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5.5-1 What caused the explosion?

A variety of possible causes were considered and evaluated as part of the investigation into the
January 2, 2006 explosion at the Sago mine. Ignitions caused by open flame, spontaneous
combustion, roof falls, faults in the mine electrical systems, and lightning were suspected and
considered. The following summarizes the findings of each. Lightning is the probable cause of

the explosion.
55-la Open Flame

The seals had been completed for a period of 22 days when the mine explosion occurred,
making it unlikely that an open flame of man-made origin could have been the source of the
ignition which is known to have originated within the sealed area itself. No evidence was found
of any batteries, smoking materials, or other potential ignition sources in or around any area that

could have been the source of the ignition.
55-1b  Spontaneous Combustion

Spontaneous combustion is a potential problem with coals that have chemical properties that
enable endothermic reactions to heat the coal to the point that it can smolder and eventually
catch fire without an outside ignition source. Western coals that have a high moisture content
and a low fixed carbon-to-volatile ratio are susceptible to spontaneous combustion. This
phenomenon is not without precedent in the Eastern U.S. but it is much less common.
Documented cases exist where oxidation of reactive constituents in the coal such as iron
sulfides® can lead to self-heating. Typically, however coals that are susceptible to spontaneous
combustion generally show signs that are recognized early in mining, i.e. the coal has an
established history of spontaneous heating in open stockpiles or gob piles. Further, spontaneous

combustion would not go away after the explosion. It would continue to smolder and would

! Pyrite and marcasite are the most common
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likely be very difficult to extinguish. There has been no known history or evidence of

spontaneous combustion at the Sago Mine either before or after the explosion.
5.5-1c  Roof falls

There are several roof falls that have been identified and mapped within the sealed-off area of the
mine. Map 1 illustrates the location of known roof falls. Rocks of certain types are capable of

creating sparks if they strike metal objects such as roof bolts.
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Map 1.—The location of known roof falls in the area behind the seals. Arrows indicate those
falls which occurred after the seals were built but before mine re-entry.

2 Quartzose sandstone or chert are two such rock types that have sparking potential characteristics.
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Several of these falls are known to have occurred either before the explosion or after the
explosion, and so have been discounted. Of the remaining falls (indicated with arrows), only one

(1) is in the region where the balance of the evidence indicates the explosion originated.

Photo 1. Roof fall in Old 2™ Left Section. In some cases, a determination of whether
the fall occurred before or after the explosion could be made by the relative abundance
of soot covering it. A heavy soot typically covered falls that occurred before (or
possibly during) the explosion.

The domed top of the fall contains inter-bedded layers of sandstone that, under the right
conditions, could have produced the necessary spark. However, after examining this area several
times since the explosion, no evidence has been found that would indicate that the ignition
started there. The balance of the inferred propagation directions of the blast favors a point-of-

origin farther to the southeast.

55-1d Mine electrical system

No evidence was found of any electrical equipment malfunction or failure of electrical circuits
that could have caused ignition of the explosive mixture of methane and oxygen behind the

seals. No apparent lightning damage was found in any electrical equipment or in the electrical
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installations on the surface or underground®. Testing is still ongoing in several different areas
trying to determine the cause of the explosion. Deficiencies were found, both on the surface and
underground, resulting in 33 non-contributing violations being issued by the West Virginia

Office of Miners’ Health, Safety & Training. (Appendix 5.1: Statistics and Fact Finding).

5.5-1e  Lightning

A severe winter electrical storm passed through the Sago region the morning of January 2, 2006.
Shortly before 6:30 AM EST, the storm produced several intense lightning discharges near the
mine, and mine personnel and nearby residents heard loud thunder which they described as

being “extremely violent.”
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Map 2. Two (2) of the lightning strikes reported by Vaisala between 5:00 AM and 7:00 AM
EST on January 2, 2006 within a 5- mile radius of the top end of Sago Mine. The closest strike
to the mine was also the strongest (101,000 amperes).

® Except for damage to the 12kV powerline, as noted and described in Section 5.5-3d.
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On January 5, 2006, the OMHS&T ordered a report of lightning strikes in the Sago area at about
the time of the explosion from Vaisala-Thunderstorm® in Tucson, Arizona Vaisala provided
strike locations in latitude and longitude coordinates, together with estimates of the peak current
in the discharges and the polarity (see Appendix 5.5-2: STRIKEnet Report LA105304).

Two large and nearly simultaneous positive cloud-to-ground strokes were recorded within 2 —
2.5 miles of the Omega seals across Old Second Left Section at the time of the explosion. One
strike was located approximately 1 mile NW of the mine portal and the other approximately 1
mile to the SW.

Testimony by mine personnel on the surface described the wind picking up and a strong
lightning flash illuminating the general area accompanied by ground shaking near the time of
the explosion. Immediately afterward alarms began to sound on the CO monitoring system on
the #4 Belt near the mouth of 2 Left Section. The CO monitor located at the 2 Left Section Belt
tailpiece lost communications within 14 seconds. The underground power tripped at a splitter
box near the #2 Belt Power Center within 23 seconds of the initial CO monitor alarm at #57

block on #4 Belt sounded. Later corroborating evidence included:

e Precise time correlation of the CO alarms with the lightning strikes

e Correlations with a subtle seismic event recorded by a seismograph in Morgantown,
West Virginia

e Physical evidence at one of the lightning strike locations
e The accounts of nearby residents

How lightning actually entered the mine has been the subject of intense examination. The actual
means by which this happened has at this writing not been determined with certainty. Additional
research continues and resources are being used to gain more answers to this question than

currently are available.

More details on the apparent linkage of lightning to the explosion are given Section 5.5-2 of this

report.

* Vaisala (pronounced Vi’ sa-la’) is an Arizona-based commercial lightning service that provides reports of
lightning strikes detected by the National Lightning Detection Network
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