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Detailed abstract |

Mathematical Simulation Research on
Geological History Evolution of Coalbed Methane

(Detailed abstract)

A geological dynamic equilibrium kinetic model describing geological history evolution of
coalbed methane (CBM) was built based on the achievements of recent CBM research, oil and
gas geology and other regions. The kernel of the model is that CBM’s generation, free and ad-
sorptive gas and migration or dissipation gas quantity in coal reservoir is in a dynamic equilibri-
um state. Huge factors controlling and affecting the process are considered in the model. Based
on the geological model, a mathematical model including partial differential equation describing
the diffusion in cap, gas flow in cleat system or in fracture of cap and formulas calculating vari-
ous geological factors are formed. By using modern numerical method and computer technolo-
gy, the mathematical model was solved successfully. Based on the above, different presumptive
geological condition and an example in QinShui coal field were calculated. Through large
amount of calculation and comprehensive analysis, the following conclusions were achieved.

1. Maturation and gas generation of organic matter in coal seam is the material foundation
of CBM's geological evolution. The majority of gas generated in geological history has dissipat-
ed and only small quantity of it preserves in coal reservoir in adsorptive or free state in recent
time.

2. Reservoir pressure keeps CBM be adsorptive in coal reservoir. In geological history,
reservoir pressure system in coal seam can be classified into three kinds: close system which has
no opening passage between coal reservoir and open air and expanding energy of gas keeps reser-
voir pressure to some value; open system which has opening passage between coal reservoir and
open air and expanding energy of gas and standing water pressure keeps the reservoir pressure
to some value; and between them, there is a medium kind called semi — open system which has
such passage but closed.

3. Diffusion, which is caused by the difference of free gas content between coal reservoir
and cap, is one of the important dissipation of CBM in geological history and it has the most
strong character of continuity. The long — time lasting geological history makes this slow action
more effectively. Small diffusive coefficient, thick eap, low free gas content can slow down the
speed of CBM diffusion, and the enclosement of hydrocarbon content among neighboring coal
seams can also reduce the affection of diffusion.

4. Cap outburst may happen in condition of extremely high reservoir pressure in close sys-

tem. When it take place, gas flow through micro — fracture of cap formed in high reservoir
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pressure and dissipate from coal reservoir. Whether it happen er not depends upon the concen-
tration degree of gas, reservoir pressure, bury depth, cap rock’s tensile strength and character
of tectonic stress field. Only in open system can vadose dissipation take place, another impor-
rant condition is enough reservoir pressure gradient. Gas permeability flow in cleat system or
opening fracture. Both cap outburst and permeability dissipation is much more faster than dif-
fusion but the dissipation quantity of gas is lower than diffusion generally.

5. Evolution of CBM in geological history can be divided into three periods, that is, pri-
marv. peak and dissipation period. In primary period, dynamic equilibrium factors includes gas
generation, free and adsorptive gas and diffusion dissipation. All above factors keeps in low lev-
el because of low gas generation or low degree of organic matter maturation. In peak pericd,
dynamic equilibrium factors includes gas generation, free and adsorptive gas, diffusion dissipa-
tion and may also cap outburst and permeability dissipation. In this period, coal organic matter
generates large amount of gas which can make the reservoir pressure extremely high and cap
outhurst or gas permeability may happen. According to the degree of gas generation and kinds
of dissipation, this period can be divided into three type. Dissipation period begin when peak
period end or organic material stops gas generation. Dynamic equilibrium factors includes free
and adsorptive gas and diffusion dissipation. The simple CBM evclution model means that pri-
mary period, peak period and dissipation period emerge one after another up to now. Complex
model means that there are two or more than two peak period and dissipation period in geologi-
cal history.

6. Concentration and enrichment degree of CBM in geological history depend upon its evo-
lution history and geological condition. CBM strongly concentrate in peak period, always in
dissipation condition in dissipation and, may concentrate or dissipate in low level in primary pe-
riod. High gas concentration in peak period, weak dissipate and short time — lasting of dissipa-
iion period can make CBM in a high enrichment, but in complex model, this is more for the
A1 one.

7. The upper main coal seam of late Paleozoic Earthem in the middle of QinShui coal field
helongs to the simple model of CBM evolution history. Primary period lasted form coal seam
formed to late middle Jurassie Period and peak period took place between late Jurassic and early
(retaceous Period at which not only large amount of gas concentrated but cap outburst and per-
meahility took place also. Dissipation period lasted form late Cretaceous Period up to now, the
lomg dissipation time resulted in most gas escaped from coal reservoir and low enrichment degree
of CI3M. The highest gas content in the region now is lower than 15m"/t, and in the state of
under - saturation.

& Mathematical simulation is an effective method for CBM geology study because of its
advance of highly quantitation. To conduction a mathematical simulation research on CBM evo-
lution. four steps must be undergone, that is, basic work, building geological and mathemati-

cal model, calculation and results analysis.
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