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Abstract
Relevance. The sustainable development of the industry for the development of coal methane resources largely
depends on a reasonable assessment of the economic effects and costs of gas production and processing. Therefore,
determining the cost of coal methane production is an urgent economic task.
The purpose of the research is to identify the features of determining the cost of production of coal methane as an
independent mineral.
Results. All projects for the extraction of methane from coal beds can be divided into two types: projects for the
degassing of coal mines and projects for the extraction of coal-bed methane as an independent mineral. An important
difference is that degassing projects are characterized by obtaining economic benefits not only from the sale of methane
and its products, but also economic benefits in the coal industry. On the other hand, in industrial production projects,
there is no need to link the location of gas wells to the scheme of development of coal beds, and therefore, the article
highlights four areas of cost savings.
Conclusion. Determination of costs in projects for the extraction of coal-bed methane as an independent mineral is
similar to the calculation of costs for the degassing of coal mines by wells from the surface. At the same time, due to
the most rational placement of wells and other facilities for industrial gas production, it is possible to reduce both
capital and operating costs. On the other hand, there are no economic effects in the coal industry in industrial mining
projects. Comparing the cost savings in industrial mining with the economic effects in the coal industry, one can
make an informed decision on the choice of one of the options for the development of gas-bearing coal beds.

Keywords: unconventional gas sources, degassing, commercial production of methane, economic effect, cost
reduction, field development scheme.

Introduction

The needs of the Russian economy in natural gas and
products of its processing require the involvement in the de-
velopment of unconventional gas sources, which include
gas-bearing coal beds. According to the International Ener-
gy Agency, the predicted gas resources from unconventional
sources in the world amount to 921 trillion m?, which is more
than 2.2 times higher than gas resources in traditional fields
(405 trillion m?) [1]. At the same time, it should be noted that
in Russia today the resources of coal-bed methane exceed the
resources of shale gas and tight sand gas combined. This deter-
mines the special role of coal methane in the development of
domestic gas production [2, 3].

The sustainable development of the industry for the de-
velopment of coal methane resources largely depends on a
reasonable assessment of the economic effects and costs of gas
production and processing. Therefore, the determination and
analysis of the cost of coal methane production is an urgent
economic task.

The most important problem of projects for the extraction of
methane from coal beds is their low economic efficiency. Meth-
ane in coal beds is in a bound sorbed state. Associated with this is
the need for additional costs aimed at breaking the coal-methane
bond and intensifying gas production. In addition, it must be tak-
en into account that the flow rates of gas wells drilled in coal beds
are usually lower than those of traditional gas wells. As a result,
coal bed methane projects are characterized by higher costs and
lower revenue compared to conventional gas projects. At the same
time, it should be noted that the extraction of methane from coal
beds solves a number of problems in coal regions that are not typ-
ical for traditional gas production. The solution of these problems
leads to the emergence of additional economic effects, consider-
ing which it is possible to significantly improve the efficiency of
projects for the extraction of methane from coal beds [4-6].

Theoretical foundations of the research

In general, all projects for the extraction of methane from
coal beds can be divided into two types:
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Table 1. Direct economic effects in coal-bed methane extraction projects
Ta6bnuua 1. Mpambie akoHOMUYeckne aPPeKkTbI B MPOeKTax no fobbive yronbHOro MetTaHa

Economic effects

Projects for the extraction
of coal-bed methane as an
independent mineral

Coal mine degassing
projects

Economic effect from the use of extracted methane
Economic effect of reducing methane emissions into the atmosphere

+

The economic effect of improving the use of the front of mining operations in coal

mines, associated with a decrease in the influence of the gas factor

Economic effect of reducing the accident rate associated with methane explosions -
The economic effect of reducing the cost of previously conducted degassing -
Economic effect from full or partial replacement of natural gas supplied to the coal

region by coal-bed methane

Economic effect from the release of natural gas at conventional fields due to its

replacement with coal methane

Economic effect from changes in the utilization of gas transmission capacities -

1) coal mine degassing projects;

2) projects for the extraction of coal-bed methane as an
independent mineral (industrial production).

The main method of producing coal methane in Russia
is the degassing of coal mines. In this case, joint mining of
coal and gas is carried out. At the same time, gas production
(degassing) is an auxiliary process aimed primarily at ensuring
the safety of coal mining. It should be noted that, unlike proj-
ects for the extraction of coal-bed methane as an independent
mineral, degassing is characterized by obtaining economic
benefits not only from the sale of methane and its products,
but also economic benefits in the coal industry. The main ones
are: the economic effect of improving the use of the mining
front in coal mines; the economic effect of reducing methane
emissions into the atmosphere; the economic effect of reduc-
ing the accident rate associated with methane explosions; the
economic effect of reducing the cost of previously conducted
degassing [7-9]. Also, if a gas producing enterprise is engaged
in degassing and it is it that receives the economic benefit from
the use of the produced coal methane, direct economic effects
in the gas industry can be calculated (table 1).

Projects for the extraction of coal-bed methane as an
independent mineral, unlike projects for degassing mines,
are aimed exclusively at the production and use of coal gas.
The implementation of such projects does not provide for the
possibility of obtaining economic effects in the coal industry.
Thus, the effect of using the extracted gas should pay oft all the
costs of production and processing [10, 11].

Given the low flow rates and high costs of methane inflow
stimulation, the implementation of such projects faces seri-
ous economic problems. Therefore, when planning and im-
plementing such projects, special attention should be paid to
reducing the cost and increasing the flow rates of production
wells [12-14].

The extraction of coal-bed methane as an independent
mineral, which is also called industrial production, is carried
out by vertical and directional wells from the earth’s surface us-
ing modern methods of production rates stimulation [15, 16].
Therefore, the costing of such projects is similar to the costing
of degassing coal mines from the surface, although, as shown
above, there are no effects in the coal industry.

The main costs for degassing by wells from the surface are
formed around the following processes:

- construction and operation of degassing wells;

- well piping construction;

- acquisition and operation of gas production stimulation
equipment;

- construction and operation of infield pipelines;

- construction and operation of a gas collection point
(or vacuum pumping stations (BHC)).

Capital expenditures are determined in the following areas:

- construction of degassing wells;

- well piping construction;

- acquisition of gas production stimulation equipment;

- construction of infield pipelines;

- construction of a gas collection point (or BHC).

The costs for each area are determined by calculating the
estimated cost of facilities, as well as the cost of purchasing cer-
tain types of equipment. At the design stage, capital costs are
determined as follows.

Costs for the construction of degassing wells K__ are cal-
culated by the formula:

K. =HC, , (1)
where H - total footage for all wells, m; C, - cost of 1 m of
footage, rub./m.

Well piping costs K, are calculated by the formula:

K. =N C._, (2)

where N - number of degassing wells, well; C . - cost of
piping one well, rub./well.

The costs for the purchase, delivery and installation of
equipment for the stimulation of gas production are calculated
by the formula:

N/lcr
K,=—¢C, (3)

where Y - number of wells per gas production stimulation
unit, weﬁ; C - cost of one installation for stimulation, rub.

Costs for the construction of infield pipelines K are cal-
culated by the formula:

bt

K LT = N):[er L]'L T CnA i (4)

where L - length of pipelines per well, km/well; C - cost of
1 kilometer of pipelines, rub./km.
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Costs for the construction of degassing wells, costs for
the construction of well piping, the costs for the purchase of
equipment for the stimulation of gas production and costs for
the construction of infield pipelines are calculated by formulas
(1)-(4), respectively.

The costs for the construction of a gas collection point or
BHC are calculated by formulas 2.5 and 2.7.

BHC construction costs K, . are calculated by the formula:

KBHC = NH CH + 306’ (5)

where N, - number of pumps, pcs.; C, - cost of one pump,
rub./piece; 3 . - BHC construction costs, rub.

The number of pumps depends on the volume of extracted
methane-air mixture (MBC) and is calculated by the formula:

N = Qe (©)

M
where Q, .. - volume of extracted methane-air mixture,
m’/min; M, - power of one pump, m*/min. In this case, the
calculation result in formula (6) is rounded up to a larger integer.

Gas collection point construction costs K__ are calculated
by the formula:

Kc.n = Nc,n Cc. n’ (7)
where N~ - number of collection points for gas, pcs;
C .- cost of one collection point, rub.;

N — QMB(:

cn M ’ (8)

c.n

where M_ - gas collection point capacity, m*/min. In this
case, the calculatlon result in formula (8) is rounded up to a
larger integer.

BHC construction costs and gas collection point con-
struction costs are calculated by formulas (5)-(8).

Operating costs for well completion and well production
stimulation consist of:

1) heat energy costs;

2) electricity costs;

3) water supply costs;

4) personnel wages costs;

5) social contributions costs;

6) major repairs costs;

7) payment for land costs;

8) other costs;

9) environmental protection costs;

10) depreciation charges.

Heat energy costs 3_are calculated by the formula:

3-=QCP, 9)

where Q - gas production volume, thousand m* C_ - heat
energy cost, rub./Gcal; P_ - heat energy consumption, Gcal/
thousand, m®.

Electricity costs 3, are calculated by the formula:

=QCP,

o1 an’

(10)

ECONOMIC

where C - cost of electricity, rub/ (kW h); P
consumptlon, (kW - h)/thousand m?.
Water supply costs 3_are calculated by the formula:

— electricity

3,=QCpP, (11)
where C_ - water cost, rub/m’ P_ - water consumption, m?/
thousand m®.

Personnel wages costs 3 are calculated by the formula:

3,,=N 49 31,

3. nger ~lckB

(12)

where Y, - number of employees per well, person/well;
311, — average annual salary, rub./person.
Social contributions costs 3_| are calculated by the formula:

3 =3

C.H s.n o

(13)

where C_ - share of deductions for social needs, %.
Contributions for social needs include payments to the
pension fund, the social insurance fund, the medical insurance
fund, as well as the amount of the insurance tariff for compul-
sory social insurance against industrial accidents and occupa-
tional diseases.
Major repairs costs 3 are calculated by the formula:

=Y C

K. p K.p o’

(14)

where Y __ - share of major repairs costs, %.
Payment for land costs 3 are calculated by the formula:

3 =8C ,

1. 3 IL. 3

(15)

where S - land allotment area, ha; C_ - payment for land, rub./ha.
Other costs 3 are calculated as a percentage of the sum of
previous operatlng costs
3HP =(3,+3,+3, +3 +3_ + SKAP+ 3, 3)an’ (16)
where H - rate of other costs, %.
Environmental protection costs 3
formula:

.are calculated by the

3,.=(B,+3 +3 +3 +3  + 3.<.p+ 3.t SHP)HO_ . (17)
where H - environmental protection cost rate, %.

Operating costs for well development and well produc-
tion stimulation include depreciation charges for the following
types of fixed assets:

— degassing wells;

- well piping;

- gas production stimulation equipment;

- infield pipelines;

— gas collection point (or BHC).

Depreciation charges 3_for each type of fixed assets are
calculated by the formula:

(18)

where C_ - the cost of this type of fixed assets, rub.; H, - de-
preciation rate for this type of fixed assets, %.
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The total amount of operating costs for the development
of wells and the stimulation of well flow rates 3 is calculated by
the formula:

3=3,+3 +3,+3 +3  + 3K.p+ 3, .+ 3Hp. +3, +3. (19)

Operating costs for well completion and well production
stimulation are calculated by formulas (9)-(19).

Results and discussion

Unlike coal mine degassing projects, there is no need for
industrial production to link the location of wells to a coal bed
development scheme. In this regard, there are a number of dif-
ferences in the calculation of the cost of commercial produc-
tion of CBM.

First, it must be taken into account that due to the most
rational placement of wells for industrial gas production, it is
possible to reduce the cost of their construction.

In the works of V. N. Vasyukov, I. V. Roshchina, A. N. Sto-
ronsky et al., the current and cumulative production of meth-
ane is calculated for different distances between wells at the
Taldinskoye field [17].

The most interesting is the comparison of the time behav-
ior of gas production for the options with a well spacing of
200, 400, and 600 m. In the initial period of well operation,
the option with a grid of 200 200 m is characterized by a more
intensive growth in cumulative gas production. Then the situ-
ation changes, so the cumulative gas production after 10 years
with the grid option of 200 x 200 m is characterized by a more
intensive growth in cumulative gas production. Then the situ-
ation changes, so the cumulative gas production after 10 years
with the grid option of 200 x 200 m is already inferior to the
option with a grid of 400 x 400 m by 28%, and the option with
a grid of 600 x 600 m by 15%.

A comparison of the change in time of cumulative pro-
duction shows the importance of the primary decision on the
purpose of the development of this area: early degassing of bed
seams before the stage of mining or industrial development of
a methane-coal deposit? The answer to this question predeter-
mines the development period and, as the comparison shows,
the choice of the optimal distance between wells. If the task of
early degassing of coal is set, then the placement of wells at a
distance of 200 m from each other makes it possible to extract
more methane and, consequently, to lower the methane con-
tent of coal more in a shorter period. In the case of considering
field development, the optimal distance is 400 m. This is due to
higher prospects for increasing the gas recovery factor.

Secondly, it must be taken into account that the possibility
of freely choosing the direction of drilling makes it possible
to achieve large volumes of production by drilling in the most
productive areas with a smaller number of wells. So, for exam-
ple, the use of deviated, directional, horizontal and horizontal-
ly-branched wells, which have a large length of the horizontal
section in the reservoir and are aimed at crossing disjunctive
break, which are natural drainage channels for gas migration
from nearby gas-saturated reservoirs, has great prospects.

In the works of A. V. Keibal, V. N. Vasyukov et al., the tech-
nology of construction and operation of directional wells for
the conditions of commercial production of CBM is consid-
ered [18]. The authors concluded that there are serious lim-
itations associated with the possibility of organizing effective
pumping of formation water from the wellbore and achieving
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maximum drawdown on the productive formation. Therefore,
as early as at the stage of pre-project study, it is necessary to
consider in detail various design options for directional wells
and their placement schemes in accordance with the selected
drilling pattern.

In the works of Tskhadai N. D., Buslaev V. E, Kane S. A.
et al. a technology proposed for the use of horizontal and hor-
izontally-branched wells with a maximum length of wells in a
productive reservoir and the concentration of economic activ-
ity in limited production areas [19]. Approbation of these tech-
nologies was supposed to be carried out at the pilot site of the
Vorkuta coal deposit in the Pechora coal basin. The feasibility
study calculated the economic efficiency for five options that
differed in production volume, number and structure of wells
(vertical or horizontal). The most effective option turned out
to be the one with a small number of horizontal wells aimed at
crossing disjunctive break.

Thus, by optimizing the location of wells for the condi-
tions of industrial production of CBM in comparison with
the drilling grid for the purpose of degassing, it is possible to
significantly reduce the cost of well construction by reducing
their number.

Formula (1) for calculating the cost of well construction
K_, for industrial production will take the following form:

K =N H_ C

CKB mpoM™ " 1ckB 1M

=(N_-NH,_,C,, (20)

lcxB
where N — number of wells in industrial production, well;
N - number of wells during degassing, well; AN - the number
of wells that can be reduced due to the most rational placement
of wells for industrial gas production, well; H, - length of
one well, m; C, - cost of construction of 1 m of wells, rub./m.

Secondly, it must be taken into account that the design of
wells for industrial production may be simpler than the design
of degassing wells. At the same time, the reduction in well con-
struction costs associated with the optimization of well design
for industrial production of CBM can be expressed by reduc-
ing the cost of 1 m of well construction.

Formula (1) for calculating the cost of construction of wells
for industrial production K_ will then take the following form:

K

CKB

N H C__=(N_-ANH

npoM™ " 1ckB 1M mpom ner 1ckB

(C. -AC.),(21)

1m per
where C - cost of construction of 1 m of wells for indus-
trial production of CBM, rub./m; C, - cost of construction
of 1 m of degassing wells, rub./m; AC, - savings in the cost of
construction of 1 m wells for industrial production of CBM
in comparison with the cost of construction of 1 m degassing
wells, rub./m.

Thirdly, if due to the most rational placement of wells for
industrial gas production, it is possible to reduce their number,
capital costs for gas production stimulation equipment will be
reduced. In this case, formula 2.3 for determining the costs for
the purchase, delivery and installation of gas production stim-
ulation equipment will take the following form:

(N,, —AN)
- Jier C
Y

y y

NII()M
K, =-""¢C

MHT y

. (22)

where Y — number of wells per unit for gas production stimu-
lation, well; Cy— cost of one stimulation unit, rub.
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Fourth, capital costs for the construction of infield pipe- 3, 0= Ny L1031, = (N - AN)Y, 31T, (26)
lines can be reduced by reducing the number of wells and the
length of pipelines per well. In this case, formula 2.9 for deter- ~ where 4~ number of employees per well, person/well; 311
mining the costs for the construction of infield pipelines will - average annual salary, rub./person.
take the following form: Social contributions will decrease in proportion to the de-
crease in labor costs:

Kl'] = Nﬂ OMLI'] T. IPOM l'( T (N - A N) (Ll'( T. ﬂe['_ A Ll'[ T) Cﬂ T’ (23)
. ' ! h - . 3(:4 H = 334 II. HPOMCC. H = (33 II. 1er - A 334 ﬂ) CC< H’ (27)
where L , L - length of pipelines per well, respec-

II. T.IIPOM’ II. T.jier . . .
tively, for industrial production and degassing, km/well; ~Where3, .3, . - labor costs, respectively, for industrial
AL - reduction in the length of infield pipelines per well, production and degassing, rub.; A3, - reduction in labor costs
km/well; C. - cost of one kilometer of pipelines, rub/km. for industrial production in comparlson with labor costs for

Further, it should be added that the reduction in capital deg'assmg from the surface, rub; C_, - share of deductions for
costs associated with the above differences between industrial ~ social needs, %.

production and surface degassing leads to a reduction in some Due to a more rational placement of wells in industrial
types of operating costs. Including: production, it is possible to reduce the area of land allotment
— depreciation charges; and, accordingly, the payment for land:
— major repairs costs;
jor rep ' 3 =S =S, -ASC, (28)
- personnel wages costs; ns = SuponCia s
- social contributions costs; . .
where S ,, S - area of land allotment, respectively, for in-
- payment for land costs. npow”? *per
The formula for calculating depreciation charges 2.19 will dustrial productlon and degassing, ha; AS - reduction of land
then take the form: allotment area due to more rational placement of wells for in-
dustrial production, ha; C - payment for land, rub./ha.
3=C,.  H=(C,6 -AC )H, (24) Conclusion _
@ odmpoTa O . ser o9 e Thus, it can be concluded that the assessment of costs in
where C C — the cost of fixed assets, respectively, for ~ Projects for the extraction of coal-bed methane as an indepen-
1ndustr1al¢};§oomdugt?§rel and for degassing, rub.; AC_ — reduc-  dent mineral is similar to the calculation of costs for degassing

tion in the cost of fixed assets during industrial proﬁucnon in  coal mines from the surface by wells. At the same time, unlike
comparison with the cost of fixed assets during degassing from  Projects for degassing coal mines in industrial production, there

the surface, rub; H — depreciation charges rate, %. is no need to link the location of wells to the scheme for devel-

The formula for calculating the major repairs costs 2.15 ~ oping coal beds. Consequently, due to the most rational place-

will then take the form: ment of wells and other facilities for industrial gas production,

it is possible to reduce both capital and operating costs. On the

3 =C Y =(C - )Y (25)  other hand, there are no economic effects in the coal industry

Kp 0. . mpom ~ K. p 0. ¢. mer K. p’ P . .. . . .

in industrial mining projects. By comparing the cost savings of

where Y__ - share of major repairs costs, %. industrial mining with the economic effects in the coal industry,

The formula for calculating personnel wages costs 2.13  an informed decision can be made about choosing one of the
will then take the form: two options for developing gas-bearing coal beds.
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Ocob6EHHOCTM OMNpPEAEAEHUsT ceBECTOMMOCTM AOOLIYM YTOALHOTO
METaHAa B KAYECTBE CAMOCTOSITEALHOTO MOAE3HOTO MCKOIMAEMOTO

Metp Hukonaeeuy MAPMY3UH"
Anekcangp ®egoposny AHOPEEB?*”

"YXTUHCKUIA rOCyAapCTBEHHbIN TEXHUYECKUIA YHUBEPCUTET, YxTa, Pecny6nvka Komu, Poccus
2Poccuincknin rocyaapCTBEHHbIN YHUBEPCUTET HEDTM U ra3a (HauMOHarnbHbIA UCCNeaoBaTeNbCKUA YHUBEPCUTET)
um. U. M. T'ybkmHa, Mockea, Poccus

AHHoTaums1
Axmyanvnocmup. YCTOIYMBOE Pa3BUTIE OTPAC/IN II0 OCBOEHIIO PECYPCOB YTOIbHOIO MeTaHa BO MHOT'OM 3aBMCUT OT
0060CHOBAHHOI OI[€HKI SKOHOMIYECKUX 3(1)(1)eKTOB M 3aTpaT Ha no6b1qy u nepepa60TKy rasa. [TosTtomy onpenenenne
cebecTouMoCTU JOOBIYM YTOJIBHOTO METAHa ABJIAETCA aKTya/lbHOM S5KOHOMMYECKON 3a/1adeil.
ITenv uccnedosanus — BbIABJIEHME 0COOEHHOCTEN ompefeneHns ceb6ecTouMOCTU [OObIUN YIOZIbHOIO Me€TaHa B
KayeCcTBE CaMOCTOATEIbHOTO MOJIE3HOTO MCKOIIAeMOTO.
Pesynvmamut. Bce NpOeKTHI 110 M3BIEYEHNIO METAHA U3 YTOIbHBIX IJIACTOB MOYKHO PasJe/INTh HA [IBA BUIA: IPOEKThI
merasauuy yrojabHbIX IIAXT M IIPOEKTHI 110 noObIue MeTaHa YIONbHBIX IIJTACTOB B Ka4eCTBE CAMOCTOSATENIHBHOIO
IIOJIE3HOTO MCKOIIaeMoro. BaskHoe oT/nIm4yme 3aK/IHOYaeTcs B TOM, YTO J/IA IIPOEKTOB J[lerasaliuil XapaKTEePHO
Mojy4YeHne SKOHOMMYECKMX 3(1)(1)CKTOB He TO/IbKO OT MPOAAKM MeTaHa U IPOSYKTOB €T0 Hepepa60TKI/I, HO U
SKOHOMUYECKUX 3(b(beKTOB B YTO/IbHON IpOMBIIIEeHHOCTU. C APyToit CTOPOHBI, B IPOEKTaX II0 MPOMBIIIJIEHHOI
noObIue OTCYTCTBYET HeOoOXOIMOCTD MIPUBA3KI PACIIONOXKEHNA ra30BbIX CKBAXKIH K CXeMe pa3pa60TKI/I YLONIbHBIX
IJIACTOB, B CBA3M C YeM B CTaThe BBIJIEJIEHO YeThIpe HAIIpaBI€HNA S9KOHOMUM 3aTpart.
3axmouenue. OnpeneneHne 3aTpar B IPOEKTaxX I10 noObIUe MeTaHa YIONIbHBIX I/IACTOB B Ka4€CTBE CAMOCTOATEIbHOTO
IOJIE3HOI'0 MCKOITAeMOTO CXOJHO C pacyeTOM 3aTpaT Ha Jerasaliio yroJabHbIX IIaXT CKBa)KMHAMI C IIOBEPXHOCTI.
IIpn sTom 3a cyer Hanbomee pauyoHaIbHOIO pasMelleHNsA CKBaXKUH U OPYTUX 00'BEKTOB [ IIPOMBIIIJIEHHON
rasofo0bIun CyLIeCTBYeT BO3MOXXHOCTb CHM3UTb KaK KaIlMTajbHble, TaK I IKCIUIyaTallIOHHbIE 3aTpPaThl.
C gpyroit CTOpOHBI, B IpOeKTax MO IIPOMBIIITIEHHOI no6bIUe OTCYTCTBYIOT SKOHOMMYECKIE 3(1)(1)6KTBI B YIOIbHOM
npombiiuieHHOCT. CpaBHMBAaA 9KOHOMUIO 3aTpaT IpY MPOMBIIIIEHHOI J00ObIUE C SKOHOMUYECKUMU :—)(b(beKTaMM
B YTOJIbHOV IPOMBIIUIEHHOCTH, MOXXHO IIPUHATH 060CHOBaHHOE peleHne o BbI60pe OIHOI'O M3 BapMaHTOB
pa3pa60TKI/[ ra3ocopepsKalyx yroJabHbIX IIJIaCTOB.

Knioueevte cnosa: HeTpaiNIVIOHHBIE ICTOYHYKY I'a3a, lera3aliyis, IPOMBIIUIEHHas 10ObIYa MeTaHa, SKOHOMIYECKUI
3¢ deKT, CHIKeHne ce6eCTOMMOCTI, CXeMa pa3paboTKM MeCTOPOXKICHMAL.
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