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ONSOZ

Ulkemizin Karadeniz Ekonomik Ypbirlidi Orgiiti dénem bapkanlydy sirecinde, Tiirkiye Petrol
Jeologlary Dernedi olarak, kurulup amag ve sorumluluklarymyz dodrultusunda, petrol ve dodalgaz
sektoriinde 6ncu ve aktif rolimuzi bir kez daha ortaya koyup, bir ilk olma 6zellidini tapyyan
"Karadeniz Petrol ve Gaz Zirvesi'ni 05-07 Eyliil 2007 tarihleri arasynda Ystanbul'da diizenledik.
Codu uluslararasy katylymcy 300 civarynda Ust diizey delegasyon, 60 civarynda davetli konupmacy
zirvede Karadeniz'in petrol ve dogalgaz potansiyeli, arama stratejileri, derin deniz arama teknoloji-
leri ve bu faaliyetlerin ¢evresel etkilepimini ayryntyly olarak tartypbmyplardyr. Zirve esnasynda, kamu ve
Ozel sektdr olmak lizere birgok ip geliptirme projesine imza atylmyptyr.

Zirve'nin son giininde Karadeniz Ekonomik Ypbirliai Orgiitii Enerji Komisyonu alt calypma grubu
olan Petrol ve Gaz Calypma Grubu toplantysy diizenlenmiptir.

Tarkiye Petrol Jeologlary Dernedi, yarym asyrlyk deneyiminin dodal sonucu olarak Karadeniz'in
hidrokarbon arama, Uretim ve tapymacylydy acysyndan 6neminin bilinci icerisindediEnerji Dadytym
Adynyn Merkezi"olma sirecini yapayan ulkemiz, bu konuda sahip oldudu stratejik ve jeopolitik
konum, tecriibe ve istikrar unsurlaryyla, her gegen gin daha da 6nem ve glven kazanmaktadyr.
Bununla beraber her yyl biitcede milyarlarca dolar yer tutan petrol ve dodal gaz giderlerinin kendi
0z kaynaklarymyzca karpylanabilmesi noktasynda Karadeniz'in hidrokarbon potansiyelinin de belir-
lenmesi 6nem tapymaktadyr.

Son dénemde, ozellikle Ulkemizin synyrlary icerisinde, Baty Karadeniz sularynda yer alan yeni
sahalaryn kepifinde dernek Uyelerimiz 6n planda rol oynamyplardyr. Bu siirecin hyzlanmasy ve buna
badly olarak ulkemizin kompu Ulkelerle bilgi ve teknoloji alypveripinin hyzlanmasy, mevcut ipbirlidi
badlarynyn giiglenmesi ve yeni ipbirlidi olanaklarynyn ortaya ¢ykarylmasy bakymyndan uluslararasy bir
platform olupturan béylesi bir organizasyonun KEY dénem bapkanlydynda, Tiirkiye'de yapylmasy
biyidk 6énem arz etmektedir. Ancak, asyl hedef Karadeniz'e kompu olan tiim (lkelerle birlikte
Karadeniz'in hidrokarbon potansiyelini ortaya ¢ykarmak, bolge halky ortak c¢ykarlary dodrultusunda
kullanmaktyr. Bu kapsamda, zirve, uluslararasy petrol pirketleri icin Karadeniz'e kyyysy bulunan Ulke-
lerle ilipkiler kurmak ve/veya bu llkelerde yatyrym yapmak amacyyla énemli bir bulupma noktasy
olmuptur.

TURKYYE PETROL JEOLOGLARI DERNEDY
YONETYM KURULU
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MODELING OF ENHANCED COALBED METHANE RECOVERY IN A
COALBED AT ZONGULDAK BASIN

ZONGULDAK SAHASINDAKY BYR KOMURATADINDAN GELYPTYRYLMYP
METAN GAZI URETYMY MODELLENMESY

Cadlar SINAYUC ve Fevzi GUMRAH

Petrol ve Dodal Gaz Mithendislidi Bélimi, ODTU, Ankara
|

ABSTRACT

Zonguldak Coal Basin is one of the
Turkey's important coal resources. The basin
has been divided into three leases. These are
named as Armutcuk, Zonguldak and Bartyn-
Amasra. Since the coal seams in Bartyn-
Amasra field are found relatively deeper parts
of the basin comparing to other leases, this
basin was not studied detailed enough yet.

In this study a part of the Bartyn-Amasra
basin is found convenient for enhanced
coalbed methane recovery. The lithologic
information taken from the Zonguldak TKI
were examined and the depths of the coal
seams and the locations of the wells were
visualized to perform a reliable correlation
between seams existed in the area.
According to the correlations, 63 continuous
coal layers were found.

A statistical reserve estimation of each
coal layer for methane was made by using
Monte Carlo simulation method. Uncertainty
is an important parameter in risk analysis, for
this reason the results were determined at
probabilities of P10, P50 and P90.

Enhanced coalbed methane recovery was
simulated at a selected coal layer by using
CMG-GEM module. Besides the increase in
estimated primary recovery, the sequestration
of carbon dioxide is also important. The
effects of adsorption, cleat spacing, com-
pressibility, density, permeability, porosity and
water saturation parameters were examined
in enhanced coalbed methane recovery by
the simulations.

Tiarkiye Petrol Jeologlary Dernedi Bilteni
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Zonguldak Koémir Yatady Tirkiye'nin en
onemli kémir kaynaklaryndan birisidir. Yatak
Uc bolime ayrylmyptyr. Bu boélimler Armutguk,
Zonguldak ve Bartyn-Amasra olarak
adlandyrylmyptyr. Bartyn-Amasra sahasyndaki
kémir madenleri goreceli olarak dider bolim-
lere gore daha derinde oldudundan pimdiye
kadar detayly olarak incelenememiptir.

Bu calypmada Bartyn-Amasra sahasynyn bir
bolimi ikincil kdmir yatady gazy Uretimi igin
uygun bulunmuptur. Turkiye Tap Komurd
Ypletmelerinden alynan litolojik bilgiler kul-
lanylarak kdmir madenleri arasynda damar-
laryn derinlikleri ve kuyularyn yerleri 6lgekli
olarak gorsel hale getirilmip ve korelasyon
yapylmyptyr. Yapylan korelasyona gore devam-
lylydy olan 63 adet damar belirlenmiptir.

Monte Carlo similasyon metodu kul-
lanylarak bu damarlaryn her birinde metan igin
istatistiksel rezerv tahmini yapylmyptyr. Bu tip
risk analizi calypmalarynda belirsizlik énemli
bir faktordur. Bu yuzden sonuglar P10, P50 ve
P90 olasylyk ihtimallerine gére belirlenmiptir.

CMG-GEM Modulii kullanylarak karbon-
dioksit ile ikincil kdmur yatady gazy Uretimi
secilmip olan bir damar modellenerek gercek-
leptirilmiptir. Karbondioksit basylmasy birincil
metan Uretimini artyrmasynyn yanysyra karbon-
dioksitin bertaraf edilmesi agysyndan da
onemlidir. Yapylan similasyonlar ile kémurin
adsorplama, catlak aralydy, sykyptyrylabilirlik,
yodunluk, gecirgenlik, gbzeneklilik ve su doy-
mupludu parametrelerinin etkileri incelen-
miptir.

The Bulletin of Turkish Association of Petroleum Geologists 1



Modelling of Exhanced Coalbed Methane Recovery....

INTRODUCTION

The increase in the demand of natural gas
in Turkey leads to search for alternative natu-
ral gas reserves. Coalbed Methane potential
of the Zonguldak Basin was investigated by
Serpen and Alpkaya (1998). They used only
the amount of hard coal reserves together
with the methane content of the coals due to
lack of additional information required to esti-
mate gas in place volumetrically. However, in
order to accurately plan the methane produc-
tion and carbon dioxide injection for
enhanced methane recovery, a correlation
study should be done.

Another key step in analyzing a coalbed
methane reservoir is to estimate the gas in
place. Methane can be found in coal matrix
as adsorbed state or in cleats as free gas.
There are mainly two gas in place estimation
method; volumetric method and material bal-
ance method. The selection of the method
depends on the information in hand. Since
there are no production data available for the
Amasra District, the only possible method for
gas in place calculation is the volumetric
method.

The most famous method of risk analysis,
Monte Carlo Simulation was used to estimate
gas in place in Amasra District.

The sequestration of CO, into depleted oll
or gas reservoirs, aquifers or coal beds
became very powerful alternatives in recent
years with the increasing need for the reme-
diation of climate change effects of CO.,.
Besides their high adsorption capacities for
CO,, coalbeds are very important sources for
methane production. The injection of CO,
enhances the methane production.

The methane production and effects of
CO, injection in one of the Amasra coal
seams were modeled in this study. The mod-
eling of enhanced coalbed methane produc-
tion requires some additional abilities; such
as shrinkage and swelling effects, composi-
tional simulation, dual porosity and adsorp-
tion/desorption properties. CMG's GEM simu-
lator is capable of simulating such a case.

The coal properties are directly related
with the gas in place amount and the produc-
tion period. The results of the change in these
properties were also determined.

CORRELATION STUDY

Zonguldak coal basin is divided into three
main districts named as Armutcuk, Zonguldak
and Amasra respectively from west to east
(Figure 1). The Zonguldak district is also sub-
divided into three mining districts; Kozlu,
Uzulmez and Karadon.

[~ Foarmeen_raazut |
p—_—_ \e

TTE LEASE DOUNBARY

Figure 1. Zonguldak Basin districts.

The coal bearing formations from older to
younger are Alacaadzy (Namurien), Kozlu
(Westfalien A) and Karadon (Westfalien B, C,
D) formations. Nearly 90% of coal production
is done from Kozlu Formation. However,
because the Kozlu Formation seams are
found in deeper parts in Amasra District, the
coal production is done from Karadon
Formation coal seams. Therefore, the
Amasra District is the least studied, but
selected as the most convenient region for
enhanced coalbed methane production for
this study.

A part of the Amasra District named as
Resource Area A is the region where the well
density is high. The wells in this region are
shallow and they are aimed to collect infor-
mation for only coal mining needs. The corre-
lation study was done using the lithologic
information obtained from the 116 wells found
in this area. The coordinates, elevation of the
wells and the depths of coal layers were
examined in detail in order to make an accu-
rate correlation of the coal layers.

The Resource Area A has divided into nine
west to east horizontal areas and five south to
north, vertical areas (Figure 2).

The information taken from the wells were
visualized using the Macromedia Flash soft-
ware in scale (Figure 3).

The locations of the wells were also
placed accurately on the diagram, so that the

Tirkiye Petrol Jeologlary Dernedi Bilteni

2 The Bulletin of Turkish Association of Petroleum Geologists



overall view of the area is obtained. In Figure
4, an example is shown which is the (A-A")
west to east area. Using the coal thicknesses,
coal depths, coal layer angles and formations
between coals, 63 continuous coal layers
were determined. The correctness of the cor-
relations of these coal layers was checked by
the locations of the faults and the location of
the piferton Layer; a guide layer found in
between Karadon and Kozlu formations.
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Figure 2. Resource area A.

RISK ANALYSIS

In order to estimate the gas in place cal-
culation for coal bed reservoirs accurately,
the data used for calculation should also be
accurate. However, the heterogeneities of the
reservoir and the unavailability of the test lead
us to specify the data in between some
ranges. This is the probabilistic way of esti-
mation gas in place.

The volumetric gas in place calculation is
done using the following equation:

4356005 (1-Syy5)
| -~ +1.359Cgipc(l-fa—fm)

)

gi

Tiarkiye Petrol Jeologlary Dernedi Bilteni

Synayu¢ ve Gimrah

where G;j, A, h, ¢, Syfis Bgi* Cgi' Pe: far fm
are gas in place at initial reservoir conditions
(Mscf), area (acre), coal thickness (ft), effec-
tive porosity (fraction), interconnected frac-
ture water saturation (fraction), gas formation
volume factor at initial pressure (Mscf/rcf), ini-
tial sorbed gas concentration (scf/ton), pure
coal density (g/cc), average weight fraction of
ash (fraction) and average weight fraction of
moisture (fraction) respectively (Saulsberry et
al, 1996).

This equation includes both the gas found
in the micro pores of the matrix and gas at the
cleats. In a coal reservoir almost 90% of the
gas is found as adsorbed in the matrix. Of
course this amount depends on the coal char-
acteristics.

Area

The areas of layers are determined by
using a planimeter. The outer bounds of the
coal layer were drawn using the exterior wells

L ]

| —— 1

Figure 3. An example of the isualization of the
lithologic information.

The Bulletin of Turkish Association of Petroleum Geologists 3



Modelling of Exhanced Coalbed Methane Recovery....

as the corner points. The area determined by
this method is accepted as the minimum
area. The maximum area is estimated as the
area of the rectangle that includes all the
wells of the layer.

Total area of the Amasra District or the
sum of the each 63 layers is calculated as
18270 acres. If the maximum area estimation
method is used, this area reaches to 33312
acres.

Figure 4. Correlations of the coal layers in area
A-A'

Coal Thickness

The thicknesses of the coal seams vary in
the reservoir. The minimum and maximum
thicknesses estimated using the thickness
data from the wells found in the layer.

Fracture Porosity

Cleat or fracture porosity of the coal reser-
voirs are lower than the conventional gas
reservoirs. The cleats are not the storage
area for the gas both a pathway from the
matrices to the wells. The porosity is estimat-
ed 0.01, 0.02 and 0.06 for minimum, most
likely and maximum cases respectively
according to the literature survey.

Water Saturation

Although in general the coal reservoirs are
water saturated, coal seams are dry in
Amasra District. Therefore a constant water
saturation of 0.01 is taken.

The pressure gradient for the coal reser-
voirs are changing from 0.1 psi/ft to 0.9 psi/ft.
However, in general the reservoir pressures
are calculated by using water pressure gradi-
ent, 0.43 psi/ft whenever the reservoir is
water saturated. In Amasra, because of the
low water saturation, 30% of the water pres-
sure gradient is used to determine the initial
reservoir pressure (Hoch 2005).

Formation Volume Factor

The formation volume factor is a function
of specific gravity of the gas, reservoir tem-
perature and the pressure. The specific grav-
ity of the gas can be calculated from the
apparent molecular weight by using the com-
position. The specific gravity of the gas is cal-
culated as 0.6.

If the reservoir temperature is assumed to
be constant as measured 94 °F and the gas
specific gravity is taken as 0.6, then the gas
formation volume factor becomes only a func-
tion of pressure.

Initial Sorbed Gas Concentration

Methane adsorption characteristics of coal
reservoirs are determined by adsorption
tests. The Langmuir Isotherms can be drawn
by using the data of adsorption tests. The
maximum amount of gas can be adsorbed is
called as the Langmuir volume and the pres-
sure at the half of the Langmuir volume is
called as Langmuir pressure.

There exist two adsorption tests done for
the coal samples taken at different depths
from a well found in Amasra. The Langmuir
Volume and Langmuir Pressure values deter-
mined from these tests are 10.30 scm/ton,
2.227 Mpa and 14.06 scm/ton, 9.904 Mpa
respectively. The differences between these
values show that the adsorption characteris-
tics change from coal to coal.

The following Langmuir equation is used
to estimate the minimum and maximum
adsorbed gas content at the pressures calcu-
lated from the average coal layer depth:

VP
(P+Pr)

where V, V,, P, and P, are adsorbed gas

content, Langmuir volume, initial pressure
and Langmuir pressure.

Coal Density

The density of the Amasra coal is around
1.54 g/cc according to TTK. However, from
the literature it was seen that it has a range of
1.29 g/cc to 1.83 gl/cc.

Tirkiye Petrol Jeologlary Dernedi Bilteni
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Ash and Moisture Content

The ash and moisture contents of a coal
can be found by a proximate analysis. The
results for the Amasra coals are shown in the
Table 1. Normal distribution is used for the
estimation of ash and moisture content val-

Synayu¢ ve Gimrah

Formation, the number of the wells and the
big surface area make it a good example
layer to study. There are 34 wells passing
through Layer 26.

Table 2. Deterministic estimation of gas in

ues. place.
. Gas in
Table 1. Ash and moisture content. place Cleats Adsorbed Total
% Ash % Moisture billions scf
23.92 6.20 Minimum 0.890 13.428 15.285
1771 8.50 Average 5.236 44.826 50.062
8.20 6.25 ;
Maximum 19.199 119.509 132.007
9.08 5.86
8.87 479 Table 3. Probabilistic estimation of gas in place.
12.00 4.75 Gas in
place Cleats Adsorbed Total
5.98 5.51 billions scf
Lol cdet P10 8.795 65.772 72.971
2.42 5.85
P50 4.702 42.626 47.744
The mean and standard deviation are cal- P90 2 431 26.931 30.462

culated as 0.1110, 0.0641 respectively for ash
content and 0.0604, 0.0112 for moisture con-
tent in units of weight fraction.

Monte Carlo Simulation

@Risk Software was used to make the
risk analysis study. This software uses the
Monte Carlo Simulation method to estimate
the result using the given parameter ranges.
The parameters were estimated and the gas
in place calculated according to Equation 1
repeatedly until the simulation size reached.
After 5000 times the change in the results
was very low, therefore the simulation size
was determined as 5000. The simulation was
done for each layer. The results are given in
Tables 2 and 3 for the Amasra District
Resource Area A.

Gas in place values for P10, P50 and P90
have 90%, 50% and 10% uncertainties
respectively. The increase in uncertainty
resulted in the higher values of gas in place.

MODELING OF CO, SEQUESTRATION
WITH A SIMULATOR

Layer 26 was selected as an example
layer among the correlated 63 layers.
Although the depth of the coal layer is around
540 meter and the layer is found in Karadon

Tiarkiye Petrol Jeologlary Dernedi Bilteni

Preparation of Input Data File

The gridding of the reservoir was done
using Surfer software. The width and length
of the reservoir is 3233 m (10604 ft) and 6097
m (19998 ft) respectively. The reservoir was
divided into 127 rows and 68 columns which
give a total of 8636 grids. Each grid block has
a constant width and length of 48 m (160 ft).

The thickness values of the coal layer
were distributed to all of the grids. The forma-
tion tops (depths) were also input for each
grid. Dual porosity option was selected which
means each grid block has a matrix and a
fracture porosity.

Because of the shape of the reservoir
some of the grid blocks were defined as null
blocks. These blocks do not participate in any
of the simulator's calculations.

The pressure distribution was done
according to depth information. Since the
reservoir is dry, 30% of water gradient of
0.433 psi/ft (0.129 psi/ft) was used to calcu-
late the initial reservoir pressures. Figure 5
shows the pressure distribution and the active
blocks in the reservoir.

Porosity, permeability, cleat spacing, coal
compressibility, relative permeability, coal

The Bulletin of Turkish Association of Petroleum Geologists 5



Modelling of Exhanced Coalbed Methane Recovery....

density and adsorption parameters were also
required as input data file. Since the coal
layer belongs to Karadon formation, methane
adsorption parameters for this formation were
used. Carbon dioxide adsorption parameters
were estimated according to methane
adsorption test values.

I

159
000 050 1.00km
[ e s

production starts. Injected CO, reaches to the

production wells after a while. Although con-
tinuing the production leads to higher
methane production, the main aim is to
sequester the CO,. Therefore the production
was ceased at the wells which CO, break-

through occurs.

In this study, the injection of the CO, con-
tinued 100 years. The positive effects of
enhanced coalbed methane recovery can be
seen from Table 4 and Figure 6.

The reservoir pressure starts to increase
after the methane production rate declines
(Figure 7).

Table 4. Production and injection data.

CBM ECBM
Cum. CH, Prod., billions scf 2.64 3.24
Cum. CO,, Inj., billions scf - 9.87
Cum. CO, Inj., MM tone - 0.52
CH,4 Recovered, % of IGIP 73.15 89.55

SR e

Figure 5. Pressure distribution in layer 26, psi.

Simulation

The locations of the wells and the injec-
tion/production rates are very important for
the effective production of the resources. In
this study the main aim was to simulate the
enhanced methane production and to deter-
mine the effects of parameters. Therefore
only the available wells were used. The injec-
tion wells were located to the north and south
parts of the reservoir where the depths are
higher, so that injected CO, can push the
lighter methane to the production wells at the
central and higher parts.

The CO, injection rate held constant
throughout the simulation period at 30 Mscf.
The production wells were constrained with
minimum bottomhole pressure of 50 psi.

Since the reservoir is dry, there is no need
to initial water discharge period. Carbon diox-
ide can be injected as soon as the Methane

o5 -

Qumutive bietbane Frodudion, Blliors 5CF

oo
007 T XN XEF 0% e XEF X7 2ET O XeT 2T

Time, d2e

Figure 6. Effect of CO, injection on methane
production.

Effect of Cleat Permeability

Cleats are the pathways between the
matrix and the production wells. Therefore
the change in cleat permeability affects the
both the amount of the methane produced
and the production rates (Figure 8). The injec-
tion rates should also be constrained for low
cleat permeability.

Effect of Cleat Porosity

Some of the gas in place is found in the
cleats as a free gas. Therefore, the cleat
porosity changes the amount of free gas.
However, methane recovery values of 88.2%,

Tirkiye Petrol Jeologlary Dernedi Bilteni
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89.6% and 90.0% for high, normal and low
porosity show that the effects are minimal for
production rates (Figure 9).

Synayu¢ ve Gimrah
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Figure 7. Effect of CO, injection on reservoir
pressure.
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Figure 8. Effect of cleat permeability on CH,
production.
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Figure 9. Effect of cleat porosity on CH, pro-
duction.

Effect of Coal Density

The main effect of density change is on
the amount of methane can be adsorbed. The
increase in coal density also causes an
increase in the amount of adsorption (Figure
10).

Tiarkiye Petrol Jeologlary Dernedi Bilteni

Figure 10. Effect of coal density on CH4 pro-
duction.

CONCLUSIONS

The coal seams in Amasra region are con-
venient for enhanced coal bed methane pro-
duction. Because they are deep and there are
no water saturation. However, the correlation
study showed that the continuity of the seams
is not so good. The coal seams are correlat-
ed by using only the lithologic information in
hand.

Risk analysis shows that there is nearly 48
billion scf methane in place according to 50%
uncertainty in resource area A of Amasra
District.

The effects of some parameters were
studied with a compositional simulator. The
change in cleat permeability affects the both
the amount of the methane produced and the
production rates. Methane recovery values
for high, normal and low porosity show that
the effects are minimal for production rates.
The increase in coal density also causes an
increase in the amount of adsorption.
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Bu calypmanyn amacy Zonguldak havzasy

Karbonifer kdmiurlerinin gas depolama kapa-
sitelerinin ve bu kapasiteyi kontrol eden para-
metrelerin belirlenmesidir. Humik kokenli
havza kdmdurleri, yiksek-orta uguculu bitimli
kémir synyfynda yer almaktadyr ve orta-iyi
kaliteli bir gaz ana kaya potansiyeline sahiptir.
Koémirlerin gaz depolama kapasitelerini belir-
lemek icin CO, gaz adsorpsiyon olguimleri
gercekleptiriimiptir. Adsorpsiyon izotermleri,
BET, Langmuir, Dubinin-Raduschkevich ve
Dubinin-Astakhov izoterm epitlikleri kul-
lanylarak yorumlanmyptyr. Kémurlerin CQgaz
adsorpsiyon izotermleri, mikrog6zenekli
yapylarda izlenen Tip | izotermini vermektedir.
Komirlerin adsorplama kapasiteleri VLang
hacim dederleri  kullanylarak  deder-
lendirilmiptir. Bu deder 5-36 cm®/gr arasynda
dedipmektedir. Koémirlerin ortalama
mikrogbzenek boyutlary 0.71-0.8 nm dir.
Adsorplama kapasitesini kontrol eden para-
metreler, 6zellikle mikrogdzeneklilik, olgunluk,
maseral bilepimi ve kdmdurlerin inorganik
madde icerididir.

Anahtar Kelimeler: Zonguldak Havzasy,

Kémirgazy, Gaz (CGO,) Adsorpsiyon
Kapasitesi.
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ABSTRACT

The aim of this study is the determination
of the gas storage capacity and the factors
influencing the storage capacity of the
Carboniferous coal seams in the Zonguldak
Basin. Investigated coals are typical humic
coals rich in vitrinite and are high to medium
volatile bituminous in rank. In order to deter-
mine gas storage capacity of coals, carbon
dioxide gas adsorption isothermes are
obtained. The obtained isotherms were inter-
preted wusing BET, Langmuir, Dubinin
Radushkevich (D-R) and Dubinin Astakhov
(D-A) equations. All the adsorption isotherms
can be classified as Type | isotherm which is
typical for the microporous solids. Langmuir
monolayer gas volume is considered as the
gas adsorption capacity of the coals.
Respective values of the Langmuir monolay-
er gas volume vary between 5-36 cm?’/g at
STP. The average equivalent micropore
diameters vary between 0.71 and 0.80 nm.
Variations in gas adsorption capacity is con-
trolled expecially with microporosity, rank,
maceral composition, and inorganic compo-
nent (ash) of coals.

Keywords: Zonguldak Basin, Coalbed
Methane, Gas (CO,) Adsorption Capacity.



Zonguldak Havzasy Karbonifer Kdmurlerinde Kémur Kdkenli.....

GYRYP

Bilindidi gibi kémur, yapysyndaki humik
kokenli organik maddenin kdmirlepme dere-
cesine badly olarak gaz olupturma potansiye-
line sahiptir (Tissot ve Welte, 1984). Gaz
olupumu, kémurun kdmdirlepme derecesinin
% 0.75 Ro vitrinit yansyma dederine ulapmasy
ile baplamakta ve artan olgulapma ile
kémirin % 2.0 Ro lyk vitrinit yansyma deder-
ine kadar devam etmektedir. Bu sirecin
tamamynda bir gram kémirden olupan gaz
miktary 100 cnt'e ulapabilmektedir. 'Kémdir
Kokenli Dodal Gaz' veya 'Kémir Gazy' olarak
adlandyrylan bu dodal gazyn % 95'den
fazlasyny metan olupturmaktadyr (Jintgen ve
Klein, 1975). Kémir mikrog6zenekli yapysy ve
buna badly blytk yizey alany nedeniyle olup-
turdudu bu gazy kendi biinyesinde adsorpsiy-
on mekanizmasy ile depolayabilmektedir.

sahip olsa da, kdmurde olupan ve birikebilen
bu gaz ekonomik olarak dederlendirilebilir
niteliktedir. Dolayysy ile ulkemizin dodal gaz
ihtiyacynyn karpylanmasynda ciddi bir alterna-
tifdir (Yalgyn, 2005). Bir havzanyn yerinde gaz
miktary; havzanyn komur miktary, gaz oluptur-
ma potansiyeli, adsorpsiyon kapasitesine
badly depolama kapasitesi, gaz kayyplarynyn
miktary ve Uretim gibi parametrelerle kontrol
edilir.

Bu calypmada esas olarak, Zonguldak
Bolgesi kdmdrlerinin gaz depolama kapa-
siteleri ve bu kapasiteyi kontrol eden parame-
trelerin belirlenmesi amacglanmyptyr. Bununla
birlikte, komdurlerin temel ve organik
jeokimyasal 6zellikleri; kémdurlerin karakteri-
zasyonu ve bir gaz ana kayasy olarak deder-
lendirilmesinde kullanylmyptyr. Kémdurlerinin
temel ve organik jeokimyasal 6zellikleri; kysa

Adsorplama kapasitesinin Uzerine c¢ykyldydy ve elementel analiz, Rock-Eval Piroliz, TOC

durumlarda, gaz formasyon suyu igersinde
erimekte ve/veya serbest gaz fazy olarak
makro gozenek ve catlaklarda birikmektedir
(Rightmire, 1984). Dolayysy ile kémur gazynyn
birikmesindeki en 6nemli mekanizma adsorp-
siyondur ve bu miktar kdmdrlerin; nem,
komurlepme derecesi, maseral bilepimi,
g6zeneklilik vb. dzelliklerinin yanysyra sycak-
lyk, basync¢ ve hidrojeoloji gibi rezervuar
kopullaryna badly olarak dedipmektedir (Kim,
1977; Wyman, 1985; Levine, 1994).

Kémirde olupan ve ilk olarak neden
oldudu grizu patlamalaryyla bilinen ve iplet-
mecilik agysyndan istenmeyen bu gaz potan-
siyelinin varlydy, bilimsel c¢alypmalar sonucu
yeni bir boyut kazanmyp ve dederlendiriimeye
baplanmyptyr. 1980'lerde ABD ve ardyndan
Cin, Rusya, Kanada, Avustralya ve Polonya
gibi tlkelerin komir kdkenli dodal gaz potan-
siyellerini ekonomik olarak tretmeleri, bu yer-
alty zenginlidinin 6nemini her gecen gin art-
tyrmaktadyr (Rightmire, 1984; Su ve did.,
2005; Gentzis, 2006). Ulkemizde komir
kokenli dodal gaz potansiyeline sahip tek
havza Zonguldak Havzasy'dyr. Havzanyn
Karbonifer kémurleri, dodal gaz olupturacak
komirlepme  derecesine ulapmyp ve
gunumuze kadar 75-200 cm?®g komur std
arasynda komur gazy olupturmuptur (Yalgyn ve
did., 1994 ve 2002). Havza komdurleri, tek-
tonizma, derinlik ve damar 6zellikleri bakymyn-
dan Uretim acysyndan bazy dezavantajlara
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olcumleri ve organik petrografik analiz gibi
enstrimental analiz teknikleri ile belirlen-
miptir. Kémirde olupan gazyn gene kdmurin
kendi blUnyesinde birikmesini ve Uretimini
kontrol eden petrofiziksel parametreler;
adsorplama kapasitesi, yodunluk,
gOzeneklilik ve yuzey alan dederleri farkly
analitik yontemlerle belirlenmip ve deder-
lendirilmiptir.

MATERYAL VE METOD

Yncelenen kémiir érnekleri, Zonguldak
Havzasy'nyn Armutguk, Zonguldak ve Amasra
bolgelerindeki ipletmelerden ve havzada
acylmyp kuyulardan alynan el (31) ve karot (50)
ornekleridir. Havzada ipletilen kdmur damar-
lary, Karbonifer istifinin farkly seviyelerinde
bulunmaktadyr. Armutcuk bélgesinde
Namuriyen ve Vestfaliyen A yaply kdomdr
damarlary ipletilirken, Zonguldak Boélgesinde
¢ykartylan kdmdrlerin hemen hemen tamamy
Vestfaliyen A yaply, Amasra Boélgesi'nin
ipletilebilir komurleri ise Vestfaliyen A ve C
yaplydyr. Havza genelinde gercekleptirilen
orneklemede, Ornekler adyrlykly olarak
Zonguldak Boélgesi'nin ipletilen Vestfaliyen A
yaply kémur damarlaryna aittir. Orneklendirilen
damar ve kuyulara ait bilgiler Tablo 1 ve
gercekleptirilen analitik c¢alypmalar synyr
dederleri ile birlikte Tablo 2'de verilmiptir.

Calypma kapsamynda, derlenen 81 adet
komur ornedi Uzerinde; ASTM (1983, 1991)
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Tablo 1. Calypmada incelenen kuyu/damar érnekl

Girdal ve Yalgyn

erinin tanytymy.

Table 1. Identification of coal seam and borehole samples in this study.

ZONGULDAK HAVZASI

Armutcuk Bolgesi Zonguldak Bolgesi Amasra Bolgesi
Kuyu/Damar Kuyu/Damar Kuyu/Damar
Buylk damar
. Sulu damary
Kandﬂ!l 23 K20K Acylyk damary p.a f ak.
Camly2A | = - . Ak 7 Birinci
camly 3 K20H Cay damary Tably
Akalyn damary
Alimolla damary

standartlaryna uygun olarak kysa analiz, 46
adet komur oOrnedinde; Carlo-Erba Mode
1106 Elementel Analyser cihazy ile elementel
analiz ve LECO C32 cihazy kullanylarak
toplam kikdrt tayini yapylmyptyr.

Kdmudrlerin toplam organik karbon miktary
(TOC) ve Rock-Eval piroliz parametreleri;
LECO TOC Analyser ve Rock-Eval Il Piroliz
cihazy kullanylarak belirlenmiptir. Piroliz yonte-
mi olarak, Espitalie ve did. (1977) tarafyndan
geliptiriimip Rock Eval piroliz yontemi kul-
lanylmyptyr.

Koémdurlerin maseral ve vitrinit yansymasy
olctimleri, tim 6rneklerin hazyrlanan parlatma
biriketlerinde (500 noktada) Leitz
Orthoplan/MPV-SP photometer tip mikroskop
cihazy ile gergekleptirilmiptir. Petrografik ana-
lizlerde International Committee of Coal
Petrology (ICCP, 1971)'de verilen standart
inceleme yontemlerine uyulmup ve maseral-
lerin synyflandyrylmasynda Stach ve did.
(1982)‘de verilen bilgilerden yararlanylmyptyr.

Helyum ve civa yodunluk olgiimlerinde
Helium Pcynometer 1320 ve Auto Pore Il
9220 ¢ Micromeritics cihazlaryndan fay-
dalanylmyptyr. Civa porozimetresi dlcimlerinde
kontakt acy dederi $=140° ve civanyn ylzey
gerilimi y=485 dyn/cm olarak alynmyptyr.
Analitik sonuclar ayryca 6rneklerin makro
gbzenek hacim ve agyk gozeneklilik gibi
petrofiziksel parametrelerinin belirlenmesinde
kullanylmyptyr.

Orneklerin gaz adsorpsiyon kapasiteleri
tim orneklerde, gaz-akyp kontrollu Gemini
2360 Analyser cihazy ile 195°K’de CO, gazy
kullanylarak gercekleptirilmiptir. Gaz akyp kon-
trolli 6lgtimler, Gemini sisteminin bir parcasy
olan Flow Prep 060 Degasser cihazy ile -

Tiarkiye Petrol Jeologlary Dernedi Bilteni
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40+70 mesh boyutlaryna getirilmip oérneklerin,
130 °C de 6-10 saatlik bir sire boyunca
aktivite edilmesinden sonra gercekleptir-
ilmiptir. 195 °K sycaklydynda elde edilen
izotermler, goreli basyn¢ dederlerinin
0.05<P/P0<0.35 aralydéynda BET ve Langmuir
epitlidi  kullanylarak yorumlanmyptyr. Gaz
adsorpsiyon o6l¢cimlerinde goreli basync
(P/P0); gbzeneklerin gaz ile dolmasy icin
uygulanan basyncyn (P), gazyn doygunluk
basync¢ dederine (Po) olan orany ile elde edilir.
Hesaplamalarda CO,'in doygunluk buhar
basyncy 1430 mm (0.186 MPa) olarak alyn-
myptyr. Gemini bilgisayar ¢yktysynda; olcim aly-
nan noktalar i¢cin hesaplanmyp BET, Langmuir
tek tabaka hacim ve ylzey alan dederleri ile
toplam gbzenek hacmi dederleri bulunmak-
tadyr. Ayryca 195°K de 40 adet 6rnek igin
yinelenen dl¢cimlerde; 0.031-0.62 P/Po goreli
basyn¢ dederlerinde alynan 6lciim noktalary,
Dubinin-Radushkevich (D-R) epitlioi kul-
lanylarak yorumlanmyptyr. Bu epitlikle, kémir-
lerin mikro gdzenek sistemine karpylyk gelen
adsorplama kapasite ve i¢ ylzey alan deder-
leri hesaplanmyptyr (Gregg ve Sing,1982;
Marsh,1987).

Koémdurlerin mikrogézenek boyut dadylymy,
secilen 7 adet komur 6rnedinde 195 °K ve
273 °K sycaklyklarynda Dubinin-Astakhov (D-
A) yaklapymy kullanylarak belirlenmiptir. 273
de gergekleptirilen odlcimlerde CO,'in doy-
gunluk buhar basyncy 26140 mridir.

KOMURLERYN TEMEL OZELLYKLERY VE
GAZ OLUPTURMA POTANSYYELY
Komdurlerin temel ozellikleri kapsamynda
kysa ve elementel analizler gercekleptir-
ilmiptir. Sonuglary; kémidrlerin karakterizas-
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Zonguldak Havzasy Karbonifer Kémirlerinde Kémur Kokenli

Tablo 2. Zonguldak havzasy komur drneklerinin hangi yontemlerle incelendidini gdsterir tablo; belir-

lenen parametreler ve dedipim aralyklary.

Table 2. Analytical methods used in this study for the Zonguldak coals; determined parameters and

variations.

Analiz Yontemleri

Parametreler

Synyr Dederler

Ornek Sayysy

273 °K
(0.00034<P/P0<0.034)

Mikrog6zenek
hacim/Vmicro (mmf,

0.0412-0.0710

cm¥gr) 23-39
A (micro) (m?/gr) 154-265
rD (nm) 0.74-0.80

Nem 0.28-4.90
Kysa Analiz Kl 2.02-46.39 N6l
(havada kuru, %) Ucucu madde 9.75-45.52
Sabit karbon 33.97-72.70
Temel Ozellikler Karbon (C) 49.35-88.70
Hidrojen (H) 3.20-5.32
Elementel Analiz — _
(havada kuru, %) Nitrojen (N) 0.23-1.41 N=46
Oksijen (O) 0.88-9.48
Toplam kukdrt (TS) 0.18-9.10
TOC TOC 61-87
Organik HI 135-370
Jeokimyasal o N=41
Ozellikler Rock-Eval Piroliz Ol 1-10
Tmax 420-474
Vitrinit (V) 23-72
Organik - i i Ynertinit (I 9-49
Petrografik MIkI‘OSkOOj)Ik Analiz nert (0 N
Ozellikler (%) Liptinit (L) 0-29
% Ro 0.45-1.43
He-piknometresi (':nem);og‘rj/';'r‘:l'f) 1.28-1.41 N=40
Petrofiziksel
Ozellikler He yodunluk 1.11-1.32 N=9
Civa Porozimetresi (mmf, gr/cm’)
Agyk gdzenek hacmi 0.012-0.149 N=8
195 °K Vm (Lang) (cm?gr) 5-36 -
(0.05<P/P0<0.35) A (Lang) (m#gr) 25-195
Vmicro (cm®gr 7-27
( o) N=40
A (micro) (m*/gr) 42-160
195 °K hac'\i"rr']k/:?r%ci’czri“(er:]‘mf 0.0190-0.0524
CO, Gaz (0.031<P/P0<0.62) cm¥/gr) ' 10-27
Adsorpsiyon -
Olcumleri A (micro) (m?/gr) 58-160
rD (nm) 0.90-1.20
N=7

12

Tirkiye Petrol Jeologlary Dernedi Bilteni
The Bulletin of Turkish Association of Petroleum Geologists




Girdal ve Yalgyn

yonu, synyflandyrylmasy ve cepitli parametreler]
arasyndaki ilipkilerin dederlendiriimesinde kul-
lanylmyptyr. Kysa analiz calypmalary ile kémur,
lerin nem, kil, ugucu madde ve sabit karbon
dederleri saptanmyptyr. Ylgili parametrelerin
havada kuru (orjinal) bazdaki oélgimleri esas
alynarak komdrlerin; kuru (k), kuru kilstz (kk)
bazdaki ve Parr formialinin kullanylmasyyla
kuru mineral maddesiz (kmm) dederleri
hesaplama yoluyla belirlenmiptir (Tablo 2).
Kuru-kilstiz bazdaki kysa analiz sonuclary,
incelenen komurlerin ASTM standartyna gore
yuksek ve orta ucuculu bitumla kémdarler
synyfynda yer aldydyny gostermektedir (Stach
ve did., 1982).

Koémudrlerin elementel bilepimi; karbon (C),
hidrojen (H), azot (N) ve toplam kukurt (TS)
miktarlary havada kuru kémurlerin dodrudan
analizi ile saptanmyptyr. Oksijen (O) miktary ise
tum dider bilepenlerin toplamynyn 100'den
farky alynarak hesaplanmyptyr. Kémura oluptu-
ran organik maddenin turd, elementel analiz
sonuglary kullanylarak hesaplanan H/C ve O/C
atomik oranlarynyn Van Krevelen diyagramyna
yerleptiriimesi ile belirlenmipt