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COALBED METHANE RESOURCES OF CHINA

ABSTRACT

The exploration and development of the coalbed methane (CBM) resources in China has
remained to the assessing and testing stage for a long term. Thus, it is necessary that some as-
pects for coalbed methane geology in China, such as resources, geological controls and coal
reservoirs, are farther studied, and the CBM developing technology suitable to the conditions
of coal geology in China needs to be continually consummated still. Relying on the rich infor-
mation of CBM content and coal geology from all the coal-bearing basins of China,
accumulated by China National Administration of Coal Geology during past more than forty
years, the research project “Assessment on Coalbed Methane Resources of China” was accom-
plished in the December, 1998, in combination with the valuable coal reservoir data recently
obtained by the CBM well testing. The scientific book was written just on the basis of the
main achievement of the project, value of which lies in showing systematically the distribution

and its geological controls of the CBM resources in China for the first time.

Firstly, the distribution of the CBM resources in China has been scientifically revealed.

(1) Basing upon the data from the coal and CBM geology, which is most integrative, sys-
tematic and detailed by far, the quantity of the CBM resources over China was re-estimated.
The total CBM resources of 14. 34 trillion (14. 34 X 10**)m® in the coal reservoirs with more
than 4 m® per ton of methane content and less than 2000 m of burial depth was acquired.
Therein, the prospective resources is 13. 37 trillion m? accounting for the 93. 24 % of the total
resources, and the expected reserves is 0. 97 trillion m® accounting for the 6. 76%. The
resources in the coal reservoirs with methane content of more than 8 m® per ton is 12. 44 trillion
m® accounting for the 86. 75%; of the total resources, and the those with the methane content
of 4 to 8 m® per ton is 1. 90 trillion m® accounting for the 13. 25%. The resources in the coal
reservoirs with less than 1500 m of burial depth is 9. 26 trillion m?® accounting for the 64. 58 %
and those with the 1500 m to 2000 m of burial depth is 5. 08 trillion m® accounting for the
35.42%.

The CBM resources in China occur mainly in the North China CBM-province where the
resources is 9. 55 trillion m®, holding the 66. 60% of the total. The CBM resources in the
South China CBM-province are 4. 13 trillion m®, accounting for the 28. 80% of the total. In
the Northeast China and Northwest China CBM-provinces, the resources are respectively 0. 42
trillion and 0. 24 trillion m®, only accounting for the 2. 93% and 1. 61% of the total. As for
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the administrational province, the resources in ascending order exist successively in Shanxi,
Guizhou, Shaanxi. Gansu, Henan and so on.

(2) The CBM regionalism of China was scientifically made and the five provinces, includ-
ing the 30 zones and 115 districts, were creatively distinguished. At the same time, the CBM
resources and its abundance of all the CBM provinces, zones and districts were statistically
computed in accordance to the reliability grades, quality grades and burial depth of the
resources. '

The nine types of the CBM zones over China were ascertained on the basis of the area and
CBM resources abundance, including the 13 small-scale ones, the 9 middle-scale ones and the
7 large-scale ones. Similarly, the nine types of the CBM districts over China were also distin-
guished. As concerns the area, the 45 small-scale, 39 middle-scale and 31 large-scale CBM
districts occur in China. As for the resources abundance, there are the 33 CBM-rich districts
with more than 150 Mm® per square kilometer of abundance, the 49 CBM-bearing ones with
50 to 150 Mm® per square kilometer of abundance and the 33 CBM-poor ones with less than 50
Mm?® per square kilometer of abundance. The CBM districts of China are generally characteris-
tic of the more number, the much various area, the middle-scale abundance and the much scat-
tered occurrence, and the middle- and large-scale ones as well as the CBM-bearing and -rich

ones occur almost in the North China and western South China CBM-provinces.

Secondly, the distribution in space-time of the CBM-bearing characteristics of the coal reser-
voirs in China has been essentially found out.

(1) Through the systematical analysis to the regional, stratigraphic and burial distribution
of CBM-bearing factors such as the CBM content, concentration, resources abundance and
saturation, the occurrence in space-time of the CBM-bearing characteristics of the coal reser-
voirs in China has been essentially found out. This provides a scientific foundation for the CBM
resources assessment and optimum seeking of potential zones and districts.

(2) In the North China CBM-province, the districts with similar CBM-bearing character-
istics are naturally assembled into the CBM belts along latitude line, and the CBM-poor and
-rich belts alternatively occur in region, for example, Daqingshan-Kailuan, Liulin-Yangquan-
Jizhong, Hancheng-Jincheng-Anyang, western Henan-Huainan/Huaibei ones. This is also
true along longitude line, and, for instance, the western Ordos, eastern Ordos, Qinshui, Tai-
hangshan CBM-belts appear in turn form west toward east. In the Northeast China CBM-
province, the CBM zones or districts, which are generally typical of the lower CBM content,
lower CBM concentration, higher resources abundance and higher CBM saturation extend
along NE or latitude strike. In the South China CBM-province where the zones and districts
are commonly characteristic of the higher CBM content and saturation, there exist two CBM
belts composed of the CBM-rich districts, i.e. , the eastern Yunnan-weastern Guizhou-north-
ern Guizhou-southern Sichuan belt with longitude strike and the central Hunan-central J langxi

belt with northeastern strike. The Northwest China CBM-province, where the CBM-bearing
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characteristics are closely related to the tectonic and magma activity, is high in CBM resources

abundance but relatively low in CBM content and concentration.

Thirdly, the physical properties of the coal reservoirs in China have been systematically
summarized and overall discussed.

(1) The CBM absorption-desorption and its distribution of the coal reservoirs in China are
particular in some degree. According to the now-available data, the absorption constant a
value varies little among the CBM-provinces or \|districts, but evolves regularly with increas-
ing coal rank. The a values of the dry coal samples with 0.5% to 1. 1% or more than 3.5%
maximum vitrinite reflectance (R, m.) tend to reduce, but those with 1. 1% to 3. 5% Ro.max
rises with increasing coal rank. However, the a values corrected by inherent moisture enhances
when the R, m.x is less than 3. 5% and reduce when the R, ..x is more than 3. 5%.

The absorption constant & values of the coals from the all South China CBM-districts, the
most North China CBM-districts and some Northeast China CBM-districts are less than 0. 25,
and rise with increasing coal rank, reaching a maximum about in meagre coal. Those in the
other North China districts and the most Northeast China districts are more than 0. 25, and
seem to be identically correlated with coal rank.

The CBM absorption ratio of the coals in China ranges from 22% to 65% , and is relative-
ly low. The absorption time, commonly changing from a few hours to several days, is such
short that the gas production peaks of the CBM wells might be attained in a shorter drainage
period.

(2) The Langmuir volumes of the wet coal samples in China are notably correlated with
those of the dry ones on the basis of the measured data. Accordingly, the relationship between
the two can be expressed by an empirical equation through which the Langmuir volume mea-
surements from the dry sample are possibly conversed into the wet data. The moisture content
in coal influences largely the absorbing capability of the coals to methane and determines the
acquisition of some key parameters such as CBM saturation in some degree. Thus, the empiri-
cal equation suitable to the absorbed property of the coal reservoirs in China provides a possibil-
ity for utilizing effectively a large number of the Langmuir volume measurements obtained pre-
viously from the dry samples, which might produce sufficiently a economic benefit in the
assessment of the CBM-developed geological conditions.

(3) The data collected from the seventy-six seams of the twenty-three districts showed
that the well-testing permeability of the coal reservoirs in China ranges from 0. 002 md to
16. 17 md, averaging 1. 27 md. The mean permeability of the seven of the twenty-three dis-
tricts is more than 1. 0 md, that of the ten extends from 0. 1 md to 1. 0 md and that of the five
is less than 0.1 md. Although there exists generally the geological setting of the low coal reser-
voir permeability in China, the cases with relatively high permeability are not absent, and
occur commonly under the background of the low permeability in some districts. Accordingly,

looking for the coal reservoirs or blocks with high permeability in the districts with the setting
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of low permeability is a key to the strategic deployment of the CBM exploration and develop-
ment in China.

According to the current data, the permeability of the coal reservoirs in China is regionally
distributed in some regular patterns. The mean coal reservoir permeability of three CBM zones
in the North China CBM-province, 1. e. , eastern Ordos, Weibei and Qinshui ones, is much
higher than that of the other zones in the province. In other words, the coal reservoir permea-
bility in the western North China is overall higher than that in the eastern. The coal reservoir
permeability in the Northeast China CBM-province is higher than that in the Northwest China
CBM-province but lower than that in the North China CBM-province. This is an important
reason why the current activity of the CBM development in China tends to be conducted in the
western and middle North China, and indicates a quiet great progress in the investigation to
coal reservoirs in china.

The permeability of the coal reservoirs in China is greatly influenced by the modern tec-
tonic stress field, and is associated with the burial depth of coal reservoirs in some degree. The
main stress differentia of modern crustal stress field is well correlated to the permeability,
which could be used to predict the areas with highly permeable coal reservoirs.

(4) The pressure of the coal reservoirs in China is ordinarily low but high in some cases.
According to the well-testing data from the sixty-four seams of the twenty-one districts, the
pressure gradients vary from 2. 24 kPa/m to 17. 28 kPa/m. Therein, the 29 under-pressured
coal reservoirs accounting for the 45% of total reservoir amounts, the 14 normally pressured
those with the gradient of 9. 30 to 10. 30 kPa/m for the 22% of the total, the 17 highly
pressured those for the 21% of the total and the 4 ultra-pressured those with the gradient of
more than 14. 70 kPa/m for the 6% of the total are included.

(5) The critical desorption pressure, recovery and saturation of the coalbed methane in
the coal reservoirs of China are quietly low, which might be unfavorable of the CBM resources
development. The critical desorption pressure range generally from 0. 5 MPa to 1. 74 MPa,
with the maximum of 5. 98 MPa to 6. 51 MPa. The CBM desorption ratio varies from 6. 7%
to 76. 5% , averaging 27%. The ccal reservoirs in China are almost undersaturable, with the

CBM saturation ranging from 15. 8% to 83. 3%, averaging 44 %.

Fourthly, the investigation of the CBM-controlled geological conditions in China has been
systematical made for first time.

(1) The relationship of the CBM accumulation to geotectonics and CBM-bearing structure
was discussed. The authors suggested that the basement and geotectonic position of the coal-
bearing basins are key to the CBM formation, accumulation and developmental potential. The
potential of the CBM resources and its development might be well for the coal-bearing basins
situated in the platform or the intermediate region between the platform and folded belt, rela-
tively poor for those in the folded belts, and largely various for those located in the intermedi-

ate massifs. The CBM-bearing structures were summed up into the four types including the
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eleven models, the distribution of these types or models in main CBM-accumulating zones or
districts was investigated, and the geological controls of them to CBM accumulation were
deduced.

(2) Based upon the analysis to the tectonic evolution and seam buried and heated history,
the geological conditions of the CBM formation and accumulation in the different parts and
coal-formed periods of China were discussed. The first CBM generation of the Upper Paleozoic
coals in the North and South China occurred during the Hercynian to Indo-Sinian movement.
The crustal inversion during the last Indo-Sinian to initial Yanshannian cycles leaded to bating
the coal reservoir pressure, which caused the desorption and escape of the firstly generated
CBM from the coal reservoirs. The Yanshannian movement brought about a important turn of
the geological history in China, which controlled not only the modern framework of the coal
rank distribution in the North and South China, but also the secondary CBM generation. The
secondary coalification of the most Upper Paleozoic coals befell under the abnormally high
geothermal field during the Late Yanshannian. The more intense the secondary coalification
the higher the coal rank, the more remarkable the secondary CBM generation. Moreover, the
geothermal event derived from the magma activity during the Yanshannian might result in the
geothermal metamorphism of some Mesozoic coals, which was favorable of the CBM genera-
tion.

(3) The relationship of the surrounding rock assemblies to their sealing capability was dis-
cussed in the light of the sedimentation. It was suggested that the surrounding rock assemblies
in the delta and barrier coast systems might be well in the sealing capability to CBM, and those
in the alluvial fan, shallow sea and open coast systems might be poor. Taking the South and
North China as instances, the correlation of CBM content to sedimentary and surrounding rock
assemblies was deduced, which is significant of the prediction of CBM content.

(4> It was found that the absorption constant a value does not vary gradually with
increasing vitrinite content in coal reservoirs but becomes suddenly large at a critical content of
the 55%. This correlation is independent of the coal ranks, exists not only in the CBM
provinces but also in some given CBM districts. The differentia of the absorptivity among
various macerals was regularly defined. The authors suggested that those might be mostly de-
rived from two reasons, i.e. , the specific pore surface area related to the pore structure and
the absorption potential of the macerals to methane. The a value of the macerals with high spe-
cific surface area and absorbed heat is certainly high, but that only with large specific surface
area might be low sometimes and dependent of its absorbed heat still.

(5) The control of the thickness and structure-destroyed degree of the coal reservoir to its
permeability was revealed according to the well-testing data from the 47 seams in the North
China CBM-province. As for the structure-destroyed coal reservoirs, the well-testing perme-
ability tends to be negatively correlated to the thickness. As concerns the coal reservoirs not
destroyed by the paleo-structure stress fields, the well-testing permeability enhances generally

with increasing the thickness when the permeability is less than 0. 5 md, but that reduces
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instead when the permeability is more than 0. 5 md. Thus, the permeability of the structure-
destroyed coal reservoirs might be greatly dependent of the thickness controlled comprehen-
sively by sedimentation and subsequent structure. However, the permeability of the reservoirs
without structure-destroyed coals and with the permeability of less than 0. 5 md might be col-
lared in some degree by the natural fissures relative to sedimentation.

(6) The hydrogeological conditions effect markedly the CBM migration and accumula-
tion. In this book, three hydrogeological CBM-controlled patterns were suggested, i.e. , the
hydraulic migration-escape, the hydraulic sealing and the hydraulic jam. Specially, the
hydraulic migration-escape, which was propounded by the authors in this book for first time,
leads to the CBM escape and is unfavorable of the CBM accumulation. This pattern is charac-
teristic of the productive aquifer, strong runoff and well hydraulic connectivity between the
aquifer and coal reservoir, that is to say, the CBM resources in the areas with strong runoff
are commonly poor. Conversely, the hydraulic sealing or jam is favorable of the CBM accumu-
lation.

(7) The CBM accumulation in the Upper Paleozoic coal reservoirs of China was distinctly
influenced by the CBM desorption-diffusion-migration effect since the coal reservoir is a kind of
organic reservoir in which the equilibrium of the CBM absorption to desorption is strictly con-
trolled by the pressure derived from the overlay strata. The CBM escape or re-accumulation is
dependent of the equilibrium. Thereby, the much deeply the coal reservoirs were buried, the
much weakly the CBM occurrence was controlled by the conventional gas-controlled factors
such as structure. Conversely, the importance of the conventional gas-controlled factors would
be emphasized. In the districts with the bituminous coal or anthracite reservoirs, the lighter
the stable carbon isotope of coalbed methane, the more remarkable the CBM migration effect,
the closer the sealing conditions for the CBM accumulation to those for the normal natural gas.
For this reason, a close attention should be paid to the distribution of the stable carbon isotopes
of the coalbed gases when the optimum seeking for the potential CBM-accumulating zones or

districts is made.

Fifthly, the methodology for the optimum seeking of the potential CBM-accumulating zones
and districts has been instituted.

(1) Abided by the dialectical thought from geological investigation (qualitative) through
quantitative ordering (quantitative) to geological analysis (re-qualitative), a quantitatively
assessing method, called as “risk probability plus Analytic Hierarchy Process”, was put for-
ward, and the methodology, named as “Key Factor Progressive Optimum Seeking”, was
established by the authors for first time. Following those, the potential CBM zones and dis-
tricts in China were evaluated and sorted through the comprehensive analysis to the four quan-
titative factors including geometry, reservoir, cap rock and resources, taking account of the
key elements such as CBM content, area, resources abundance, reservoir permeability and

critical desorption pressure to reservoir pressure ratio, and referring to the qualitative factors
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such as hydrogeology, structure, sedimentation and paleo-geothermal history. The methodolo-
gy surmounts the limitation of the traditional methodology called as “comprehensive assessing
standard”, is more operational and comparative, and provides a new thought for the optimum
seeking of the CBM zones and districts in China.

(2) Based upon the current data and cognizance, the potentials of the 29 CBM zones
except for Taiwan could be concluded respectively into three levels, 1. e. very favorable, fa-
vorable and rather favorable ones which were further classified into the 3 pattern including the
8 types. The potential of the large-scale and CBM-rich Qinshui zone is very favorable. The po-
tentials of the large-scale and CBM-rich eastern Yunnan-western Guizhou and eastern Ordos
zones, the middle-scale and CBM-rich Xuzhou-Lianghuai and eastern Taihangshan zones are
favorable. Those of the nine zones such as the large-scale and CBM-bearing Weibei are rather
favorable, and those of the other zones such as the large-scale and CBM-rich southern
Sichuan-northern Guizhou might be unfavorable.

(3) The 115 CBM districts over China were divided into two categories with or without
the CBM well-testing data, the former was called as the confirmed ones and the latter as the
unconfirmed ones. According to the evaluated area and CBM resources abundance, these dis-
tricts were further classified into the 3 pattern including the 9 types. Based upon those, the
CBM potentials of the districts were evaluated in accordance with the now-available data. In
the confirmed category, the potentials of the large-scale and CBM-rich Yangquan-Shouyang,
Jincheng and Hancheng districts are very favorable, those of the large-scale and CBM-rich
Liulin-Sanjiao and Huaibei districts and the middle-scale and CBM-rich Anyang-Hebi district
are favorable, and those of the eight districts such as the little-scale and CBM-bearing Tiefa
and middle-scale and CBM-bearing Pingdingshan are rather favorable. As for the unconfirmed
category, the potentials of the three CBM districts such as the large-scale and CBM-rich
Liupanshui might be favorable. '
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