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ABSTRACT

Underground natural gas storage facilities are a vital part of the U. S. national infrastructure. However, the
concept of hazard zones from fires and explosions at these facilities is not nearly as well defined as it is for
natural gas transmission pipelines. This report will take a safety area predicted for underground gas storage
facilities called the Wellhead Safety Zone or WSZ and benchmark it against the observed damage zone
from the drill rig accident near Rama, Louisiana on November 15, 2007. When combined with earlier
accidents, this new benchmark indicates the WSZ formula gives an accurate indication of the hazard radius
from underground gas storage facility accidents over a wide range of casing sizes and pressures.

1. INTRODUCTION

In an earlier report [1], Oak Ridge National Laboratory (ORNL) adapted the widely accepted criterion of
Stephens [2] for the potential hazard zone from a natural gas pipeline break to the somewhat different
situation of gas discharge from an underground storage cavern. The hazard zone is expressed as the
radius for which average radiant heat flux from a natural gas fire would be greater than or equal to 5000
Btu/hr-ft2.  Gas ignition was assumed to take place immediately after the pipe rupture. The resulting
formula obtained by ORNL for the Wellhead Safety Zone (WSZ) radius is:

WSZ = 1.008*(P*d?)"2 , 1)

where P is the absolute pipeline pressure in psia, d is the line diameter in inches, and the WSZ is expressed
in feet [1].

The primary incident used to calibrate the new WSZ safety criterion for underground gas storage
facilities was the Moss Bluff, TX accident of August 2004. Moss Bluff involved the blowdown of a
natural gas cavern with an initial pressure of 1898 psi and a wellhead diameter of 20 inches. The
observed burn damage radius at Moss Bluff was 840 ft from the wellhead. This radius was used to
establish a combustion efficiency factor of 1 = 0.50 for the escaping gas and size the coefficient of 1.008
in Eq. (1) for the WSZ. Equation (1) then yields a WSZ for Moss Bluff of 878 ft, which is a very good
correspondence with the observed burn radius of 840 ft at Moss Bluff [1].

2. RESULTS

Additional data has now become available for benchmarking the WSZ criterion against a drill rig blowout
that occurred near Rama, Louisiana on November 15, 2007. Figure 1 shows a picture of the resulting
natural gas fire following the blowout [3]. As seen in the picture, the drill rig was located 270 ft from the
westbound lanes of Interstate 1-10. The macadam road topping and concrete structural supports of 1-10
were not damaged by the fire as shown in Figure 2, although a number of trees between the road and the
fire were incinerated.
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Rig Blowout Rama Louisiana-November 15th, 2007

Figure 1. Photograph of the natural gas fire and proximity to 1-10 for
the Rama Louisiana rig blowout [3].
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Figure 2. Macadam road surface of 1-10, showing the lack of fire damage
from the Rama Louisiana accident of November 15, 2007 [3].



Wellhead pressure from the Louisiana accident was 3600 psi, and drilling operations were in progress at
the time of the blowout and fire. The drill pipe which was the source of the escaping gas had an outer
diameter of 5 inches and an inner opening diameter of 4.2 inches that defined the flow area. Substituting
these values into the WSZ formula yields:

WSZ = 1.008*[3600%(4.2)%]"2 = 254 ft , @)

for the Rama, Louisiana accident. This result compares very well with the observation that damage did
not extend all the way to 1-10, which was 270 ft from the gas well.

3. CONCLUSIONS

It should be noted that this comparison with the Louisiana accident helps validate the WSZ formula for a
significantly different set of wellhead conditions than were present at Moss Bluff (3600 psi vs. 1898 psi
pressure and 4.2 inch pipe vs. 20 inch pipe). Hence it would appear that the WSZ formula gives an accurate
indication of the hazard radius from underground gas storage facility accidents over a wide range of casing
sizes and pressures.
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