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EX
XPLOSIO
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ON IN COAL
O
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NE TBM
M DRIFT
TS-AN
OPER
RATIONA
AL KNOWLEDGE SHAR
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Bharrath Bell e1 and Adam
A
Fo
oulstone2
ABSTR
TRACT: Since
e the first rec
cord of a co lliery explosion in Belgiu
um, nearly 3000 years ago
o, significantt
improvvements havve been achieved in the prevention of explosion
ns in mines. However, based on the
e
past surface TBM project safetty statistics, gas explosio
on hazards are
a not uniquue to coal mines but also
o
occur in TBM proje
ects with 48 explosion
e
fattalities record
ded worldwid
de calling forr continued diligence
d
and
d
improvvements in explosion
e
risk
k manageme
ent. Success of TBM in civil engineerring infrastruc
cture in poorr
ground
d conditions resulted in consideration
c
n of its applic
cation to a co
oal mine in Q
QLD. This paper providess
a first time case study of TBM
M application in a coal miine drift deve
elopment in identifying th
he explosion
n
ds and its management.
m
gations were
e extensive with
w preliminnary hazard identification
n
hazard
The investig
from ccoal mining approach
a
to application
a
o
of various ventilation and explosion pprevention co
ontrols. As in
n
coal m
mine sponta
aneous comb
bustion man
nagement, explosion
e
ha
azard was m
managed by
y continuouss
nitroge
en injection aimed at maintaining an
n explosive inert atmosphere in a hhighly inacce
essible TBM
M
pressu
urized chamber area. The backgrou
und to haza
ard identification and coontrol solutions including
g
continuous nitroge
en inertisation
n provided he
erein would enhance exp
plosion manaagement in both
b
civil and
d
mining
g TBM appliccations world
dwide.
CTION
INTRODUC
A Tunnel Boring Machine
M
(TBM
M) is typicallly used to de
evelop roadw
way and utilitty tunnels with a circularr
cross section thro
ough a varie
ety of sub su
urface groun
nd as an altternate to drrill and blast excavation
n
metho
ods (Figure 1). The followiing paragrap
phs describe TBM operational aspectss to those unffamiliar such
h
as in th
he coal minin
ng industry. For
F soft subssurface groun
nd conditions
s, as often enncountered in coal miness
with up to 7 bar off water press
sure, Earth P
Pressure Bala
ance (EPB) TBMs are ussed due to th
heir ability to
o
hold u
up soft groun
nd by maintaining a hydro
ostatic balan
nce between earth and ppressure surrrounding the
e
excava
ation. The TB
BM (Figure 1)
1 has two m
main compone
ents, i.e., shield which is in direct con
ntact with the
e
excava
ation face an
nd the back-u
up system. T
The shield is essentially a steel skin thhat separates the interiorr
of the TBM system
m from the gro
ound. The ba
ack-up rolling
g system carries all the auuxiliary elements that the
e
TBM m
machinery re
equires for co
ontinuous ad vancement.
The fro
ont of the sh
hield accomm
modates a cu
utter head tha
at uses a com
mbination off tungsten carbide cutting
g
bits, and/or hard ro
ock disc cutters (with size
es of 13 to 19
1 inches) wh
hich excavatte the face as
a the cutting
g
head rrotates abou
ut its central axis. Depen
nding on the ground conditions, addiitives such as
a bentonite,,
polymers and foam
m are injected
d from the cu
utter head to induce ground stability aand smoothe
er excavation
n
ancement of the TBM fac
ce is by the action of thrusst cylinders positioned
p
att
conditions (Anglo, 2013). Adva
the rea
ar section off the shield body
b
which p
press axially
y against the tunnel linerr to push the
e cutter head
d
forwarrd. The shielld is divided into front a
and rear shie
eld sections connected bby hydraulic body frame
e
compo
onents that allow
a
for artic
culation. An e
erector arm, located at th
he rear bodyy of the shield is used forr
installa
ation of the concrete tu
unnel lining ssections. Th
he tunnel mu
uck produceed at the TB
BM’s face iss
removved by a scre
ew conveyor that feeds on
nto a transfe
er conveyor belt
b that in tu rn dumps it onto
o
anotherr
conveyyor for transport to surfac
ce.

Figure 1: Ove
erview of co
oal mine TBM with Explosion Risk Zoning
1
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APPLICATION OF TBM IN COAL MINES
TBMs have been used in mining related projects since the 1950s. Subsurface geological risks typically
distinguish these projects from typical civil engineering applications. There have been up to 24 TBM
projects in mining worldwide, viz., Canada, Zambia, South Africa, USA, Norway, Germany, Mexico,
Chile, Australia, Italy, China, and PNG. Based on the past mining experiences, it was noted by Brox
(2013) that every tunnel project and site location is unique in terms of geology, access, terrain/cover,
experience of candidate contractors and project completion demands.
During the 1970’s and ‘80’s, Robbins TBMs were used to access coal seams in a number of coal mines
globally, i.e., Selby in the UK, three mines in Germany, the Donkin Morien Mine (under sea access) in
Canada and Westcliff mine in NSW (Australia). The West Cliff Colliery Men and Materials Drift had 5 m
diameter and was 1595 m long. It was built in 1975/6 with an average advance rate of 27.6 m/week.
Documentation of these coal mining TBM applications did not convey any known occurrence of explosion
hazards during development. Other known application of TBMs in the mining industry is the 8 km long
Los Sulfatos exploration tunnel of 4.5 m diameter developed for Los Bronces mine at an elevation of 4000
m. Key reasons for its selection as a development method were flexibility to access the worksite, natural
restrictions related to the portal installations and geotechnical and environmental considerations. The
field review showed no known experiences of any methane gas intersections during the 8 km
development (Belle, 2010) although a significant inflow of water had to be managed.
Success of TBM technology in establishing surface civil infrastructure and providing alternate means of
rapid access in poor ground conditions, resulted in its consideration of its application at Grosvenor coal
mine in QLD to establish the conveyor and men and material transport drift access roadway from the
surface. The conveyor drift has a gradient of 1:6 with a length of 762 m and while the transport drift is a
993 m long and has a 1:8 gradient. Considering the geotechnical challenges, the TBM excavation
method had to utilize EPB technology which is 135 m long and of 8.0 m diameter (Figure 1). For the first
time, a TBM required addressing simultaneously ventilation, gas and cooling management elements, and
other related mining hazards. The drift ventilation and gas management systems involved the supply and
control of air using an intake and exhaust airway network to manage health and safety risks.
At the time of completing this paper, the TBM had finished the conveyor drift (Figure 6) with a total of 581
rings of 1.4 m length, at a distance of 813 meters from the tunnel opening at the surface. Currently, the
TBM is planned to be moved to construct the people and materials drift, involving disassembling the front
section of the machine underground. The machine was then retracted out the conveyor drift using heavy
lift and transport equipment and face ventilation modified to force-exhaust system to manage the
Goonyella Middle (GM) seam gas emissions. This conveyor drift was completed over a period of 5
months (Dec 20th to 15th May 2014).
With the ample knowledge on methane gas and its management in coal mines, it is a common practice in
coal mines to continuously monitor and anticipate hazards that could result in explosions. Among various
ventilation design factors, this paper will attempt to highlight the identification and management of
methane and other gases in TBMs during drift development at Grosvenor from coal miner’s perspective.
COAL MINE TBM EXPLOSION RISK ASSESSMENT
Coal mine explosion fatality statistics worldwide (Figure 2) demonstrate the need for eternal vigilance to
prevent methane and coal dust explosions regardless of the level of gas emissions (Phillips, 2009). The
mine explosion risks associated with TBM use was recognized by the mining team prior to start of the
Grosvenor project. Copur et al., (2012) captured the gas emissions and explosion risks associated with
tunnelling globally (Table 1). Based on past TBM project safety statistics which recorded 48 explosion
fatalities, gas explosion hazards are not unique to coal mines.
Key lessons from the past civil TBM project experiences (Copur et al., 2002; Brox, 2013) in relation to
ignition and explosion management are:
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Adequate knowledge and careful evaluations of technical and non-technical issues such as
geology, access, sub-surface cover, fault zones and structures are required.
Ensuring adequate background information on gas emissions from seams or strata for
hydrocarbons.
Need for skilled and experienced mining engineers.
Use of gas measurement and control systems. The location and calibration of monitors at
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strategic lo
ocations insid
de TBM’s cu tter head, sh
hield, and segment erectoor section with automaticc
TBM shutd
down system
m interlock fea
atures is req
quired.
Ignition pre
evention techniques succh as grouting, pre-draina
age, foam injjection and sealed
s
lining
g
during the intersection of gassy wa
ater inflow co
onditions should be providded.

Figure 2:
2 Global Miine Fires an
nd Explosion
n Statistics (public dom
main sources
s)
Table 1: TBM enc
countered gases and ex
xplosion inc
cidents worldwide (Sou
urce; Copur et al., 2012)
Tunnel type

Countr
y

Los An
ngeles
Waterr

USA

Oil Field
F

Japan

Watter*

Georgia

Aque
educt

UK

Waste Water

USA

Water

UK

EPD-T
TBM

Japan

Mill Creek
C

USA

Electricc Cable
Zagros

Hong
Ko
ong
Iran

Ye
ar
197
1
197
8
197
9
198
5
198
5
198
5
199
3
200
4
200
4
200
9

201
0
*Who
ole team of workers;
w
UN-U
Unknown

Hard rock

Spain

Length,
km

Diameete
r, m

Fa
atalitie
s, #

8.85

6.8

17

UN

UN

11

UN

UN

UN

8.5

2.4

0

34

UN

0

UN

UN

16

UN

UN

4

4.65

7.8

0

UN

4.5

0

26

6.733

0

UN

UN

0

COAL
L MINE TBM
M EXPLOSIO
ON RISK ASS
SESSMENT
Safetyy and health risk assessm
ment is inhere
ent to coal mining
m
operations in Austrralia and is entrenched in
n
the lo
ocal mining regulations. Considerin
ng the docu
umented exp
plosion riskss associated
d with TBM
M
operattions, the riskk assessmen
nt for Grosven
nor coal mine
e involved ke
ey members oof the mine te
echnical and
d
projecct team, TBM
M operator, contractors
c
a
and the Queensland regu
ulator. The m
majority of risk elementss
identiffied were in relation to the
t
use of flflameproof electric motors and intrinnsically safe (IS) electricc
compo
onents to me
eet the compliance require
ements as pe
er the Queen
nsland Coal M
Mining Health and Safetyy
Tunnelling and
Act (Q
Qld CMSHA)) and Regula
ations (Qld C
CMSHR), Qld
Q code of practice
p
for T
a
also the
e
Austra
alian Electrica
al Standards
s. A key haza
ard identified
d during cons
sideration of the TBM forr coal mining
g
11 –13
3 February 20
015
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application was the potential exposure to gasses during 10% of the tunnel length where the “P” seam coal
measures would be encountered approximately 50 m above the target “GM” seam and when the TBM
would be approaching the pit bottom (Figure 3) to be excavated within the GM seam horizon. This
assumption was based on the information available from pre-drilled exploration boreholes. As shown in
Figure 3, due to the presence of the water dam on the surface, no gas exploration holes could be drilled to
a depth of between 400 m and 800 m. However, it was established that the P-seam follows over the TBM
drift horizon towards the surface with methane gas anticipated during the drift development.

Water

P-sea

Conveyor TBM
GM
Figure 3: Geological long section profile along the conveyor TBM drift
The TBM risk assessment outcome ensured that the TBM incorporated relevant gas monitoring systems
(shield area, cutter chamber, and screw conveyor discharge “stuffing box” assembly area) with automatic
shutdown interlock feature should methane detected in any of these TBM sections. In addition, these
measures incorporated the NERZ/ERZ requirements as legislated in the QLD Coal Mine Safety and
Health Act (CMSHA) and Regulations (CMSHR, 2001).
TBM VENTILATION AND COOLING SYSTEM
Unlike the traditional continuous miner or road header machines in a coal face, the TBM face area at the
front of the machine is sealed and potentially could contain a gas mix that may be liberated from the face
area in the sealed chamber area. The EPB chamber and screw conveyor section are pressurised during
excavation activities. The TBM exhaust ventilation design consisted of 2.0 m diameter steel duct
continuously advanced using automated controls behind the TBM. The ducting was connected to a 150
kW surface centrifugal fan. The fan would induce adequate air flow to the face and tunnel. The exhaust
ventilation system included a methane sensor to monitor the gas levels as in a typical mine shaft system.
The steel duct was connected to a ribbed flexible ducting section to maintain a maximum draw-off
distance of 2.0 m from the face during the cutting cycle. The ducting was positioned in such a way that
any gas present near the screw conveyor or inbye the TBM area would be removed continuously from the
face area. Figure 4 shows the typical ventilation circuit and the pressure-quantity survey results to be in
compliance with the Qld CMH and S regulations, S342-S365 (McKew, 2014).

Figure 4: TBM Monthly ventilation survey results (McKew, 2014)
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Figure
e 5 shows the
e TBM roadw
way temperatture profile at
a the rear of the TBM areea (behind the gantry 9 off
the TB
BM, i.e., 100 m from the fa
ace). One of tthe observattions made frrom the meassured data is
s that there iss
a conssistent Wet Bulb
B
Temperrature (WBT)) difference between
b
day
y and night. IIt is also noticed that the
e
measu
ured WBT during night shift
s
is highe
er than the day shift WBT. This impplies some type
t
of data
a
inaccu
uracy and po
oints to the need for oth
her, unbiased
d continuous
s real-time vvelocity and temperature
e
monito
ors for underrground use (Belle, 2014)).
In add
dition to TBM heat load, steep
s
geothe rmal gradien
nt and very high surface aambient air te
emperaturess
(24°C WBT and 35
5°C DBT) in the Bowen Basin (Belle
e and Biffi, 20
013) requiredd the need for
f supplying
g
cooled
d air during the
t TBM dev
velopment to
o manage the
e thermal strress. This waas achieved by a mobile
e
surfacce Bulk Air Cooler (BAC) ducting at th
he drift entrance with a ca
apacity of 155 to 20 m3/s of cooled airr
supplie
ed at 10°C (F
Figure 6).

F
Figure 5: Use
e of BAC at surface con
nveyor drift on tempera
ature profilee in the TBM tunnel

Exh
haust
Conveyor
C

Air co
ooling

Figurre 6: Comple
eted convey
yor drift dev
velopment at Grosvenorr coal mine
TBM ME
ETHANE EXPLOSION R
RISK CONTR
ROLS-OPERATIONAL EX
EXPERIENCE
ES
In 200
01, the Queen
nsland legislation formaliised the need
d for Explosion Risk Zonees (ERZ) in underground
u
d
mines that would allow
a
for grea
ater flexibility and continuous methane
e monitoring with alarms and relevantt
electrical power trip interlocks with
w the equiipment. Secttion 286 requ
uires the Sitee Senior Exec
cutive (SSE))
to ensure that a rissk assessme
ent is carried out to identify the locatio
on and type oof each ERZ at the mine..
The zo
oning is risk based cons
sidering minin
ng activities,, absolute lev
vels of methhane in the general
g
bodyy
(GB) a
and including
g foreseeable events and
d failure mod
des. The risk zones mayy be classifie
ed as one off
ERZ0,, ERZ1 and Negligible Explosion
E
Rissk Zone (NE
ERZ). Sectio
on 287 of thee Qld regula
ation definess
ERZ0 as an underground mine, or any pa
art of it, wherre the generral body conccentration off methane iss
known
n to be, or ass identified by
y a risk asse ssment is lik
kely to be, gre
eater than 2%
%. To avoid any doubt, itt
is decllared that, if the
t general body
b
concenttration of metthane in a pa
art of the minee that is defin
ned as ERZ1
or NER
RZ becomess greater than
n 2%, then th
hat part beco
omes an ERZ
Z0.
11 –13
3 February 20
015
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Section 288(1) of the Queensland regulation defines ERZ1 as an underground mine, or any part of it,
where the general body concentration of methane is known to range, or is shown by a risk assessment as
likely to range, from 0.5% to 2%. In addition, Section 288 (2) defines each of the following places is an
ERZ1(a) a workplace where coal or other material is being mined, other than by brushing in an outbye
location;
(b) a place where the ventilation does not meet the requirements for ventilation mentioned in section
343 or 344;
(c) a place where connections, or repairs, to a methane drainage pipeline are being carried out;
(d) a place where holes are being drilled underground in the coal seam or adjacent strata for
exploration or seam drainage;
(e) a place, in a panel, other than a longwall panel that is being extracted, inbye the panel’s last
completed cut-through;
(f) a goaf area;
(g) each place on the return air side of a place mentioned in paragraphs (a) to (f), unless the place is
an ERZ0 under section 287;
(h) the part of a single entry drive with exhaust ventilation inbye the last fixed ventilation ducting in
the drive.
Section 289(1) of the Queensland regulation defines negligible explosion risk zone (NERZ) as an
underground mine, or any part of it, where the general body concentration of methane is known to be, or
is identified by a risk assessment as likely to be, less than 0.5%. As in all coal mines, the TBM work area
requires explosion risk zoning (ERZ) and is shown below in Figures 1 and 7.

Figure 7: Gas monitoring stations on the TBM face area
The principal method of gas control from rib emissions during TBM development is the continued
application of pre-cast concrete linings installed around the excavation’s perimeter within the shield (but
behind the bulk-head) as the TBM advances. Another gas control measure was provided by the use of
the auxiliary face ventilation described above. The concrete lining is fully grouted as the shield advances,
sealing the perimeter of the excavation from gas or water ingress. The section between the bulk-head
and cutting face [cutting chamber] typically is an area where gas liberated from the surrounding strata is
expected to be present. During EPB controlled development, the TBM machine is operated in “closed”
mode where the TBM face area is sealed from the general tunnel environment with steel brushes packed
with fibrous grease and pressurised with a combination of foaming agents, drilling muds and water.
Closed mode operation is principally designed to control ground pressure acting to collapse the side walls
of the excavation but also isolates any resultant gas from the general body.
One of the positive attributes of coal mining and welfare of its workers is the constant vigilance in
identifying the health and safety hazards through continuous and regular monitoring and inspections.
276
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There were a num
mber of ope
erational exp
periences rellated to iden
ntifying the m
methane haz
zard and itss
manag
gement that were previou
usly not well understood or documentted in the TB
BM applicatio
ons in civil orr
mining
g projects. Th
he gas monittoring system
m that was im
mplemented while the TB
BM was cutting the stone
e
strata was complemented with deputy’s han
nd held multi-gas detecto
ors, a regularr bag sample
e regime and
d
the real-time gas sensors pres
sent at the fface area an
nd at the scrrew conveyoor duct exit. The Carbon
n
Monoxxide (CO) lim
mit at conveyo
or was set att 10 ppm ala
arm and 30 ppm power triip.
As norrmally done in
i coal mines
s, bag samplles collected from the TBM area weree analysed us
sing the Gass
Chrom
matograph (G
GC) at a nearrby operating
g coal mine. The early ba
ag sample reesults from TBM sampless
showe
ed that hydro
ogen was generally prese
ent in concentrations aro
ound 1,000 pppm, even when CO and
d
ethylene were neg
gligible. Base
ed on coal m
mining experrience, there
e was no reaason for con
ncern initiallyy
since the regular presence off hydrogen; CO and eth
hylene indica
ate any sponntaneous co
ombustion off
carbon
naceous matterial in the strata. As parrt of the routin
ne bag samp
pling and anaalyses (11th March
M
2014),,
elevated levels of CO,
C CO2, hyd
drogen, and ethylene in abnormal
a
pro
oportions we re encounterred while the
e
TBM w
was cutting in the stone zone (~ 300
0 m from the surface). Iniitially, the meeasured gas
s levels were
e
reason
ned to resultt from the presence
p
of a range of greases
g
used to positiveely pressuriz
ze the cutterr
bearin
ngs of the TBM. The bag samples
s
coll ected at the face area an
nd screw connveyor indica
ated that CH4
was fo
ound in the face area (< 2 %) and very low le
evels of methane (~0.1%
%) were dete
ected where
e
face/m
muck remova
al by the scrrew conveyo
or at the snu
uffing box. Similarly,
S
the levels meas
sured at the
e
exhaust fan on the
e surface we
ere ~0.1 % to
o 0.16% in 25
2 m3/s of airr (i.e., 40 l/s of methane)). In order to
o
better understand the phenomena, a bag ssample strate
egy was imp
plemented to collect samples at 3 am
m
and 3 pm each da
ay with results in relation to the TBM advance rate
e and its locaation shown in Figures 8
and 9..

Figure 8: Measured
d methane l evels in bag
g samples frrom the TBM
M shield are
ea

ator gases in
F
Figure 9: Me
easured spo
oncom indica
i bag samp
ples from th
he TBM shield area
An imm
mediate inve
estigation was
s initiated up
pon detecting
g elevated lev
vels of methaane and other gases from
m
bag sa
amples. As part
p of the investigation, the TBM wa
as stopped fo
or visual obseervations the
e shield face
e
11 –13
3 February 20
015
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area. Seize
ed cutter hea
ad discs werre found con
ntributing to heat genera
ation and ressulting in inc
creased
temperature
e that resulte
ed in addition
nal grease ussage (Figure 10).

Figure 10: Typicall coal lenses
s (Left) and cutting face
e (right) of a TBM with sspecs of coal.
Based on th
he gas detecction and elim
mination pro cess, it was concluded that there aree two separa
ate and
distinct gas sources occcurring at the TBM face a rea, i.e., metthane release
e from carboonaceous roc
cks and
other hydro
ocarbons susspected to be
b emanating
g from hydro
ocarbon based chemicalls used in th
he rock
cutting and support proccess in the TBM
T
face are
ea enclosure..
With the inttroduction of the bag sam
mple regime data and fie
eld observatio
ons, the folloowing methane and
hydrocarbon
n manageme
ent controls were
w
attemp
pted:








Am
mixing bar wa
as fitted to the
e cutter head
d to create a turbulent
t
airfflow within thee cutter cham
mber to
assist in gas mixxing and prom
mpt dilution a
and to prevent regrinding
g in order to rreduce the he
eat and
prod
duction of hyydrocarbons. In order to manage the
e risk at the enclosed
e
facce where a possible
laye
er of methane
e (< 2%) may
y be present,, positive ven
ntilation was seen as a coontrol. Howev
ver, the
app
plication of po
ositive ventila
ation of the ccutter head was
w not possible due to thhe sealed enc
closure
hea
ad and other operational risk
r assessm
ment outcome
es. A sample hose at the bbulk head area was
intro
oduced to ble
eed air in an attempt to rreduce the methane
m
layering (Figure 11).
In o
order to eliminate the pre
esence of vo
oids inside th
he TBM’s pressurized cuutting chamb
ber, the
qua
antity of the injected ben
ntonite and foam mixturre was incre
eased. This control resu
ulted in
incrreased muckk temperature. Alternative
ely, bentonitte use was reduced and foam quantity was
incrreased to red
duce the ope
erating temp
perature (Figure 12). At this stage, it was noted that the
cuttting strata wa
as a mixture of hard and soft layers in
nterspersed with
w carbonaaceous pockets.
Con
nsidering the
e presence of other hyd
drocarbons, the thrust pressure
p
andd cutting rate
e were
redu
uced to miniimize the mu
uck operatin g temperatu
ure in conjunction with thhe introductio
on of a
mucck heat Trigg
ger Action Re
esponse Pla n (TARP) with additional foam/fluid m
mix. Reduced
d thrust
presssure of the EPB-TBM and implemen
ntation of mu
uck heat TAR
RP to 45 °C ffurther reduc
ced the
gen
neration of hyydrocarbon products.
p
Lasstly, as used in coal mine spontaneou s combustion manageme
ent and goaff seal management,
con
ntinuous low temperature
t
oxal nitrogen to be introdu
uced, insteadd of compres
ssed air
enabled Flo
for tthe generatio
on of foam designed to m
minimise void
d creation. Th
his resulted iin the genera
ation of
an inert atmosp
phere in the face area an
nd reduced heat generation that othherwise would have
stim
mulated hydro
ocarbon generation.

Fig
gure 11: Metthane samp
pling/bleed h
hose (left) behind the cu
utter bulkheead (right)
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Figure 12: Influence of muck temp
perature and nitrogen injection to TBM shield area
Figure
es 13 and 14
4 shows the influence of iinjecting of nitrogen
n
throu
ugh the existting in-situ Bentonite
B
line
e
directlyy into the cutter
c
chamb
ber to create
e an inert attmosphere. Purging of tthe cutter ch
hamber wass
introdu
uced after cu
utter inspections to ensurre an inert atmosphere is
s provided pprior to rotatin
ng the cutterr
head. After the intrroduction of nitrogen, the
e methane ga
as from the carbonaceou
c
us material present in the
e
EPB-T
TBM face arrea behaved as an inertt blend as opposed
o
to an
a explosive one. This resulted
r
in a
decrea
ase in the ma
agnitude of hazardous
h
ga
as spikes witthout affectin
ng the generaation of the spontaneous
s
s
combu
ustion indicattor gases. It was specula
ated that the methane is most likely too have come
e from strata,,
although coal seam
m was not intersected. O
Other benefits
s of injecting nitrogen gass at low temp
perature wass
the red
duction of th
he overall mu
uck temperattures to belo
ow 45°C which otherwisee would have
e resulted in
n
more ccarbon mono
oxide being generated
g
an
nd other chemical odours
s being deteccted. In summary, based
d
on the
e results, it was
w noted tha
at the likely ssource of carrbon monoxid
de and ethyleene is differe
ent from thatt
produccing hydroge
en. The pres
sence of high
h levels of hydrogen identified initiallly at the starrt of the driftt
could not be expla
ained.
As noted from Fig
gure 8, when
n the TBM a
approached the GM sea
am, the gas levels at th
he face area
a
increased due to th
he formation of a gas sinkk. In addition,, with the retrraction of thee TBM face area, and due
e
to the buoyancy efffect of the ga
as in the TBM
M decline, the
e ventilation system had to be altered
d with a force
e
ducting
g to provide adequate dilution and eli minate the fo
ormation of explosive
e
gass mixtures. Although
A
high
h
gas le
evels were observed
o
at the
t
TBM-EP
PB chamber area, the highest meassured gas level from the
e
surfacce fan was 0.11%
0
of methane. While
e there may be multitudes of ratios that would indicate coall
heating, a simple CO/O2
C
deficiiency ratio off < 0.01 of th
he bag sample results dissproved any existence orr
initiatio
on of coal he
eating contrib
buting to the measured sponcom indicator gases..

Figure 13: Influence
I
off Floxal nitro
ogen to TBM
M shield area to create iinert atmosphere
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Figure 14: Coward
ds triangle and
a Ellicott’s
s diagram in
ndicating TB
BM face inerrt atmosphe
ere
L
LABORATOR
RY INVESTIGATIONS O
OF TBM FLU
UIDS FOR METHANE SO
OURCES
Based on th
he measured
d gas levels obtained fro
om the bag samples
s
take
en at the TBM
M face area,, it was
decided to identify through laborato
ory means, w
whether hydrogen, ethylene, carbon monoxide, ethane
and methan
ne are libera
ated from the
e heating of chemical fluids used in the
t operationn of the EPB
B-TBM.
Furthermore
e, after the im
mplementatio
on of nitroge
en inertisation as part of the
t explosionn risk manag
gement
process, lab
boratory testing was carrried out to disstinguish bettween oxidattion and therrmal degrada
ation of
products ussed in the TB
BM. The five
e samples su
ubmitted for testing were
e; foam, polyymer foam ad
dditive,
grease, sea
aled bearing oil and wearr indicator oill. Laboratory
y testing on th
he five sampples was con
nducted
at SIMTARS
S by heating
g each of the
e samples (e
except foam)) incrementally up to at l east 250°C in both
nitrogen an
nd normal aiir flow (Brad
dy, 2014). O
Out of the fiv
ve samples tested the m
most likely product
p
contributing
g to the eleva
ated hydroge
en is the foam
m. Although not as high as those meeasured in sa
amples
were measu
collected fro
om the TBM
M similar con
ncentrations w
ured in samp
ples from booth nitrogen and
a air
tests up to ~150°C. Most of the other products ttested would
d produce ca
arbon monoxxide and ethy
ylene if
heated abo
ove 200°C acccounting for spikes of tthese compo
onents at various times. Figure 15a to 15e
show the g
generated ga
as level data
a from chem
mical productts used in TBM shield aarea along with
w the
spontaneou
us combustio
on indicator gases of fo
four Grosven
nor coal sam
mples (i.e., carbon mon
noxide,
hydrogen, ethylene, methane
m
and
d ethane). T
The results indicate tha
at at the vaarious temperature
conditions o
of the muck in the TBM face
f
area, th
he measured gas levels in the face a rea of the TB
BM are
s strata mateerial.
not as the re
esult of spon
ntaneous com
mbustion acttivity of any carbonaceou
c
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Figurre 15: Comp
parison of ge
eneration off gases from
m chemicals
s used in TB
BM face area
a-Hydrogen
(top
p left-15a), Ethylene
E
(top
p right-15b) , CO (middle-Left-15c), methane (m
middle-right-15d) and
eth
hane (bottom
m-15e) at va
arious temperatures
Similarly, from the laboratory te
est results off heating ind
dividual chem
mical componnents used in
n the TBM, itt
was cconcluded tha
at it is unlikely the meth
hane measured in the TBM
T
sampless came from
m any of the
e
produccts analysed
d. The measu
ured value o
of 0.27 % in grease appe
ears to be ann anomaly, as
a it was the
e
only m
measured me
ethane at varrious temperrature conditions (Figure 15d). The laboratory te
est results off
genera
ated gases have indicated that hyd
drogen; ethy
ylene, carbon monoxide and ethane
e gases are
e
genera
ated even wh
hile being pu
urged with ni trogen with noticeable
n
od
dours generaated when heated above
e
200°C
C. These odo
ours were no
oticed by the TBM operattors during the TBM connveyor drift development..
Among
gst the five chemicals te
ested, the g rease was found
f
to be the primary contributor towards the
e
significcant volumess of hydroge
en, ethylene,, and CO at higher temp
peratures. Hoowever, it is important to
o
note th
hat any intera
action effects
s of these ch
hemicals thatt may have resulted in th e generation
n of methane
e
or other gases wa
as not studied and can not be disco
ounted at th
his stage. Am
mongst the other gasess
record
ded, the reassons behind the significcantly higherr measured levels of hyddrogen priorr to nitrogen
n
injectio
on and temp
perature control of the m
muck in the TBM
T
face arrea were nott clear. Therrefore, it hass
been planned to introduce
i
the
e bag samp
ple regime from the begiinning of thee men and material
m
driftt
develo
opment. Whiile continuou
us nitrogen i njection has
s definitely assisted the ttemperature control and
d
mainta
aining inert mixture
m
of th
he explosive
e gas (Figure
e 14), it had
d minimized the chance of methane
e
ignition
n in the TBM
M face area.
CO
ONCLUSION
NS AND WAY
Y FORWARD-GLOBAL TBM APPLIICATION
The ap
pplication of the EPB-TB
BM in the devvelopment of
o the convey
yor drift (8133 m in length
h) was safelyy
completed with succcess with significant lea
arnings in the
e methane an
nd other hazzardous gas identification
n
and itss effective methane
m
explo
osion risk m anagement. At the time of completioon of this pap
per, the men
n
and m
material driftt developme
ent using th
he same TB
BM has bee
en initiated. In summarry, following
g
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conclusions that are applicable to a coal mine or other civil TBM projects in managing the explosion risks
have been made:









For the first time in the application of TBM development in coal mines, the operational
experience has suggested that methane and other spontaneous combustion gases will continue
to be present as potential explosion hazards.
The chemicals used in the muck management and stability of the EPB-TBM face area may also
generate levels of spontaneous combustion indicator gases at elevated muck temperatures
suggesting that maintaining a low muck temperature would be beneficial in managing harmful
gas generation.
Application of continuous nitrogen inertisation as spontaneous combustion and explosion
management was successful in managing the explosive gases present at the EPB-TBM face
area.
Continuous monitoring and maintaining a well-established gas bag sample regime and controls
including the TARPs for various gases and ventilation controls must be continued in managing
the potential explosion risks.
Considering the recorded 48 fatalities in the last 45 years due to gas explosions in the tunnelling
industry, civil engineering tunneling projects must apply Qld NERZ/ER1/ERZ0 explosion risk
zoning; hazard monitoring practices using continuous monitoring systems; bag sample regime
and the use of TARPs for risk management, and the use of nitrogen inertisation to maintain inert
atmosphere in the TBM face area.
Ensuring relevant operator skills with adequate coal mine ventilation, gas and heat management
experience is valuable for the global TBM industry in eliminating explosion risks in the future
TBM projects.
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