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OZET

TURKIYE’NIN JEOTERMAL POTANSIYELININ DEGERLENDIRILMESI:
ENTERPOLASYON TEKNIKLERi KULLANILARAK TURKIYE’NiN
YERALTI SICAKLIK HARITALARININ OLUSTURULMASI

Bu calismada Tirkiye’nin yeralt1 sicaklik haritasi jeoistatistik yaklasimlar (Ters
Uzaklik Agirlikli Arakestirim Teknigi ve Kriging) kullanilarak olusturulmustur. Bu
yaklagimlarda iki ana veri grubu kullanilmastir.

Ilk olarak veri gruplarinda bulunan jeotermal gradyan (°C/100 m) ve 1s1 akisi
(mW/m2) degerleri -500 m deki sicaklik (°C) degerlerine doniistiiriiliip kullanima
uygun hale getirilmiglerdir. -500 m deki sicaklik degerlerinin alinmasinin sebebi -50
m ye kadar olan topografik etkilerin engellenilmesinin istenmesidir.

Ikincil olarak, bu iki veri grubu, Arc Map yaziliminimn Jeoistatistiksel Analiz paketi
kullanilarak istatiksel analizler yapilarak irdelenmis, veri doniisiim teknikleri ile
sekillendirilmistir. Boylece, iki veri grubunun birbiriyle iliskisi incelenebilmis ve
goreceli olarak gercegi yansitma egilimleri gozlenebilmistir. Ayrica, yapilan
uygulamalarin dogruluk dereceleri ve Tirkiye nin jeolojik egilimleri gozetilerek
farkli yaklasimlar kullanilmistir. Bu sekilde, Tiirkiye’nin yeralt1 sicaklik haritasi
olusturulmustur.

Son olarak, derin kuyu verilerinin ¢ogunlukla Trakya ve Giineydogu Bdlgelerinde
bulunmasindan dolayr ayni c¢alisma bu bolgelerde yerel olarak yapilmistir. Bu
sayede, sadece derin kuyu verilerini kullanarak —1000 m Giineydogu Anadolu ve
Trakya Bolgelerinin yeralt1 sicaklik dagilim haritalarmin  olusturulmus ve
degerlendirilmistir.

Bu c¢alisma yapilirken tahmin hata degiskenleri gosterge degiskeni olarak
kullanilmistir. Bu sayede, yaklasimm dogrulugu test edilirken, model degiskenleri
kontrol edilmis ve diger uygulamalarla karsilastirilmistir.
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SUMMARY

EVALUATION OF TURKEY’S GEOTHERMAL POTENTIAL:
DEVELOPMENT OF TURKEY’S SUBSURFACE TEMPERATURE MAPS
USING INTERPOLATION TECHNIQUES

In this study, Turkey’s geothermal map was created with two geostatistical
approaches: Inverse Distance Weighting (IDW) and Kriging. These two approaches
are fed from two main datasets. First of all, the data sets having geothermal gradient
values (°C/100 m) and heat flow values (mW/™) were reformed into temperature
(°C) values at -500 m. To eliminate the topographical effects on temperature gradient
that can be effective down to -50 m, the deeper level (-500 m) was chosen.

Secondly, by using Geostatistical Analysis package of ArcMap software, two
datasets, which were analyzed statistically, shaped with Data Transformations and
Declustering to prepare data for kriging interpolation. Thus, the correlation between
different backgrounded data sets is investigated and relatively their tendency to real
world tested. Finally, considering the sensitivity of applications and Turkey’s
geological trends, by using Inverse Distance Weighting, Kriging and Co-kriging
Interpolation techniques, Turkey’s geothermal maps representing different
approaches are constructed. In this construction process, best approach is chosen by
considering iteratively optimized values of Prediction Error (PE) values.

In addition, same methodology is locally applied on deep well temperature data in
which clustered on specific regions (Southeast Anatolia and Thrace Regions).
Temperature distribution local maps of these regions are constructed and determined
for —1000 m considering dominated deeper well data.

In this study, Prediction Error values are used as indicator parameters. In this way,
while testing accuracy of the applications, modeling parameters can be controlled
and applications can be compared with each other.
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1 INTRODUCTION

By the reinforcements of financial circumstances and technological progress, in
recent years, demand and abilities for analyzing and modeling of geological
structures have improved dramatically. In these examining processes understanding
and determining parameter behaviors are prior and crucial. Among these parameters,
temperature is one of the most operative ones with its “indicator” properties.
Consequently, determining temperature distribution along a region gives important
hints about geological aspect, which is also functional for examining energy and raw

resources and seismic behaviors.

Likewise, for earth sciences, because of their complexity, collecting data as much as
possible is necessary and compulsory to characterize the temperature distribution
beyond analytical approaches. Accordingly, nowadays, multiple researches are
basically focused on temperature data collection methods with the aim of mapping
geothermal distribution. But in mapping, the data are never entirely enough to define
the distribution along the region. By considering the data distribution and positioning
of the data in space, correlation between the data, the data sets, and their accuracy,
data may constitute the siluet of the picture. Consequently, the siluet, which is an
engineering approach, is the combination of geological trends (the trends of other

parameters that affects temperature), with standardized geostatistical models.

1.1  Purpose of the Study

In this study Turkey’s and two regions of Turkey (Thrace and Southeastern Anatolia)
subsurface temperature distribution maps were constructed by using revised data and
improved software. The aim of this project is to make a different approach by
combining datasets having different backgrounds on determining of geothermal

potential of Turkey.

Therefore, the accuracy and quality of different backgrounded data can be tested and
importance and functionality of geostatistical methods in geo-sciences may be
revealed and emphasized. Moreover, this research is made inherently to be a

reference on earth sciences along the same path for studies in Turkey.



1.2 Literature Survey

In recent years, a number of researches have examined regional geothermal
distribution. Studies are mainly focused on two parts: data collection and mapping
with interpolation techniques. According to having and using facilities and methods
for data collection; geophysical, geochemical, geological and well temperature
aspects are considered. Mapping is the approaching part of researches having

optimum results. Different interpolations can be chosen for desirable approach.

Studies can also be found from using data sets coming from different backgrounds
aiming to explain same purposes or to test correlation between each other. Kriging
and co-kriging are suitable tools for dispersed outlandish along a volume. Most of
these studies are applied to identify contamination of region by indirect
measurements. Jang and Liu [5], Yal¢in [10], Romney [8] and Zawadsky [11] are
good examples of those kriging and co-kriging applications having datasets with
different parameters, amounts and measurements. Because, geothermal distribution is
emerged as a combination of fluid dynamics and tectonic structures having complex

dispersion character that looks suitable to be tested with Kriging.

There have been several studies done on temperature gradient distribution and heat
flux mapping of Turkey. Recently Mihcakan et al [6]. and Ilkisik [4] made wide
researches focused on collecting data. Besides, Mih¢akan et al [6]. also used kriging
interpolation for surface generation to create Turkey‘s geothermal temperature

gradient distribution map.

1.3  Concepts used in Arc GIS

Arc GIS is the name of geographic information systems (GIS) commercial software
package produced by software development company ESRI[1]. For this study, Arc
Map Geostatistical Analyst of Arc GIS software package is used for mapping, data
and geostatistical analysis. Methodology used in the software for this study is shown

below (Figure 1.1) in the diagram and explained in detail in Appendix A:



Data
Exploratory

A 4

Interpolation: Choosing
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l

Accuracy and general
assessment

Investigating the data statistics
and data spatial relationships
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applying kriging and co-kriging for
both data sets

Obtaining PE values and
constructing cross validation to
make comparisons

and determinations

Figure 1.1: Diagram of Kriging Application.






2 DATA EXPLORATORY

2.1 Data Collection

2.1.1 Data Set 1

During this study, data in temperature values (°C) at -500 m are chosen and
examined. They are divided into two groups by considering their references and
generation processes for data analysis and mapping. First data set, which is also
called Data Set 1 (Table B.1) in this study, was collected from petroleum, natural gas
and geothermal wells and processed in Mihgakan et al [6]. and Tas¢1 [9]. The second
one was constituted in Ilkisik’s study [4] which is based on geochemical analysis
methods for determining geothermal gradients. In this study, this data set is called

Data Set 2 (Table B.2).

Nonetheless, all chosen data were converted into temperature values at -500 m depth
from measured temperature values at their measurement depths. Surface depth z1 is
taken as 0 m. In addition, the surface temperature value is assumed to be 15 °C in
average. Using surface temperature and deep well bore temperatures, geothermal
gradient values are calculated (Equation 2.1). Then with the chosen depth (in this

case - 500 m), subsurface temperature values are obtained.

dT /dz=(T2-T1)/(z2-21) 2.1)
where:

T : Surface temperature (°C)

T, : Measured temperature (°C)

Z) : Surface (m)

7 : Measurement depth (m)

dT /dz : Geothermal gradient (°C/m)

While Data Set 1 was constructed, data taken from same petroleum or natural gas
fields, have temperature values with varying depths. Thus, representative well bore

temperatures from wells of fields are chosen by using best fit curve approach.

5



The data set with mostly deep temperature values and not having been affected from
surface inconsistencies is very important for accuracy and margin of measurement
error. However, considering the fact that most of the petroleum and natural gas fields
are found in southeast and northwest of Turkey, the data have an irregular dispersion
(Figure 2.1). Most of the Data Set 1 values are clustered in those regions. Thus, in
later cases those regions will be analyzed locally. Furthermore, when determining
together with the petroleum and natural gas fields’ data, measured data from
geothermal fields display marginal values on statistical distribution curves. With the
help of geostatistical analysis and another data set, those disadvantages for well done

interpolation are aimed to be smoothed.
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Figure 2.1: The Dispersion of Data Set 1 throughout Turkey.
2.1.2 Data Set 2

This data set is collected and processed by Ilkisik [4]. Unlike Data Set 1, in Data Set
2, the data are obtained by Silica Geochemical Method. In this method, basically,
the amounts of silicate in thermal waters taken from wells are examined and heat
flux values are obtained. Geothermal gradient values which are used for calculating -

500 m temperature values are obtained from surface temperature To (°C), heat flux

q (Wm™), geological structure’s heat conductivity values K (Wm-1C-1) and depth z
(m) by using Fourier’s Law (Equation 2.2) and Bullard’s Method (Equation 2.3).
Accordingly, by these formulations temperature values at - 500 m can be obtained.
K value is assumed to be 3 Wm 'K along earth crust. [4]

q= - K (dT/dz) 2.2)

T(2)=To+q. T (Azi/Ki ) 2.3)



The Data Set 2 is distributed relatively homogenously along Turkey Map (Figure
2.2). However, the data mostly taken from shallow water wells, and consequently,
heat flux values are unguarded against topographical effects such as underground
water behavior. While calculating deep temperature values, increase of deviation

from reality will be considered.

Figure 2.2: The Dispersion of Data Set 2 throughout Turkey.






3 SPATIAL DATA ANALYSIS

3.1  Data Analysis

3.1.1 Data Set 1

As mentioned before and shown in Figure 2.1, the data are clustered mostly in the
north-western and south-eastern regions of Turkey. There is a clear disconnection
between these data clusters, which is caused by lack of data. So, data in clusters have
their own variations which are correlated with each other (auto-correlation). Non-
uniform data collection is expected to ruin the shape of histogram curve of Data Set
1, excluding the effects of geological and instrumental deviations on measurements
of data values. Besides, in comparison with dyed columns in histogram and dyed
points in map, effects of outliers, which represent data having very high or low
values, and effects of deviations from the body of distribution are mostly observed
from data on geothermal fields in Aegean Region (Figure 3.1). The existence of
outliers causes deviations from body distribution in interpolation applications. This
outlier effect can be seen in Figure 3.2. The table on the upper right corner gives
number of data points (count), minimum, maximum, median and standard deviation
and other relevant statistical properties of Data Set. But in this case, outliers mostly
have geothermal origin and so, could not be ignored. In the applications, outliers

were accounted as much as possible.

Figure 3.1: Outliers in Data Set 1 dispersed along Turkey map.
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Figure 3.2: Histogram of Data Set 1.
3.1.2 Data Set 2

Data Set 2 is homogenously sparsed along the Turkey Map. Data are constructed
left-skewed distribution. For a better kriging approach data should be normally

distributed [8] (Figure 3.3). Accordingly, transformation is necessary.
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86— Min =15 Kurtosiz 13,263
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Figure 3.3: Histogram of Data Set 2.

3.2 IDW Interpolation on Turkey Map
3.2.1 Applying IDW on Data Set 1

In IDW, the map is created directly depending on Data Set 1 values without

considering spatial relationships. Furthermore, to provide a continuous surface along

10



the map, gap regions are examined and processed using Neighborhood Searching
Method shown in Figure 3.4 (explained in detail in Appendix A-2). Especially, data
in Central Anatolia Region are clearly missing. Eleven neighbors and one sector
shape type are chosen by optimizing prediction error values. In addition, unitless
power value that adjusts the raising proportion of the weight against inverse
distance[9] is found 1 with the same optimization parameter values. On the upper
right side of the Figure 3.4, neighborhood points are dyed, according to their weight

degrees to affect a prediction location at the center of the circle.

':-: 1%
S o
i
10 e
1
s <
o .,-_t-rj-_'._._'_g,:..
* -

Figure 3.4: Application of Neighborhood Searching Model on IDW of Data Set1

After neighborhood searching, IDW interpolation generate temperature distribution
map at -500 m as shown in Figure 3.5. The optimized prediction error values and
comparison between measured data line and predicted data are shown in Figure 3.5
with their regression line having 0,361. x + 18,37 at the top of the map. Ideally, if the
character of predicted data is similar to the measured ones, regression line would
approach to 0,5 slope value. In this case, the regions, in which most of the data are
gathered, look well matched. RMS value is found to be 7,389 that will be used as a

comparison factor in later.

11
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Figure 3.5: a) Temperature Distribution Map (-500 m) using IDW Interpolation b) Cross-Validation of IDW for Data Set 1.
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3.2.2 Applying Inverse Distance Weighting (IDW) on Data Set 2

Comparing to dispersion of Data Set 1, Data Set 2 does not have large gaps between
data points. But, in the Central Anatolia Region there are more scarcely distributed
points than other regions. Consequently, as in Data Set 1, neighborhood searching is
necessarily applied in the middle of Turkey (Figure 3.6). 15 neighbors are used with

four sector shape and 1 power value.

Figure 3.6: Neighborhood Searching of Data Set 2.

After neighborhood searching, IDW interpolation generates temperature distribution
map at -500 m as shown in Figure 3.7. The optimized prediction error values and
comparison between measured data line and predicted data with their regression line
having 0,153 x + 23,906 are also shown in Figure 3.7 at the top of the map. RMS
value 1s found 11,2. In this case, comparison with Data Set 1 is less satisfactory, due
to smaller regression line slope and greater RMS value. Color scale intervals are
chosen differently. Each data set is divided into color intervals considering their

statistical distribution for better resolution.
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Figure 3.7: a) Temperature Distribution'Map (-500 m) using IDW Interpolation
b) Cross-Validation of IDW for Data Set 2.
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3.3  Kriging Interpolation

Spatial data analysis is based on designing semivariogram models. For
semivariogram model like IDW, data should be examined statistically Normal Score
Transformation (NST) and spatially with Declustering. Non-gaussian distributed and
clustered data set are to be transformed into normally-distributed and more
representatively-distributed data by declustering and NST. First of all, data set is to

be shaped and then kriging process is applied with variogram analysis.

3.3.1 Applying Kriging with Data Set 1

Declustering for Data Set 1

In voronoi polygon map Clustering of Data Set 1 is shown. Areas are appointed to
the data due to their clustering degree (explained in Appendix A-2). In Figure 3.8,
clustering degree of data points are shown on the right side of the map by different
colors. N is the number of data points in Data Set 1. The appointed area for each data

point is propotionally created and classified.

Figure 3.8: Voronoi Polygon Clustering Map of Turkey with Data Set 1.

At first look, Figure 3.8 may look confusing. Due to the structure of declustering in
Arc GIS Software, data declustering is made considering the boundaries of Turkey
Map as rectangle. However, clustered data and their covered regions due to their
clustering degrees are shown successfully. According to this determination,

interpolation is made more representatively to whole population.

Normal Score Transformation
Even if declustering method is useful for making data dispersed more regularly, it is
not enough for successful application with kriging. Data should be normally

distributed. Normal Score Transformation is chosen for this process and made the
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Data Set 1 normally-distributed and ready for the semivariogram analysis and

kriging.

Semivariogram Modelling

While obtaining model parameters, approaches are made iteratively according to
reach better prediction error values (Table 3.1). Anisotropy should be examined with
its effect zone (Major Range and Minor Range) and direction for a better approach.
In this determination, the direction and the effect zone that represent most of the data
and fit on the semivariogram model while having the better prediction error value are
chosen and used. Anisotropy is examined on different directions shown in Figure 3.9

and Figure 3.10.

Table 3.1: Iteratively found semivariogram model parameters for Data Set 1.

Semivariogram Exponantial Model Parameters
Anisotrophy | Major Minor cor Qs .
Direction Range Range Partial Sill | Lag Size | Nugget
2744 4.895 6 0.49586 1.3612 0.15705
T
6,05 I
4,54
363
2 42
21 ‘.2
1 s 2ol l--l--..!.‘-l-t . -,'- I
" - - - - o - wr
0 021 042 063 084 105 126 147 183
Distance, h+10"

Figure 3.9: Examination of Anisotropy at 274.4 degree for Simple Kriging of Data Set 1.
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Figure 3.10: Examination of Anisotropy at 69.6 degree for Simple Kriging of Data Set 1.

Considering the anisotropy direction, exponential model of which the curve is settled
on semivariogram clouds is preferred and convenient parameters for this model are
obtained (Table 3.1). These values are found iteratively to reach the best prediction

error values. Consequently final semivariogram model is constructed in Figure 3.11.
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Figure 3.11: Semivariogram Model for Simple Kriging of Data Set 1.
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Figure 3.12: Covariance Model for Simple Kriging of Data Set 1.

Same relationship can also be observed on covariance cloud in Figure 3.12. Unlike
semivariogram, auto-correlated points are gathered on 0 value of covariance

function. Spatially weak related data are observed away from the smooth line that
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covariance model lies on. In some applications, even if those semivariogram and
covariance data clouds have same basis, in reality one of them may be more useful

for obtaining best fit model.

Neighborhood Searching in Kriging for Data Set 1

Final level before constructing the map is neighborhood searching. Neighborhood
Searching is applied to a different region than the one applied in IDW (Figure 3.13).
Once again, the decision is done by comparing Prediction Error (PE) values. Totally
16 points are chosen as neighbors on four sectors with 45 degree offset (15 neighbors

each sector).

Figure 3.13: Neighbourhood Searching for Kriging of Data Set 1.

After Neighborhood Searching, Turkey’s Geothermal Map at -500 m is constructed
as shown in Figure 3.14. The optimized prediction error values and comparison
between measured data line and predicted data with regression line having regression
function 0,354 x + 18,927 are also shown in Figure 3.14 at the top of the map.
Prediction Error Values such as Root Mean Square (RMS), Average Standard Error
(ASE) Standardized RMS (RMSS) are shown in Table 3.2:

Table 3.2: PE Values of Kriging for Data Set 1.

RMS ASE RMSS
7.589 7.417 1.005
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Figure 3.14: a) Temperature Distribution Map (-500m) using Kriging Interpolation and b) Cross-Validation of Kriging for Data Set 1.



3.3.2 Applying Kriging with Data Set 2

Declustering for Data Set 2

As mentioned before, for a successful kriging operation, data should be less clustered
and have normally-distributed structure. Data Set 2 looks like dispersed
homogenously but, data locations are mainly located on southeastern and
northwestern parts of the country. In Figure 3.15, clusters are shown according to

their densities and symbol N represents the amount of data points which is 540.

2

H

o 2

3 é““" %":\ )
'I"'n. .l--ﬂ 1‘} ii ﬂ!r P H
/ o i 4 \ 1 Hi

Figure 3.15: Declustering of Data Set 2 along Turkey Map for Kriging.

Semivariogram Analysis

With declustering, heterogeneous dispersion of the data is determined. Now, data
should be fixed statistically. In this case, after iterations and comparisons according
to PE Values, best transformation model is chosen as Normal Score Transformation.
Anisotropy is examined on directions along 360° such as shown in Figure 3.16 and
Figure 3.17 where points on 90° and 180° directions are chosen and showed for
power of anisotropy on semivariogram graph. Then, model parameters are obtained

iteratively to reach best PE values that are shown in Table 3.3.
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13,2
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&

Figure 3.16: Examination of Anisotropy at 90 degree.
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Figure 3.17: Examination of Anisotropy at 180 degree.

Table 3.3: Iteratively found semivariogram model parameters for Data Set 2.

Semivariogram Exponantial Model Parameters

Anisotrophy | Major Minor cor Qs .
Direction Range Range Partial Sill | Lag Size | Nugget
180 2.9 6 0.18255 0.5518 0.79532

Model parameters constructing semivariogram and covariance graphs are shown in
Figure 3.18 and 3.19. In Figure 3.18, as shown in Figure 3.16, spatial relationship on

north-south direction between data in Data Set 2 is decreasing.
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Figure 3.18: Semivariogram Model.
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Figure 3.19: Covariance Model.
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Neighborhood Searching in Kriging for Data Set 2

Final stage before constructing the map is neighborhood searching. Unlike IDW, in
this application, neighborhood searching is decided to be done on northeastern part
of Turkey (Figure 3.20). Once again, decision is made with PE values. A Total of 60
points are chosen as neighbors on four sectors with 45 degree offset (15 neighbors

each sector).

After Neighborhood Searching, Turkey’s Geothermal Map at -500 m is constructed
as shown in Figure 3.21. The optimized prediction error values and comparison
between measured data line and predicted data with their regression function 0.135 x
+ 24.364 are also shown at the top of the map in Figure 3.21. Prediction Error Values

are shown in Table 3.4:

Table 3.4: Prediction Error Values of Kriging fot Data Set 2.

RMS ASE RMSS
11.37 11.06 1.059

Figure 3.20: Neighbourhood Searching on Simple Kriging with Data Set 2.
3.3.3 Comparison of Simple Kriging of Data Set 1 and Data Set 2

In the previous pages, the physical and statistical advantages and disadvantages of
data sets were discussed. Likewise, PE values are used again as main criteria to
compare the succession of accomplished applications in this study for the datasets. In
While Data Set 1, RMS/ASE is found to be 0,984; in Data Set 2 it is found to be
0,972. Considering the fact that ideal RMS/ASE should be 1, Simple Kriging of Data
Set 1 is barely better than Simple Kriging of Data Set 2. The same trend can be
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observed on RMSS values such that RMSS of Data Set 1 is 1.005 and RMSS of Data
Set 2 1s 1.059.

In addition, cross validation results support better prediction error values of Data Set
1. This situation may be explained by the number of data. Because, while there are
few data and large space as in example of Data Set 1, there will be less roughness
affecting predicted data. This will help to show a better approach to the measured
data.

3.4  Cokriging of Data Set 1 and Data Set 2

As mentioned in the beginning of the chapter, Data Set 1 contains reasonable data for
deep temperature values with its measurement background. In addition, the PE
values of kriging with Data Set 1 are better despite having lesser in number of data
points. Thus, while predicting data secondary data set may smooth outlier effects
and geostatistical deficiencies of primary data set. While applying co-kriging, Data
Set 1 1s a good choice to be the primary data set. Because second variable used in co-
kriging is considered as auxiliary, neighborhood searching is similar to primary data
set’s kriging (Data Set 1). Semivariogram parameters are also chosen from Data Set

1 semivariogram model parameters (Figure 3.22).

Finally, after iterative processes are done with semivariogram parameters, PE values
are constructed in Table 3.5. The new PE values such as (ASE, RMS and RMSS) are
obviously better than Data Set 1 kriging application. Also, regression function that
characterize deviation from measured data is found to be 0,396 x + 17,954 of which
the slope is better than (closer to 0,5) 0,354 value of Data Set 1 kriging application.
These results according to PE values show that co-kriging application is a better

approach on creating -500 m geothermal distribution map (Figure 3.23).
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Figure 3.21: a) Temperature Distribution Map (-500m) using Kriging Interpolation and b) Cross-Validation of Kriging for Data Set 2.
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Figure 3.22: Semivariogram Modelling of Simple Cokriging (Data Set 1 and Data Set 2)

Table 3.5: Prediction Error Values of Co-Kriging

RMS ASE RMSS
7.451 7.478 1.02

As noticed in Figure 3.23, outlier effects of Data Set 1-based surface are smoothed
by the Data Set 2 on Turkey Map. Also, locally, especially on geothermal regions,
some temperature shifts can be observed between Data Set 1 kriging and co-kriging
applications. For example, “Kizilcahamam” high temperature region is observed
discretely from “Aegean” high temperature region by having more data values from
Data set 2. But, even after combining datasets, measured data which are used for
obtaining temperature values, may not be enough for local geo-temperature
investigations. So, this final map could be useful just for analyzing general

geothermal trends
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Figure 3.23: Temperature Distribution Map (-500m) using Cokriging Interpolation
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4 LOCAL INVESTIGATION

In the second part of the study, regions (Thrace and Southeastern Anatolia) that have
intensive data were investigated locally. This helps us to construct local geothermal
maps in more detail and compare with the whole picture. However, because Data Set
2 are obtained from shallow well measurements and Data Set 1 values have
sufficiently large number of data points and sparse homogeneously in selected

regions, in this case, secondary (Data Set 2) data set will not be used.

4.1  Thrace Region

A total of 43 temperature data values (Appendix B-3) are selected and determined for
the analysis of Thrace Region at -1000 m. These data are mostly collected from
natural gas wells as well as few geothermal wells. In Figure 4.1, dispersion of wells

along the Thrace Region can be seen.
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Figure 4.1: Data Locations on Thracian Region.

Only one high temperature data point, T2 (Tuzla), out of Data Set 1 is located in
southwestern edge of the map. This is the only data that can be characterized as

outlier. Rest of the data, mostly clustered to the center, form a better normally
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distributed histogram (Figure 4.2). Mean of temperature value is 64,682 °C with
median 63 °C. That shows that very hot outlier, T2 (Tuzla) alone does not affect

distribution statistically.

Frequency Count - 43 Skewness : 57301
14 ] Mini 51,6 |Kurtasis ' 36.225
Max :178.2 (1-st Quartile : 58.4
Mean : 64,682 |Median : 63
Std. Dev. : 18,286 [3-rd Quartile : 65,625

11,2

84

238

i :

5,03 6,31 7,59 8,87 10,15 11,43 12,71 13,99 1527 16,55 17,83
Data 107

Figure 4.2: Histogram of Data Set 1 in Thracian Region.
4.1.1 IDW on Thrace Region

Applying IDW gives a general idea about temperature dispersion, but clustering
along the map will probably hinder the understanding of the characterization of the
distribution correctly. However, for comparing with kriging interpolations without
smoothing, IDW is important. In Thrace Region, IDW for 43 data values is applied
for 16 neighbors with four degrees offset. Regression function of line on cross
validation of IDW is found to be 0,009 x + 61,247 (Figure 4.3). Here the small
regression slope has direct and powerful effect of T2 (Tuzla) datum. Finally, IDW

map of temperature distribution at -1000 m is shown in Figure 4.4 a.
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Figure 4.3: Cross-validation between predicted and measured data.

4.1.2 Kriging on Thrace Region

As mentioned in Appendix-1, normally distributed data are necessary for
successfully applying kriging interpolation. So, in this case, also confirmed by
iteratively optimized PE, no transformation and declustering are necessary. Same
iterative methodology is used for covariance modeling, that is in this case more
successful than semivariogram modeling, and the related parameters shown in Table

4.1 are determined. Resultant iteration PE values are also shown in Table 4.2.

Table 4.1: Iteratively found covariance model parameters for Thrace Region.

Covariance Exponantial Model Parameters
Anisotrophy Major Minor c Qs .
Direction Range Range Partial Sill | Lag Size | Nugget
88.4 1.7 1.4 14.124 0.148 312.47

Table 4.2: Prediction Error Values used for Kriging for Thrace Region

RMS ASE RMSS
17.98 18 0.9953

Finally, both IDW and kriging based temperature distribution maps at —1000 m are
constructed as shown in Figure 4.4. Because most of the data values are close to each
other and there is only one outlier, kriging map is very smooth and shows nearly
average distributed surface. Most of the data are dominated by average of majority.
On the other hand, despite of clustering behavior of data set, deviations can be

observed or realized easier in IDW. Units of values in color scale table are in °C.
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Figure 4.4: a) IDW map of -1000 m Temperature Distribution

- 178,199997

58,154388
61,272934
62756718
63,462692
64,946430
68,065018
74,619415
88,305088
117,348001

b) Kriging Map of -1000 m Temperature Distribution of Thrace Region.

4.2  South-Eastern Anatolia Region

A total of 154 temperature data values (Appendix B-4) are selected and determined

for the analysis of Southeastern Anatolia temperature values at -1000 m.

These data

are mostly collected from petroleum fields. In Figure 4.5, dispersion of wells along

Southeastern Anatolia Region can be seen.
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Figure 4.5: Data Locations sparsed along the Southeastern Region
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Figure 4.6: Histogram of South-eastern Region.

As shown in Figure 4.5 data are not sparsed homogeneously. Most of them gathered
north and north-east. The empty regions will be filled by interpolation that will cause
inevitable deviation from reality. Also shown in Figure 4.6, histogram of data looks
like normally distributed. Mean temperature of data is 56,025 °C. Only Adiyaman 51

well is relatively hot (94,8 °C at -1000 m) and easily shows itself as an outlier.

4.2.1 IDW on Southeastern Anatolia Region

154 data values of IDW is applied for 18 neighbors with four degrees offset.
Regression slope on Cross Validation of IDW having 0,34 x + 37,242 function is
shown in Figure 4.7. Deviation from normality is the result of outlier (Adiyaman 51)
However, comparing with T2 outlier in Thracian Region, Adiyaman 51 is closer to

the rest of data in temperature value.
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Figure 4.7: Cross-validation between predicted and measured data.

4.2.2 Kriging on South-Eastern Anatolia Region

In the covariance modeling, parameters in Table 4.3 are used. The resultant iteration

PE values are shown in Table 4.4.

Table 4.3: Iteratively found covariance model parameters for Thrace Region.

Covariance Exponantial Model Parameters

Anisotrophy Major Minor Partial Lag N ¢
Direction Range Range Sill Size ugee
No Anisotrophy 1.514 - 9.349 0.24 27.75

Table 4.4: Prediction Error Values used for Kriging for South-eastern Region.

RMS

ASE

RMSS

5.501

5.56

0.9899

Finally, both IDW and kriging interpolation were employed ready for mapping

temperature distribution at —1000 m. These maps are shown together in Figure 4.8.
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Figure 4.8: a) IDW map of -1000 m Temperature Distribution b) Kriging Map of -
1000 m Temperature Distribution of South-eastern Anatolia Region

In Figure 4.8, on the left side of the map, most of the data are clustered around the
boundaries of Adiyaman City. These data have higher temperature values comparing
with the rest in the South-eastern Anatolia Region. Using kriging approach created

interpolated surface more locally
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S CONCLUSIONS AND RECOMMENDATIONS

In this study, first of all, subsurface temperature distribution maps were prepared for
Turkey. Two data sets are used, Data Set 1 consists of temperature values from deep
wells and Data Set 2 consists of temperature data obtained from geochemical
analysis of shallow wells. By using both of these data, IDW and Kriging maps are
constructed for -500 m. Later, two datasets are used in co-kriging interpolation
together to create combined temperature distribution maps. The effects supporting

the main data set with a different backgrounded data set are observed and examined.

In addition, considering the fact that deep temperature data are clustered in Thrace
Region and Southeastern Anatolia Region, local maps of these regions for -1000 m

are also constructed. These maps are also constructed with IDW and kriging.

While making a model, there should be something to stand on for objectivity and
comparison. In this case, all applications are essentially made based on iterative

optimization of PE values.

In future studies, constraints should be considered for better approaches. This study
had two main constraints: data properties and environment. Firstly, data are
insufficient in number and poorly dispersed (inhomogeneous). Secondly,
environment is smoothed to represent entire examining region. Topographical and
geological affects are determined by taking average values that represent the entire

environment. These constraints can be handled with more localized studies.

35



36



REFERENCES

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

ESRI ArcGIS TM Geostatistical Analyst, 2001: Statistical Tools for Data
Exploration, Modeling, Advanced Surface Generation, 380, New
York St., Redlands, CA.

GS+,<http://www.gammadesign.com/GSWinHelp/gswinhelp. htm#krigin
g and_cokriging/cokriging.htm>, 15.09.2008.

Hans Wackernagel, 2003: Multivariate Geostatistics:an introduction with
applications,3rd Edition, Springer Netherlands, Berlin.

flkisik, O. M. and Sidik Oztiirk, 2005: Ege Bélgesi’nde Yer Kabugunun
Jeotermik Yapisi, Ege Bolgesi Kita Sahanligi Projeleri, T.C.Dz.K.K.
Seyir, Hidrografi ve Osinografi Dairesi Bagkanlig1.

Jang, C. and Liu, C., 2004: “Geostatistical Analysis and Conditional
simulation for estimating the spatial variability of hydraulic
conductivity in the Choushui River alluvial fan, Taiwan”.
<www.interscience.wiley.com>, 08.03.2004.

Mihcakan, M., Onur, M., Ercelebi, S., Okay A. and Yilmazer M., 2006:
“Tirkiye Yeralt1 Sicaklik Gradyant Dagilimmin Derin Kuyu

Sicakliklar1 ve Variaogram Analizi Kullanilarak Haritalanmas1”,
Tiibitak, Proje No: YDABCAG-100Y 040, Kasim.

NIST/SEMATECH, e-Handbook of Statistical Methods,
<http://www.itl.nist.gov/div898/handbook/>, 10.09.2008.

Romney, E. M. and Wallace, A., 1976: “Plutonium contamination of
vegetation in dusty environments”. In White, M. G. and Dunaway, P.
B. (Eds) Transuranics in Natural Environments: 287-302. NVO-178.
USERDA, NTIS, Springfield.
9. Tas¢1i, M. H., 2000: Tiirkiye Yeralt: Sicaklik Gradyani, Diploma
Calismast, Petrol ve Dogal Gaz Miihendisligi Boliimii, iTU.

Yalcin, E, 2005: “Cokriging and its effect on estimation precision”, The
Journal of The South African Institute of Mining and Metallurgy,
Vol.105, No.4, Page.223.

Zawadsky and Fabijanczyk,
<http://www.minpan.krakow.pl/pbs/prez/Zawadzki. pdf >, 30.03.2009.

37



38



APPENDIX A. GEOSTATISTICAL ANALYSIS

A.1. Methodology of Spatial Data Analysis Using ArcGIS TM Geostatistical
Analyst

A.1.1. Data Exploratory

While creating a map with data sets, interpolations and estimations are very sensitive
to outliers, measurement errors, quantity and dispersion of data in space. Thus, first
of all, data should be analyzed and tested carefully. Following concepts will be

applied in framework of the software for data exploratory.
i. General QQ Plot

General QQ Plot is a graphical technique, using the method of testing the similarities
between two data set distributions. Quantile means the fraction or percentage of data
values below the given value. For example, 0,3 quantile is the data value at which
30% of data fall below[1]. The QQ plot is formed by estimated quantiles from
representative Data Set 1 at vertical axis versus estimated quantiles from

representative Data Set 2 at horizontal axis (Figure A.1).

With the help of QQ plot, two data sets, which have different quantities, can be
compared and many distributional aspects such as shifts in location, scale, changes in

symmetry and the presence of outliers can be tested [7].
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Figure A.1: The construction of QQ plot
ii. Data Transformations

Data Transformations are solutions for outliers and deviations from normal
distribution. Especially when data sets are too small and skewed, these methods are
used to prepare the data sets for the regression analysis and kriging. For a better
kriging, the data can be assumed as linear, normal and homoscedastic [1]. These
transformations basically are shown in Equation A.1 where Z(s) is the function of the
real empirical cumulative distribution function and F(s) is the transformed

cumulative distribution function, and T( ) represents transformation type function:
F(s) = T(Z(s)) (A1)
a. Log Transformation

When there is a left skewed-distributed data and outliers at localized regions, the log
transformation helps to normalize the data and make variances more stable (Figure

A.2 and Equation A.2).

F(s) =In(Z(s)) (A.2)
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Figure A.2: a) lognormal data distribution along density scale and b) the data
distribution after log transformation.

b.  Normal Score Transformation (NST)

While determining values from lowest to highest, this transformation method ranks
the data set and match with the equivalent ranks of normal distribution. The values
taken from the normal distribution at that rank create transformation (Figure A.3).
This method should be applied after trending considering the fact that determination
of covariance and semivariogram is made on residuals followed by trend
correction.[1] Unlike functional transformation, function of normal score is changing

with each particular dataset.[1]

Empirical
cumulative | = " Cumulative
distribution | T~_ . / | distribution

for standard
normal

Figure A.3: Normal Score Transformation.[4]
iii. Declustering

The preferential data set should represent histogram of the whole population (real
distribution), even if the preferential data set is spatially auto correlated, when there
is clustering, the resulting histogram may not reflect the real histogram of the
surface. The solution is to weight each data location in proportion to the area that

locates which is called voronoi polygon declustering (Figure A.4). Data in densely
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sparsed areas receive less weight values and data in sparsely areas receive higher

weight values.[1]

Figure A.4: Weighting data points in declustering.

With transformations and declustering, analyzing and shaping datasets are done by
considering their statistical behaviors. Now it is time for determining spatial
relationships of data prepared from statistical data analysis. This is generally called

as spatial data analysis.

A.1.2. Spatial Data Anaysis

Data may be dispersed irregularly as shown in Figure A.5. Even if data are regularly
dispersed, it is hard to determine correlation between data values and data locations
by just looking at the map. Thus, the correlation should be done using spatial data
analysis. The first stage of spatial data analysis is constructing the semivariogram

graph.

Figure A.5: Semivariogram scheme [1].

i. Semivariogram Function
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When the distance between two data points increase, it is expected that the difference
between data values increases or correlation between them decreases. This
relationship is measured by semivariogram function. Semivariogram function
examines the nature and structure of dissimilarities between the data dispersed along
the map[7]. Semivariogram function, y is a function of lag distance (h) between each
possible data pair (Eq. A.3) and variance of data quality values (Eq. A.4 and A.5),
which is also half of the variogram function. In semivariogram, it is ideally expected
that while the lag distance increases, difference between data values tends to increase

and vice versa (Figure A.6).

y(h) =0.5%var(z(x;) — z(x,)) (A.3)
where;

z : distribution function of data set along space

X1,Xj : coordinate parameters

var(z(x;) - 2(x;)) =$ 3 (alx) -2, (A4)
i,jeN(h)

N(h) =x; - X; (A.5)

With Equation A.4, after constructing the empirical semivariogram graph, a
representative analytical model should be chosen to use analytical formulas while
constructing frameworks for the interpolation processes (such as kriging). Empirical
semivariogram is not sufficient to represent possible directions and distances. The
analytical approach roughly follows Figure A.6 and uses 4 main parameters while

constructing the model. The parameters and their notations are mentioned below:

i Lo sl

] Dristance
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Figure A.6: Modelling of Semivariogram

Range () : Until reaching a point when lag distance increase, corresponding
semivariogram value (dissimilarity) increase too. However at that point, increasing
lag distance, semivariogram function value could not go up and reaches a plateau.

The distance at which function reaches plateau is range. [7]
Sill (C) : is the semivariogram value where the function reaches range value.

Nugget (Co) : Theoretically, at zero lag distance, semivariogram value is expected
to be zero. However, at very small lag distance values, the semivariogram function
value corresponds to a nugget effect. When there are lots of data sources which have
different values in a very small region or small lag intervals and measurements errors

attribute to nugget effect. [1]
Partial Sill: is the distance between nugget and sill.

Models that are constructed to represent semivariogram of data, consist of 4
variables. Among them, exponential semivariogram analytical model is chosen and

exhibited in Equation 2.6 as an example:
0 when h=0

y(h) = (A.6)

Co +C{1—exp(—£ﬂ when h>0
r

ii. Covariance Function

Covariance function is the similarity function of data in space. When two data are
less similar it approaches to zero (Figure A.7). This function has the same aim with
the semivariogram. Moreover estimation of covariance is similar to estimation of
semivariogram but data mean, which usually may not be known but estimated, 1is
required (Equation A.7). Therefore averting bias semivariogram is preferred as a

default function in this study.
C(x;,x;) = cov(Z(x;), Z(X,)) (A.7)

As also shown in Figure A.7, covariance model is characterized by the same 4
parameters (sill, lag distance, range and nugget) and the correlation between
semivariogram and covariance can be formulized just by parameter sill (Equation

A.8).
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y(x;,x;) =sill-C(x;, x;) (A.8)

1 1

iS50
Muooet {
Partizl
=il

0 Citance

Figure A.7: Modelling of Covariance.

In semivariogram and covariance empirical graphs, the function values can be
separated into groups by their direction and distance. This is called binning and
useful for obtaining outliers, trends and anisotropy. The identification of
relationships between points considering distances between each other and directions
is called autocorrelation, which basically separates discrete or random statistical data

from spatial data of geostatistics.

Moreover, the resolution of semivariogram graph is controlled by lags. Lags have
two features to be edited: lag size and number of lags. Lag size is the size of a lag
distance that is used to reduce the possible combinations. Number of Lags represents
the number of adjacent cells in a straight horizontal or vertical line from the center to
the edge of the figure. While lag size can be counted as size of cell, number of lags is

number of cells [1].

ili. Interpolation Techniques

Interpolation techniques, used in spatial data interpretation, are basically separated
into two groups: deterministic and kriging interpolation techniques. Deterministic
Interpolation Techniques make surfaces from measured points considering
similarities. On the other hand, kriging methods are using variography models and
statistical relations among data points such as semivariogram models to explain the
variation on the surface[7]. The most appropriate techniques for creating and

comparing map should be considered due to aims and data characterization.
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a. Inverse Distance Weighting (IDW)

Inverse Distance Weighting (IDW) is the simplest and exact deterministic
interpolation method. It is very good on representing data, which makes it
appropriate when comparing with other interpolation techniques to see deviations of
assumptions and predictions. In IDW, a neighborhood about an interpolated point is
identified and a weighted average is taken from the observation values within the
neighborhood (Equation A.9). In Equation A.9, Z(x;) is the measured value at ith
location where A is a function of lag distance of data pairs, h;, is the lag distance
between data point at origin and data points at neighborhood, x° is the prediction
location and N is the number of data points. The weights are a decreasing function of
distance. In Arc GIS Geostatistical Package, the user has control over the
mathematical form of the weighting function, the size of the neighborhood
(expressed as a radius or a number of points). The controlling parameters process is
based on considering reaching minimum root mean square prediction error (RMSPE)
by iteration. Thus, IDW constructs bull eyes around data locations, while making no

prediction errors and the data sets’ marginal values considered and compared [1].
N
Z(x0) = Y AZ(x)) (A.9)

b.  Kriging

Kriging is a stochastic interpolation method that estimates expected values in
continuous surface. It uses semivariogram models produced from emprical data sets.
Unlike IDW excluding distances between data pairs, in kriging, directional and
statistical determinations of datasets are considered together while making
predictions. Thereby, margin of error and approaching to reality can be tested. The
general formula of the kriging is given by a weighted sum of the data (Equation
A.10). This formula is similar with IDW method; however, weight parameter is not
only related with distance of data values but also, semivariogram model. Z (x;) is the
measured value at i th location, and p is the trend value, where, x° is the prediction
location and N is the number of data points. Besides, the parameter A; is variogram

function that differs kriging from other interpolation techniques.

N
Z(x") = AZ(x; - 1) (A.10)
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c.  Co-kriging

Co-kriging is an interpolation technique that allows better prediction of map data
values according to kriging, while the secondary distribution is more intensely than
the primary one[3]. When the measurement of the primary data set values may be
difficult or expensive, co-kriging can greatly improve interpolation estimates without
increasing the number of primary data set. The co-kriging is a linear combination of
two data sets (Equation A.11) that naturally have the same basics with kriging
method. Variance with the second variable becomes cross-variance. So, there are two
more parameters coming from secondary data set. Z(x;) is the primary measured
value and A; is primary weight for measured value at ith location, while Y(x;) is the
secondary dataset’s measured value and V; is secondary weight for measured value at
i th location. In addition, t for the measured value at the i -th location, x° is the

prediction location and N is the number of data points.
N N
Z(x)= ) A7)+ D wiY(x;) (A11)
i i

d. Choosing Appropriate Kriging Method

Z(x°) distribution function, which is created by kriging, is decomposed for
identifying the structure of distribution into two parts u (x°), for deterministic trends
and ¢ (x°), for random auto correlated errors (Equation A.11). Therefore, knowing
the trend, p (x°) of the surface is not enough for exact predictions. Assumptions
auto-correlation between errors, £ (x°) should be made, which is formulated in

semivariogram model (Equation A.12).
Z(x°)=pu(x*)+e(x?) (A.12)

According to obtaining the representative deterministic trend for the auto-correlated
data which kriging method is to be used, is chosen. The chosen deterministic trend is
expected to make mean of ¢ (x°) values zero. If p value is a known constant, simple
kriging method named “Simple Kriging” is appropriate. When p and £(x°) values at
the data locations are known exactly, auto-correlation provides better estimations[ 10]

(Figure A.8).
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Figure A.8: Simple Kriging Method.

On the other hand, it is usually hard to know the exact trend. So, when the p (x°)
trend is not known, a constant p is assumed. This process is used in Ordinary
Kriging. Besides, if a spatial-dependent p (x°) is preferred to be used, Universal
Kriging could be chosen. In this study, assuming that there is known mean trend
surface, Simple Kriging is used in applications. The assumption of exactly knowing
deterministic trend p may consider unrealistic. However, in a physically based
model an assumed known trend makes sense [2]. In this study, datasets are examined

by Simple Kriging.

In this study, Simple Co-kriging, which is multivariate version of simple kriging, is
the type of kriging chosen on co-kriging application. Second variable is affecting the
weight parameter of primary data set’s kriging interpolation. Simple Co-kriging is
using second variable affecting the weight of prediction value directly at the same
location as shown as an example in Figure A.9. That’s why second data set with

more data is preferable.

® primary data

@ * target point
. [0 secondary data

Figure A.9: Simple Co-kriging Neighbourhood with the secondary variable [3].
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In Simple Co-kriging, the efficient application requires the result of a correlation
coefficient without cross-covariance function, simplification that can only be

meaningful for co regionalization models with proportionalities [3].
e.  Neighborhood Searching

As having data clustered in some regions of physical surface, there can also be
regions having none or slightly number of measured data. Consequently, regions
having lack of data may cause confusion about continuity of physical surface. While
creating the map, absence of data should be filled with predicted data. Those are the
data created by kriging, considering data autocorrelation along the physical surface.
In Arc GIS, Geostatistical Analyst package, while making new predictions for gap
regions, to increase computational speed, the effect of distant locations can be
eliminated and focused on the closer points. This option is called neighborhood
searching. By this facility, the extent of predicted points by sector types in gap
regions can be adjusted and the number of closer points (neighbors) that will affect
the autocorrelation can be chosen. In this study, all parameters used in neighborhood

searching are decided by optimization of prediction error values (Figure A.10).
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Meighbors : 28
Prediction = 27637
Preview type: | Meighbaors ﬂ

Figure A.10: Neighbourhood Searching Sample with control parameters in Arc GIS
Geostatistical Analyst.

f. Accuracy
Parameters used in semivariogram modeling and neighborhood searching are

obtained by considering two main factors. First of all, physical trends should be

considered in data collection, measurement errors and modeling. Physical trends are
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forward factors and are shaped by geological aspects on data. Secondly, prediction
error values and cross validation should be examined. However, prediction error
values are used iteratively to obtain parameters until reaching best approach values.
Error concepts used in this study are mentioned in Appendix A-2. For checking the
goodness of the interpolation or semivariogram modeling several criteria and

comparisons are used. In Table A.1 these criteria are shown:

Table A.1: Criteria used for prediction errors for accuracy check of applications.

Prediction Error Type Better Approach
MPE, MSPE =0

RMSPE ) .sasE

EMSSPE =1

Cross-Validation is an accuracy tool that estimates the trends and autocorrelation
models by processing all data [1]. It omits a data at a time and tries to predict the
missing data by using the semivariogram and/or neighborhood models. The process
is sustaining over and over again until all the data are predicted right after removing.
At last, a line is constructed as in Figure A.11. If measured data values approach to
the predicted ones, then slope would approach 1 value. Moreover, when there is no

autocorrelation between data, the slope shows a horizontal line.
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Figure A.11: Cross Validation Plot Example.
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A2

Prediction Error Formulations

s = Sample Standard Deviation

n = Size of the sample

éi = Prediction Error = Measured — Predicted
G, 2

1 (Standard error)
NG

n

MPE — Z g; (Mean Prediction Error)
n -~
1=1

1 < . .
RMSPE ‘ Z (g; — 1\,-IPE)2 (Root Mean Square Prediction Error)
n—14
1=1
~ g : -
g =—7 = Standardized prediction error
G;
1 n
ASE — G i = (Average Standard Error)
j 1 i
1=1
1 n
MSPE — €, = (Mean Standardized Prediction error)
11 <
1=1

l <« ,. 2
RMSSP [~ (e. —=MSPE)~
n-—1 ; ' )

(Root Mean Square Standardized Prediction Error)
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APPENDIX B. DATASETS USED IN GEOSTATISTICAL ANALYSIS

Data Set lin Table B.1 was collected from petroleum, natural gas and geothermal
wells along Turkey and processed in Mihgakan et al [6]. and Tasc1 [9]. Nonetheless,
all chosen data were converted (Equation 2.1) into temperature values at -500 m
depth from measured temperature values at their measurement depths. Surface depth

z) is taken as 0 m. In addition, the surface temperature value is assumed to be 15 °C

in average.
Table B.1: Data Set 1
ID Well Name Latitude | Longitude | Temperature @500m
1| ABDULAZIZ 1 39,88 38,32 24,0
2| ADIYAMAN 51 38,21 37,79 47,1
3| AF1 30,32 38,45 61,4
4| AHMETBEY 1 27,59 41,44 31,7
5| AKBAS 1 26,87 41,56 31,5
6| AKCELI 1 38,76 37,82 29,1
7| AKKOY 1 40,94 37,74 25,2
8 | AKPINAR 5 38,83 37,90 31,2
9| AKYAR 2 35,12 37,09 24,8
10 | ALACAOGLU 1 27,28 41,30 33,4
11| ALASEHIR 1 28,54 38,39 39,3
12| ALCIK 2 40,30 38,17 34,0
13 | ALIAGA 26,55 38,47 48,1
14| ALTINYAYLA 1A 29,48 37,01 23,6
15| ANBARCIK 101 40,79 37,75 21,8
16 | ARABAN 2 37,66 37,41 26,7
17 | ARAPLI 1 41,62 37,15 25,8
18 | ARDAHAN 1 42,41 41,70 28,2
19| ARDIC 1 28,15 41,19 33,6
20| SALAVATLI 1 28,01 37,52 64,0
21| ASKALE 1 40,42 39,55 29,3
22| B.AVIRAN 1A 40,35 38,23 27,9
23 |BABESKI 1 26,98 41,45 28,0
24 |BAGLICA 1 37,74 37,49 27,3
25 | BAHCEDERE 1 27,77 41,34 31,2
26| BAKACAK 1 38,84 37,71 27,8
27 | BALLI 1 26,95 40,83 29,1
28 | BARTIN 1 32,27 41,49 25,7
29 | BATI FIRAT 9 38,92 37,87 30,8
30 | BATIHAZRO 1 40,57 38,27 25,5
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31 | BATI KARABAG 1 37,46 37,34 24,1
32 |BATI KOZLUCA 1 41,70 37,12 32,2
33 | BATI MIGO 3 39,71 38,12 32,8
34 | BATI RAMAN 257 41,11 37,80 28,6
35| BATI RAMAN 317 41,09 37,81 32,5
36 | BAYRAMDERE 1 27,32 41,63 32,4
37 | BAYRAMLI 1 26,24 41,31 36,4
38 | BELASA 3/A 41,17 38,30 27,2
39 | BESIKLI 9 38,85 37,75 29,4
40 | BESYAMAC 1 39,19 37,94 28,7
41 |BESYOL 1 41,87 38,00 25,0
42 |BEYBUNI 1 40,34 38,20 27,9
43 |BEYCILER 1 28,12 41,21 34,9
44 |BEYCAYIR 1 41,39 38,00 27,5
45 | BOGAZ 1 39,39 38,06 28,7
46 | BOYABAT 4 34,90 41,56 22,5
47| BUCAK 1 39,07 37,87 29,5
48 | BUDAK 1 40,84 38,37 24,6
49| BUYUK ALAN 1 29,65 37,19 25,4
50 | BUYUK YONCALI 1 27,92 41,37 34,1
51| CELALIYE 1 27,33 41,54 28,0
52 | CENDERE 9 38,64 37,90 29,9
53 | CENGIZ 1/A 26,94 40,85 31,9
54| CILESIZ 1 41,58 37,15 20,2
55| COSKUNSEL 2 38,82 37,89 29,2
56 | CUMALAR 1 36,32 37,22 27,1
57|CAGLA 1 39,00 37,63 30,4
58 | CAMLIK 1 35,41 36,96 24,0
59 | CAMURLU 102 41,60 37,12 24,8
60 | CAYLARBASI 6 39,01 37,70 33,4
61 | CELIKLI 20 41,64 38,09 30,0
62 | CEMBERLITAS 8 37,35 37,81 28,5
63 | CINARLI 1 40,84 38,42 21,6
64 | COBANPINAR 1 38,86 37,92 25,2
65| CORLU 3/A 27,95 41,40 31,8
66 | D. MALADABI 1 41,28 38,11 27,9
67 | D.BOLUKYAYLA 1A 38,52 37,89 27,0
68 | D.KAVAKDEREI 27,30 41,74 32,0
69 | DEGIRMENKOY 2 28,07 41,17 32,7
70 | DELEN 1 27,72 41,37 27,7
71 | DEMRE 1 29,88 38,30 30,4
72 | DEVECATAGI 5 27,32 41,60 33,8
73 | DICLE 1 40,95 37,83 22,9
74 | DIDAN 1 40,89 38,01 27,5
75 | DIKMENTAS 1 38,84 37,82 28,1
76 | DODAN 6/G 41,79 38,08 26,1
77 | DOGU BESIKLI 8 38,97 37,73 31,2
78 | DORUK 1 40,24 38,19 24,4
79 | DUMRUL 2 40,33 38,19 26,9
80 | EJ2 (SIMAV) 28,59 39,01 89,9
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81 | EKINVEREN 1 34,62 41,60 24,0
82 |ELBEYI 1 38,77 37,74 30,3
83 |ELBEYLI 1 37,54 36,72 27,4
84 | EMELCIK 1 35,16 37,24 30,7
85 | ERBIN 1 41,85 37,99 27,6
86 | EREGLI 1 31,63 41,35 25,5
87 | ERTUGRUL 1 27,47 41,57 29,2
88 | ESMELI 1 39,07 37,77 34,6
89 | FILYOS 1 32,08 41,60 23,8
90 | FOCA 1 26,64 38,69 29,0
91| G. KAYAKOY 1 40,25 38,00 26,5
92 | G. SARICAK 5 40,25 38,17 25,9
93 | G. SAHABAN 15 40,19 38,11 26,4
94 | G.ADIYAMAN 7 38,22 37,75 29,6
95 | G.KARAKUS 2 38,62 37,82 36,0
96 | GARZAN 94 41,48 37,87 27,5
97 | GEDIK 2 38,99 37,96 30,8
98 | GEGENDERE 1 32,52 41,61 24.4
99 | GELIBOLU 1 26,59 40,36 30,2
100 | GERCUS 2 41,26 37,57 23,8
101 | GERMIK 20 41,39 37,93 24,7
102 | GILBAS 1 35,36 37,20 22,6
103 | GIRMELI 1 41,44 37,11 24.8
104 | GOKDERE 6 36,18 37,00 35,2
105 | GORUMLU 1 42,57 37,32 24,7
106 | GOZTEPE 1 41,52 37,01 26,4
107 | GUNEY AZIKLI 1 39,75 38,09 29,0
108 | GUNEY BAKUK 1 41,45 37,16 21,7
109 | GUNEY DINCER 22 41,73 37,17 28,0
110 | GUNEY HAZRO 1 40,76 38,24 27,1
111 | GUNEY KINIK 1 38,46 37,80 27,7
112 | GUNGORMEZ 1 39,03 37,87 27,2
113 | GURBUZ 1 39,67 38,09 27,3
114| GUVEN 1 38,94 37,84 29,3
115 | GUZELSU 2 38,89 37,88 30,0
116 | HABIBLER 2 26,70 41,66 32,1
117 | HAMITABAT 15 27,27 41,26 33,2
118 | HANCERLI 3 39,87 38,12 29,5
119 | HAYAT 1 41,51 38,00 30,2
120 |HISTUR 1 38,71 37,95 25,7
121 | HOSAN 1 39,83 38,21 27,4
122 | IKiZCE5 38,84 37,79 31,5
123 | IKIZTEPE SP3 41,57 37,10 23,5
124 | IMAMKOY(AYDIN) 27,51 37,51 61,8
125 | IPEK]1 41,67 37,71 25,8
126 | ISKENDERUN 2 35,92 36,44 30,9
127 | K. KARAKUS 6 38,62 37,89 28,8
128 | K. OSMANCIK 1 27,36 41,58 31,2
129 | K. ADIYAMAN 4 38,22 37,56 28,2
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130 | K1 DIKILI (BERGAMA) 26,52 39,04 52,2
131 | KALDIRIM 1 39,82 37,94 28,7
132 | KARAAGAC 27,49 41,55 25,8
133 | KARAALI 3 41,06 38,05 26,9
134 | KARABAG 1 41,69 38,06 28,8
135 | KARACAOGLAN 1 27,07 41,56 30,4
136 | KARACALI 2 27,92 41,19 32,3
137 | KARADUT 1 38,81 37,93 28,7
138 | KARAGOL 1 37,36 37,35 23,7
139 | KARAKUS 9 38,55 37,84 29,2
140 | KARAKUYU 1 35,14 37,07 27,6
141 | KARAPINAR 1 39,64 37,92 26,4
142 | KARTALTEPE 1 38,37 38,17 26,9
143 | KARTALTEPE 8 38,17 40,36 29,8
144 | KASTEL 6 40,59 38,01 31,8
145 | KAVAKDERE 3 27,28 41,59 33,9
146 | KAYABAGLAR 1 41,65 37,97 27,7
147 | KAYADIBI 1 41,44 38,26 26,6
148 | KAYAKOY 3 40,29 38,18 28,7
149 | KAYAYOLU 1 40,59 38,09 25,9
150 | KEPIRTEPE 2 27,41 41,37 29.4
SEYHAMAMI
151 | (KIZILCAHAMAM) 32,39 40,27 38,6
152 | KIRCAOGLU 1 36,57 36,37 26,1
153 | KIRKLARELI 1 27,19 41,65 27,7
154 | KIRTEPE 1 39,99 38,14 26,3
155 | KIZILDERE 29,06 37,46 66,8
156 | KIZKAPANI 1 37,24 37,29 32,2
157 | KOZLUK 2 41,49 38,17 28,3
158 | KULECIK 1 37,04 37,15 26,7
159 | KULELI 2 26,89 41,49 29,6
160 | KUMRULAR 4 27,22 41,50 32,9
161 | KURTALAN 1 41,55 37,97 32,2
162 | KURTDERE 1 27,78 41,40 31,1
163 | KUZEY ABALAR 1 26,74 41,59 31,7
164 | KUZEY ESMELI 1 39,09 37,82 28,3
165 | KUZEY HALOF 38,54 37,93 25,2
166 | KUZEY KARADUT 1 39,05 37,94 29,4
167 | KUZEY KAYA 1 37,46 37,31 26,7
168 | KUZEY MAGRIP 2 41,62 37,94 28,2
169 | KUZEY MIGO 3 39,72 38,12 30,6
170 | KUZEY PIRIN 1 38,31 37,79 32,0
171 | MAGRIP 52 41,62 37,92 30,0
172 | MALABADI 1 41,25 38,12 27,9
173 | MANAVGAT 1 31,46 36,77 24,6
174 | MEHMETDERE 1 40,41 38,22 25,5
175 | MEHMETDERE 7 40,40 38,22 26,2
176 | MERIC 1 26,67 41,45 29,7
177 | MH 1/B (MELIKSAH) 32,41 40,12 33,0
178 | MIYADIN 1 39,91 38,12 25,1
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179 | MOLLACA 1 40,50 37,89 27,3
180 | MUTLU 1 38,54 37,89 29,1
181 |NARLI 1 37,21 37,39 29,2
182 | NASRETTIN 1 38,82 37,66 31,3
183 |NAZAR 1 41,39 37,97 27,5
184 | 0. SUNGURLU 2 38,82 37,92 29,2
185 | OCAKLI 1 41,78 37,14 25,4
186 | OLUKLU 3 38,22 37,82 28,5
187 | OYLUKTAS 1 41,49 38,06 29,5
188 | OMERBEYLI 6 (GERMENCIK) 27,37 37,51 112,9
189 | ORDEKLI 1 39,18 37,81 29,5
190 | OZGUNER 1 41,62 37,22 243
191 | OZPINAR 1 36,21 38,01 23,3
192 | PANCARKOY 1 27,14 41,38 29,9
193 | PAPUR 1 41,44 38,24 28,4
194 | PEHLIVANKOY 1 26,85 41,30 31,0
195 | PIYANKO 4 38,98 37,84 30,7
196 | RAMAN 234 41,32 37,76 31,6
197 | SARICAK 9 40,24 38,17 25,1
198 | SARIK 2 39,66 38,07 29,2
199 | SARIKAYA 2 38,70 37,92 26,5
200 | SARIKIZ 1 28,47 38,36 48,7
201 | SEYMEN 2 28,17 40,16 39,5
202 | SEZGIN 1 41,36 37,82 27,4
203 | SILVANKA 7 41,34 38,05 28,8
204 | SINEKLI 1 28,18 41,22 30,7
205 | SIVRITEPE 1 40,24 38,12 253
206 | SOGUKTEPE 1 39,69 38,11 32,9
207 | SUTLUCE 2 27,53 41,52 27,3
208 | SELMO 104 41,28 38,19 29,2
209 | SERBETLI 2 38,14 40,04 26,4
210 | T2 (TUZLA) 26,24 40,09 89,1
211 | TALAN 1 41,36 38,24 24.4
212 | TASKAPI 1 39,08 37,90 31,6
213 | TASLIK 1 38,91 37,79 29,8
214 | TELHASAN 1 41,49 37,13 24,5
215 | TEPECIK 1 40,22 38,20 26,4
216 | TERZILI 2 27,09 41,52 28,6
217 | TOKARIS 2 38,83 37,76 29,7
218 | TUGRUL 1 40,32 38,22 24,9
219 | TURA 1 41,19 37,93 29,3
220 | TUMAY 1 38,44 37,84 29,8
221 | TUTUN 1 41,74 38,04 31,1
222 | ULAS 4 39,82 38,09 25,8
223 |ULUS 1 32,57 41,46 29,0
224 | UMUR 1 26,82 41,72 32,4
225| UMURCA 2 29,69 37,12 27,7
226 | UMURCA C-3 27,44 41,42 28,0
227 | UZUNCAYIR 1 41,31 38,10 24,7
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228 | UZUNKOPRU 1 26,58 41,29 35,3
229 | UZUNPINAR 1 39,14 37,98 31,2
230| UCTAS 1 39,69 37,97 27,2
231|0UZUMCUK 1A 39,24 37,79 28,4
232| VARINCA 1 40,74 38,21 27,9
233 | YAKACIK 1 37,52 36,89 27,7
234 | YANANKOY 2 37,22 36,71 28,9
235| YASINCE 1 40,55 37,89 25,1
236 | YAYIK 2 40,34 38,18 26,0
237| YENIKOY 8 40,40 38,19 26,5
238 | YENIMAHALLE 1 27,12 41,57 29,1
239 | YESILGOL 1 27,35 41,54 32,9
240 | YOLACAN 1 41,89 37,15 25,9
241 |ZEY 1 38,21 37,82 28,8

Data Set in Table B.2 is collected and processed by ilkisik [4]. Unlike Data Set 1, in
Data Set 2, the data are obtained by Silica Geochemical Method. In this method,

basically, the amounts of silicate in thermal waters taken from wells are examined

and heat flux values are obtained.

Table B.2: Data Set 2

ID Well Name Latitude Longitude Temperature @500m
1| 19 Mayis Univer. 36,23 41,33 31,0
2 | Aa.sehirdren 34,42 41,36 25,0
3 | Aaydogmus 30,25 38,08 16,0
4 | Abditolu 32,75 37,73 23,7
5| Abide 29,31 38,94 46,7
6 | Aciagag 32,85 41,45 20,2
7 | Afyon 30,48 38,78 53,3
8 | Agzikara 30,56 38,59 47,8
9| Agacik 26,94 39,40 18,4
10 | Agayeri 26,93 41,46 31,5
11| Agilh 34,52 38,46 36,0
12| Agin 38,71 38,94 22,9
13 | Ahatlar 32,41 40,49 30,0
14 | Ahiboz 32,84 39,60 34,0
15 | Ahmetli 39,88 38,19 15,5
16 | Ak Petrol 41,41 39,96 29,0
17 | Akbaba 29,12 41,16 24,5
18 | Akgakale 39,35 36,71 28,6
19 | Akgakoca 31,04 41,08 23,2
20 | Akgal 27,54 39,60 28,5
21 | Akcavakaf 33,57 40,68 39,5
22 | Akfirat 29,40 40,94 24,1
23 | Akharim 29,33 40,42 21,5
24 | Akinci 37,27 36,68 20,5
25 | Akkog 36,43 40,66 22,0
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26 | Akkoyunlu 30,06 37,93 20,6
27 | Akkoy 35,02 38,35 23,0
28 | Akman 34,32 38,01 16,0
29 | Akoren 30,42 38,99 16,6
30 | Akpinar 36,40 39,64 20,5
31| Akyazi 35,77 40,45 22,0
32 | Alabanci 28,91 38,36 31,0
33 | Alaca 41,23 37,85 15,7
34 | Alacaath 28,04 39,25 28,6
35 | Alacabiik 31,72 41,27 24,0
36 | Alahidir 27,93 38,47 31,8
37 | Algitepe 26,23 40,09 42,0
38 | Aleyinli 35,85 38,62 16,7
39 | Alinca 39,53 37,41 38,3
40 | Alifaki 34,99 36,88 24.9
41 | Alihan 38,70 38,20 57,5
42 | Alp1 32,60 41,61 25,5
43 | Altunelma 36,89 38,35 16,0
44 | An.Lisesi 27,93 39,68 32,5
45 | Argithani 31,69 38,30 22,6
46 | Armutlu 28,82 40,52 28,4
47 | Armutlu 28,82 40,51 38,0
48 | As.Vet. 29,11 40,40 19,3
49 | As.Vet. 29,09 40,39 41,9
50 | Asaraga¢ Mabh. 36,40 41,23 28,5
51 | Atisalan 28,09 41,04 28,0
52 | Ath 40,14 37,19 17,1
53 | Avdan 32,30 37,28 18,2
54 | Avdan 32,52 40,54 47,5
55| Aydmlar 31,57 41,28 26,8
56 | Aydinli 31,70 39,06 37,7
57 | Aydinoglu 36,06 36,94 28,0
58 | Aynali 39,46 38,08 32,9
59 | Azimli 27,63 38,78 30,9
60 | B.Burnagil 34,59 39,09 61,0
61 | B.Camlica Tep. 29,07 41,03 19,0
62 | B.haglama 33,12 37,66 17,8
63 | B.Kiliglt 28,18 41,17 36,3
64 | B.oba 32,03 38,53 19,2
65 | B.yanik 30,44 41,09 29,0
66 | Bacak 41,24 38,16 42,0
67 | Bademl 28,08 38,05 25,9
68 | Baglica 38,74 38,39 24,5
69 | Bakircilar 32,98 41,56 26,5
70 | Balaban 38,31 38,57 18,6
72 | Balci 27,59 40,05 27,0
73 | Balli 33,72 39,92 49,5
74 | Balliseyh 33,74 39,91 40,5
75 | Bandirma 27,94 40,30 27,8
76 | Bardat 33,11 36,45 19,5
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77 | Bagkaya 37,68 38,56 17,7
78 | Basoren 31,60 41,13 17,1
79 | Basoren 31,87 40,20 22,5
80 | Bayir 28,02 36,68 25,7
81 | Bayramli 39,09 37,43 20,2
82 | Belediye 37,46 36,67 24,5
83 | Belenli 38,73 37,67 26,5
84 | Belisirma 34,29 38,26 47,1
85 | Belli 40,82 37,91 34,2
86 | Belpinar 36,07 39,92 22,5
87 | Bergama 27,21 39,09 26,3
88 | Besiktepe 26,87 39,25 35,9
89 | Beyagac 28,93 37,21 15,7
90 | Beyaztepe 39,35 37,30 20,1
91 | Beydili 37,67 37,51 26,5
92 | Beykisla 30,84 39,43 16,8
93 | Beyler 39,56 38,95 19,0
94 | Biga 27,16 40,25 28.5
95 | Bingol 40,52 38,90 27,5
96 | Bogakoy 35,71 40,63 19,8
97 | Bolalan 42,45 38,47 41,5
98 | Boyacilar 30,67 40,26 16,6
99 | Boyali 28,13 38,79 34,7
100 | Boyalli 32,28 40,17 57,5
101 | Bozan 31,07 39,76 17,6
102 | Bozburun 38,33 38,60 16,9
103 | Bozca 35,00 38,74 20,5
104 | Bogrek 40,19 37,36 18,6
105 | Bulutlugesme 26,84 39,28 17,7
106 | Bulutoglu 36,78 37,65 28,5
107 | Biiyiikeceli 33,55 36,17 15,8
108 | By.Biyikli 33,48 39,25 36,5
109 | Carik 27,83 40,26 37,2
110 | Celiloglu 30,13 38,39 22,5
111 | Cigiltepe 30,27 38,57 32,5
112 | Cmar 38,18 37,58 17,5
113 | Cumali 29,93 40,29 26,2
114 | C.Pmar 29,98 38,48 21,9
115 | Calikdy 26,06 41,29 29,5
116 | Calislar 30,04 38,81 23,2
117 | Calkaya 33,15 41,61 19,0
118 | Calt1 32,55 37,22 18,4
119 | Camkoy 28,50 39,61 20,9
120 | Camlica 29,08 41,03 21,2
121 | Canakge1 32,08 39,45 25,5
122 | Cank.il Jand. 33,60 40,62 22,0
123 | Cardakli 33,14 40,81 34,5
124 | Cat 34,61 38,60 23,5
125 | Cataloluk 28,49 38,86 45,7
126 | Catalpinar 35,58 36,83 25,3
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127 | Catalyazi 33,63 41,18 16,8
128 | Catkuyu 30,28 38,87 16,9
129 | Cavdarli 34,88 38,10 25,1
130 | Cavuskoy 27,24 40,24 33,2
131 | Cayirbast 42,62 40,87 35,5
132 | Cayirhisar 27,91 39,62 35,0
133 | Caytepe 40,59 38,27 28,9
134 | Cayyuzu 28,00 37,85 69,3
135 | Cebekoglu 37,95 37,39 29,1
136 | Cendik 30,16 37,66 24,3
137 | Cerkes 32,89 40,80 50,3
138 | Cesmu 28,48 38,33 79,5
139 | Ciftlikkoy 26,29 38,25 46,8
140 | Cigekli 35,30 37,16 15,0
141 | Ciller 34,13 37,60 26,1
142 | Cimento Fab. 34,98 40,57 41,0
143 | Cobanli 42,70 41,10 26,5
144 | Cogullu 32,20 40,71 20,3
145 | Colakli 38,53 38,36 24,5
146 | Comak 38,36 37,06 32,8
147 | Corlu-1 27,88 41,10 28,6
148 | Cogelli 37,12 37,28 16,5
149 | Cukuralug 34,47 41,13 15,3
150 | Cukurhisar 30,30 39,82 353
151 | Cukurkuyu 34,14 38,00 31,8
152 | Dargegit 41,73 37,54 15,1
153 | Darica 29,87 39,64 40,0
154 | Ddavulga 31,42 39,01 16,5
155 | Dedeler 35,56 37,06 23,8
156 | Dedepinar 35,48 36,92 16,2
157 | Degirmen 39,81 37,44 16,0
158 | Demirl 33,97 39,32 31,0
159 | Demuirtas 29,06 40,27 21,5
160 | Demirkap1 33,46 36,91 26,5
161 | Denizkoy 26,85 38,99 80,2
162 | Derbent 31,00 38,94 27,5
163 | Derbent 31,92 37,98 23,9
164 | Derekoy 40,66 38,76 22,5
165 | Deresenek 31,16 38,56 22,1
166 | Dicle 40,10 38,34 17,3
167 | Doganlar 27,50 39,79 15,7
168 | Dogruca 28,04 40,30 68,7
169 | Doganhisar 31,68 38,17 22,3
170 | Dogantepe 35,61 40,61 24,5
171 | Doguganakgi 40,39 37,97 21,7
172 | Dogumevi 42,27 38,52 40,6
173 | Dudullu 29,22 41,04 25,0
174 | Durak 44,54 37,39 27,5
175 | Durakli 44,37 37,56 20,0
176 | Durakli Yay. 43,34 40,68 24,5
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177 | Diiliikk 37,38 37,18 45,5
178 | Diizce 41,31 37,18 16,2
179 | Diizenli 39,21 37,19 27,9
180 | Ekinci 38,82 37,85 33,5
181 | Ekinlikada 27,49 40,55 30,6
182 | Elbasi 35,96 38,67 21,0
183 | Elgiler 33,79 41,61 28,0
184 | Elibiiylik 38,48 40,11 31,5
185 | Elmaagag 32,27 37,12 26,9
186 | EImacik 30,09 37,47 24,5
187 | Eminekin 31,12 39,34 19,2
188 | Erikli 38,01 37,28 27,6
189 | Ertugrul 28,92 40,20 37,5
190 | Es.Kilig 42,86 41,30 46,0
191 | Esatlar 29,60 39,34 343
192 | Esentepe 32,03 41,48 26,9
193 | Eskakoren 31,32 39,16 16,5
194 | Eskiyapar 34,77 40,15 28,0
195 | Eycelli 28,31 37,93 29,7
196 | Eyerce 29,82 40,33 25,0
197 | Findikl1 30,44 40,94 25,7
198 | Findikl1 30,43 40,94 23,0
199 | Fosfat Is. 40,34 37,49 21,8
200 | Gap id. 38,82 37,18 34 4
201 | Gaybiyan 40,41 38,36 18,5
202 | Gayda 42,40 38,17 23,9
203 | Gebeler 32,51 40,63 20,0
204 | Gedik 32,45 39,39 21,5
205 | Gerce 34,79 39,11 49,5
206 | Geyikli 26,20 39,81 42,0
207 | Gollu 34,29 39,44 22,5
208 | Gobekli 38,54 37,14 22,8
209 | Gobii 32,29 41,52 30,6
210 | Gégerusagi 38,24 38,97 36,0
211 | Godel 33,71 41,26 34,1
212 | Gokgebag 32,32 40,10 41,0
213 | Gokgebel 35,33 40,67 19,5
214 | Goktepe 40,36 37,69 18,8
215 | Goktiirk 28,89 41,19 28,5
216 | Golciik 29,81 40,71 22,6
217 | Golli 34,30 39,45 24,0
218 | Golpiari 39,46 39,68 26,4
219 | Gonen 27,66 40,18 47,5
220 | Gozlihoyiik 36,79 37,11 42,0
221 | Gumuskol 29,17 38,46 39,9
222 | Gumuskoy 29,76 39,50 32,7
223 | Gunbasi 32,71 40,21 49,0
224 | Guneli 30,95 39,73 17,8
225 | Gilli 38,11 37,04 27,2
226 | Giiléren 39,06 36,74 28,8
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227 | Giiltepe 36,47 36,54 15,2
228 | Gimiislii 38,37 38,66 20,5
229 | Glinbren 41,55 37,32 16,1
230 | Giintas1 39,35 38,58 32,8
231 | Giirbiizler 31,96 41,13 27,9
232 | Giirle 29,29 40,43 59,6
233 | Giizelce 28,45 41,05 32,0
234 | Glzelcehisar 32,19 41,64 34,4
235 | H.m.usag1 33,93 38,72 23,2
236 | Hacihasan 33,05 40,59 25,6
237 | Hacihasan 32,74 39,74 45,5
238 | Hacilar 35,46 38,62 21,0
239 | Hacilar 38,28 37,35 21,6
240 | Hacisungur 27,05 41,04 39,0
241 | Hadim 32,44 36,98 21,2
242 | Haliller 28,28 38,16 38,4
243 | Halibren 40,04 38,00 15,7
244 | Hallach 28,11 41,33 29,0
245 | Hamurkesen 38,85 37,36 28,1
246 | Hamurkoy 30,13 38,93 19,1
247 | Hanmagra 38,90 37,58 30,4
248 | Hanpazar1 40,54 38,02 31,5
249 | Hanyikigi 33,44 37,79 19,6
250 | Hasanaslan 33,05 40,11 31,2
251 | Hasanoglu 37,85 37,38 24,0
252 |Havran 27,04 39,57 16,9
253 | Haydarkulu 38,53 38,51 27,5
254 | Haydarh 37,52 37,60 18,5
255 | Hayirbey 36,78 39,67 25,0
256 | Hkhisar 31,71 39,47 31,3
257 | Hocahacip 33,64 41,24 36,4
258 | Horozlu 30,50 40,72 27,0
259 | Ilgarh 39,01 39,71 223
260 | Tlgaz 33,63 40,92 15,7
261 [Ilica 32,23 39,31 26,5
262 [Ilica 41,11 39,95 62,0
263 [Ilica 41,11 39,95 40,5
264 |Ilica 33,13 41,66 53,0
265 | Isiklar 29,86 39,05 18,7
266 | Isikoren 30,93 39,63 21,1
267 | Ibrahimpasa 34,85 38,59 62,5
268 | ibrahimsehir 37,63 37,07 41,0
269 | Igdir 29,93 37,77 19,5
270 | Igciler 32,07 39,55 30,5
271 | Ikizkdy 38,26 37,21 32,5
272 | Imisehir 30,76 39,68 15,6
273 | Incirtepe 40,50 37,71 19,2
274 | Inecik 27,21 40,96 40,5
275 | Inegol 29,44 40,20 37,3
276 | Inkaya 27,94 39,51 40,0
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277 | inonu 30,14 39,82 21,3
278 | intepe 26,34 40,02 47,1
279 | Iski Ars.Tes. 29,30 40,83 28,5
280 | Iski Sos.Tes. 28,32 41,06 37,5
281 | J.BL.Kom. 41,45 40,49 25,1
282 | J.ikm.M.Kom. 29,19 40,94 26,0
283 | Jandarma 33,73 39,91 35,7
284 | K.Belen 27,26 38,75 50,3
285 | K.Karistiran 27,52 41,33 25,0
286 | K.Koseler 27,97 39,67 31,0
287 | K.Sanayi 43,40 39,01 18,2
288 | Kabakc¢a 28,37 41,23 34,0
289 | Kadikoy 30,92 38,64 31,7
290 | Kale 33,41 41,15 27,5
291 | Kale 34,52 36,77 17,3
292 | Kale 33,67 40,95 30,0
293 | Kalkantepe 38,95 38,69 23,4
294 | Kandamis-1 27,23 41,12 22,1
295 | Kapakli 33,19 41,45 15,4
296 | Kap1 35,19 36,64 21,6
297 | Kapikaya 39,23 37,90 36,5
298 | Karaagac 32,39 37,68 38,5
299 | Karaagac 28,58 41,12 35,0
300 | Karaagac 30,73 38,89 38,7
301 | Karaarkac 34,62 39,25 34,0
302 | Karaburun 44,21 39,55 22,0
303 | Karacaoren 34,28 39,22 343
304 | Karadin 29,81 39,26 19,0
305 | Karagoz 38,35 38,29 16,0
306 | Karahan 38,14 38,41 26,2
307 | Karahiiyiik 34,42 38,87 33,0
308 | Karakol Bah. 40,07 38,05 27,3
309 | Karakurt 34,02 39,19 33,8
310 | Karakuyu 29,11 38,77 61,3
311 | Karakuyu 35,14 37,02 22,0
312 | Karaman 32,62 41,83 34,6
313 | Karamiirsel 34,04 40,41 40,0
314 | Karapiirgek-1 26,98 41,23 25,3
315 | Karavelet 41,48 39,92 31,5
316 | Kargili 28,01 37,58 46,0
317 | Karlik 29,60 38,70 35,1
318 | Kars 43,11 40,61 23,5
319 | Kast.Khz bl. 33,79 41,41 32,0
320 | Kayabeyi 43,14 41,18 19,0
321 | Kayakent 31,80 39,32 22,0
322 | Kayapa 27,44 39,49 30,0
323 | Kaygisuz 40,33 38,28 16,1
324 | Kay1 30,51 37,80 18,0
325 | Kaymakamlik 38,62 37,78 32,5
326 | Kaymaz 30,27 40,91 23,9
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327 | Kaymaz 31,15 39,49 21,0
328 | Kazikli 29,16 40,26 30,0
329 | Kaziktepe 40,29 37,79 15,3
330 | K¢.Biyikli 33,45 39,29 31,5
331 | Kefeli 35,13 36,79 18,5
332 | Keklik Kayasi 39,44 39,78 19,0
333 | Kemer 35,36 38,87 15,2
334 | Kepenekli 27,54 41,11 26,3
335 | Kerimli 36,54 37,52 21,5
336 | Kesik 35,44 36,68 22,4
337 | Khasan 31,96 38,80 25,5
338 | Khz Bak Evi 35,46 38,40 16,7
339 | Khz Bak Evi 34,87 39,23 27,5
340 | Khz Bak. Evi 38,27 38,78 21,5
341 |Khz Sos.Tes. 40,46 37,19 18,2
342 | Kirlangic 33,78 39,88 61,2
343 | Kisirm 28,85 41,22 28,1
344 | Kite 28,88 40,20 31,0
345 | Kiyicak 38,63 38,43 37,0
346 | Kizilavlu 28,33 38,54 36,8
347 | Kizilay 30,33 39,61 123,6
348 | Kizilca 34,12 39,24 20,0
349 | Kizilca 41,03 39,62 27,0
350 | Kizilhoyiik 36,76 39,16 18,5
351 | Kiran 40,45 38,72 36,0
352 | Kirazh 41,67 40,59 39,0
353 | Kite 28,87 40,20 28,0
354 | Kocabahge 43,10 40,39 36,0
355 | Koltas 38,20 36,94 20,4
356 | Konakli Belediy. 35,22 40,62 16,2
357 | Koprucek 29,33 39,34 29,0
358 | Koren 29,83 37,93 27,9
359 | Korucak 41,48 39,95 16,5
360 | Koyunagili 31,64 39,97 26,8
361 | Kozluca 30,11 37,49 24,5
362 | Kurfall 27,08 38,99 28,0
363 | Kurse 28,07 39,77 30,0
364 | Kursunlu 29,11 40,40 31,4
365 | Kurtalan 41,71 37,94 19,1
366 | Kurtlugelik 33,11 41,56 19,5
367 | Kurtpinar 35,93 36,92 26,1
368 | Kuruca 41,47 39,53 21,0
369 | Kurucuova 38,17 37,99 17,3
370 | Kuruyaka 42,77 39,29 24,1
371 | Kuscular 32,85 40,52 57,5
372 | Kusura 30,24 38,38 25,9
373 | Kusakli 36,67 36,27 25,6
374 | Kussarayi 38,67 38,44 16,9
375 | Kustepe 38,42 37,74 16,0
376 | Kuyucak 31,12 37,93 20,3
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377 | Kuyucakm 28,27 37,06 26,5
378 | Kuzuoren 30,91 39,18 19,1
379 | Kuzviran 30,63 39,01 36,8
380 | Kiigliksapgi 27,32 39,61 16,7
381 | Leylekli 31,52 38,82 18,2
382 | Linyit 28,60 40,25 21,7
383 | Lice 40,67 38,45 23,7
384 | Linyitleri 28,96 40,25 27,6
385 | M.K.Pasa 28,47 40,05 31,0
386 | Mahmath 32,89 39,55 31,0
387 | Mahmutlu 39,99 38,86 19,6
388 | Malikdy 32,39 39,78 34,5
389 | Mavikent 30,33 36,32 22,5
390 | Mazikoy 34,85 38,47 41,5
391 | Mecidiye 29,69 40,36 20,0
392 | Merkez 26,31 40,23 33,0
393 | Merkez 28,85 41,03 35,5
394 | Merkez 37,95 38,82 22,5
395 | Merkez 34,78 38,21 32,5
396 | Mesudiye 30,93 39,51 23,7
397 | Mmaltepe-1 26,71 41,02 25,1
398 | mtayardim 32,80 39,90 23,5
399 | Mudurnu 31,21 40,48 33,0
400 | Musalla 38,26 37,72 49,5
401 | Miisellim 27,55 41,13 38,0
402 | Naneli 38,60 36,85 17,3
403 | Nitrosan 33,54 39,84 31,6
404 | O.Sanay1 3421 39,12 22,0
405 | Oduncular 42,17 38,57 20,7
406 | Okcular 29,20 39,70 21,3
407 | Orhaniye 30,89 38,49 18,3
408 | Ortakci 28,75 37,88 29,3
409 | Osmaniye 30,92 39,34 95,7
410 | Ovacik 26,86 38,25 33,9
411 | Ovacik 27,81 39,72 42,1
412 | Oycal1 yay.mah 33,05 41,30 35,5
413 | Oymaagag 35,40 38,79 37,5
414 | Onciipinar 37,13 36,67 36,0
415 | Orenci 38,85 39,02 16,0
416 | Ortiiliice 27,21 40,37 28,7
417 | Oz.Harekat 41,35 40,06 19,5
418 | Pamukova 30,05 40,48 20,0
419 | Panli 34,75 38,79 15,2
420 | Pasinler 41,64 39,94 29,0
421 | Pazarkaya 31,63 38,54 17,7
422 | Pazarkoy 27,38 39,86 40,4
423 | Pazaryolu 40,76 40,42 39,5
424 | Pmarbasi 37,66 37,51 28.5
425 | Pmarbasi 38,38 38,36 19,7
426 | Pmarbasi 35,29 40,68 15,2
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427 | Parl 28,31 37,68 48,0
428 | Piirsiinler 28,20 39,22 26,8
429 | Sallar 32,74 40,96 37,2
430 | Salmanbeyli 35,22 36,83 17,0
431 | Salmanlar 29,57 38,56 33,8
432 | Samanpazari 30,75 40,59 37,5
433 | Sapcidede 29,33 39,59 33,5
434 | Sapga 31,96 41,42 17,5
435 | Saray 44,16 38,51 56,5
436 | Saray 44,16 39,51 74,5
437 | Saraycik 31,74 40,75 55,3
438 | Saricalar 27,48 39,20 29,5
439 | Saricalar 32,61 38,09 33,8
440 | Sarikoy 31,80 37,79 29,1
441 | Sarimsakl T.is. 27,17 41,41 23,5
442 | Savuca 27,36 37,70 46,5
443 | Sazlipinar 33,19 37,68 17,1
444 | Selimiye 27,90 39,47 63,8
445 | Selimiye 28,69 38,20 30,2
446 | Selman 40,17 38,20 15,1
447 | Senirkent 30,51 38,09 18,5
448 | Serenli 39,76 40,02 18,0
449 | Seyrek 27,01 38,55 37,2
450 | Seyyar 38,65 37,04 26,2
451 | Stvrihisar 31,45 39,44 23,8
452 | Sivas H.alam 36,90 39,78 18,0
453 | Sofular 35,02 38,68 21,5
454 | Soguksu 29,45 40,20 25,8
455 | Sogiit 37,80 38,08 18,7
456 | ssk 29,00 40,22 45,0
457 | Subasi 35,19 38,55 32,5
458 | Sulakyurt 33,70 40,15 32,5
459 | Susuz 40,93 38,17 16,6
460 | Sutas1 36,01 36,08 17,0
461 | Stikyan 40,97 38,83 16,0
462 | Sliphan 42,89 38,81 16,9
463 | Siitliice 27,59 41,50 24,5
464 | T.S6kmen 36,33 36,25 29,9
465 | Taniktepe 43,92 39,56 34,0
466 | Tarlacik 40,58 37,54 19,9
467 | Tasoluk 28,70 41,20 28,0
468 | Tasagil 31,89 37,39 17,9
469 | Task.Jiit ip.Fb. 34,20 41,50 31,0
470 | Tasoluk 28,72 41,20 33,0
471 | Tayakadin 26,64 41,58 20,5
472 | Tekekoy 29,67 41,06 22,5
474 | Tekmen 33,05 36,10 16,2
475 | Tellioglu 31,84 41,21 45,7
476 | Tepekoy 30,33 39,21 24,4
477 | Tepekoy 34,44 38,87 46,0
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478 | Tepednii 42,83 39,34 49,5
479 | Terken 35,35 40,66 16,8
480 | Terzialan 27,02 39,95 35,3
481 | Tigem 32,12 39,15 18,5
482 | Topluca 32,30 41,66 20,7
483 | Toprakli 42,66 38,40 247
484 | Tozluca 39,16 37,90 17,3
485 | Turfallar 28,30 39,48 37,0
486 | Turgutlu 30,23 40,51 40,5
487 | Turkobasi 28,52 41,04 28,2
488 | Turnali 32,39 40,23 25,3
489 | Tiilmen 38,64 37,32 25,7
490 | Ttrkmenli 27,85 41,05 33,0
491 | Tiitenocak 41,72 38,15 27,3
492 | Tiiyler 41,47 39,97 70,0
493 | Ugurlua 32,66 40,35 31,0
494 | Ugurlub 30,51 37,31 17,3
495 | Ulupiar 34,15 38,85 21,0
496 | Un Fab. Yam 35,79 38,44 22,5
497 | Uzgur 38,36 40,88 29,5
498 | Uzuntepe 38,50 37,59 27,5
499 | Ugdut 35,75 37,23 15,1
500 | Uggol 37,69 37,25 30,0
501 | Uziimlii 39,67 39,68 20,5
502 | Vakiflar-1 27,66 41,27 27,3
503 | Velikoy 27,94 41,26 23,7
504 | Y.Armutcuk 29,67 39,12 22,6
505 | Y.Ciftlik 44,56 39,86 16,3
506 | Y.Haciosmanoglu 31,92 39,09 17,2
507 | Y.Kuriklar 27,24 39,19 39,8
508 | Y.Kulecik 42,89 39,38 50,0
509 | Y.Topraklh 44,43 39,90 16,2
510 | Yagmur 40,50 37,41 25,3
511 | Yahyali 35,95 39,07 29,0
512 | Yakakay1 30,77 39,86 17,6
513 | Yamag 33,75 37,90 453
514 | Yapildak 26,55 40,20 18,7
515 Yapracik 32,60 39,87 30,5
516 | Yassioren 31,96 41,29 18,7
517 | Yassipinar 36,73 39,32 25,5
518 | Yavash 31,89 38,75 21,9
519 | Yazitepe 29,90 38,65 24,8
520 | Yazitepe 29,87 38,63 27,7
521 | Yazlik 28,52 41,30 37,5
522 | Yenisofca 30,36 39,61 70,7
523 | Yenikoy 39,79 37,89 20,3
524 | Yeniyurt 37,14 36,79 33,0
525 | Yenmis 27,46 38,46 32,4
526 | Yeserti 37,84 36,85 27,0
527 | Yeserti 37,85 36,85 37,0
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528 | Yesilkoy 32,10 41,56 27,8
529 | Yesilpiar 38,09 38,69 23,0
530 | Yesilyurt 28,84 40,97 26,0
531 | Yesilyurt 35,62 38,80 23,5
532 | Yk.Karl 33,00 41,46 20,2
533 | Yolagzi 26,34 40,32 33,3
534 | Yoldere 36,69 40,70 15,8
535 | Yorguc 27,05 41,04 27,0
536 | Yumakl 43,77 38,94 22,5
537 | Yurtkur 43,71 37,57 17,5
538 | Yusufdere 27,88 38,18 33,2
539 | Yuzukbasi 32,07 39,01 17,5
540 | Yiiksel 39,83 38,17 28,1
541 | Yinliiyaylasi 32,39 40,63 42,4
542 | Zeykoy 31,49 39,59 30,9
543 | Zeytinel 26,53 38,19 29,5

Data set of Thrace Region in Table B.3 is from the data dispersed in Thrace Region
of Data Set 1.

Table B.3: Data set of Thrace Region

ID Well Name Latitude Longitude Temperature @1000m
1|T2 (TUZLA) 26,23733333|  40,08733333 178,2
2|UZUNKOPRU 1 26,58468333 41,29225 70,6
3|/GELIBOLU 1 26,58966667|  40,35766667 60,3
4/MERIC 1 26,67032|  41,45013167 59,4
5/HABIBLER 2 26,70296667 41,657 64,2
6/ KUZEY ABALAR 1 26,73918333|  41,58741667 63,4
7/[UMUR 1 26,823|  41,71681667 64,7
8|PEHLIVANKOY 1 26,8519  41,30358333 62
9/AKBAS 1 26,86823333|  41,55911667 63

10/KULELI 2 26,89196667| 41,48611667 59,2
11|CENGIZ 1/A 26,94226667|  40,85256667 63,7
12|BALLI 1 26,95306667 40,83475 58,2
13|BABESKI 1 26,975|  41,45358333 55,9
14 KARACAOGLAN 1 27,07425|  41,55633333 60,7
15|/TERZILI 2 27,08623333 41,52345 57,2
16[YENIMAHALLE 1 27,11776667|  41,57231667 58,1
17[PANCARKOY 1 27,13963333 41,38455 59,7
18|KIRKLARELI 1 27,18995|  41,65063833 55,3
19 KUMRULAR 4 27,21768333 41,5045 65,7

20HAMITABAT 15 27,272  41,25653333 66,3

21 KAVAKDERE 3 27,27625|  41,58671667 67,8

22|ALACAOGLU 1 27,28363|  41,30269333 66,7

23|D.KAVAKDERE1 27,30283333 41,742 64
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ID Well Name Latitude Longitude Temperature @1000m

24 DEVECATAGI 5 27,32006667|  41,60423333 67,6
25BAYRAMDERE 1 27,32456667|  41,62621667 64,7
26/CELALIYE 1 27,32541667,  41,53983333 55,9
27/YESILGOL 1 27,352|  41,53708333 65,8
28|K. OSMANCIK 1 27,35695 41,57645 62,3
29 KEPIRTEPE 2 27,40715|  41,36693333 58,7
30[UMURCA C-3 27,4368  41,41751333 55,9
31|ERTUGRUL 1 27,4675  41,56921667 58,3
32|KARAAGAC 27,48766667 41,55405 51,6
33/SUTLUCE 2 27,53386667,  41,52058333 54,6
34 AHMETBEY 1 27,592575|  41,44123333 63,33
35/\DELEN 1 27,721865|  41,36993167 55,3
36 BAHCEDERE 1 27,77133333|  41,33821667 62,3
37\KURTDERE 1 27,78423333|  41,40483333 62,2
38 KARACALI 2 27,9179  41,18876667 64,5
39\ BUYUK YONCALI 1 27,923755|  41,36732667 68,2
40|CORLU 3/A 27,95311167|  41,40205333 63,5
41 DEGIRMENKOY 2 28,07234167,  41,16979833 65,4
42 BEYCILER 1 28,12178667,  41,20608333 69,8
43|ARDIC 1 28,15455|  41,18731667 67,1

Data set of Thrace Region in Table B.4 is from the data dispersed in Southeastern
Anatolia Region of Data Set 1.

Table B.4: Data set of Southeastern Anatolia Region

ID Well Name Latitude Longitude Temperature @1000m ]
1|/ABDULAZIZ 1 39,88463333 38,31690833 48
2|ADIYAMAN 51 38,20686667 37,78891667 94,1
3|AKCELI 1 38,759905 37,817865 58,1
4|AKKOY 1 40,935995 37,738125 50,3
5|AKPINAR 5 38,83403333 37,90336667 62,4
6|ALCIK 2 40,30036667 38,17035 68
7/ANBARCIK 101 40,7925 37,75233333 43,6
8/ARABAN 2 37,65586667 37,40806667 53,3
9|/ARAPLI 1 41,6235 37,1523 51,6

10 B.AVIRAN 1A 40,35266667 38,22583333 55,8
11 BAGLICA 1 37,74251667 37,486785 54,5
12 BAKACAK 1 38,84123333 37,70963333 55,6
13 BATI FIRAT 9 38,92005 37,87016667 61,6
14 BATIHAZRO 1 40,57405667 38,27306667 51
15|BATI KARABAG 1 37,45956 37,34272833 48,1
16 BATI KOZLUCA 1 41,70366667 37,12216667 64,4
17 BATI MIGO 3 39,708465 38,117805 65,6
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ID Well Name Latitude Longitude Temperature @1000m ]
18 BATI RAMAN 257 41,10866667|  37,80286667 57,2
19 BATI RAMAN 317 41,08960333|  37,80709667 64,9
20 BELASA 3/A 41,17146667|  38,30386667 54,3
21|BESIKLI 9 38,85491667|  37,75266667 58,7
22 BESYAMAC 1 39,19056667 37,9376 57,4
23 BESYOL 1 41,87293167 38,004705 50
24 BEYBUNI 1 40,33831667|  38,20196667 55,8
25BEYCAYIR 1 41,388965 38,00213 55
26 BOGAZ 1 39,38721667|  38,05818333 57,3
27 BUCAK 1 39,071565|  37,87188667 59
28 BUDAK 1 40,8355 38,374 49,1
29|(CENDERE 9 38,63903333 37,9 59,8
30|CILESIZ 1 41,57553333 37,15235 40,3
31/COSKUNSEL 2 38,81875 37,8857 58,3
32|/CAGLA 1 39,00395|  37,62568333 60,7
33| CAMURLU 102 41,60461 37,11837 49,6
34/CAYLARBASI 6 39,00854667|  37,70390167 66,8
35|CELIKLI 20 41,64098333|  38,09153333 60
36/CEMBERLITAS 8 37,35458333|  37,80761667 56,9
37/COBANPINAR 1 38,85898833|  37,91967333 50,4
38/D. MALADABI 1 41,27655 38,1065 55,7
39 D.BOLUKYAYLA 1A 38,51833667|  37,89016667 53,9
40 DICLE 1 40,95128333|  37,82628333 45,7
41 DIDAN 1 40,88549|  38,00755333 55
42 DIKMENTAS 1 38,83873333|  37,82128333 56,2
43 DODAN 6/G 41,787/  38,08386667 52,2
44 DOGU BESIKLI 8 38,97141667|  37,73491667 62,3
45DORUK 1 40,23533333|  38,18913333 48,7
46 DUMRUL 2 40,33383333|  38,19066667 53,8
47[ELBEYI 1 38,77413333|  37,73793167 60,5
48 ELBEYLI 1 37,54287333|  36,72402833 54,7
49 [ERBIN 1 41,85295 37,98745 55,1
50 ESMELI 1 39,06933333|  37,77316667 69,2
51/G. KAYAKOY 1 40,25003333|  38,00238333 53
52/G. SARICAK 5 40,253 38,1685 51,8
53|G. SAHABAN 15 40,18908333|  38,10858333 52,8
54/G.ADIYAMAN 7 38,22266667|  37,75283333 59,1
55/G.KARAKUS 2 38,62146667 37,8232 71,9
56/ GARZAN 94 41,47633333|  37,87228333 55
57/GEDIK 2 38,99116667 37,95855 61,6
58/GERCUS 2 41,25621667|  37,57306667 47,5
59/\GERMIK 20 41,38553333|  37,92503333 49,4
60|GIRMELI 1 41,43671667|  37,10526667 49,6
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ID Well Name Latitude Longitude Temperature @1000m ]
61/ GORUMLU 1 42,5715  37,32433333 49,4
62|/GUNEY AZIKLI 1 39,75425|  38,08683333 58
63|GUNEY BAKUK 1 41,45273333 37,15715 43,3
64/GUNEY DINCER 22 41,73383333|  37,16808333 56
65/GUNEY HAZRO 1 40,75536667 38,2358 54,2
66/GUNEY KINIK 1 38,4589  37,80488333 55,4
67|GUNGORMEZ 1 39,03333333 37,8715 54,4
68/GURBUZ 1 39,67294833|  38,08802333 54,5
69|/GUVEN 1 38,9391|  37,83991667 58,6
70/GUZELSU 2 38,89241667|  37,88446667 60
71 HANCERLI 3 39,87077333 38,118015 58,9
72 HAYAT 1 41,50936667|  38,00056667 60,3
73 HISTUR 1 38,70711667|  37,95408333 51,4
74 HOSAN 1 39,8345  38,20633333 54,7
75 [IKiZCES5 38,83773333 37,7873 62,9
76 (IKIZTEPE SP3 41,57213333|  37,10191667 47
77 IPEK1 41,67191667|  37,70643333 51,6
78 K. KARAKUS 6 38,62111667|  37,88673333 57,6
79 K. ADIYAMAN 4 38,22175|  37,55911667 56,3
80/ KALDIRIM 1 39,819805|  37,94227667 57,4
81 KARAALI 3 41,0571 38,05405 53,7
82/ KARABAG 1 41,68895|  38,05691667 57,6
83 KARADUT 1 38,8085|  37,93383333 57,3
84 KARAGOL 1 37,35742667 37,35071 47,3
85 KARAKUS 9 38,55371667 37,8399 58,4
86 KARAPINAR 1 39,64218333 37,923 52,7
87 KARTALTEPE 1 38,36931667|  38,16828333 53,8
88 KASTEL 6 40,588815|  38,00515167 63,5
89 KAYABAGLAR 1 41,65486667|  37,96811667 55,4
90 KAYADIBI 1 41,43566667|  38,25731667 53,2
91 KAYAKOY 3 40,28553|  38,18396167 57,4
92\ KAYAYOLU I 40,59  38,08533333 51,7
93 KIRTEPE 1 39,9885  38,13816667 52,5
94 KIZKAPANI 1 37,23653333|  37,28561667 64,3
95/ KOZLUK 2 41,49036833|  38,17009833 56,5
96 KULECIK 1 37,04093167|  37,15437833 53,3
97 KURTALAN 1 41,55292167|  37,97464667 64,4
98 KUZEY ESMELI 1 39,08813333 37,82425 56,6
99 KUZEY HALOF 38,5371|  37,92581667 50,3

100 KUZEY KARADUT 1 39,04833333|  37,94099833 58,8

101 KUZEY KAYA 1 37,45936667 37,30805 53,4

102\ KUZEY MAGRIP 2 41,621095|  37,94233167 56,3

103 KUZEY MIGO 3 39,72493333 38,1192 61,2

71



ID Well Name Latitude Longitude Temperature @1000m ]
104 KUZEY PIRIN 1 38,30733333 37,7855 63,9
105 MAGRIP 52 41,61838333 37,9227 59,9
106 MALABADI 1 41,25138333 38,1168 55,8
107 MEHMETDERE 1 40,40833333|  38,22008333 51
108 MEHMETDERE 7 40,40491667|  38,22028333 52,3
109 MIYADIN 1 39,90865|  38,12441667 50,2
110 MOLLACA 1 40,50404167 37,8862 54,6
111 MUTLU 1 38,54090|  37,88836667 58,1
112]NARLI 1 37,20691667|  37,39291667 58,3
113]NASRETTIN 1 38,81816667 37,656 62,6
114)NAZAR 1 41,38648333|  37,97283333 54,9
115/0. SUNGURLU 2 38,81886667 37,92295 58,4
116 OCAKLI 1 41,7845|  37,13728333 50,8
117/OLUKLU 3 38,22163333 37,8228 57
118/ OYLUKTAS 1 41,4921  38,05536667 59
119|ORDEKLI 1 39,17583333|  37,80736667 59
120 OZGUNER 1 41,62338333|  37,22476667 48,5
121 PAPUR 1 41,443165|  38,23835833 56,7
122 PIYANKO 4 38,97526667 37,842 61,4
123 RAMAN 234 41,3237|  37,75858333 63,1
124/SARICAK 9 40,24066667 38,173 50,2
125/SARIK 2 39,65635|  38,07243333 58,4
126|SARIKAYA 2 38,70091667|  37,92203333 52,9
127|SEZGIN 1 41,357465|  37,82454667 54,7
128 |SILVANKA 7 41,3388|  38,04778333 57,6
129[SIVRITEPE 1 40,23535 38,123 50,6
130/SOGUKTEPE 1 39,69225|  38,10693333 65,8
131/SELMO 104 41,275735|  38,18949833 58,4
132|TALAN 1 41,35666667 38,2414 48,8
133 TASKAPI | 39,07628333|  37,90421667 63,1
134/TASLIK 1 38,90945 37,78795 59,5
135 TELHASAN 1 41,48546667|  37,13416667 49
136 TEPECIK 1 40,22408333|  38,20228333 52,7
137 TOKARIS 2 38,83471667|  37,75843333 59,3
138 TUGRUL 1 40,32333333 38,21895 49,7
139/TURA 1 41,18903333|  37,92513333 58,6
140 TUMAY 1 38,44225 37,8363 59,5
141TUTON 1 41,73991667|  38,03708333 62,2
142|ULAS 4 39,82475|  38,08706667 51,6
143[UZUNCAYIR 1 41,30871667|  38,10208333 49,3
144 {UZUNPINAR 1 39,1384 37,9751 62,4
145/UCTAS 1 39,69255|  37,96691667 54,4
146{UZUMCUK 1A 39,23615 37,79149 56,8
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ID Well Name Latitude Longitude Temperature @1000m ]
147(VARINCA 1 40,74225 38,20875 55,8
148 [YAKACIK 1 37,52220167 36,89301167 55,3
149|YANANKOY 2 37,22228333 36,707035 57,7
150|YASINCE 1 40,55233333 37,89226667 50,2
I51[YAYIK 2 40,33593333 38,18446667 52
152|YENIKOY 8 40,40251667|  38,19073333 52,9
153[YOLACAN 1 41,891125 37,15482167 51,8
154|ZEY 1 38,20516667 37,81721667 57,5
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