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‘Dheep Coal Mining & Ecvisonment Protection
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China: the largest coal producer and consumer

Production:76% , Consumption:64%
® China: coal provides 60% energy source; World: coal provides 30% energy

source
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In China: coal in energy mix : 62% in 2020, 55% in 2030, 50% in
2050; coal demands in 2050: 2.5~3.0 billion tons
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B Coal deposits : complex and serious potential hazards

® Difficult mining conditions, various seam thickness (very thin to mega

thick) and dip angle (from flat to steeply inclined), highly gassy,
difficult to extract
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Coal deposits in China



CMNMETRI =ll|

HE ﬁ N, J %E* Iﬁ /R L ERT HRARER TR ATE “““”f’”‘u g

Ii

5
B hEREREESFRERH i
o ERKREMBHNAELRE, 2016FEFAERTBERF, e
un%/]\
o KN AAMETREMFLGAERMBLLMEFRKKRER, FXE
RISfE, JERXFIAILLGE
B Coal mining safety — still challenging
® Major disasters still occur, serious social impact
® Fatality rate is still too high, 5 times more than USA, 11 times more than
Australia
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Major disasters Fatality rates in China, USA and Australia
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53% of coal deposits are more than 1000 m deep

Mining depth increases by 10~25 m per year. 47 mines extract coal of
>1000 m deep, the deepest mine reaches 1501 m

® In deep mines, co-existence of multiple mining hazards
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Safe and efficient mining of deep coal seams is a world-wide issue!
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B Coal and gas co-extraction by

stress-relief mining

® Technical principle

» Gas drainage Is undertaken
in the de-stressed zones of
first mining (protection) seam.
Desorbed gas in the goaf of first
mined seam is drained

Released Range

i

protected seam N

N

)
Upwards borehole

 Firstlayer A

Adown borehole

crack developed area
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® Technical system
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Outburst elimination
technology of gas extraction Gas pumping
in first mining seam _station

Surface drilling 8
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Desorption gas extraction
technology of stress-relieved
overlying coal seams with
large seam intervals
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De-stressed & permeability-
enhanced gas drainage ,

with multiple mining .’

@ Gas extraction jms

ressure relief
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Gas drainage in de-stressed coal seam by surface boreholes
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® OQutburst elimination technology & equipment of gas extraction in first
mining seam

» Coal seam gas content direct measuring device

» Safe drllllng protectlon system for strong outburst coal seam in deep mine

Li
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Safe drilling protection system for strong
outburst coal seam in deep mines
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Coal seam gas content direct measurlng device

BT HRBNBRIESRER, WEEHESEMNENRXE

The outburst prediction and prediction index system is established, and the
determination of gas content and pressure is the key
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» (Gas drainage by cross-measure boreholes in roadway

2

The first mining seam stress-relieve gas extraction is the top priority of

gas control: the roof and floor gas extraction tunnels are arranged,
the equipment and technology of cross-measure drilling are developed
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Special gas drainage tunnel in floor
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Technology of gas drainage by cross-measure boreholes
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» Technology of gas drainage by inseam boreholes

¢ After roadway has been developed, inseam holes are arranged in
roadway, seam gas pressure is reduced, coal are mined after gas
extraction reaching the preset threshold value

BT KRS
gas drainage roadway

KRR AE

coal seam roadway

BLIT IR AL
bedding holes
BLETHIRER “I

Gas extraction pump
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» (Gas drainage technology with protected boreholes in soft coal seams

RABFLOEM FigiEsidF PSS AIBRXPDCES Lk BiERE

Large diameter spiral drill  Inner core detachable Suspension
pipe with wide hole PDC bit device
BRRTHE R 2B RS

The problem of gas borehole collapse in soft seams has been solved
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State Ky Labocatory of Deep Coal Mining & Evircosent Protection
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o BRHEITHFLELL, |IWEERFAEZERO110mmAR yd300mm
» Permeability enhancement technology by hole enlargement
.

A enlargeable bit was developed, and the borehole diameter in coal seam
can increase from 110mm to 300mm

T HHk

Enlargeablebit

HAT AiR{EMEREE

Enhanced gas drainage by enlargeable bit
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» Outburst prevention technology of

gas drainage through surface drilling
as an auxiliary measure | .m/

Background: the coal seam gas pressure near -===="
crosshead is large (> 6MPa), and the gas
content is high (> 20m3/t)

Design: three surface boreholes are drilled to extract coal seam gas near crosshead

HWHIEE400t, HMHEERRESAm , BEITFEEHTENEE
0.2~4.5MPa, EfisEREE12m®/t

The amount of gas extraction is 50,000 m?, the gas pressure is
reduced to 0.2 ~ 4.5MPa, and the gas content is reduced to 12m3/t
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» (Gas drainage technology through permeability enhancement by high-
pressure water jet fracturing and slotting

¢ The hydraulic cutting system was set, the "point", "line" , "surface" and
"body" coupling pressure relief gas drainage were achieved
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Equipment of high-pressure water jet Intermittent rotary slotting
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Enhanced gas drainage technology by pulsating hydraulic fracturing

Pulse pressure is supplied by high pressure water injection pump and pulse

water hammer
Gas drainage quantity increases 10~17 times, the gas purity increases to
30~86%, and the effective drainage range increases 4 times
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High pressure water injection pump Pulsed power water hammer
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sidewall

» deep hole pre-splitting blasting

¢ The average gas
concentration is increased by R ATy
3~4 times, and the average SR
extraction amount is 2y
Increased by 4~6 times
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» Enhanced gas drainage technology by CO, blasting

¢ After the CO, blasting, the permeability of the coal seam is
Increased by 5~8 times, the drainage radius is increased by 3~5
times, and the gas flow is increased by 6~10 times

BRER  EREk
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® Technology of gas drainage in methane enrichment area at
roof of first mining coal seam
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Relationship between dynamic change of pore water pressure and mining stress-fracture in large scale surrounding rock

HHERAAST HFRT AR, SNBRTRIBEBEN Y. REGHKE
EEEAE REFXRBACLTIEERFZ50~500m

Tests were carried out in 4 mines in Huainan mining area. The stress
field and fracture field evolution of overlying strata were undertood. The
fractured area was 50 ~ 500 m behind the working face
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» Atheoretical system of "high annular body" for coal and co-extraction
has been established, and the quantitative description of "three fields™ in deep
mining affected coal and rock mass has been given for the first time

MRERAE “20B3FhEEERELZMERERRIT | FRE
BEHAET K “‘RERX X

The research paper was included in  “one hundred most influential Chinese
academic papers in 2013", and won the ""best paper’ award of the 23th world mining
conference.



CMNETRI GRL¥ R
— " Il B>

T R E R T R REAEFRSTFREPEREAXEE
State Key Lakocator, of Deep Coal Mimng & Ex Prx

iommnent Prctection

Z. BEREHARIERA

;-WING ’Nﬂaﬂ!ﬂ‘? ;.ﬁ- ﬁ Fﬂ

o XIa] A _k ERAR = b SR A5 E AR E R R BLATROR
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® Technology of gas drainage from upper stress-relief coal seam with

large seam spacing

> The stress relief angle is 80.8~84.7° along the panel length. The stress relief
angle is 83~85° along the panel width. The de-stressed height is 10~150m.
The gas recovery rate is more than 90% in this region.

Pressure relief seam

@, Fracture zo
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® Technology of gas drainage of underlying seams with stress relief &
permeability enhancement

> The stress relief angle is 99.3~100.1° along the panel length and 102~110°
along the panel width. The de-stressed height is 15~100m. The gas recovery
rate is more than 80% in this region
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JF FF(800~1000m) K E & (D250mm) Hh i 44 F FLET 1 R BOR B S E K228
Gas drainage technology & equipment with surface boreholes

Great breakthrough has been made in gas extraction technology with deep
surface boreholes (800~1000m) of large diameter (®250mm)
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® Successful in the combination of underground and surface gas drainage
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Research results won the award of “the excellent papers of
China S&T Journal in 2016".
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® The research results won the 2003 National Science and
Technology Progress Prize

> DIN8E, BXRIRHT "KE5RETH
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HEEEFFRENVEE G AFETE, 3k
003 F EERMZHT ZFK

» After years of hard work, the new
theory and technologies of gas control .
for integrated coal mining and gas R o .
extraction were established for the first L T Mo zann
time. The stress relief mining was taken
as the fundamental measure of gas control
and the research results won the 2003 _

National Science and Technology Progress = s s szozoron
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AEEEYPRFERESTIEER. X2 EMEEEEFR, RAYRBENX
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KEBA
BEMALIESHRRERELHEA
Key technology of integrated and

pillarless coal mining and gas
extraction

Engineering technology method

Thin coal seam with low gas
content is first mined. Using Y
type ventilation to change airflow,
gas is extracted in goaf

Key technology
Gas extracted through borehole in retained roadway
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» Optimization control technology of surrounding rocks

=R — R EEEH A BB NGRS 2R (P,)

Three in one surrounding rock control  Self moving auxiliary strengthening bracket
> EARBMERNESRERAZ T MHEERAR

» Fill materials for supporting wall with high load-bearing capacity
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FEiE S 1715 (Py)

Filling waill

Performance test of filling material
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® B RLHIOMFEF EMIES~10m2, KEX2900miIHFLR, 2
EShEI2~3fF, A DONERMATL/3

® Mechanized support was developed to meet the requirement of 10m/d
advance speed

® The retained roadway has a cross-sectional area of up to 8~10m? at the
depth of 900 m and 2900 m long, which is the world record, and the cost
Is only 1/3 that in Europe.

{24 3= 58 EERZE

Formwork support for side filling Formwork support after side filling Roadway in -900m underground
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® BRFKBNEEZEME FE) YREXNEENALEHREHXEEAR

® Key technology of gas drainage by drilling in remained roadway of Y-
type ventilation without coal pillar for the first time

| 3#tborehole | overlying coal seam

EEEERHr#0X Z _
~ gas extraction with A iz

- stress relief i upper
| seams

RZEXFH#R

Goaf gas extraction

 TEHERRHEE
- gas extraction with
stress relief in lower
| seams

.......................
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® The key technology of hole arrangement, hole protection and hole sealing
has been developed in deep coal seams. The gas extraction rate has
Increased from 50% to over 80%

C -
™ 1 ‘Eﬂ:_tglj

ST L ipEs

Borehole arrangement || ) B SESERSSEs S ? ﬂ’:;[m
against breaking 3-BIHIET
IR

éﬁiﬁﬁ%ﬂﬁﬂ“ﬁ
Quick hole protection
by flexible casing

ERAHA ('

Pocket-assaysealing
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B Application in Huainan mining area

The gas extraction amount increased from 320 million m3 in 2009 to
600 million m3 in 2016, the extraction rate increased from 50% to 80%,
and the gas accident has been eliminated
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A R2000E LK B, BAMECEREHHEERT
The output, the fatality per million tons and the gas extraction in Huainan mining area since 2009
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B Application at home and abroad

® Since 2009, research results are widely used in China, Australia, Russia
and other countries

> e ANHET T/Em85%
SCIMELETSFEER, A4t
TERHE

> BYEREEEREGE
RO F125T, EER
Hra Bt B 7R

'

R “RZERKFHRTHEESRRFLHE, ZHEW
LERBEENAR (GMI) FIARERTHEEA,

The results of “goaf gas drainage design with horizontal boreholes"
are applied in Australia. The project is listed as the best gas extraction
case by the Global Methane Initiative (GMI).
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BARIRP— Typical example 1
DHT 4A2MARSXTEFE SR LR XEERA
Pillarless coal and gas co-extraction with 4.2m mining height in Shaqu mine

L
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Labocainey of Deep Coal Mining & Ecviroment Protection

BRI RBI— Typical example 2

FERE+ = RRREN AR RS EEH 5 R e E
Pillarless coal and gas co-extraction in No.12 mine of over 1000 m deep with

high stress & thick roof

1100m
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BEREZEZ......
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® Research results won the 2008 China Coal Industry Science and
Technology Progress Award (First Prize), 2009 National Science and

Technology Progress Award (Second Prize)...
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B "Jincheng model™ for coal and gas co-extraction
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The coal mining and gas extraction are considered as one process, so that the surface
and underground drainage could combin with coal mine production in time and space.
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Coal mining after gas drainage. The “Jincheng model” for coal and gas
simultaneous mining is suitable for the condition where coal seams are hard,
simple and flat with high permeability.
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B Achievements of coal and gas simultaneous mining
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The gas-related accidents have been effectively controlled and

productivity in coal mines is improved, and a new approach of green
mining in coal industry is provided .
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B Technical methods of gas comprehensive utilization
e RAMS e Civilgas
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gas station Residents use gas to cook

B 2N ATk, ., Fhl, F9. BREFVRERR
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Drainage gas is widely used in Huainan, Huaibel, Pingdingshan,
Jincheng, Yangquan and other mining areas, over 1.27 million households
use the gas.
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® FHT&xH ® power generation
> BIKERETKHE > High concentration gas for power generation

"
v
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2 X 1360kwELHT & Fiuh 2 X 1416kwE H & Fiih
2 X 1360kw gas power generation 2 X 1416kw gas power generation

SEILAR BE30% L £ ELHT & B3 80% L £, SKEFRERKT,
The drainage gas is used for power generation and its efficiency is
more than 80% when gas concentration >30%
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> RIKERLETAKR » Low concentration gas power generation
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The first 6 x 500kw low concentration gas power station Specification for gas safety transportation and inspection
FIEFHLHETIEKRERLNS/KAERETEMmE. RMRE ST 5%
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The safety transportation and detection standards of two-phase flow
(low concentration gas and water) were formulated and implemented, and
power generation plants with gas concentration of 5% are operational.
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® Combined cooling, heating and power by gas power generation

RS BT A AL A B T B FLET & L U R AL
Project of combined cooling, heating and power by Equipment of combined cooling, heating and
gas power generation in Panyi coal mine power by gas power generation

FMRAEHBHT AR, FRARKBRAGSEITY FEE, EATRIR
FAMERR, BEAEV HEHTZESFARBENERE,

Use gas for power generation and then extract the energy from the
waste heat to cool ventilation air in underground coal mines. This
Increases the efficiency of gas utilization and is one way to make
comprehensive utilization of gas in mines
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e ZNX& 1k ® \/entilation air oxidation

B Z TR b FEE L

=R o = = >

SRl REIR A B Z XN E Ak &K I H
Project on oxidation of methane from Schematic diagram of device on oxidation of

ventilation air in Gaohe energy company coal mine methane from ventilation air

BRT EBREARIOMWNED Z X (B Btk EE<0. 75%) SIEFIATIEE,
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The largest 30MW mine air (methane concentration <0.75%)
oxidation and utilization project can reduce 1.4 million tons of carbon
dioxide equivalent per.
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B Achievements in comprehensive utilization of gas
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The national gas utilization efficiency is 52%. From 2011 to 2015, the
cumulative gas utilization amount is 34 billion m3. This is equivalent to 40.8
million tons of standard coal. Carbon dioxide emission is reduced by 510
million tons.
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China coal mining challenges

Limited green coal resources and low resource recovery ratio
Complex mining conditions and severe safety issues in coal mines

Major accidents occur frequently
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Precise mining of coal — a future trend
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B IEREEFESMAE = New vision

...................................................................................

REFKD ) o HEAFRMD : BHEARLFR
| ~® Precise mining: intelligent & fully-automated

o THREAFE: hECEEHNSEEL. Bt
. BB, AHEEA
- ® Fully-automated mining: remote control, intelligent,
automation, informatisation, visualisation

FEM

|EE o EARLFE B, WHEM. REDETSHA
- ® Unmanned mining: precision, intelligent hazard
monitoring, pre-warning and control

.................................................................................................................................................................................................................. .

ERELAFFR o ERMERMEFR, LMARERIHERRAS

Intelligent & - RVERmE.
fully-automated - ® IT + traditional coal mining technology, achieving the

mining integration of big data, cloud computing, web-based

..................................................................................................................................................................................................................
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B 5EGFFEHE B Comparison
Traditional mining Precision mining

> #H3000~4000 A/H"

> BT 100NN

> 0% KHIH TR, FARE. > 0%ATESE/EML, 10% A
iz, THEMRES EHTETES. Kk

> ER1t. B3k, EEEEK > ER1t. B3he. HheibK
TR EgE, MEE EREKE. GRS

> BREHEREREML > BRERBARBERTI

» 3000~4000 employees/mine }> > <100 employees/mine

» UG harsh underground > 90% working on surface,
working environment 10% UG inspection

» Low level of automation and > High level of automation and
Intelligence intelligence

» Labour intensive and risky » Technology-intensive industry
Industry

Precision mining of coal is the future!
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B Precision coal mining — scientific connotation
® Intelligent and unmanned safe mining technology. It is based on geophysics,

multiple physical fields coupling, automation, intelligent risk identification,
remote monitoring and control...
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B Technology roadmap

F—%  WEAMHFTHEEH
LEEEEAFR

Step 1:

Unmanned mining with both
surface-based and UG remote
control

Ed  BRREEANRERFR
Step 2:

Intelligent unmanned precise
mining




Thank Youl!
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National Engineering & Techmology Atademy of Coal Mining
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