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1 Introduction
The development process

Pre-mining coalbed gas extraction
In 1970’s

Gob gas drainage by surface wells

g g
by surface wells

In early 1990’s
Gob gas drainage by surface wells

In-situ coalbed methane drainage by 
surface wells

In early 2000’s
Pressure relief coalbed methane drainage
of distant protected seam by surface wellsIn early 2000’s of distant protected seam by surface wells

In-situ coalbed methane drainage by 
horizontal multi-lateral wells  

In late 2000’s
In-situ coalbed methane drainage by
directional butted wellsIn late 2000 s
In-situ & pressure relief coalbed methane
drainage by one well



1 Introduction
Division of the technological models

Th t h l i l d l f I it lb d th d iThe technological model of In-situ coalbed methane drainage 
by surface wells

vertical well with entire strata casing completion and 
f ti d f t iperforating and fracturing

horizontal multi-lateral well
directional butted well

The technological model of pressure relief coalbed methane 
drainage by surface wellsdrainage by surface wells

gob  vertical surface well
distant protected seam vertical surface well

The integrated technological model of In-situ & pressure relief 
coalbed methane drainage by surface wellsg y



1 Introduction
Selection of the technological models

th l i l d t bilit lthe geological adaptability rule 
The technological model application largely depends on the complexity 
and diversity of coal and coalbed methane geological conditions in 
China

the comprehensive benefit rule
Th t h l i l d l li ti h ld b f it t b th lThe technological model application should be favorite to both coal 
and coalbed methane developments, as their interaction and coalbed 
methane comprehensive benefits, coal production safety, natural gas 
utilization and air environment protection ought to draw muchutilization and air environment protection, ought to  draw much 
attention, especially in coal mining areas

the risk minimization rule
The technological model application can make the investment risk 
minimized, most importantly, it is mature and economical



2 The technological model of In-situ coalbed
methane development by surface wells

Vertical well with entire strata casing completion 
and perforating and fracturingand perforating and fracturing

Borehole structure meters of normal coalbed methane drills
地面

生产套管顶部高出地面0.10m
环形钢板地面下0.15m

drilling 
procedure

bit size
（mm）

casing
type

casing size
（mm）

f

一开钻径φ311.1mm×102.0m
一开管径φ244.5mm×101.5m

first  opening Φ311.1 surface  
casing Φ244.5

second opening Φ215.9 production 
casing Φ139.7（Φ177.8）

水泥返深216.2m

casing

Proper geological conditions: simple 
to more complex structure single to 334.2m-334.7m
to more complex structure, single to 
multiple coal seams, thin to thick seam, 
medium-high coal rank, holonomic 
coal texture mediem high gas content

预计62煤：334.2

预计12煤：470.0m-472.6m

96 2m-496.9m

阻位

遇阻深度508.2m

α=20

coal texture, mediem-high gas content 
and medium-high peamibility

预计

预计13煤：496.2m

二开钻径φ215.9mm×516.2m
二开管径φ139.7mm×514.2m
阻位510.2m

α=20



2 The technological model of In-situ coalbed
methane development by surface wells

Vertical well with entire strata casing completion 
and perforating and fracturingand perforating and fracturing

Illustrations of low production wells in Qinshui basin

Ill t ti f hi h d ti ll i Qi h i b iIllustrations of high production wells in Qinshui basin



2 The technological model of In-situ coalbed
methane development by surface wells

Horizontal multi-lateral well

平2

平2

平

平 井组平面图

Proper geological conditions: simple and well-controlled
structure, single coal seam, thick and steady seam, holonomic
coal texture medium-high gas content low-medium peamibilitycoal texture, medium-high gas content, low-medium peamibility,
higher coal rank and great coal mechanical strength



2 The technological model of In-situ coalbed
methane development by surface wells

Directional butted well
技术套管顶部高出地面0 10m 技术套管顶部高出地面0 10mB tt f h i l ll d 地面

技术套管顶部高出地面0.10m
环形钢板地面下0.15m

一开钻径φ444.5mm×70.0m
一开管径φ339.7mm×69.5m

技术套管顶部高出地面0.10m
环形钢板地面下0.15m

一开钻径φ444.5mm×70.0m
一开管径φ339.7mm×69.5m

Butt of horizonal well and 
vertical well

水泥返深373.5m

Butt of slant well and 
vertical well

曲
率
半
径r=8

水泥返深490.0m

二开钻径φ311.1mm×600.0m

弧
长L

Proper geological conditions: 

relatively simple and well-
controlled structure horizontal 径r=857.0m

二开钻径φ311.1mm×890.0m
二开管径φ244.5mm×889.0m 二开钻径φ311.1mm×773.5m

筛管长度L=150.0m+10m

长L=197.9m

二开管径φ244.5mm×772.5m

controlled structure, horizontal 
or inclined seams, single or 
multiple coal seams, relatively 

三开钻径φ215.9mm×887.9m

四开钻径φ118.0mm×900.0m

预
计

12煤
：

900.0m-904.8m

3m

α=50

四开长度L=15.5m

筛管管径φ139.7mm×887.9mthick and steady seam, 
holonomic coal texture, medium-
high gas content, low-medium 

三开钻径φ215.9mm×950.0m

预
计

13煤
：

929.8m-935.3m

α=50

peamibility, higher coal rank and 
great coal mechanical strength



3 The technological model of pressure relief coalbed
methane development by surface wells

Distant protected seam vertical surface well
 

Well-1 Well-2 Well-3

Return airway

50
Up dip

Intake airway
50m

Down dip

Locations of surface vertical wells for pressure relief CBM drainage

 
SurfaceProtected  seam well

Subsidence
zone

Gas migrating

Caving

Fracture
zone

zone

Advance direction Gob area Advance direction

Sketch of structure of the surface vertical well for 
the protected seam pressure relief CBM drainage 

Pressure relief CBM migration and 
surface vertical wells drainage



3 The technological model of pressure relief coalbed
methane development by surface wells

Distant protected seam vertical surface well
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3 The technological model of pressure relief coalbed
methane development by surface wells

Distant protected seam vertical surface well

Proper geological conditions:

1) In productive mining areas;1) In productive mining areas;

2) high gas content and low peamibility;

3) At least two coal seam targets, especially the 
upper of sheared coal;

4)medium-thick seams, proper seams interval;

5) Coal and coalbed methane co-extraction, for the5) Coal and coalbed methane co extraction, for the 
protected seam, coalbed methane drainage prior to 
coal mining



3 The technological model of pressure relief coalbed
methane development by surface wells

Gob  vertical surface well

Surface
Gob  well

Surface

Bedrock
Subsidence

zone

Interm ediate casing
Surface casingsurface

Fracture

Screen pipe

Caving

Fracture
zone

zone

Gas migrating

Advance directionGob area

Coal seam  4#

Coal seam  7#

Sketch of structure of the surface vertical well for Pressure relief CBM migration and 
the protected seam pressure relief CBM drainage 

g
surface vertical wells drainage



3 The technological model of pressure relief coalbed
methane development by surface wells

Gob  vertical surface well
Proper geological conditions:

1) In productive mining areas or abandoned mining ) p g g
areas;

2) high gas content and low peamibility;2) high gas content and low peamibility;

3) Single or multiple coal seams, especially the 
sheared coals;sheared coals;

4) thin-thick seams, especially coal groups;

5) Coal and coalbed methane co-extraction, coal 
mining prior to coalbed methane drainage or at the 

tisame time.



4 the integrated technological model of In-situ & pressure 
relief coalbed methane development by surface wells

 

In-situ CBM drainage Protected seam pressure
relief CBM drainage Gob pressure relief CBM drainage

Surface

Bedrock
surface

Bedrock
surface

Protected
seam

Gob area

Protective
seam

Before both the protective seam During the protective seam being
i d d b f h d

After  the protective seam mined
and the protected seam mined mined and before the protected

seam mined

p
 and during the protected seam
being mined



4 the integrated technological model of In-situ & pressure 
relief coalbed methane development by surface wells

Proper geological conditions:Proper geological conditions:

1) In the deep of productive mining areas or planned 
i imining areas;

2) high gas content and low peamibility;

3) At least two coal seam targets, especially the 
lower’s texture holonomic;

4) medium-thick seam, proper seams interval;

5) Coal and coalbed methane co extraction5) Coal and coalbed methane co-extraction 



5 conclusions

1) Diversity of technological models of coalbed methane drainage by 
surface wells are necessary, of which not the advanced but the one 

d i d ffi i h l i i i h badapting and efficient to the actual situation is the best.
2) Selection of the models must comply to three rules, the geological 

adaptability rule , the comprehensive benefit rule and the risk p y , p
minimization rule.

3) As to the technological mode of In-situ coalbed methane development, 
th ti l f ll i f i ith h ll f l bilitthe vertical surface well is facing with challenge of lower permeability 
reservoirs in general, horizontal multi-lateral well application is also 
limited, but directional butted well deserves to draw more attention.

4) As to the technological model of pressure relief coalbed methane 
development, the distant protected seam vertical surface well will be 
applied broadly with its own maturation, and the gob vertical surfaceapplied broadly with its own maturation, and the gob vertical surface 
well has some potentials.

5) the integrated technological model of in-situ & pressure relief coalbed 
th d l t b f ll i t d t d dmethane development by surface wells is expected to draw more and 

more attention.
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