondensable gases includig .
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Figure5.1Al ak e hi r Ge bStudyeAremerkin, 2017 | d
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