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Introduction 

IN
TRO

DU
CTIO

N 

This document reports the findings of a pre-feasibility study that was conducted as a p art of a larger initiative funded by the US EPA.  This initiative supports US 
EPA’s efforts under the Global Methane Initiative (GMI). 

This work was conducted with the cooperation of the Tianfu Mining Company in Chonqging Municipality in southwest China.   
The present study is the result of investigations that entail: 

• field visits to the mine, ventilation shafts, and gas pumping and storage facilities; 
• translation and review of technical documents; 
• forecast of production based on statistical analysis of coal mine methane drainage (CMM) and ventilation air methane (VAM); and 
• economic analysis, based on quotes from vendors, and gas sales prices based on current market conditions. 

  
Tianfu Mining Company's Tianhong mining complex is located in Chongqing Municipality and comprises the Yanjing #1 and #2 mines (Figure 1). The focus of this 
study is the Yanjing #1 mine (Yanjing mine).  The Yanjing mine property contains 14 coal seams, seven of which are mineable.   The total thickness of major 
seams is 11.6 m, ranging in thickness from 0.9 to 3.2 m.  The mine has coal reserves of 61.5 million metric tons and a design life of 53 years.  The mine is 
susceptible to dust explosions and spontaneous combustion.  Methane content of the Yanjing mine's coals is 30 to 35 cubic meters per ton.  Construction of the 
mine began in 2006 and commercial mining is expected to begin in 2013.  Clarke Energy has installed a 3 x 1 MW gas drainage station and an accompanying 
10,000 cubic me ter storage tank which is under c onstruction.  Yanjing also has plans to build a coal w ashing plant. 
 
 

Executive Summary 

With funding from USEPA, under the auspices of the Global Methane Initiative (GMI), Raven Ridge Resources, Incorporated performed a prefeasibility study at 
the Yanjing #1 Mine, located in southwest China within the Chongqing Municipality, to determine the potential for employing directionally-drilled boreholes 
from the surface into the mineable coal seams to capture gas prior to mining. The study proposes implementing a seven well pilot gas drainage program in 
which the coal seams are hydraulically fractured to stimulate gas production and lessen the potential for coal and gas outbursts.  Located on the edge of the 
Sichuan Basin and the Eastern Sichuan Fold and Thrust Belt, the geologic strata containing 61.5 million tons of coal reserves at the Yanjing Mine have undergone 
complex geological deformation.   Seven Permian coal seams are being mined using continuous miners to develop longwall faces positioned along the highly 
fractured and steeply dipping southeast limb of the Libixia anticline. Mine managers plan to extract coal from two underground levels, at -150 m and -350m.  
Emissions of methane gas into the mine’s workings presents a safety risk to the mine. These emissions are a result of the high gas content of the coal seams, 
ranging between 5.61 cm3/g to 22.95 cm3/g, exacerbated by migration of gas updip through the highly fractured coal and surrounding strata from which the 
coals are being mined. 
 
The proposed drilling scheme was developed considering the complex geology and mining conditions. Reservoir simulation was performed to develop a typical 
production profile forecasting production rate and cumulative production over a 10 year period.  Using the proposed drainage system would allow for increased 
coal production and safety by decreasing methane concentration of ventilation air. Drained and recovered methane could be sold into the local quickly 
expanding gas market.  Chongqing has one of the oldest and best-developed natural gas distribution infrastructures in China, and supply has been the most 
important constraint to more rapid growth in consumption.  Using the forecast methane production profiles, the Raven Ridge team estimates that the proposed 
pilot project could supply 433.3 million cubic meters of methane to the local gas market.  The capital costs are estimated to be $11.45 million USD and carbon 
emissions would be reduced by 883,895 tons CO2e over the project's ten year life.   
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The Yanjing mine area is located on the edge of the Sichuan Basin and the 
Eastern Sichuan Fold and Thrust Belt.  The mine sits just to the west of the 
Jialing River and 17 km south of Hechuan City, which is accessible from State 
Road G212 (Figure 1).   

 
Figure 1: Overview area map 

 
Located on the edge of the Sichuan Basin and the Eastern Sichuan Fold and 
Thrust Belt, the Yanjing Mine has undergone complex geological deformation, 
as shown in Figure 2.  The terminus of the Sichuan Basin to the south and east 
is the northwest-southeast trending Eastern Sichuan and Hunan-Guangxi fold 
and thrust belts which were formed by intercontinental compression during 
the Triassic or Cretaceous periods (Richardson et all, 2008).  The 
intercontinental compression acting on the rock and coal strata within the 
region resulted in the highly fractured and steeply dipping Libixia anticline 
(Plate 1), within which the mine is positioned. 
  
 
 

 
Figure 2: Regional geology map 

 
Geologic Structures 
Geologic exploration programs have been conducted to determine the extent 
of the coal resource and to collect sufficient geologic data for designing a coal 
mine.  Work performed in this area by the Chongqing 136 Geological Team 
was published in reports between 2004 and 2006.  Yanjing provided the entire 
text of these reports including cross sections, coal thickness and geologic 
structure maps.   
  
Below, Figure 3 depicts a cross-sectional view of some of the geologic 
structures and the mine entryways and roadways projected onto this plane.   
This example cross-section runs northwest to southeast through 
approximately the midsection of the mining area, and Plate 1 is marked with 
the line of section (A - A').  The average structural dip of the east limb of the 
anticline, the only mineable limb of the structure, is thirty-five degrees.   
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Figure 3: Example cross-section within the mining area 

Based on the analysis of the report and maps provided by the mine, the following general trends can be observed: 
• The predominant structure is a northeast-southwest trending overturned anticline, penetrative through all rock units within the mining area. 
• There are surficial and buried large northeast-southwest trending high-angle thrust faults throughout the mine area with slip in the northwest direction.  

These brittle structures penetrate the lowermost to the uppermost stratigraphic units of the mining area. 
• Two large scale strike-slip thrust faults generally trend perpendicular to the main anticline structure and bedding. 
• Smaller scale conjugate (with respect to the large northeast-southwest thrust faults) normal faults north of the anticline axis are present. 
• Some faults have a dextral strike-slip component. 
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The Raven Ridge team performed kinematic analysis using the data acquired 
from mapping the faults and folds that occur with the mining area.  The team 
utilized this data to construct several stereographic projections in order to 
examine the geologic stresses manifesting the current geologic structures.  
The analysis of the Yanjing mine area was facilitated by the use of the 
GEOrient™ software.  

   
The team made the following general conclusions based on the analysis: 
  
• The principal axis of shortening occurs as a northwest-southeast trend, 

and generally happens at a low angle to the horizontal.  The secondary 
axis of shortening trends from the north-northeast to south-southwest, 
and is generally horizontal although slightly inclined. 

• The principal axis of extension is vertical, allowing the compressed 
structure to move upward and accommodate the folding and fracturing. 

• The secondary shortening axis is most likely contributing to the dextral 
strike-slip motion observed in some of the faults. 

The principal compressional events result as the overturned northeast - 
southwest anticline and the high-angle thrust faults with slip toward the 
northwest direction.  This coincides with the regional shortening occurring on 
the southeast margin of the Sichuan Basin (Figure 2).  The secondary 
shortening axis manifests as conjugate normal faults and produce the dextral 
strike-slip faulting also observed throughout the mining area as well as 
regionally. 

  
 
 

The impact of the orientation of the geologic structures present in the Yanjing 
mining area is significant. Coal mines are designed to facilitate ease of mining 
and transport of product while providing the safest possible working 
environment for miners.  The high-angle dip of the stratigraphy and the hinge 
of the anticline structure pose a natural conduit and trap for gases to migrate 
within the mining area.  It is necessary to remove the methane from the coal 
seams in advance of mining activities to ensure safety of the miners and to 
l

i

imit the mine emissions.  Based on the kinematic analysis performed by the 
Raven Ridge team, the following considerations have been taken into account 
n preparing the proposed pre-mine drainage plan: 

• It is important to cross the thrust faults from the hanging wall into the 
foot wall.  The thrust faults form the hinge line of the major anticlinal 
structure that runs northeast – southwest (56 degrees from north), see 
Plate 1. 

• There are smaller scale high-angle conjugate faults oriented at 30 or 60 
degrees to the principal axis of the major anticlinal structure.  These 
faults are dilatational features, resulting in increasing permeability with 
fault planes trending northeast-southwest.  Crossing normal to these 
features will increase flow of gas into the borehole.  These features are 
opening at a high angle to the intermediate stress direction, and 
accommodate the rotation of strata between dextral strike slip faults 
that occur 30 or 60 degrees to the fabric of the major structures, i.e. 
hinge line of the anticline and sub-parallel thrust to the northwest.   

• The most favorable drilling direction is drilling from locations on the 
southeastern side of the main anticlinal axis in the direction of 265 
degrees from North, see Plate 2. 

 
 

 
 

Kinematic Analysis Impact of the Orientation of Geologic Structures  
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Table 1: Coal seam thickness summary 

Coal Minimum Maximum Average Stratigraphic 
Seam Thickness (m) Thickness (m) Thickness (m) Layer 
K14 0.28 3.81 1.48 P2l3 
K12 0.27 1.58 0.70 P2l3 
K10 0.16 1.46 0.70 P2l3 
K9 0.06 2.73 0.79 P2l3 
K7 0.82 6.33 1.80 P2l3 
K4 0.00 2.74 1.74 P2l1 
K2 1.31 6.03 3.30 P2l1 

  
 

 
 
 

d 
ur 

Stratigraphy 

The following short summary highlights the characteristic attributes of each 
the major stratigraphic units (Plate 3) that occur within the Yanjing mining 
block.   
  
Middle Triassic 

The middle Triassic Leikoupo formation is exposed at the surface north and 
south of the mine area as shown on Plate 1.  This formation contains dolomitic 
mudstones and limestones interbedded with micrite.  In the lower portion of 
the formation, there is local brecciated salt and gypsum mineralization.  This 
formation is a known gas reservoir and was likely deposited during the South 
China passive margin succession.  

Lower Triassic 

The mining area is predominantly covered by the lower Triassic Jialingjiang an
Feixianguan formations, and is shown on Plate 1.  Each formation has fo
members, with the Jialingjiang formation being comprised mainly of 
limestones and micrite, and the Feixianguan formation being a mixture of 
mudstones and limestones.  Both formations are known gas reservoirs and 
were also likely deposited during the South China passive margin succession. 

Upper Permian 

Within the mining area, the upper Permian Changxing formation is exposed at 
the surface.  The Changxing formation is comprised of limestones and micrite, 
and is a known gas reservoir rock.  Underlying the Changxing formation is the 
Longtan formation.  The Longtan formation is composed of five members that 
include mudstone, siltstone, sandstone, limestone, micrite and coal.  The 
Longtan coals are the target of mining activities in the region and are the 
source rock for methane in the mining area.  There are fifteen coal seams, of 
which seven are of minable thickness and quality.  The seven mineable coal 
seams are the K14, K12, K10, K9, K7, K4 and the K2.  Table 1 below is a 
summary of the minable coal seams. 
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Coal Resources 

Thickness and Physical Properties 

The fourteen coal seams are found within the Longtan Formation across the mine property, varying in quality, thickness and distribution. The mineable coal 
seams found within the project area are the K2, K4, K7, K9, K10, K12, and K14; of these, the K2, K 4 and K7 have average thicknesses greater than 1.70 meters 
(Table 1).    

Using the work published by the 136 Geological Team in Chongqing in 2005, Table 2 describes the physical properties of the minable coal seams.  The coal 
ranges in density between 1.50 and 1.62, and appears black with a dull to semi bright glassy to metallic luster.  Each seam is layered and all but the K7 seam 
contain pyrite grains or nodules. 

Table 2: Physical properties of mineable coal seams 

Coal 
Seam 

K2 

Type 

Dull 

Color 

Black Glassy 

Physical Properties 

Luster Hardness

Loose 
Soft 

 

– 

Bulk 
Density 

1.5 

Conduc-
tivity 

Poor 

Structure 

Uniform 
Layered 

Other 

Powdery, 
pyrite 
grains 

K4 Dull Black Metallic Hard 1.5 Poor Banded 
Layered 

Powdery, 
pyrite 

nodules 

K7 Semi-bright to 
bright Black Glassy Hard 1.5 Poor Banded 

Layered 
Blocky 

powder 

K9 Dull Black Submetallic Hard 1.62 Poor Banded 
Layered 

Powdery, 
pyrite 
grains 

K10 Dull Black Submetallic Hard 1.6 Poor Banded 
Layered 

Powdery, 
pyrite 
grains 

K12 Dull Black Glassy Hard 1.6 Poor Banded 
Layered 

Powdery, 
pyrite 
grains 

K14 Dull Black Glassy Hard 1.5 Poor Banded 
Layered 

Powdery, 
pyrite 
grains 
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Figure 4 depicts the coal reserves the Raven Ridge team calculated using the 
reserves classification scheme. Using the coal reserve blocks designated by the 
mine along with the block area, coal seam dip angle, coal thickness and coal 
density data included on the mine reserve maps provided by the mine, the 
Raven Ridge team calculated the mine's total coal reserves for each seam by 
reserves category (Table 3).  Plate 4: K14 Mine Plan Map shows an example of 
the designated coal reserve blocks.  Coal seam K4 was omitted from these 
calculations, as there was a problem with the digital file which contained the K4 
reserve map and the team was unable to get a working copy from the mine. 
  

Table 3: Coal reserves by seam and reserves classification 
Coal 

Seam 
331 

Reserves (t) 
332 

Reserves (t) 
333 

Reserves (t) 
Total 
(Mt) 

K2                 
8,051,848  

                
5,035,751  

              
15,613,855  

            
28.7  

K7                 
4,026,926  

                
5,308,535  

                
8,714,317  

            
18.0  

K9                 
2,661,881  

                
1,421,383  

                
3,334,052  

            
7.4  

K10                 
1,946,203  

                
1,725,582  

                
4,168,707  

            
7.8  

K12                 
2,534,753  

                
1,774,753  

                
3,677,199  

            
8.0  

K14                 
4,685,323  

                
3,520,187  

                
4,866,805  

            
13.1  

Total 
(Mt) 

                
23.9  

                
18.8  

                
40.4  

            
83.1  

  

  

    

    

    

  

                                   

 
 
 
 

Coal Reserves 

According to mine managers, the Yanjing mine is currently working at two 
levels; the -150 m level and the -350 m level, with a total of 61.5 million tons 
of reserves.  The design life of the mine is 53 years, but mine managers have 
claimed it is possible to go deeper into the -350 m to -500 m level.  As shown 
on Figure 3, the coal seams are steeply dipping, so each minable seam will be 
extracted from within each interval starting with the youngest, the K14 seam.  
The total coal reserves in the mining area above the -350 level are 71.89 
million tons, and if mining continues beyond the -350 m interval, 21.08 million 
tons will be added to the mine reserves. 

Based on the Solid Mineral Resource / Reserve Classification (GB/T17766-
1999) document, the mine has designated portions of the mine property for 
which the drilling campaign determined reserves.  The three types of reserves 
classifications are the 331, 332 and 333; 331 refers to measured reserves, 332 
represents indicated reserves, and 333 represents inferred reserves.   

 Figure 4: Coal reserves based on reserve classification schemes 
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http://www.mlr.gov.cn/xwdt/zytz/200908/P020090803394374998081.doc
http://www.mlr.gov.cn/xwdt/zytz/200908/P020090803394374998081.doc
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Coal Mining 

The Yanjing mine is one of two mines which make up the Tianhong mining complex.  Development operations of the Yanjing mine began in 2006, and mine 
managers project to begin commercial mining in 2013.  There are seven mineable coal seams which are medium to low volatile bituminous and have a total 
aggregate thickness of 11.6 meters, ranging from 0.9 to 3.2 meters.  The mine has been designed to produce 550,000 metric tons per year, which mine 
managers anticipate reaching by 2017 using a continuous miner along a long-wall.  The maximum design capacity of the mine system is between 900,000 to 1.2 
million metric tons per year, with a design life of 53 years.  The following table (Table 4) shows the planned production for the proposed project duration.   
  

Table 4: Projected annual coal production 
Year 2013 2014 2015 2016 2017 2018 2019 2020 2021 
Annual Coal 50,000 200,000 350,000 450,000 550,000 550,000 550,000 550,000 550,000 Production (tonnes) 
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Figure 5: Gas resources of coal reserves of Yanjing mine shown by coal seam 

Gas Resources 

Coal resource estimates served as the basis for calculating in-place gas 
resources at the Yanjing mine. Methods used for calculating the coal resources 
are described in the previous section. A widely accepted way of estimating the 
gas resource associated with the coal is to multiply the coal mass by the gas 
content; however, in situ gas content measurements are not routinely taken at 
the Yanjing mine. A methane adsorption isotherm test was conducted to 
provide a frame of reference within which the potential gas content for the 
coal seams could be estimated. The test was conducted on a coal sample 
taken from the working face in K2 seam which provides an estimate of the 
maximum gas capacity of the coal at a given depth. An adsorption isotherm 
mathematically describes the relationship between pressure and gas capacity 
under equilibrium conditions at a stable temperature representing the 
reservoir temperature of the coal seam at the depth of the sample. For the 
purposes of this study, the Raven Ridge team converted pressure into depth 
by assuming a normal hydrostatic gradient. The curve shown in red on Figure 5 
relates gas content of coal sample to the expected content at a given mining 
depth.  

In order to estimate gas resources for each of the seams the team segregated 
coal resource by depth interval and multiplied by the gas content value 
indicated by the adsorption isotherm. The values reported as coal resource 
include not only the coal, but the ash contained in partings or as finely 
distributed non coal material.  In other words, the actual coaly material that is 
extracted for supplying customers will later be separated by washing or some 
other method to provide the customer with a suitable product. To 
approximate the in situ conditions of the coal seam the team used the gas 
content values reported on an as received-equilibrium moisture basis, thus 
accounting for the diminished gas content associated with the contained ash.  
The Raven Ridge team recognizes that this adsorption isotherm indicates the 
gas capacity of the sample taken from the K2 seam and may not accurately 
depict the situation for other coal seams. However, the rank and coal quality 
of other mineable seams, as indicated by the volatile matter and ash content 
are similar. Therefore, it is assumed that the isotherm may be broadly 
indicative of the gas capacity of any of the seams being mined in the Yanjing 
mine. 
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Figure 6: Gas resources of coal reserves at Yanjing mine shown by coal reserve 
classification 

 

Gas Resources 

The gas resource estimate depicted for each of the coal seams in Figure 6 is 
the total in-place gas resources associated with the minable coal resources of 
the Yanjing mine, inclusive of categories 331, 332, and 333. The resource 
depicted in this figure totals 549.3 million cubic meters. If non-minable seams 
are included, the gas in-place resources will be increased by 35 percent to 845 
million cubic meters.  As can be seen in Figure 6, approximately 95 percent of 
the gas contained in the mining area occurs below 550 meters depth. 

Figure 5 presents the quantity of gas resources, 395.2 million cubic meters 
contained by minable seams comprising the mine’s measured coal reserves 
(category 331). Additional gas is contained by seams which will not be mined 
due insufficient thickness or quality. Nevertheless, these seams could emit gas 
into the workings if not pre-drained. As mentioned above, we estimate that 
these seams increase the gas resource by 35%, bringing the total gas resources 
to approximately 608 million cubic meters. This is the area from which 
produced gas will be withdrawn if the proposed pre-mine drainage pilot 
program is undertaken.  

 The following should be noted when considering the estimate of the gas 
resources and how they related to potential gas production: 

• Variations in the gas capacity of coal are governed by local pressure, 
temperature and coal composition, coal seams are not uniform and the 
gas contained by the coal is not uniformly distributed. 

• There is ample evidence that the coal is over pressured due to in situ 
stresses associated with the folded strata and thrust faulting in the area. 
These stresses have not been released by subsequent tectonic activity. 
This overpressuring has likely caused migration of gas into fractures and 
fractured rock strata.  
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Table 5: Chongqing Gas Consumption (million cubic meters) 

 2005 2006 2007 2008 2009 2010 2011 
Chongqing Gas 
Group  965 1250 1482 1700 1724 1869 1970 

    -- Industrial  207 296 346 406 543 618 668 
    -- Residential 262 341 371 421 564 586 656 
    -- Commercial 51 78 100 131 170 201 221 
   --Automotive 
CNG  142 174 240 245 356 360 340 

Collective" (public) NA NA 45 NA 90 98 85 
Direct Purchase by 
Industry  2585 NA 3018 3175 3223  3494 

(est.)   
3600 
(est.) 

Total 3550 4005 4353 4875 4947 5363 
(est.) 

5600 
(est.) 

Source: CESY (2010), p. 90; Chongqing Gas Group, Chongqing Energy Investment 
Company; Chongqing Gas Group Prospectus (2012) 

The Chongqing Gas Group, a subsidiary of CQEIG, has the franchise for gas 
distribution in the core Chongqing metropolitan area, as well as in a number 
of the outlying counties and cities, and has accounted for approximately 
one third of Chongqing’s gas sales.  Most of the remainder is purchased 
directly from the upstream suppliers by large industrial enterprises, with 
the rest going to smaller distribution companies in some of the outlying 
areas (including companies owned by CNPC).   

Supply has been the most important constraint to more rapid growth in 
consumption.   The municipal government estimates that Chongqing could 
absorb 15 billion cubic meters by 2015, two and one half times 2011 usage, 
as urbanization continues and industry expands. 

 The Chongqing Gas group distribution utility more conservatively projects 
that by 2015 its gas supply will rise by 70 percent compared to 2010 levels 
based on completion of a number of pipelines as well as development of 
additional conventional natural gas fields. Over the longer term, Chongqing 
is considered a promising source of shale gas.  But neither the central 
government nor consumers anticipate that non-conventional gas will be a 
significant contributor to supply by 2015 (Chongqing Gas Company 
Prospectus, 2012). 
 
  
 
  
 
 

Regional Gas Market 

The natural gas market in China has experienced a surge of historic proportions 
since the turn of the century.  This has been a result of the government’s 
decision to invest billions in production facilities, long distance pipelines and 
liquefied natural gas (LNG) receiving terminals in order to introduce natural gas 
into the major eastern and southern coastal population and industrial centers.  
Gas consumption has grown at a sustained 17 percent rate since 2000, far in 
excess of original official expectations as consumers of all kinds experience the 
benefits of a clean, convenient fuel (Figure 7). 

 
Figure 7: China Natural Gas Market Development, 1995-2011  

Chongqing has one of the oldest and best-developed natural gas distribution 
infrastructures in China due to its proximity to the Sichuan gas fields.   Its total 
natural gas consumption grew at about 8.5 percent per year to an estimated 5.8 
billion cubic meters from 2005-2011, putting it in the top four provincial-level 
consumers on a per capita basis. The sectoral breakdown of consumption is 
comparable to the rest of China, with industry accounting for about three 
quarters of the total, and residential/commercial for about 20-25 percent (Table 
5).  

The use of CNG for the automotive sector, which has a 40 year history, is higher 
than in other regions in China.   Virtually all buses and taxis in the core urban 
areas run on CNG.   
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Regional Gas Market 

Pricing and CMM Potential 
State-fixed wellhead prices for gas from the Sichuan gas fields to Chongqing 
were as follows in mid-2012:  
  
Table 6: Sichuan Gas field Wellhead Prices, August 2012 (RMB/m3) 

End Use Category Benchmark Maximum Price 
Price (Benchmark plus 5%) 

Chemical Fertilizer 0.92 0.966 
Direct sale to industry  (other than 
fertilizer) by pipeline company 1.505 1.58 

Sale to industry by gas distribution 
company 1.55 1.6275 

Other sales by 
company 

gas distribution 1.15 1.2075 

Source:  NDRC (2010) 
  
Because of its proximity to the Sichuan gas source, Chongqing only pays about 
0.12 – 0.13 RMB per cubic meter for pipeline transmission to the city gate.   
Average city-gate prices for the Chongqing Gas distribution utility were slightly 
more than 1.3 RMB per cubic meter in 2011.   
 
Due to low city-gate prices, as well as the municipality’s long history of gas use, 
the Chongqing Municipal government has fixed retail sales prices of the 
distribution companies at levels among the lowest in China.     
  
Table 7: Regulated Natural Gas Retail Prices for Gas Distribution Utilities, 
Chongqing Municipality, August 2012 
End-use Category Price: (RMB/cubic meter) 
Industrial user: 2.24 
Residential:     1.72 
Commercial:     2.29 
Sales to CNG manufacturer: 1.75 
Municipal lighting and other 
infrastructure 2.29 
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From a supply-demand point of view, there is no doubt that purified CMM is 
welcome in Chongqing. Furthermore, the Municipality’s coal mining 
companies, led by the Songzao Coal and Electricity Company under 
Chongqing Energy Investment Group, have recovered significant volumes of 
methane for many years for mine area civil use.    The Chongqing Gas Group 
for a number of years has purchased about 50 million tons per year of 
pipeline quality CMM from the Chongqing Energy Investment Group’s 
Zhongliangshan Coal mine located near the municipal center.  As of mid-
2012, Songzao was constructing a 100 million cubic meter (100 percent 
methane basis) CMM purification and liquefaction plant.     

Chongqing’s low prevailing gas wholesale and retail prices pose economic 
challenges for purification facilities such as Songzao’s.  The Zhongliangshan 
methane purchases do not really provide a precedent, as the Chongqing Gas 
Company has only paid about 0.5 RMB per cubic meter for what is 
essentially treated as a coal mining byproduct; the transaction, furthermore, 
is less than arm’s length given the common ownership of both the mine and 
the gas distribution utility.   
  
In summary, Chongqing has a well-developed gas infrastructure; however 
gas prices are among China’s lowest.   Chongqing Gas may not prove to be a 
reliable long-term customer absent administrative direction from the 
municipal government and/or a major increase in the cost of gas to 
Chongqing from the domestic producers.  This means CMM recovered in 
Chongqing will most likely need to be sold outside of the province, such as to 
neighboring provinces like Guangxi and Guizhou.   
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Reservoir Simulation 

Reservoir simulation was performed for this project utilizing a Computational 
Fluid Dynamics (CFD) simulator, GEM, developed by The Computer Modeling
Group, Information and data  were incorporated into the model to develop a
typical production decline curve for a series of wells drilled from the surface, 
intersecting all 14 coal seams in the Longtan formation, seven of which are
scheduled for mining (K2, K4, K7, K9, K10, K12, and K14) (Plate 1).  

The information was collected and collated from the following sources: 

• Mine plan and degasification scheme modified by RRR, based on basic 
mining scheme provided by the Yanjing mine,  

• Adsorption isotherm performed on a single sample from the K2 seam, 
performed by the Xi'an Research Institute of China Coal Technology & 
Engineering Group, in Xi’an, People’s Republic of China (Figure 8). 

• Additional Information provided by the Yanjing Mine. 
 

Technical Inputs and Assumptions 
Listed below are key inputs and assumptions used or considered in the reservoir 
study. The target reservoir is composed of fourteen coal seams, named from K1 
to K14, as well as the interburden strata, which consists of interbedded
mudstones, sandstones, and siltstones. 

• Matrix porosity: 0.005 volume fraction 
• Fracture porosity: 0.01 volume fraction 
• Matrix permeability: 0.0001 md 
• Natural fracture horizontal permeability scenarios: 10, 20, 50, 100, or 

500 md 
• Natural fracture vertical permeability is always 1/10 of the horizontal 

permeability  
• Fracture spacing:  0.5 m 
• Coal density ranges from 1.29 to 1.39 g/cm3 and averages 1.34 g/cm3. 
• Reservoir temperature is 34°C. 
• Porosity averages around 5% of total volume. 
• Pore pressure gradient: 9.79 kPa/m 
• Adsorption parameters: 

- Langmuir storage capacity: 20.98 cm3/g 
- Langmuir pressure: 2,200 kPa 
- Initial gas content: 13.09 cm3/g (K1 to K4), 12.96 cm3/g (K5 to K9), 

13.15 c m3/g (K10 to K14)   
- Sorption time: 48 hours 
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Figure 8: Adsorption isotherm measured for a coal sample taken from the 
Yanjing #1 Mine, seam K2 
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Reservoir Simulation  

 The model was also set up with these additional assumptions: 
 

• Each modeled directional well will penetrate all coal 
seams as well as the interbedded strata; a total of seven 
wells will be drilling in this Pilot Program.  

• The effective length of the well penetrating the target 
coal seams is around 113 m, at an angle of 45 degrees. 

• The production pressure was set to 1000 kPa (~10 atm) 
• Wellbore Radius is 0.076 m. 
• The amount of mobile formation water is insignificant. 
• No free gas exists before production starts. 
• There is no adsorbed gas in the non-coal strata. 
• The fracture permeability is the same thoroughly the 

model, including both rock and coal formations. 
• Each well will be in operation without interruption for 10 

years. 
• Hydraulic fractures expand through all layers. 
• The hydraulic permeability is identical in all fractured 

zones. 
• The facture spacing is also identical in all fractured zones. 
• The recovery efficiency is approximately 40 percent, with 

an Estimated Ultimate Recovery for each well of 73 
million cubic meters.  
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Figure 9: Proposed drill path 
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Reservoir Simulation Results 

The reservoir simulation study indicates that the borehole 
scheme selected will be effective in draining the gas from all coals 
and interbedded strata prior to mining. The range of permeability 
values (k) selected as inputs for the reservoir simulation range 
from 10 md to 500 md, un-stimulated, and 200 md to 5000 md, 
stimulated (Figure 10).  

The results of the study indicate that the greater the induced 
permeability, the quicker the CMM is drained for each well, 
however, the ultimate recovery under each scenario is essentially 
the same. Key observations from the reservoir modeling are 
listed below. 
 
• For a non-fractured reservoir, the reservoir will be drained in 

around 2,000 days (six years) 
• For all hydraulic fractured scenarios, the reservoir will be 

drained in less than 300 days. 
• The production rates of different hydraulic fracture 

permeability models vary only slightly. 
• Since all hydraulic fractured reservoir models reach the 

ultimate recovery stage quickly, a larger fractured zone may 
not significantly help to boost production. 

 

The simulation assumes that there is no other pathway for gas to 
escape; however, in practice that is not the case.  A small 
percentage of the gas in-place will be pulled through cracks or 
fractures in the strata into the ventilation pathways. However, if 
drilling is completed far enough in advance of mining, a drainage 
efficiency of 42 percent or greater could easily be achieved, 
meaning 58 percent of the gas-in-place will be emitted to the 
atmosphere via the ventilation system. Yet greater drainage 
efficiency will be achieved by employing lessons gained through 
experience and by fine tuning borehole placement and drilling 
techniques that are applied.  
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 The 200 md fracced case is the simulation scenario used in the economic evaluation 
because the estimated ultimate recovery (EUR) for this scenario is most analogous to 
coalbed methane production from coal mine properties elsewhere with similar geologic 
settings. 

 

Figure 10: Plot of cumulative gas production & cumulative production frequency 
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Natural Gas Sales Option 

The team considered both power generation and natural gas 
sales as viable end-use options.  However, after discussions with 
mine management and Chongqing Energy Investment Group 
(CQEIG), the parent company of the Yanjing Mine, gas sales 
became the only option evaluated, primarily because the high 
quality of gas to be produced is ideal for pipeline sales. This is 
based on the premise that coal mine methane will be produced 
from a series of boreholes that are drilled from the surface, and 
designed to drain methane in advance of mining.  The 
composition of the produced gas will likely be composed 
predominantly of hydrocarbon gasses with very little 
contaminants, such as air, as is typical with and in-mine drainage 
system. 

The following provides background information and conceptual 
design, followed by a discussion of the economic performance.  

Technology and Deployment  

A pilot drilling program was designed to drain the methane gas 
from the targeted seams in advance of mining (Plate 2), 
incorporating directionally drilled wells from the surface.  The 
proposed plan consists of one well drilled to target the fractures 
that are in communication with the main access roadways, and 
the remaining six wells drilled to pre-drain the gas from all 
targeted coal seams. The plan also includes a gas gathering 
system, connecting all seven wells to a single compressor, located 
just before the tap into the main gas sales pipeline. 

Risk Factors and Mitigants 

As with any project there are risks associated with developing a 
successful project. Table 8 lists the risks that have been 
identified, an assessment of the level of risk, and possible 
mitigants to each identified risk. Overall, the Raven Ridge team 
has determined that the risks associated with technology and 
implementation, as well as access to market are low to moderate. 

 

 

Table 8: Risk Factors and Mitigants: Natural Gas Sales 
Risk Assessment Mitigant 
Market: 
Access to and the ability to dispatch 
all available produced gas to market 

Low 
Use power on-site and avoid 
sale to national grid. 

Ability to 
sales.  

get rational prices for gas 
Low The ceiling price is set. 

Technology: 
Very dependable equipment, 

Reliability and dependability of 
equipment: 

Low 
train local technicians to 
monitor, maintain, and repair 
engines and associated 
systems. 
The concentrations of gas 

Fluctuations in gas concentrations Low 
drained in advance of mining 
should not fluctuate 
significantly. 

Implementation: 

Fluctuation in pricing of equipment 
and services 

Moderate 
Current trend for prices is 
downward; Procure contracts 
that lock in favorable prices. 
Develop timeline that 

Procurement of permits and right-of-
Low 

incorporates time necessary to 
secure all necessary permits 

ways 
and right-of-ways, allow for 
delays. 

Delays in deliverability of equipment Detailed planning; incorporate 
Low necessary lead time into 

orders. 
Delays in installation Low Detailed planning. 
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The pilot project was modeled to determine the
economic performance of this option. The subsection 
below list the assumptions  and inputs used for the
modeling, followed by a subsection reporting the
resulting estimates of economic performance.  

Inputs and Assumptions 

Inputs and assumptions used in the economic model are 
listed in Table 9. When available, actual costs and pricing 
are used in the model.  Otherwise reasonable estimates 
based on industry standards were used.  The drilling costs 
used in the economic model were derived from an
engineer with extensive drilling and oil and gas project 
management experience in China. 

The project duration is designed for ten years, where the 
drilling and installation of the gas gathering system will 
be done in the first year.  According the 200 md
permeability reservoir simulation, 433.3 million cubic
meters of methane could be supplied to the local gas 
market.  The drilling and completion costs, which also 
includes the installation of the gas gathering and
transmission lines, range from 1.5 to 1.7 million USD per 
well.  The input wellhead gas sales price is 1.5 RMB/m3.  
The annual project operating costs are assumed to be 25 
percent of the capital costs. 

 

 
 

 

 
 

 

Project duration 2013 – 2022 
Project construction Drilling and installation of gas gathering is completed in 2013 

Project ownership and 
financial structure 

Gas recovery and transmission 
system is a profit center, 
independent from the Yanjing 
coal mining operations. 

IRR is calculated against entire 
project investment. 
Base case assumes that 87.8 
percent of capital costs would be 
financed at a five percent interest 
rate with a five-year term. 

Gas volumes available to  
project According to 200 md permeability scenario 

Drilling & completion 
costs, and gas gathering 
Gas transmission line 

Drilling and completion costs 
range from 1.5 to 1.7 million 
USD per well. 
 
100,000 USD per kilometer. 

Quote from drilling engineer with 
extensive oil and gas drilling 
experience in China. 
 
Designed to move the gas out of 
the mine; includes all compression. 

Verified Emission 
Reduction (VER) sales 
price 

1.00 USD per tonne of CO2 
equivalent VER sales in years 2013-2017. 

Conversion of methane to 
CO2 equivalent 0.01428 metric tons 3 CO2e per m of methane 

Project emissions 526,134 tons CO2e 
0.00187 t CO2e/cubic meter for all 
gas produced and either sold to 
pipeline or used in compressors. 

Gas sales price 31.5 RMB/m  
Sales point is at the wellhead. Gas 
purchaser responsible for 
transportation of gas to market. 

VAT taxes VAT taxes were not applied, nor were VAT refunds 
Income tax 25 percent per year 
Depreciation method 15 year straight line – only tangible drilling costs were depreciated. 
Annual project operating 
costs 

25 percent of capital costs 

 

 

 

Table 9: Inputs and Assumptions Used in Economic Model 
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Table 10 below summarizes the results of the modeling used to 
determine the economic performance of installing and operating a 10-
year pilot drilling project to drain seven major coal seams of methane 
prior to mining, selling the coal mine methane into the natural gas 
market. As this is only a pilot project and was not designed to be 
commercial in scale, this pilot project is not economically viable, as is the 
nature of most pilot projects. For this pilot project to simply break even 
economically, 79.4 percent of the required capital costs (11.45 million 
USD) need to be financed.  When a project is said to break even, the Net 
Present Value (NPV) over a 10-year project life is close to zero, and the 
Internal Rate of Return (IRR) is also close to zero.  If less than 79.4 
percent of the capital costs are financed, then the project would result in 
a negative NPV and IRR. 

Table 10: Natural Gas Sales Base Case Forecast Results 
  

Natural Gas Sales 
Evaluation Scenario Base 

Case 
Percentage of CAPEX Financed @ 5% Interest Rate 79.4% 
Gas Forecast - 3) P50 (million m  433.3 

Total CAPEX (million USD) 11.45 
Tons of CO2e (million) 0.88 

CAPEX/Tons CO2e 12.95 

Natural 3)Gas Sales Price (¥/m  1.50 

NPV/Tons CO2e -0.17 

NPV (Million USD) -0.15 
IRR (%) 0.06% 

 

 

The Yanjing #1 Mine is located on a highly fractured and steeply dipping anticline 
in southwest China within the Chongqing Municipality.  The mine has a total of 
61.5 million metric tons of coal reserves, which have a high gas content ranging 
between 5.61 cm3/g to 22.95 cm3/g.  The mine has been preparing to 
commercially produce coal since 2006, with plans to reach the design capacity of 
550,000 tonnes per annum by 2017.  Emissions of methane gas into the mine’s 
workings presents a safety risk to the mine and has made commercial mining a 
great challenge.  The Yanjing Mine currently uses in-mine drainage to supplement 
the ventilation system as the mine attempts to control the methane liberated 
during mine development.  The results to date have been marginal at best.  The 
purpose of the proposed pilot project is to determine the technical feasibility of 
successfully draining these coals in order to facilitate safe mining practices and 
reduce methane emissions.   
 
The Raven Ridge team recommends that the mine evaluate the effectiveness of 
employing a surface drilling program to drain the coals in advance of mining. The 
results of this study indicate that boreholes drilled from the surface can effectively 
drain the coals prior to mining.  Chongqing has one of the oldest and best-
developed natural gas distribution infrastructures in China with gas supply being 
the most important constraint to more rapid growth in consumption.  The total 
gas resources estimated for Yanjing #1 is 549.3 million cubic meters.  Sufficient 
high quality methane could be recovered and sold into the quickly expanding local 
gas market.  Current projections show that installation of a CMM drainage system 
could supply 433.3 million cubic meters of methane to the local gas market over a 
ten year period.  The capital costs are estimated to be $11.45 million USD and 
carbon emissions would be reduced by 883,895 tons of CO2e.   
 

Recommended next steps to mine management are: 

• Commission a feasibility study that will determine the potential for 
developing a cost effective plan to construct and operate a commercial 
scale gas recovery and sales system; 

• Engage with local NDRC to obtain necessary endorsements to advance 
plans for CMM recovery and use;  

• Contract with a design institute to provide final engineering design and 
identify contractors to construct the CMM drainage and utilization system; 
and, 

• Secure project financing. 

 

Probabilistic Forecast Results Conclusions and Recommended Next Steps  
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