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Abstract
Introduction. Coalbed methane extraction increases the economic efficiency of coal mining being a main
measure mitigating coal mining risks. Research aim was to assess the impact made by host rocks with different
reservoir properties on coalbed methane production dynamics before and after hydraulic fracturing.
Methodology. 4 coal seam model has been constructed using software systems, the coal seam has been
represented as an integrated deposit of two minerals, coal and gas. Gas production scenarios with and
without impact on the seam have been calculated as well. A model of a coal bed with a hydraulic
fracture was constructed in application program package Petrel (Shlumberger).
Results. The calculation results showed the development of gas migration from the coal matrix to the
surrounding rock through the fracture system during gas production. The use of hydraulic fracturing
has positive impact on the dynamics of gas production from coal seams. Hydraulic fracturing revealed
the growth of desorbed gas migration into the host interlayers. Analysis of coal methane migration to
the surrounding rock has shown that the host rock can be considered as a transportation route for
coalbed methane production.

Key WOrds: coal seam; adsorption; hydraulic fracturing; host rock; double porosity; coal gas
migration.

Introduction. The unfavorable factors, coal and gas outbursts and mines’
deformations, become greater as the depth of coal mining becomes deeper.

The solution to gas and rock outbursts problem is complicated by the fact that a coal
seam with adsorbed methane is a fractured-porous medium that includes a genetically
and spatially linked system of organic matter of coal, absorbed gas, gas-saturated water,
and natural fractures in coal (cleavage) [1-3].

Coalbed methane extraction increases the economic efficiency of coal mining being
a main measure mitigating coal mining risks.

Methane production is particularly difficult at the preparation stage, when the coal
bed is not much affected by the development and there is no developed network of
degassing channels. Insufficient degree of degassing at this stage contributes to further
increase of risk of catastrophic results of gas-dynamic phenomena and decrease of
productivity of coal mining [4-5].

Efficient and cost-effective recovery of methane out of coal seams by wells drilled
from the surface is achieved by applying advanced technologies of hydraulic fracturing,
pneumatic and hydrodynamic impact on beds with caverns formation (cavitation), and
carbon dioxide injection.

The fracture volume in the bed is negligibly small compared to the total volume of
solid skeleton and voids. Coalbed hydraulic fracturing promotes to making links
between the natural fracture network and the well [6-10].
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Most problems during coal bed hydraulic fracturing are related to coal mass
heterogeneous properties, including geomechanical properties and the length of the
natural fracture network in the coal. As a result, induced fractures are highly dependent
on strata stress curves and their changes during drilling and hydraulic fracturing. The
cleavage system affects the fracture trajectory and may result in complex fractures,
which increases the injection pressure. Bottomhole rock parts or coal dust from
hydraulic fracturing also increase the injection pressure. Cross-linked gels, water, and
foams are used as fracturing fluids. The organic surface of coal can adsorb fracturing
fluid (or drilling fluid) components in contrast to the inorganic surface of conventional
reservoirs. Adsorption and physical capture of fracturing fluid molecules limit the
permeability of main and secondary cleavages, tertiary fractures, methane desorption,
gas diffusion and further gas filtration to wells [11-14].

Asignificant volume of a deposit by thickness in multi-layer basins with thin layers of coal
(e. g., Black Warrior, Canada) is occupied by the host rock. Some characteristic properties of
coal and host rock obtained from minifrac tests are presented in table 1 [4, 15-16].

Table 1. Input data for the model
Tao6amua 1. Ucxoaubie JaHHBIE MOJEIN

[T o] 1 RSSO S PSR 850 m
RESEIVOIT PIESSUIE .....vveveeieee ettt 8,5 MPa
C0al METNANE CAPACITY ...ttt ettt e bbb ettt sttt e et ens 20 m3ft
GO SIZE e 1250%1250x10 m
NUMDBDEE OF CRIIS ..t 100%100x%10 pcs
Fracture NBIGNT ...ttt ar e 13m
Fracture half-IeNgth ...ttt 68 m

The table shows the values of Young's module (Erock, MPa) and Poisson's coefficient
of coal and host rock for different coal basins.

High Young’s modulus of other rocks with low modulus for coal, as well as strata
stresses, affect fracture growth and propagation [9].

Research aim was to assess the impact made by host rocks with different reservoir
properties on coalbed methane (CBM) production dynamics before and after hydraulic
fracturing.

Table 2. Input data of interlayers in the double porosity model
Ta6auna 2. UcxoaHble JaHHBIE MPOCI0EK B MOIETN IBOWHON MOPUCTOCTH

,c\)lfu I?S:: Rock h,m matrix/fractrEre, portions matrix/fractlfjre, 102 m?
1 Sand 2 0/0.2000 0/0.1020
2 Coal 1 0.2/0.0010 0.00001/ 1.0200
3 Siltstone 2 0.2/0.0001 0.00001 / 0.0001
4 Coal 3 0.2/0.0010 0.00001 / 1.0200
5 Siltstone 5 0.3/0.0001 0.00001 / 0.0001

The Naryksko-Ostashkinskoye deposit’s coal bed reservoir properties, its methane
content research results, and the results of fracture geometry (half-length and height)
after coal bed hydraulic fracturing at a depth of 850 meters were taken as initial data
(tables 2, 3).

A model of a coal bed with a hydraulic fracture was constructed in application
program package Petrel (Shlumberger). The coal bed model is implemented using the
double porosity model consisting of two interrelated systems representing a coal matrix
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and a system of highly permeable fractures. Physical processes are described by
modified Warren and Ruth model involving sorption and diffusion processes [8]. Fluid
flows mainly through fractures and major reserves are in porous blocks. There are also
local filtration flows from blocks to fractures. Design grid parameters, modifiable
interval, fracture half-length, and fracture’s height and direction were introduced to
model the hydraulic fracture.

Table 3. The results of observing changes in the coal bed gas
saturation without affecting the formation
Taomuna 3. Pe3yabTaThl Ha0MI0AeHUsI 32 H3MEeHEHHEM
ra3oHaCbhINEHHOCTH YIroJbHOI'0 IJjiacTta 0e3 BOS}JQﬁCTBl/lﬂ Ha mJjIacT

Gas saturation (fractures)
Rock 1 well 1 well 1 well 2 wells 2 wells
(3 mos) (5 mos) (8 mos) (3 mos) (5 mos)
Sand - - - - -
Coal - - - - -
Siltstone - 0.5 0.7 0.5 0.6
Coal - 0.6 0.8 0.5 0.7
Siltstone - - 0.4 - 0.5

Methodology. The work consisted of two parts. The first part included the study of
the impact made by the host rock when recovering gas from the coalbed in models with
one and two wells without hydraulic fracturing.

In both cases, the well uncovered the entire coal patch as shown in figure 1.
The fractures were initially occupied by water. So, the first step was to dry the coal
patch and observe the subsequent release of the adsorbed methane from coal layers
2 and 4.
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Fig. 1. Gas saturation distribution one year after production starts (1 and 2 wells)
Puc. 1. Pacmipenenenne ra30HaChIIEHHOCTH Y€pe3 rof Mocie Havaiga JOObIdH
(1 1 2 ckBa>KUHBI)

Calculations in models with one well and two wells were made with pressure and
gas saturation measurements after 1 day; 3, 5, 8, 12 months from the start of production
(figures 1, 2).

In a single well model, after 5 months gas saturation changed from 0 to 0.5 in layers
3 and 4 (clay siltstone and coal) (table 4). One year after the start of water pumping,
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free gas filled layer 3 (clay siltstone), layer 4 (coal bedrock), and layer 5 (fissured clay
siltstone) (figure 1).

In a two wells model, the distance between the wells is 250 m, which is typical for
the development of coalfields. The same mode was set to simulate wells. Three months
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Fig. 2. Gas saturation distribution one year after production starts
(1 and 2 simulated wells)
Puc. 2. PactpeniesieHye ra30HACBILIEHHOCTH Yepe3 Iojl Mocie Havaia Jo0b4n
(1 u 2 Mmozxenupyemble CKBa)KHHBI)

0.4
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after the start of water pumping, layers 3 and 4 (clay siltstone and coal) became saturated
(table 4). Figure 2 shows the state of gas saturation in the reservoir one year after the
start of development. It can be seen that two wells development is more intense in terms
of gas saturation compared to a single well model.
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Fig. 3. Changes of gas and water rates (1 well)
Puc. 3. V3meHenus 1eOuToB raza u Boas! (1 ckBaxnHa)

The second part of the work included the study of the impact made by the hydraulic
fracturing operation on CBM production, as well as the assessment of host rocks impact
on methane production after hydraulic fracturing.



ISSN 0536-1028 «H36ecmust 8y306. Topuotii scypruany, Ne 7, 2020 45

Fracture dimensions at one of Naryksko-Ostashkinskoye field wells were taken as
initial data, namely, the fracture height (13 m) and its half-length (68 m). Input data for
the model were used in accordance with tables 2, 3.

The efficiency of hydraulic fracturing is significantly affected by the mechanical
properties of rocks and associated stresses. In the case of the Naryk-Ostashkinskoye
deposit, coal seams are uncovered in patches that include coal and enclosing rock

Two development scenarios were considered with hydraulic fracturing at the start of
production at one well in the center of the seam model and at two symmetrical wells.
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Fig. 4. Changes of gas and water rates (2 wells)
Puc. 4. I3MeHeHust pacxoJI0B ra3a u BOJIbI (2 CKB.)

Figure 3 shows pressure distributions in the interbedded layers the next day after
hydraulic fracturing at one well. Hydraulic fracturing was carried out on the first day of
production. It can be seen that pressure in the fracturing zone has changed by 0.1 MPa
in comparison with the initial strata pressure (8.5 MPa) in coal interlayers and sandstone,
in fissured siltstones to a lesser extent (interlayer 3) and a little in the last formation 5.
Such pressure distribution is due to different formation reservoir properties of the
interlayers. Fissured siltstone has the lowest fracture permeability. In addition, figure 4
shows the effect of wells interaction caused by reservoir pressure decrease in the model
and gas production intensification.

Analyzing the results of alternate designs with one and two fractured wells,
significant quantitative changes in free gas distribution across the interbedded layers
were recorded one year after the start of the calculation.

Peak gas rate at a single well development with hydraulic fracturing is reached after
10 years; in the case of two fractured wells, the peak rate is reached after 3 years. This
can be explained by the depression cone created during the two wells development and
by pressure reduction below the desorption pressure, which caused rapid release of gas
from the matrix. The fracture, in turn, created a link between the well and natural
fracture system and ensured fluid flow to the well.

Results. The comparison of CBM production with two wells in two scenarios, (a)
hydraulic fracturing and (b) gas production without any impact on the formation, has
made it possible to make the following conclusions:

1) Gas rates after hydraulic fracturing are 1.5 times higher than CBM production
without any impact on the formation;
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2) Water rates after hydraulic fracturing doubled and remained at the initial level for
10 years in comparison with the model without hydraulic fracturing. However, peak
gas rate in both scenarios is reached after 3 years. The dynamics can be explained by
the effect of the fracture connecting the well and the network of water-saturated
fractures;

3) After hydraulic fracturing at two wells, methane from the coal interlayer migrates
to the host rocks 2 months earlier than in the one well scenario;

Table 4. The results of observing changes in the coal bed gas saturation with
hydraulic fracturing
Ta6auuna 4. Pe3yabTaTsl HA0II0eHUH 32 H3MEHEHHEM Ia30HACHIIIEHHOCTH
yrojbHbix miaacros npu I'PII

Gas saturation with and without fracturing
Number Rock
of layer oc 1 well 1 well 1 fractured well | 1 fractured well
(5 mos) (8 mos) (3 mos) (5 mos)
1 Sand - - - -
2 Coal - - - -
3 Siltstone 0.5 0.7 0.3 0.5
4 Coal 0.6 0.8 0.4 0.5
5 Siltstone - 0.4 - 0.3

4) Migration to sandstone and upper coal occurs after 8 years in case two wells are
operated without any impact on the formation. When calculating the model with
hydraulic fracturing, it is observed that methane migrates from the upper coal to the
overlying sandstone after 5 years.

The use of hydraulic fracturing has positive impact on the dynamics of gas production
from coal seams [17]. Compared to the scenario of CBM production without hydraulic
fracturing, gas flow rates after hydraulic fracturing increased by 1.5-2 times.

Calculations prove the occurrence of gas migration from the coal matrix to the
surrounding host rocks through the system of fractures during reservoir development.
Host rock can be considered as a transportation route for coalbed methane production.
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OueHka BIMAHUSA Ie0JIOTHYeCKUX 0COOEHHOCTel MeTaHOYr0IbHOI0 IJIacTa
Ha padoTy IKCILTYaTAlIMOHHON CKBaKMHBI

Marnussosa I. I.L, Xaiiguna M. I1.1
1 Poccuiickuil TOCYIapCTBEHHBIH YHHBEpPCHTET He(TH M raza (HAMOHAJBHBIA HCCIIEI0BATEIbCKHI
yauBepcutet) nMenn M. M. I'yOkuna, Mocksa, Poccnst.

Pecgpepam

Beeoenue. Hszsneuenue Memana u3 y2OlbHbIX NIACMO8 NOGbIUAENT IKOHOMUYECKYIO d¢hphexmusHocmy
000b14Y Y2iis, A MaKdice 6NAEMcst OOHOU U3 2NABHBIX MEP NO CHUIICEHUIO PUCKO8, BO3HUKAIOWUX NpU
paspabomke y2onbHbix Mecmopodcoenull. Llenvio ucciedosanus A6iA1aCy OYEHKA GUSHUSL GMEUAIOUJUX
NOPOO ¢ PA3TUMHBIMU DPUILIMPAYUOHHO-EMKOCIHBIMU CEOUCMEAMU HA OUHAMUKY 000bIYU MEemAaHa u3
V2ONbHBIX NAACMO8 00 u nocie nposedenus I'PII (cudpasnuyeckuil paspvié niacma,).

Memooonozus. C ucnonv3osanuem npoepamMmmHbix KOMIIEKCO8 NOCMPOeHA MOOELb Y2OIbHO20 NIACMA KaK
KOMNLEKCHO20 MECMOPOACOEHUsl O8YX UCKONAEMbIX — Y2lis U 2a3a — U PACCHUMAHbL 8aPUANNbl 000bIYU
easa ¢ gosoelicmeuem Ha niacm u 6e3 6ozoeticmsus Ha niacm. B nakeme npuxnaouotl npocpammel Petrel
(Shlumberger) nocmpoena mooens yeonvroeo niacma ¢ mpewunou I'PI1.

Pezynomamel. Yemanoeneno, umo mucpayusi 2a3a u3 yeoibHOU Mampuysl 60 emewaiowue oruznexcawue
nopoobl NPOUCXOOUM NO cucmeme mpewjur 8 nepuod 000viuu 2asza. Ilpumenenue mexmonocuu I'PIT
NONOACUMENLHO  6lIUsIeM HA OUHAMUKY 000bluU 2a3a u3 Yyeoabhulx niacmos. Ilocie nposedenus
T'PII evisignen pocm mucpayuu 0ecopOouposanno2o 2asa 60 emewaiowue npociou. Pesynvmamut
UCCIe008ANULl MUSPAYUU Y2OIbHO20 Memana 6 Onuziedcaujue nopoobl NOKA3AAU, YMO emeuaiowue
NnOPOObL MOJCHO PACCMAMPUBAMb KAK MPAHCROPMHbLE NYMU NPU 000bl4e MEMAaHa U3 y2oIbHbIX NIACMOS.

Knrouesvie cnosa: yeonvuvii niacm,; aocopoyus,; I'PII; emewarouas nopooa, 080UHASL NOPUCTNOCb,
Muepayus yeoibHo2o 2asd.
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