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Gas Alarm Systems for Tunnel Works

—— Response Characteristics of Gas Alarm System and Optimum Installation of Methane Detectors

by T.Hayashi*
H.Matsui*
M.Naito*

Explosions of methane are the most serious disasters encountered in tunnel works carried out in
such strata containing natural gases. One of the effective methods to avoid such explosion hazard is
air ventilation through a tunnel under construction. Although there have been used several types of
air ventilating system, none of them is said to be satisfactory from the viewpoint of preventing meth-
ane accumulation. A suitable gas alarm system, therefore, should be introduced into every tunnel
works in order that methane concentration in air flow is monitored continuously and that warning
alarms are given, if methane concentration in the tunnel exceeds a certain threshold, so that any
adequate precautions are to be taken successively. The gas alarm system for such temporary works
as tunnelling should be not only that to ensure safety, but also be economical. This report describes
the method of constituting a gas alarm system for practical use in tunnel works. '

In the first part of the report, response characteristics of several commercial gas alarm systems are
studied to obtain informations on the effect of structural components of the methane detector on
‘response‘ time of the system. Experiments are made using a rectangular test chamber in which a known
mixture of methane and air is prepared, and into which a methane detector of catalytic combustion-
type (Fig. 3.1) is thrown vertically. Output voltages from an amplifier have been calibrated by known
mixtures. Two kinds of response time are used as indices of response characteristics (Fig. 3.2): one
is the time for the detected concentration to attain a certain absolute value (e.g. 1.5% methane), and
the other is the time to attain a certain relative value (e.g. 90% of the methane concentration of the
mixture in the test chamber). The former response times increase with methane concentration de-
tected, but the latter ones are, in so far as relative concentrations are less than 60%, independent of
methane mixtures in the test chamber (Fig. 3.3). This fact means that the response time might be
largely increased if the concentration for alarm is set up inadequately (Fig. 3.4). Thus, in determining
the alarm level of conceniration, response characteristics of the gas alarm system in use should be
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taken into account. Other experiments are made to know effects of such structural components of
a detector as flame arrestor, protective guard and waterproof cover on response time (Fig. 3.5). Flame
arrestor, made of sintered metal, and waterproof cover are shown to have ill effect on response time.
Some structural improvements of commercial detectors are suggested,

Even when an adequate gas alarm system is introduced into the tunnel, it is of no use if the system
could not detect the existence of gushed out methane. Here, the most important factor is how to
install methane detectors in the tunnel.

The second part of this report describes the experiments carried out, using a simulative tunnel of
nearly full-scale (Fig. 3.6), for the purpose of obtaining informations on optimum installation of
detectors. Methane of constant rates, up to 0.2 m3 /min., is flown into the tunnel through either of
three openings on the terminal plate which is simulating a face of tunnel, the other end of the tunnel
being opened to the atmosphere. Distributions of methane in the tunnel are measured by the use
of the commercial gas alarm system composed of 17 units of gas alarm and detector. Types of air
ventilation are as follows: air blowing by either of main duct or sub-duct, air suction by main duct,
suction by main duct combined with air blowing by sub-duct, and with no ventilation. In each ex-
periment about 10 minutes are to be passed until a nearly steady state of ventilation is attained, even
though there exist some fluctuations of methane concentration. The maximum value recorded in
this period is used as an index of methane concentration for each point of measurement in the tunnel.
Parameters of experiments are type of ventilation, flow rate of ventilating air (QAB or Qas), flow rate
of methane (Qum), position of the opening for methane inlet, and initial velocity of methane flown-in
(VM). From those experiments, distributions of methane layers are drawn as “contour maps of con-
centration” for vertical and horizontal directions. In most of those maps boundary lines for 1.5%
methane are drawn for reference by thick line, because such a concentration (i.e. 30% of the lower
explosion limit of methane in air) have been considered as a marginal value for the prevention of ex-
plosions. Figures 3.8 ~ 3.15 and Tables 3.2 ~ 3.4 are results for air blowing ventilation by main duct.
Figures 3.16 ~ 3.18 are drawn from results of experiment for air suction ventilation by main duct. In
Table 3.5, effects of air suction ventilation combined with eccentric air blowing by sub-duct are com-
pared with those of air blowing ventilation by sub-duct only. With no ventilation in the tunnel, results
shown in Figures 3.21 ~ 3.25 are obtained, including an interesting discussion on the stretching velocity
of methane layer. Because of its lower density than air, methane tends to accumulate near the roof of
tunnel, and, therefore, the qualitative behaviors of methane in the tunnel are understood rather easily.
However, the thickness and the length (i.e. vertical and horizontal gradient of methane concentration)
are largely affected by the type of air ventilation as same as by flow rate of air and methane and
other factors. It is concluded, then, that the systematic installations of detectors could not be unified
quantitatively over every tunnel works, but should be determined for individual tunnel, taking into
account such factors as type and efficiency of air ventilation, total number of available detectors,
number of spots at where methane gushes out constantly, and alarm level of methane concentration
for each detector.

Discussions are also made on the application of results of our experiments in the simulative tunnel
to other scaled-up tunnels, methods of constituting an adequate gas alarm system, precautions for
the use and maintenance of the system, and on merits or demerits of each type of air ventilating sys-
tem,
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Table 3.1 Physical and combustion properties of methane
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Molecular Weight 16.0
Vapor density (air=1.0) 0.554
Color, oder Colorless, odorless
Stoichiometric concentration (vol. % in air) 9.47
Heat of combustion (Kcal/g) 11.93
Explosive range (vol. % in air) 5.0~15.0
Auto- ignition temperature (°C) 632
Minimum ignition energy (mj) 0.33
Maximum burnig velocity (cm/sec.) 37
Adiabatic flame temperature (°C) 1963
Maximum explosion pressure (Kg/em?) 7.2
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z . horizontal distance from the vertical section
along the axis of the simulative tunnel (m)
(BT > R o FLEERTEA S5 0 BEE)
Qu . flow rate of methane (m®/min.)
(A% iHE)
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Qas : flow rate of ventilating air for air- suction
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and also to distinguish high or low initial velocity
as followings;

[:> Vir=20~40m/sec.

Vu=0.016~0.32m/sec.
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Table 3.2 Effect of Va on Q4B required to limit
the methane concentration below cer -
tain levels, at x=1 and y=0.08
x=1, y=0.08DNEICBITEH AT
ML HBMELTICHNZ 21287 5Qas

2R3 Ve s
Qa4 B (m?/min.)
Qum Vau below | below | below |below

(m®/min) | (m/sec)| 0.5% 1% 2% | 5%
0.08 39 34 23.5 12

0.05
20 18 13.5 9.5 | ~5
0.16 | >60 52 40.5 23

0.10
20 31 16 13 ~10

(position of methane inlet : middle)
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Table 3.3 Effect of the position of methane inlet
on Q4B required to limit the methane
concentration below certain levels, at
x=1 and y=0.08
x=1, y=0.08DHEICBITE A7
E2HBMELTICHIZ 5I2ET 5 Qasic
A B A s ta n Y VAT RS -7

Qs (m3/min.)

position Vu | below | below | below | below
of methane
inlet (m/sec)| 0.5% 1% 2% 5%
0.08| >60 | >60 44 30
Upper
20 >60 50 33 16
0.08 39 34 23.5 12
Middle
20 18 13.5 9.5 |~ 5
0.08 16 15 13 ~10
Lower
20 12 | ~10 ~5 ~ 5

(Qm =0.05m3/min.)
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Table 3.4 Relative values to average methane

centration, (CJ, for various points of

measurement
fEr DORIERICBIT S 25V IBEDFLRE
BEIZX Y A HEx I
w 0.08] 0.15)0.225( 0.30| 0.40(0.60
x(m]
1 17.0 {11.6 | 8.5 5.2 4.0 (2.6
2 11.7 7.5 | 5.5 4.4 3.0
3 0.7 0.6510.8 0.7 0.75
17 0.8

m/sec.,position of methane inlet: middle,

Qx=0.01~0.05m3/min., V4 =0.016~0.08
Q43=9.2m%/min.
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Table3.5 Effect of the type of air ventilation on methane concentration with variation of Q4s, Vu and
the position of methane inlet

MYEAEIC L 2HAADEE L, EREICLZBRHLE2HALBENE2NERHTICBITE 25

R
(Qas=60m3/min., Qu=0.1m3/min. )
Arrangement Position of Qaz by sub- duct 25m3/min 15m®/min 5.4m3/min
of detectors V methane inlet | Type _Of flil‘ s+B| B S+B | B S+B| B
ventilation
Crmax. 0.42 |0.49 0.77 1.55
detector No. ® ®.® ® @
Chin. 0.30 [0.36 0.56 0.52
(a) pattern A 0.16m/sec middle detector No. ) ) @ @
(e} 0.37 |0.44 0.68 0.93
s 0.029 {0.033 0.048 0.272
Cav 0.40 0.67 1.85
Chax. 0.77 10.84 (0.16 |1.29 [2.41 |2.59
detector No. @ @ @ @ @ @
. Chin. 0.31 [0.34 [0.45 |0.53 |0.40 |0.64
) pattern B 0.16m/sec middle detector No. ® ® ® ® ® ®
[ 0.45 [0.50 |0.66 [0.76 [1.02 |1.26
s 0.110 1 0.118 |0.184 | 0.188 | 0.525 | 0.508
Cav 0.40 0.67 1.85
Chax. 0.83 [0.87 (1.12 |1.18 [2.45 {2.38
detector No. o) @ @ @ ® ®@
Chmin. 0.33 {0.38 |0.56 [0.62 |0.43 |0.83
(¢)| pattern B 20m/sec middle detector. No. @ @ @ @ @ @0
C 0.47 (0.51 |0.725{0.80 [1.22 |1.56
S 0.123 (0.122 | 0.150 | 0.152 [ 0.488 | 0.454
Cav 0.40 0.67 1.85
Chmax. 0.68 [0.76 |1.96 |2.11
detector No. D) @ @) @)
Chain. 0.45 {0.50 [0.49 |0.73
(d) | pattern B 0.16m/sec lower detector No. @ @ @ @
C 0.53 |0.595 |0.83 |1.09
s 0.062 | 0.069 {0.379 | 0.363
Cav 0.67 1.85
Cmax. 1.12 | 1.21 |3.23 |4.54
detector No. O (0@ @ @
Cmin. 0.37 [0.45 |0.14 |0.38
(e) | pattern B 0.16m/sec upper detector No. @ @ @ @
C 0.70 |0.80 |1.42 |2.06
s 0.250 [0.256 | 1.018 | 1.432
Cav 0.67 1.85
Cmax. . maximum concentration of methane (% by bolume)
Cmin. . minimum concentration of methane (% by volume)
C : average value of methane concentrations measured by 16 detectors (% by volume)
s : standard deviation of methane concentrations (% by volume)
Cav  : average concentration of methane, calculated (=100XQm/(QaB+QM)% by volume)
S 4+ B ! air suction ventilation by main duct combined with air blowing ventilation by sub- duct

B . air blowing ventilation by sub- duct only
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