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Ignition Range of Natural Gas Well Blowout and Its Heat Radiation
Effect on Circumjacent Facilities
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Abstract In the process of natural gas exploration and development, the well blowout will lead to serious consequences. Among the
damage forms, the heat radiation from the natural gas fire flame can threat the onsite and surrounding workers as well as the facilities
dramatically. With a practical natural gas well exploration project as an example, using a Computational Fluid Dynamics (CFD) software,
the flux field is simulated with well pressures of 10, 20 and 30MPa. In this study, 3 different air velocities and 2 well diameters (63.5 and
88.5mm) are considered in the well blowout and eighteen groups of simulation results are obtained. The simulation results, as well as the
heat radiation effects on the circumjacent facilities, are analyzed. It is indicated that both the well pressure and diameter have little
influence on the blowout gas velocity with other parameters fixed. With the same well pressure and diameter, the greater the air velocity
is, the lower and smaller the effective ignition area will be. Under the simulation conditions, the gas ejection velocity is about 400m/s and
the surface temperature of the natural gas flame exceeds 1500K. For the facilities, the damage diameter of the project fire is about 40m;
meanwhile the injury diameter of the project fire for human beings is about 104m.
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, , Table 1 Density parameters of well blowout gases
O CH, €O, 0, N, HS
1 0.6679 1.7878 12999 1.138 146 1.225
/(kg-m™)
1.1
’ 2
° Table 2 Mass flux of project gas at the spout
J ’ /MPa
g(o<l>)+ohv(p up)=div(I'grad)+S, 10 20 30
4 R R . P /Pa 5457277 10914555 16371832
b u T N /(kg-m™) 40.23 80.46 120.69
62mm /(kg-s™) 2550 51.00 76.51
' 89mm /(kg-s™t)  52.55 105.10 157.65
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T;‘ Table 4 Simulated ignition range of natural gas
f; containing 10% H>S (unit: m)
=S
“E:( /(m-s™)
P,/MPa 1 3 24
10 16~33 7~15 0.7~2.6
20 14~35 6~16 0.6~2.6
30 15~40 7~17 0.7~2.6
2 5 HS  20%
Fig. 2 Simulation streamline of well blowout ( .m)
Table 5 Simulated ignition range of natural
! I gas containing 20% H,S (unit: m)
0o
/(m-s™)
g ¥ P,/MPa 1 3 24
" 10 18~29 7~14 0.7~2.4
= ow
o 20 15~33 6~16 0.6~2.4
) 30 16~37 7~16 0.7~24
2 62mm s Im/s 14~
40m; 3m/s 7~17m;
e 0 o 24m/s 0.5~2.6m, S
x 47 [ K PR m
3 CH, , o
( :1%~100%, :0~75m) 22
Fig. 3 Mass concentration isolines of CH, (62mm) ,
(display range 1%~100%, elevation is about 0~75m) 10MPa, 20°C, E
3 10%CO, o 3.6x107)/kg,
( .m) 0.68kg/m?,
Table 3 Simulated ignition range of natural 1)
gas containing 10% CO, (unit: m) , 10MPa
421m/s, R 10MPa
/(m-s™)
, 68kg/m?, 86.4kg/s
P,/MPa 1 3 24 .
10 14~29 8~14 0.6~2.4
20 15~31 9~15 0.6~2.4 o ’
30 16~35 9~15 0.6~2.4 °
21.2 H>S ¢q,=m0H =1.088x10°kW
H:S 10%.20% H., Jlkgsq, W50
° : CH, ks , 035,
0.47m], H,S 0.068mJ, H.S .
o HZS )
. 4 5 HS 10% o R,
20% R 4mR?
»q x 7W/m2;RO
s o s ) 0.2 ;R ,Mo
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, , R 21.49,26.32,37.23,65.81  104.06m,
37.5,25.0,125,40  1.6kW/m? , 6 o
6
Table 6 Damage range of well blowout project fire
/(kW+-m™) /m
37.5 Imin  100% ,10s 1% 21.49
25.0 Imin  100% ,10s 2 , 26.32
12.5 Imin 1% ,10s 1 s N 37.23
4.0 20s , — 65.81
1.6 — 104.06
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