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Abstract. The purpose of the work is to determine and to justify the location of an experimental well for producing
coal-bed methane by developing an integrated analytical method of selecting the drilling location of wells. As a result,
an assessment of the resource base of the Taldykuduk site of the Karaganda coal basin of the Republic of Kazakhstan
has been presented. The method of well drilling has been determined and substantiated. Recommendations have
been given for drilling experimental wells. There have been determined the differences in the location and movement

of natural gas in conventional porous and fractured reservoirs and methane in coal seams, which predetermine
differences in exploration methods and technologies of developing traditional gas fields and coal seams. There have
been substantiated objective conditions for the drilling location of wells. The practical value consists in developing
methodological recommendations for determining the location of wells.
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Introduction

There are several natural features that can be
used to determine the drilling site of wells for gas
production [1-3]. There have been substantiated
methodological recommendations for its selecting.
For testing the technology of methane production by
drilling a well from the surface along a coal seam and
substantiating drilling parameters with adaptation
to the mining and geological conditions of the
Karaganda coal basin, the Taldykuduk site has been
selected.

The selection is explained by the following factors
[4]:

- a high coal content: 9.5%. The total thickness of
the coal seams of the site is about 60 m; most of the
layers are sustained in terms of thickness; four layers
have the thickness of more than 3.5 m;

- the degree of metamorphism of the coal grades
from KZh to OS, which implies a high natural gas
content (up to 26 m*/t d.a.m.). The average density
of methane resources, taking into account the normal
thickness of the layers, reaches 500-600 million
m’/km?, and for the depths of 200-1000 m it is 870-
1060 million m*/km? When the apparent power is
taken into account, it increases by 15-40%. The total
resources of methane in coal seams on an area of 65
km? are about 29 billion m®. Methane resources in
coal-bearing rocks are about 69 billion m?;

- significant disturbance of the coal-bearing
stratum, which causes the presence of free methane

that fills the voids of faults, the crushing zones of coal

and rocks, and the development of several systems of
multidirectional fracturing, which facilitates the coal
gas emission and increases gas permeability of the
coal-bearing stratum;

-carbon deposits that are associated with
methane formation and methane content of the site,
are covered by a cover of Jurassic and Cenozoic gas-
tight rocks that are a stratigraphic screen for gases
migrating to the daylight surface (mainly methane);

-the presence of anticlinal structures, in the
domed uplifts of which the coal-gas-bearing massif
is in a somewhat stretched state, as a result of which
it has increased gas permeability with practically
preserved methane content.

Coal content

The coal content of the Taldykuduk area is
confined to the deposits of the Karaganda formation
and is the highest in the basin [4]. In the section of
the formation there are 25 coal seams, of which 14 are
classified as medium and thick (kis!, K17, Ki5, K13, Ki3*,
K1z, Kiil, K11, Kio, Krs, Ks, Ky, Ky, Kp) and 11 as thin (ky,
Kio%, Kio', Ko, K1g% Kis, Kis, Ko, Ks', Ko, K3). The coefficient
of total coal content is 9.5%. In addition to these
layers, layer 1, of the over-Karaganda formation is of
interest.

The distribution of coal seams by thickness is
presented in Table 1.

Coal seams with the thickness of more than 0.7
m, where the main coal reserves are concentrated, are
characterized by a relatively consistent thickness and
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Table 1 - Distribution of seams according to thickness

Thickness, m

Seam index

Thick (3.5 and more)

K13, K1z, Ky, Ki

Medium (1.2-3.5)

1 1
Kig", K17, Kis, K13, K117, K11, Kio, K7.g, Ks3, Kg

Thin (0.7-1.2)

2 1 2 1 1
Hi, Koo, K19”, Kig™, Kig, Kig®, Kig™, Kig, Ko, K™, Kg, K3

structure. There are few rock layers in them and the
ash content of coal packs is low (up to 15-25%).

All the changes in the thickness and structure
of coal seams are caused by the presence of
consedimentary disturbances, such as splitting, facies
replacement and erosion.

Petrographic studying of coal seams ky-k; and H;
hasbeen carried out on the core material of exploratory
wells. Based on studies [4], it has been found that all
the seams are stony, humus, predominantly complex
and to a lesser extent of a relatively complex and
simple structure. Rock layers make up 5-20%, coals
are matte to shiny. Semi-shiny and semi-matte coals
prevail. The content of vitrinite is from 44 to 91%, the
reflectance of vitrinite is from 1.04 to 1.75%.

Gas content of the coal seams

According to the results of testing coal seams
at the upper levels with hermetic glasses, it has
been found that the zone of demethanization of the
seams extends to the depth of 100-150 m from the
daylight surface. This depth interval has also been
confirmed by the data of testing the layers with core
gas collectors.

Sampling by core gas collectors has been carried
out from coal seams during exploration work at the
upper and lower levels. Th samples have been taken
from all the seams and all the tectonic blocks.

The following gas components have been
determined in the gas taken from the samples of
the core gas collectors: nitrogen, methane, heavy
hydrocarbons, hydrogen, carbon dioxide, and
helium.

Changes in the component composition of the
gas with depth are insignificant, with the exception
of methane and its homologues. In the upper group
of reservoirs (Kig>-Ki3), the methane content increases
to the depth of 700 m (91%), and then decreases to
88-83% due to increasing the percentage of heavy
hydrocarbons (up to 6.5%). In the x;,*-k;.5 seams this
boundary runs deeper, to 1100-1300 m, and in the
seams of the lower subformation of the Karaganda
formation it has not been established, but its depth
is more than 1000 m. The carbon dioxide content
decreases with depth from 1.9% to 300 m up to 1-0.8%
deeper than 1000 m. Hydrogen is practically absent.

For the coal seams of the Taldykuduk area,
an intensive increase in methane content from the
surface of the methane zone (115-125 m) to the depth
of 400 m has been established. In this interval, it
increases from 0 to 20.2 m3/t d.a.m. Deeper, its growth
slows down and every subsequent 100 m of the seam

deepening, their methane content increases by 0.9-
0.1 m%t d.a.m. At the depth of 1300 m, the methane
content reaches 24.4 m’/t d.a.m.

The calculation of coal methane-bearing capacity
has been based on average interval values, while
its highest values, already at depths exceeding 300
m, reached 24-26 m?/t d.a.m. The maximum values
in the calculations cannot be used, since the impact
of fault tectonics and overburden deposits on the
methane content of coal seams and enclosing rocks
has not been fully elucidated in the area. Based on
single samples, it has been found that in the eastern
part of the field, where the coal seams are overlain
by Mesozoic deposits with the thickness of 120 to 260
m, the seams directly below them are in the methane
zone, and the methane content of coal often exceeds
10 m’/t d.a.m.

Sorption capacity of coal seams

The sorption capacity of coal is the ability to hold
large volumes of gas at low formation pressures. This
property is formed due to the phenomenon of sorption
resulting from the impact of weak intermolecular
attraction of van der Waals forces. Large volumes of
gas in coal can be retained due to the large internal
area of coal microporosity [5].

The sorption capacity of coal for gas determined
by pressure change is described by the Langmuir
sorption isotherm, and the maximum amount of gas
that can be retained in coal at a certain temperature is
described by the Langmuir isotherm equation.

Determining coal sorption isotherms is carried
out in laboratory conditions with full control of
thermobaric conditions. As a result of the studies, the
relationship between pressure and sorption capacity
of coal has been determined at constant values of
temperature and humidity.

Laboratory work to determine the sorption
capacity of coal for methane at the Taldykuduk site
has not been carried out.

Gas content of enclosing rocks

In the enclosing rocks of the coal-bearing strata,
the gas content in the sorbed state is extremely low
and depends mainly on the presence of organic
matter in them. The overwhelming volume of free
gas fills the pore space in sandstones and siltstones.
Therefore, the quantitative content of gas in rocks
is directly dependent on their porosity, fracturing,
as well as on the gas pressure in the subsoil [6]. The
natural gas content of the rocks has been determined

both by core sampling in core gas collectors and by
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the gas logging method.
The gas content of the enclosing rocks is shown
in Table 2.

Methane resources

Methane resources in total with heavy
hydrocarbons in the subsoil of the Taldykuduk site
have been calculated over its entire area, excluding
the areas of formation demethanization and areas
where the methane content is less than 5 m*t d.a.m.

The boundaries for assessing methane resources for
its independent production are as follows:

- the upper limit is the position of the isomet 5 or
10 m3/t d.a.m.;

- the lower limit is the lower limit of assessing
reserves or resources of coal: the absolute mark
minus 800.

Table 3 shows methane resources, both for
individual reservoirs and for the site as a whole.
Methane resources were calculated in the central

Table 2 — Gas content of enclosing rocks

Lithological Methane content (m3/t in the intervals of depths (m)

differences 700-800 800-900 900-1000 1000-1100 | 1100-1200 @ 1200-1400 700-1400
Siltstones 2.8 4.2 1.2 2.7 - - 1.2-4.2
Sandstones 0.03 0.03 0.9 0.08 0.11 0.1 0.03-0.11

Table 3 — Methane resources in coal seams of the Taldykuduk site

Seam index To the depth of 1000 m Total methane resources with the coal mass thickness over 0,5 m,
methane content over 5 m3/t d.a.m. to the depth of 1300 m, min m?
Hy 110.1 226.3
K20 91.7 159.6
K1o? 67.9 67.9
Kio* 143.2 143.2
K19 88.4 88.4
Kig 66.3 66.3
Kig® 327.4 327.4
Kig 665.4 808.4
Ki7 281.0 317.7
Kis 1410.7 1670.5
K14 465.5 569.8
Kq3®© 773.6 1098.2
Ki3 1230.1 1404.8
Kas™ 281.8 617.9
K12 3907.7 5505.0
Kii* 553.3 810.1
K11 537.4 7713
Kio 1549.8 2200.0
Ko 156.2 238.9
Kg' 249.5 363.1
K7g 1372.0 2231.5
Ke 385.2 607.1
Ks® 1342.4 1692.9
Kq 596.1 846.4
K3 375.9 475.2
Kz 1796.2 2495.2
Ky 1626.7 2050.8
Total 20451.5 27853.9
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and northern parts of the Taldykuduk area in several
options: with the coal thickness of more than 0.7 m
and 0.7-0.5 m, as well as with its methane content of
more than 10 m%t d.a.m. and more than 5 m®/t d.a.m.

Therefore, methane resources are proposed for
approval with the coal mass thickness of 0.5 meters or
more and a methane content of 5m?/t d.a.m. and more
(Table 3), which in the area of the entire Taldykuduk
area are estimated at 27.8 billion m®.

In connection with the fact that due to the hetero-
geneity of the structural structure of the Taldykuduk
area and numerous faults, the occurrence of coal
seams is variable, the density of methane resources is
also variable, determined by the total thickness of the
coal mass (more than 0.5 m) of the seams intersected
by a particular well.

The density of methane resources at the depths of
200-1000 m horizontally varies on average from 400
to 700 million m*/km?, reaching 870-1060 million m?®
km? in the southwestern part of the field.

In total at the Taldykuduk site 27.8 billion m?,
including that to the depth of 1000 m 20.5 billion m®.

Coal strata permeability

Targeted studies to determine the permeability of
coal and rocks have not been carried out. However,
based on the significant dislocation of the coal-
bearing strata of the area, it should be assumed that
there are various kinds of cracks and voids in it,
in which the gas is in the free state under pressure
equal to hydrostatic pressure. In addition, open
pores of vitrinite serve as good channels for filtration
and diffusion of gases, which is due to the presence
of mutually perpendicular separation cracks in it,
cutting the vitrinite perpendicular to the layering
into prismatic pieces. According to individual
determinations made in the vitrinite of Karaganda
coals, open porosity reaches 15% and average poro-
sity is 9-10%.

Gas permeability of rocks in the massif is very
low: tenths and hundredths of millidarcy. Gas
permeability of coals is higher, up to 10-15 millidarcies
at the depths up to 250-300 m, but it sharply decreases
with depth and at the depths of 600-700 m it amounts
to hundredths and thousandths of millidarcies
according to single data. Despite the absence of direct
measurements of absolute permeability, the level of

water filtration and the nature of water chemistry
in the basin indicate that coals, like enclosing rocks,
are saturated with water and are water-permeable
therefore, they are gas-producing at small pressure
differences.

The drilling location of experimental exploration
well T1 has been selected on the basis of analyzing the
geological conditions of the site, taking into account
the tectonic situation in the licensed area, as well as
the maps of the predicted methane content of coal
seams of the Karaganda formation, a grid of drilled
exploration wells of prospecting and appraisal work
on the lower horizons of the Taldykuduk section
of the Karaganda basin in 1989 and based on the
situation in the licensed area. The latter factor played
an important role in adjusting the drilling location
of the well, since the site has farmland, forest areas,
and a railway passes in the central part of the site. So,
the location of the well has been selected taking into
account the maximum gas content and the situation.

The current gas content of coal seams and
enclosing rocks largely depends on the tectonic
conditions of the area. The structure of coal-bearing
deposits and the degree of their tectonic disturbance
are the main factors determining the gas saturation of
the coal-bearing strata. Tectonically, the Taldykuduk
area is a complex structure confined to the locking
part of the southern flank of the Karaganda syncline,
with intensely manifested plicative and disjunctive
faults. Large and small folds are complicated by
faults, diverse both in size and type.

Exploration work at the Taldykuduk site was
carried out in the periods of 1982-1989 and in 2006.
During preliminary detailed exploration, and then
during prospecting and evaluation work, coal seams of
the Karaganda formation were opened and the folded
structure complicated by faults was established. In
total, 94 disturbances of a predominantly reverse fault
nature were identified at the site, the disturbances
with amplitudes from 15 to 50 m predominated. This
indicates a significant disturbance of the coal-bearing
stratum, which causes the presence of free methane
that fills the voids of faults, zones of collapse of coal
and rocks and the development of several systems
of multidirectional fracturing, which facilitates gas
recovery of coal and increases gas permeability of the
coal-bearing strata.
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CbIHaMAbIK YHFbIMAHbI €Ay HYKMeCiH aHbIKmMay XaHe Hezizoey
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AHOamna. KymMbIcmbiH MAKCamMbl — YHFIMAAAPObIH OPHAAACY OPHbIH MAHOAY YWiH KeweHOi aHaAUuMUKanslK adicmi
azipney adicimeH Kemip KA6aMMApPbIH6IH, MeMaHbIH OHOIPY YWiH CbIHAMAbIK YHFLIMAHbI CAs1y, OPHLIH AHBIKMAY HIHE
Heziz0ey. HamuxceciHOe KaszakcmaH Pecriybnukacsl KaparaHOobl Kemip 6acceliHiHiH Tan0biKyOblK Y4aCKeCiHiH pecypc-
moblK 6a3acelH 6aFanay YcbiHblAFAH. YHF6IMAAapOobl cany adicmemeci aHbIKmMasobl HaHe HezizdenzeH. Taxucipubenik
YHFbIMAAAapOsl cany 6olibIHwa yceiHbicmap 6epindi.Taburu 2a3 KeH opbiHOApbI MeH Kemip KabammapbiH 6apaay 30ic-
mepi MeH uzepy MexHOos102UAAapPbIHOAFb! alibipMawWbla6iIKmapobl aa0blH a0 aHbIKMalimelH Kemip KabammapsiHOa
Kadimai KeyeKmi #aHe HapbiafaH Koaaekmopaapoa maburu 2030biH ¥IHE MeMAHHbIH OPHAACYbI MeH KO3FasbiCbiHOa
alibipmMmawbinbIKMap aHbIKManobl. YHFeIManapobl cany HykmeciHe o6bekmusmi xardalinap HezizdeneeH. Taxcipubenik
KYHObIAbIK YHF6IMAAPObIH OPHAAACY OPHbIH GHbIKMAY YWiH adicmemenik ycbiHbicmap xacay 60s16in mabwlaaobl.

Kinm ce3dep: memaH, kemip Kabammapel, yHreiMmanapoel mecey, TandbiKyObIK y4acKeci, MemaH Kayincizdizi, 2a3 eH-
Oipy.

OI'IPGGEHEHUE u 060cHOoBaHUE MOYKU 30/10H(EHUS 3KcnepumeHmaanoﬁ CK8AXM(UHbI
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AHHOMayus. Liensbto pabomel A8uUn0Cb onpedeneHue U 060CHOBAHUE Mecma 340X eHUA IKCnepuMeHmansbHol cKkea-
HUHbI 019 006bI4U MeMaHa y20sbHbIX NAACMo8 Memodom pa3pabomKu KOMIMAEeKCHO20 aHAAUmMu4YecKko2o memooa 014
s8bibopa mMmecma pPacronoXeHUs CK8AXUH. B peaynemame npedcmasneHa oueHKa pecypcHoli 6a3el Tan0biKyOyKCKO20
yyacmka KapazaHOuHCKo20 yeonbHo20 bacceliHa Pecnybauku KazaxcmaH. OnpedeneHa u 060CHO8aHA MemoOuKa 3a-
J10MeHUA CK8AXUH. [laHbl peKoMeHOayuU 1o 3aKAa0bI8AHUK IKCEPUMeHMAsnbHbIX CKBAXUH. OnpedesneHbl pasauvus
8 PACMONOHEHUU U 08UXEHUU NMPUPOOHO20 2a3a 8 0B6bIYHbIX MTOPUCMbIX U MPEWUHO8AMbIX KO/AAEKMOopax U MemaHd 8
Y20s1bHbIX M11acmax, Komopele npedonpedesnsom pas3audus 8 Memoodx pa3sedKU U mexHoa02uax pa3pabomyku mpa-
OUYUOHHbIX MecmopoxOeHuli 2a3a U y20sbHbIx naacmos. O60cHOB8aHbI 06 beKMUBHbIe YC108UA 08 MOYKU 30710HEeHUA
CKBAMCUH. [TpakmuYecKasa yeHHOCMb 3aKA4Yaemcs 8 C030aHUU MemoouyecKoli pekomeHOayuu 018 onpedesneHus me-
CMa 30/10H(€HUSA CKBAHCUH.

Knroueavble cnoea: memat, y2osbHble raacmel, bypeHue ckeaxcuH, TandbiKyOyKcKul yyacmoK, memaHobe30nacHocms,
dobblya 2a3a.
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