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OVERVIEW 
 
On January 2, 2006, an explosion occurred at approximately 6:26 a.m. in Wolf 
Run Mining Company’s Sago Mine.  At the time of the explosion, 29 miners were 
underground.  Twelve miners lost their lives, and one was seriously injured.  The 
explosion occurred inby the 2 North Mains seals, and destroyed all ten of the 
seals used to separate the area from the active portion of the mine.   
 
The weather conditions at the mine were unseasonably warm with the 
temperature near 45 degrees Fahrenheit (F).  A storm, accompanied by heavy 
rain, thunder and lightning, was in the area.  Before entering the mine, some 
Sago miners saw lightning strikes near the property. 
  
A preshift examination of the mine had been conducted.  One mine examiner 
remained underground.  The 2nd Left Parallel crew and another miner entered 
the mine at about 6:00 a.m.  The 1st Left crew and three other miners entered the 
mine shortly thereafter.  The 2nd Left Parallel crew arrived on their working 
section, and the 1st Left mantrip arrived at the 1st Left switch.  Shortly thereafter, 
an explosion occurred.  
 
One miner died of carbon monoxide (CO) poisoning shortly after the explosion.  
The 2nd Left Parallel miners’ attempt to evacuate was unsuccessful, and they 
barricaded themselves on the 2nd Left Parallel section.  All other miners 
eventually evacuated the mine. 
 
Mine management officials entered the mine in an attempt to assess the situation.  
The 1st Left Foreman remained underground and eventually joined this group.  
They found that the explosion damaged ventilation controls.  In an effort to reach 
the missing miners, they attempted to restore ventilation, using temporary 
ventilation controls.  They were unable to clear the smoke and gases, and 
eventually ended their rescue attempt and evacuated the mine.   
 
Federal and state agencies responded to the accident.  Mine rescue teams were 
organized, a command center was established, and a rescue effort was initiated.  
Entry into the mine was delayed because of elevated levels of CO and methane.  
Preparations were started to drill a borehole into the 2nd Left Parallel section for 
sampling and communications purposes. 
 
Rescue teams entered the mine after the concentration of gases stabilized.  They 
found the first victim on January 3, near the 2nd Left Parallel track switch.  Later 
that evening, rescue teams advanced into the 2nd Left Parallel section where 
twelve miners were found behind a barricade.  One miner was found alive.  He 
was rescued and transported to a hospital.  On January 4, the 12 victims were 
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recovered from the mine.  A list of the deceased and injured miners is contained 
in Appendix A.   
 
Working with the West Virginia Office of Miners’ Health, Safety and Training 
(WVMHS&T), the mine operator, and miners’ representatives, the Mine Safety 
and Health Administration (MSHA) launched an investigation into the events 
surrounding the fatal accident.  The investigative team interviewed people with 
knowledge of the mine or the accident.  Investigators mapped the mine, 
reviewed mine records and gathered relevant physical evidence from 
underground.  The evidence was evaluated.     
 
Investigators determined that methane began to accumulate within an area 
which had previously been mined and then sealed with 40 inch thick Omega 
block seals.  The explosion occurred within the sealed area and destroyed the 
seals.  This caused portions of the mine to fill with toxic levels of CO.  At 
MSHA’s request, the National Institute for Occupational Safety and Health 
(NIOSH) conducted a full-scale testing program designed to determine the 
strength of the Omega block seals and to gather information about explosions in 
sealed areas.  The mine operator failed to build the seals in accordance with the 
approved plan.  However, the testing showed that the seals, as built at the mine, 
would likely have withstood pressures of 20 pounds per square inch (psi), as 
required by regulation.  The explosion in the mine is believed to have generated 
pressures in excess of 93 psi.  The discrepancies between the actual seal 
construction and the approved plan, as well as all other non-contributory 
conditions observed during the investigation, were cited under a separate 
inspection activity.    
 
MSHA collected Self-Contained Self Rescuer units (SCSRs) used by the miners, 
and tested them.  The mine operator did not keep adequate records on all of the 
units, and one unit was out-of-date.  Some of the miners had trouble donning 
their SCSRs and breathing through them.  However, testing indicated that the 
units produced oxygen as intended.    
 
Investigators determined that coal dust did not play a major role in the 
explosion.  Potential ignition sources were investigated.  There was no evidence 
that cutting, welding, mining operations, smoking, or spontaneous combustion 
were involved in the ignition.  Electrical systems and equipment were also ruled 
out as possible ignition sources.  Although a roof fall cannot be definitively 
excluded as a potential ignition source, it is a highly unlikely ignition source.  
   
Lightning strikes were recorded near the mine at approximately the same time as 
a seismic event occurring in the area and the initial alarm from the mine’s 
atmospheric monitoring system (AMS).  MSHA contracted with Sandia 
Corporation, the operator of the Sandia National Laboratories (Sandia), to 
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perform modeling and testing to ascertain if it was possible for lightning to cause 
electrical energy to enter the mine and cause an explosion.  Sandia determined 
that a lightning strike could create enough energy in the sealed area to initiate an 
arc.  Lightning has been determined to be the most likely ignition source. 
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GENERAL INFORMATION 
 
The Sago Mine is located near Tallmansville, Upshur County, West Virginia.  The 
mine opened in 1999 as the Spruce No. 2 Mine operated by BJM Coal Company.  
The mine changed ownership in 2002.  Anker West Virginia Mining Company, 
Inc., a subsidiary of Anker Group, Inc., acquired the company and renamed the 
mine as Sago Mine in 2003.  International Coal Group, Inc. (ICG) acquired Anker 
Group, Inc. in 2005.  The Anker West Virginia Mining Company, Inc. was 
renamed the Wolf Run Mining Company in late 2005. 
 
Principal Officers of ICG were Bennett K. Hatfield, President and Chief Executive 
Officer; Oren E. (Gene) Kitts, Senior Vice President, Mining Services; Samuel R. 
(Sam) Kitts, Senior Vice President of Operations; and Timothy Martin, Corporate 
Director of Health and Safety.  ICG owns and operates a number of mining 
properties throughout the United States. 
 
The management structure at the mine was similar to that traditionally found at 
coal mines throughout the United States.  The direct line of supervision consisted 
of mine superintendent, mine foreman and foremen.  Mine Superintendent 
Jeffrey Toler was head of the on-site mine management organization at the mine 
and was responsible for the overall operation of the mine.  Mine Foreman Carl 
Crumrine was responsible for all underground activities including 
countersigning various mine record books.  Safety Director James Schoonover 
was responsible for mine safety issues and training, as well as accompanying 
state and federal inspectors while on mine property.  Maintenance 
Superintendent Denver Wilfong was in charge of all electrical and equipment 
related issues.  A number of shift foremen, section foremen and outby foremen 
were responsible for coal production and general support operations. 
 
The mine opened into the Middle Kittanning coal seam through five drift 
openings.  The drift openings were located in a box cut where the overburden 
material was removed down to the coal seam level.  Drift openings were 
numbered with the No. 1 Drift Opening on the extreme left side.  The mine fan 
was located in the No. 5 Drift Opening on the extreme right side of the highwall.  
The developing entries were numbered separately from the drift openings, from 
left to right, with the No. 1 entry on the extreme left side.  Mine personnel 
identified locations in the mine by the numbered crosscut along with the 
corresponding main belt, for example, 34 Crosscut, No. 2 Belt.  Coal was 
produced from the 1st Left and 2nd Left Parallel sections.  The majority of the 1st  
NE Mains was sealed.  The 2nd Left Mains were also sealed.  A map of the mine  
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is illustrated in Figure 1 to provide an overview of the mine.  A detailed map of 
the mine is shown in Appendix B.    
 

Figure 1 - Sketch of Sago Mine 

The mine work schedule consisted of two overlapping 10 hour shifts beginning 
at 6:00 a.m. and 3:00 p.m. and one maintenance shift beginning at 12 midnight, 
Monday through Thursday.  The weekend schedule (Friday, Saturday and 
Sunday) was composed of two overlapping 13 ½ hour production shifts, and one 
8 hour maintenance shift.  Coal was produced from two sections.  Two remote-
controlled, continuous mining machines and two twin boom roof-bolting 
machines operated in each of the 1st Left and 2nd Left Parallel sections.  There 
were three electrically powered shuttle cars located in 1st Left and four in 2nd 
Left Parallel.  The two continuous mining machines in each section were not 
operated simultaneously.  One mining machine completed a cut sequence and 
was idled.  The other mining machine proceeded to cut another sequence.  
 
Sections were developed by advancing eight entries.  The approved roof control 
plan allowed for main entries, sub-main entries and rooms to be developed 20 
feet wide, on centers from 48 feet to 110 feet.  Crosscuts could range from 54 feet 
to 140 feet centers in the mains, 48 feet to 140 feet centers in the sub-mains and 40 
feet to 140 feet centers in rooms.  The average mining height was approximately 
7 feet.   
 
In addition to the normal mining development, bottom mining was conducted in 
some areas of the mine.  The bottom mining was the removal of the lower bench 
of the Middle Kittanning coal seam.  When mining was completed in an area, or 
adverse conditions were encountered that ended development, this method was 
used to maximize coal yield.  Because of the extreme heights that would have 
been created during initial development, the bottom portion of the coal seam was 
not mined at that time.  During and after removal, no miner was permitted in the 
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mined out area.  This precaution eliminated exposure to high, unsupported coal 
ribs.  Rock dust was applied during initial development as required.  Additional 
rock dust was not applied in areas that had been bottom mined.  A portion of the 
sealed 2nd North Mains and 2nd Left Mains area had been bottom mined.  The 
A-1 and A-2 Panels off of 1st Left were also bottom mined. 
 
Verizon provided telephone service to the surface buildings.  The underground 
mine communication system consisted of pager phones, trolleyphones and 
wireless handheld two-way radios.   
 
Battery-powered track mounted personnel carriers (mantrips) and locomotives 
were used to move men and materials throughout the mine.  The mine 
dispatcher was located in an office on the surface.  The dispatcher directed and 
monitored all traffic entering, traveling throughout, and exiting the mine.  He 
also monitored an AMS that consisted of sensors placed throughout the mine 
that relayed information to a central computer.  This system displayed a 
continuous readout of CO levels at each sensor located along each belt conveyor 
entry, belt startup, belt shutdown and mine power status.  The Mine Emergency 
Evacuation and Firefighting Program of Instruction designated the dispatcher as 
the responsible person in the event of an emergency.   
 
A large portion of the mine was wet, and pumps controlled the water 
accumulations.  Coal was transported from the working sections to the surface 
by a series of conveyor belts, and was then loaded onto trucks, transported to a 
nearby cleaning plant, and processed.  In 2005, the mine produced 
approximately 1,700,000 tons of raw materials, which resulted in 507,775 tons of 
clean coal.  This resulted in a recovery ratio of approximately 30 percent.   
Reportedly, this ratio did not change significantly during bottom mining. 
 
A blowing fan, located on the surface, ventilated the mine.  The mine fan 
produced approximately 146,000 cubic feet per minute (cfm) of air.  Mine 
inspection records in October 2005 indicated that the mine liberated 
approximately 90,500 cubic feet per day (cfd) of methane.  A single split 
ventilation system was used in each of the two sections.  Intake air was typically 
directed through the Nos. 7 and 8 entries and returned out the Nos. 1 and 2 
entries.  The Nos. 3 through 6 entries were ventilated with intake air generally 
traveling in the outby direction.  Air lock doors were installed in the track entry, 
one door was located between 8 and 9 Crosscuts, No. 1 Belt and another door 
was located between 12 and 13 Crosscuts, No. 1 Belt.  These doors allowed for 
the passage of men and materials without disrupting the air current.  To 
accomplish this, only one door was opened at a time.   
 
The mine employed approximately 135 underground miners and six surface 
miners.  At the time of the accident, the miners were not represented by a labor 
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union for collective bargaining purposes.  During the investigation, two separate 
miners’ representative groups were selected to represent the miners.  One group 
of miners selected the United Mine Workers of America (UMWA) and the other 
selected a group of Sago miners.  Both groups participated in portions of the 
onsite investigation.   
 
Table 1 shows the Fatal and Non-Fatal Days Lost (NFDL) accident incidence 
rates for the mine along with the comparable national rates for all underground 
coal mines, for years 2004 and 2005.  
 

Table 1 - Accident Incidence Rates 

Calendar Year Incidence Rate  
Sago Mine 

Incidence Rate 
National 

National All 
Incident Rate 

2004 NFDL/Fatal 
15.90/0.00 

NFDL/Fatal 
5.98/0.04 

National/Sago 
8.42/19.88 

2005 NFDL/Fatal 
10.22/0.00 

NFDL/Fatal 
5.42/0.03 

National/Sago 
7.71/12.41 

 
MSHA completed its last regular health and safety inspection of Sago on 
September 30, 2005.  MSHA started a new inspection on October 3, 2005.  The 
inspection was ongoing at the time of the accident.   
 
Table 2 summarizes MSHA enforcement actions at the mine in 2005 prior to the 
accident, and references the number of citations issued to the operator under 
provisions of the Federal Mine Safety and Health Act of 1977. 
 

Table 2 - Enforcement Actions in 2005 

Type Enforcement Action 
Number Initiated - 208 

(2 vacated actions excluded) 

104(a) non-S&S citation 85 
104(a) S&S citation 96 
104(b) order 1 
104(d)(1) citation 1 
104(d)(1) order 2 
104(d)(2) order 14 
107(a) order 1 
314 (b) safeguard 5 
103(k) order 3 
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At the time of the accident, eight citations had not been terminated.  They were 
not associated with the accident.  Three of the citations involved tunnel liners, 
two were in the primary escapeway, two were electrical and one was for 
guarding.  These violations occurred in outby areas not related to or directly 
affected by the explosion.  Based on enforcement action taken during previous 
inspections, the operator was subjected to a higher level of enforcement pursuant 
to section 104 (d) of the Federal Mine Safety & Health Act of 1977.   
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EVENTS LEADING TO THE ACCIDENT 
 

Development of the 2 North Mains was stopped in June of 2005 due to excessive 
water and adverse roof conditions.  The 2nd Left Mains were subsequently 
mined until August of 2005 when adverse roof conditions and water inflow 
again caused development to stop.  On September 28, 2005, the operator 
submitted a plan to bottom mine the 2nd Left Mains.  The plan was approved on 
September 28, and bottom mining was started shortly thereafter.  On October 3, 
2005, the operator submitted a plan to extend bottom mining in the inby portions 
of 2 North Mains.  The plan was approved on October 4, and bottom mining of 
the 2 North Mains was conducted.  Upon completion of the bottom mining, the 
equipment was moved to the 2nd Left Parallel. 
 
On October 12, the mine operator submitted a plan to MSHA to seal the 2 North 
Mains inby the 2nd Left Parallel.  The mine operator also submitted a plan to use 
Omega Blocks to construct 40 inch thick Omega Block seals.  On October 24, the 
mine operator’s requests were approved.  Seal construction began on October 24, 
2005.  By November 9, seven seals had been completed.  The operator 
subsequently completed the next seal in the 63 Crosscut, No. 4 Belt between 
entry Nos. 2 and 3.  The locations of the seals are shown in Figure 2.   

 
Figure 2 - Location of 2 North Main Seals 

Ventilation controls, including stoppings and overcasts, also had to be modified 
to accommodate the air change associated with sealing.  By December 11, 2005, 
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the operator had completed the last two seals in the Nos. 1 and 9 entries, and 
made those ventilation changes.   
 
On Friday, December 30, 2005, coal was produced.  Miners did not produce coal 
on Saturday, December 31, 2005, but two shifts performed equipment 
maintenance, roof bolting, rock dusting, relocating equipment outby from the 
faces, and other duties.  Miners did not produce coal on Sunday, January 1, 2006, 
but four miners worked the day shift, hauling and installing track ballast, 
performing maintenance on water pumps in 2nd Left Parallel section and at 46 
Crosscut, No. 4 Belt and repairing the trolleyphone communication system.  
After performing maintenance on the pump in 2nd Left Parallel, they pumped 
the standing water in that area, and turned off the power to the pump.  They 
repaired the trolleyphone communication system by resetting an electrical 
breaker located at 9 Crosscut, No. 4 Belt.  According to the miners, the trolley 
system worked fine for the rest of the shift.  After the completion of the day shift, 
the mine was idled. 
  
Mine Examiners Fred Jamison and Terry Helms arrived at the mine around 2:15 
a.m. on January 2, 2006, to conduct preshift examinations prior to the oncoming 
day shift.  Dispatcher William Chisolm said he arrived about 3:30 a.m. to monitor 
communications and the AMS.  Helms and Jamison indicated that they entered 
the mine at approximately 3:00 a.m., although Chisolm believed it was 4:00 a.m.1   
 
Helms traveled into the mine by mantrip through the track entry.  Jamison 
walked into the mine through the belt entry, and examined that entry to the 11 
Crosscut, No. 1 Belt area where he walked into the track entry and met Helms.  
Jamison boarded the mantrip with Helms and they traveled to the No. 3 Belt 
drive.  Jamison exited the mantrip at the No. 3 Belt drive and walked the belt 
entry to No. 4 Belt drive.  Helms continued to the No. 4 Belt drive where he left 
the mantrip, traveling the No. 4 Belt to the mouth of the 1st Left Section and 
examined the 1st Left section.  Jamison boarded the mantrip at No. 4 Belt drive 
and traveled the track entry to 2nd Left Parallel switch.  He then examined the 
belt entry into the 2nd Left Parallel section.  Jamison started his examination in 
the No. 1 entry at approximately 4:00 a.m.  He determined the air quantity in the 
last open crosscut between the intake and return aircourses, which measured 
11,241 cfm.  Jamison continued across the section from left to right conducting 
his examination of the working places and the remainder of the section.  He 
detected no methane during his examination of the section, which he completed 
at approximately 4:25 a.m.  He examined the track entry to the 2nd Left Parallel 
                                                 
 
 
1 Jamison and Chisolm confirmed that they had a conversation prior to Jamison and Helms going underground, so their 

recollections regarding times may not be completely accurate, which they both acknowledged.   
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switch where he boarded the mantrip and traveled to 1st Left switch.  He called 
the dispatcher and informed him that he would leave Helms’ dinner bucket and 
coat at the 1st Left switch.   
 
Jamison continued on the mantrip toward the mine opening.  He stopped at a 
power center at 17 Crosscut, No. 3 Belt.  He walked to the water pump in the 
return entry at 22 Crosscut, No. 3 Belt either before or after making an 
unsuccessful attempt to start the pump by resetting the breaker.  Jamison 
boarded his mantrip and rode to No. 3 Belt drive.  He exited the mantrip and 
examined the belt drive.  Jamison walked to No. 2 Belt drive, examined it, and 
returned to No. 3 Belt drive.  Jamison drove to No. 1 Belt drive.  From there, he 
walked to No. 2 Belt drive and checked the pump across from No. 2 Belt drive.  
He then returned to No. 1 Belt drive, boarded the mantrip and proceeded to the 
surface, arriving at approximately 5:40 a.m.   
 
While Helms and Jamison were conducting the preshift examination, other 
miners were arriving on the surface and preparing to start their 6:00 a.m. shift.  
Jamison exited the mine and told Pumper John N. Boni about the malfunctioning 
water pump at 22 Crosscut, No. 3 Belt.  He also informed 2nd Left Parallel 
Section Foreman Martin Toler Jr. what he found during his preshift examination.  
Jamison entered his preshift examination results in the preshift examination 
record book, noting no hazards and no methane.  Jamison walked back into the 
mine at approximately 6:00 a.m. and went to the No. 2 Belt drive to shovel coal 
spillage. 
 
After Helms left the mantrip at No. 4 Belt drive, he walked to the 1st Left section 
and conducted a preshift examination between 4:20 and 4:50 a.m.  Helms 
decided not to come out of the mine, so he called outside and told 1st Left 
Section Foreman Owen Jones what he found during his preshift examination.  
Owen Jones did not know Helms’ location when he called.  The preshift 
examination of the section revealed no methane, 14,510 cfm in the last open 
crosscut between the intake and return air courses and no hazards.  Chisolm 
called Helms underground to inform him where Jamison had left his lunch 
bucket and coat.  Chisolm did not know Helms’ location when he spoke with 
him.  Helms eventually proceeded to the 2nd Left Parallel switch area.   
 
The 2nd Left Parallel section crew consisted of 12 miners: Thomas P.  Anderson, 
Alva M.  Bennett, James Bennett, Jerry Groves, George Hamner Jr., Jesse Jones, 
David Lewis, Randal McCloy Jr., Martin Toler, Jr., Fred Ware, Jackie Weaver, and 
Marshall Winans.  They boarded a mantrip operated by Jesse Jones and entered 
the mine through the track entry at approximately 6:00 a.m.   
 
Twelve miners were on the 1st Left section crew: Denver D. Anderson, Paul 
Avington, Gary B. Carpenter, Randall Helmick, Eric M. Hess, Owen Jones, Hoy 
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S. Keith, Jr., Arnett R. Perry, Gary Rowan, Harley J. Ryan, Christopher Tenney, 
and Anton R. Wamsley.  The crew started to board a mantrip with John Boni, 
Belt Cleaner John P. (Pat) Boni, and Mine Examiner Ronald Grall.  The crew 
realized that the mantrip they had was too small, and exchanged it for a larger 
one.  The 15 miners boarded the mantrip operated by Owen Jones and entered 
the mine at approximately 6:05 a.m.   
 
The 1st Left mantrip traveled to the 1 Right switch where John Boni exited the 
mantrip at approximately 6:14 a.m.  He walked to the power center at 17 
Crosscut, No. 3 Belt.  John Boni moved the electrical plug from one receptacle to 
a receptacle protected by a larger breaker.  He then walked to the pump at 22 
Crosscut, No. 3 Belt in the return air course and confirmed it was operating.  He 
started walking back toward the belt entry. 
 
At approximately 6:19 a.m., Pat Boni exited the mantrip in the track entry near 
No. 4 Belt drive and walked to the belt drive.  Pat Boni walked to 39 Crosscut, 
No. 3 Belt, refilled the trickle duster with rock dust and turned it on. 
 
The mantrip stopped at the 1st Left switch.  Perry exited the mantrip and threw 
the switch.  He picked up a ladder near the switch and placed it on the mantrip. 
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DESCRIPTION OF THE ACCIDENT 
 
At approximately 6:26 a.m., Perry re-entered the mantrip at the 1st Left switch 
and was sitting down when a violent blast of air, smoke, dust and debris struck 
the mantrip and the miners.  Owen Jones, the operator of the mantrip, tried to get 
into position to move the mantrip, but the force knocked him off of it, causing 
him to lose his hard hat.  Owen Jones did not hear an explosion but estimated 
that the force lasted about 6 to 8 seconds.  The other crewmembers’ estimates 
ranged from 4 to 15 seconds.  Owen Jones also stated that the dust in the air was 
so thick that he was unable to see, but that he did not smell any smoke at that 
time.  Owen Jones’ handheld detector alarmed, but he was unable to read the 
display showing the concentrations of methane, oxygen and CO in the air 
because of the dust.  The force knocked off the hats, lights and glasses of some of 
the other 12 miners, and forced dust into some of their eyes and faces.  The crew 
stated that they did not hear an explosion, or see any type of flash or flame.   
 
The records of the AMS indicated that it alarmed at 6:31:31 a.m. but the clock in 
the AMS was four minutes and 56 seconds fast, so the time of the alarm was 
actually 6:26:35 a.m.  At that time, the CO sensor at 57 Crosscut, No. 4 Belt 
alarmed, showing 51 parts per million (ppm).  This was the first indication on the 
surface of something unusual occurring underground.   
 
John Boni was in the No. 3 return entry at 22 Crosscut, No. 3 Belt next to the 
mandoor leading into the belt entry when he felt a rush of air.  The power to the 
pump went off.  Boni felt that the air was not very forceful, and was similar to a 
small pillar fall.  He did not see any dust. 
 
Pat Boni checked No. 4 Belt drive and started walking inby in the belt entry to 
check the belt take-up unit, when he a felt a rush of air and dust from inby 
hitting him in the face.  He grabbed his hat to keep from losing it, but estimated 
that the rush of air lasted only a second.  The visibility after the rush of air was 
about 14 to 15 feet.  His initial thought was that a roof fall had occurred nearby.   
 
As Jamison was shoveling at the No. 2 Belt drive, he felt pressure in his ears.  He 
thought there might have been a roof fall.   
 
Once the rush of air subsided, the 1st Left crew began to exit the mantrip.  Some 
of them felt heat.  Rowan stated that the mantrip could not be used to evacuate 
the mine due to debris on the track.  Rowan said that Perry shouted that the mine 
had blown up.  Wamsley described the air as a yellowish brown.  Owen Jones 
immediately instructed his crew to stay together and begin their evacuation 
outby on foot by walking in the track entry.  However, the group did not stay 
together.  Grall, Hess and Wamsley went ahead of the others working their way 
outby along the left rib of the track entry.  Anderson stated that he thought two 
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or three people said the crew should put their SCSR on, but he did not remember 
who they were.  Wamsley stated that he thought Owen Jones shouted to the crew 
to put their shirts over their mouths until they donned their SCSRs. 
 
Visibility was very poor due to dust and smoke, with some miners describing it 
as no more than 8 to 10 inches.  Hess stated that initially some miners tried to 
stay together by grabbing another miner’s shirt, belt, belt loop or anything else 
they could.  Their attempts to stay together were made even more difficult as 
they stumbled over debris from damaged ventilation controls. 
 
Grall, Hess and Wamsley arrived at the first mandoor at 48 Crosscut, No. 4 Belt 
where they checked the No. 7 entry (the primary intake escapeway) and found 
the atmosphere to contain heat, dust and smoke, causing poor visibility.  Hess 
and Wamsley decided that the situation was not good, and donned their SCSRs 
while in the No. 7 entry before going back to the track entry.  Neither person had 
any difficulty donning their SCSR.  Grall did not don his SCSR.  He traveled back 
to the track entry and met Avington.  Grall and Avington continued outby in the 
track entry looking for another mandoor, in an attempt to re-enter the primary 
intake escapeway.  Somewhere between the mantrip and three to four crosscuts 
outby, Avington asked Grall if they should don their SCSRs.  Grall said no, that 
they should just keep moving outby. 
 
Hess and Wamsley re-entered the track entry through 48 Crosscut, No. 4 Belt.  
When they arrived in the track entry, they met Ryan and Anderson.  Wamsley 
suggested that Ryan and Anderson don their SCSRs, and assisted Ryan with his.  
Ryan told investigators that he had difficulty grasping the tab to open the unit, 
and difficulty removing the bottom portion of the unit.  They had to jerk the 
bottom of the unit two or three times to remove it.  In addition, Ryan had 
difficulty breathing with the unit and, as a result of not having teeth, had 
difficulty keeping the mouthpiece in his mouth.   
 
Hess assisted Anderson in donning his SCSR.  Anderson stated that he had no 
trouble donning his SCSR.  Hess said that he had trouble helping Anderson 
remove the SCSR from its pouch, since it had sealant on it, and because there was 
a pair of channel locks in the pouch.  Once he removed the channel locks, Hess 
was able to pull the unit from the pouch, remove the metal straps from the top 
and bottom, and hand it to Anderson.  Anderson was then able to complete the 
donning process and activate the unit.  Anderson felt that his SCSR performed 
well, and the only problem was that the unit became warm. 
 
Keith stated he was a little disoriented, and Wamsley assisted him in donning his 
SCSR.  Wamsley stated that Keith’s SCSR would not activate.  He pulled the 
activation cord but it did not work.  Keith thought the SCSR did function as 
intended, but that it did not make it easier to breath, because of the dust in his 



 15

mouth.  Hess remembered Keith stating that his SCSR was not working the way 
it should. 
 
Wamsley stated that when they re-entered the track entry he heard someone 
outby shouting to come his way.  After donning their SCSRs, Ryan, Anderson 
and Keith continued outby in the track entry. 
 
Helmick, Tenney and Carpenter stated that they did not don their SCSRs because 
they did not have trouble breathing, and thought that they may need them later.  
Owen Jones did not don his SCSR but acknowledged that he should have. 
 
As Helmick, Tenney and Carpenter made their way outby in the track entry; they 
assisted other crew members who were having some difficulty walking.  Tenney 
also noticed that air was hitting him in the face.  This would indicate that the air 
was flowing from the outby to the inby direction, meaning that the air had 
reversed.   
 
As Owen Jones made his way outby he came upon Perry, who had fallen down.  
Helmick arrived, and Owen Jones asked him to help Perry continue his 
evacuation.  Helmick told Owen Jones that the other crew members were coming 
behind him, but he could not see them due to the thick dust.  Perry said that he 
had lost his hat and the lens was broken on his cap lamp.  During his evacuation 
in the track entry he decided to drop his damaged light so that he would have 
less weight to carry. 
 
Grall and Avington continued outby ahead of the others, feeling their way along 
the dusty and debris-filled track entry, looking for another mandoor between the 
track and primary intake escapeway entry.  Eventually they arrived at 37 
Crosscut, No. 4 Belt where they entered the primary intake escapeway in the No. 
7 entry.  While there was still dust in the air there, the visibility was much better 
than in the track entry, with Grall reporting it being about 10 feet.  Grall’s 
detector was alarming, and the methane reading was one percent and falling.  
Grall did not state what the reading had been in the track entry.  Grall continued 
to monitor his detector; with the last reading he recalled being 0.8%.  He also 
recalled that the CO level at that time was 66 ppm and dropping.  Avington 
remained in the intake while Grall returned to the track entry to check for the 
remaining crew members.  The track entry was still dusty, and he could not see 
anyone.  He shouted but did not receive an answer.  He traveled outby to 30 
Crosscut, No. 4 Belt and then returned inby to 38 Crosscut, No. 4 Belt without 
seeing anyone.  He continued to shout in an attempt to make contact with the 
remaining crew members.  He finally saw lights through the dusty atmosphere 
as the crew made their way in his direction.  Grall estimated it took about 
another 5 minutes for everyone to reach the intake entry at 37 Crosscut, No. 4 
Belt.   
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Ryan stated that once he reached the intake at 37 Crosscut, No. 4 Belt the 
“bottom part” of his SCSR air bag started to collapse.  As he escorted Perry it 
became difficult to breath, and the unit was getting warm.  Ryan felt that he 
needed more air than was being produced.  Therefore, he would slow down 
when the unit would become warm.  He said that the unit never actually stopped 
producing oxygen, and that the fresh air produced by the SCSR was better than 
the atmosphere in the mine.   
 
After the rush of air, Jamison walked along No. 2 Belt toward No. 3 Belt drive to 
see if a stopping had been damaged.  He did not find any damaged stoppings. 
 
Pat Boni went to the mine phone located near the No. 4 Belt drive at 
approximately 6:32 a.m., called Chisolm on the surface and asked what had 
happened.  Chisolm replied that lightning had knocked out some of the 
underground power.  Pat Boni replied he did not think that was what had 
happened, since dust was moving inby rather that outby, the opposite direction 
in which air normally flowed.  Chisolm confirmed after talking with Yardman 
Gary Marsh that the fan was still running.  Pat Boni reiterated that the air was 
flowing inby, indicating something was wrong, and asked about the belts.  
Chisolm responded that Nos. 1, 2 and 3 Belts were operating, but Pat Boni could 
see that Nos. 3 and 4 Belts were not running, and he told Chisolm so.  Pat Boni 
also said that the rock duster which he had started earlier was not operating, and 
the power center at No. 4 Belt drive was not energized. 
 
John Boni went through the mandoor into the belt entry and continued to the 
track entry.  There he saw a large amount of white dust that appeared to be rock 
dust.  However, he did not see smoke, feel heat or hear anything.  He noticed 
that the dust was just hanging in the air and not moving.  John Boni immediately 
went to the mine phone at 1 Right switch to call Chisolm.  He heard Pat Boni’s 
conversation with Chisolm.  Pat Boni told John Boni what he observed at No. 4 
Belt drive and that he thought there may have been a roof fall.  Pat Boni said he 
would walk inby on the track entry to look for one. 
 
Pat Boni stated he then went to the track entry and walked inby to the 
maintenance shanty, which he thought was at 8 Crosscut, No. 4 Belt.2  He found 
it to still be dusty with the air still moving inby at 9 Crosscut, No. 4 Belt.  He 
called the dispatcher from the phone at 9 Crosscut, No. 4 Belt to find out what 
happened.  Chisolm responded that he did not know.  Pat Boni told him that the 
air was going inby, and that he thought a fire or explosion had occurred. 

                                                 
 
 
2 The maintenance shanty was actually at 9 Crosscut, No. 4 Belt. 
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As the crew members were arriving at 37 Crosscut, No. 4 Belt and making their 
way into the No. 7 entry, Owen Jones stopped to use the mine phone near 37 
Crosscut, No. 4 Belt in the track entry.  He estimated that the call was made 
about 5 minutes after the explosion. 
 
At approximately the same time the explosion occurred, Chisolm was speaking 
on the mine phone with Mine Superintendent Jeffrey Toler.  Jeffrey Toler was in 
the building next to the dispatcher’s office when a flash of lightning and loud 
thunder occurred.  Chisolm heard a loud popping/ringing noise in the phone 
that caused pain in his ear, and made him drop the phone.  After picking the 
phone back up, he told Jeffrey Toler that he had lost the AMS and that the belts 
were down.  Jeffrey Toler could hear the AMS alarms over the mine phone.  
Jeffrey Toler told Chisolm to radio the 1st Left and 2nd Left Parallel Crews and 
ask them to check all the CO sensors which were alarming to determine the 
problem. 
 
Chisolm also spoke on the phone to Wilfong, who was in his office, and told him 
that he had lost communications on the AMS.  Wilfong thought that fuses must 
have blown, so he gave Maintenance Foreman Vernon Hofer, who was in his 
office at the time, a handful of fuses.  He instructed Hofer to check the AMS and 
replace any blown fuses.  Hofer proceeded to the dispatcher’s office, checked in 
and obtained his cap lamp.  He looked at the CO monitor screen to see which 
belts were affected and went to the pit to prepare to go underground.  The Nos. 1 
and 2 Belts were operating but the Nos. 3 and 4 Belts had lost power.  The Nos. 5 
and 6 Belts had not been operating when the explosion occurred. 
 
Owen Jones called outside about “five minutes maybe” after they felt a rush of 
air.  Owen Jones spoke over the mine phone to Chisolm, Jeffrey Toler and 
Wilfong on the surface, while John and Pat Boni listened in.  Owen Jones said “I 
called out and I said, we’ve had a mine explosion in here.  I said, get mine rescue 
team here now.”  He also indicated that there was a rush of air from the direction 
of 2nd Left Parallel, and that there was smoke.  He was directing his men to the 
primary intake escapeway.  After completing his phone conversation Owen 
Jones made his way to the No. 7 entry where he joined his crew members. 
 
While at No. 3 Belt drive, Jamison overheard Owen Jones on the mine phone.  
Owen Jones was relaying his belief that there had been an explosion and that he 
was going to have his men evacuate the mine.  Jamison decided to start walking 
toward the surface.  While evacuating the mine he noticed that most of the 
mandoors along No. 1 Belt were open, and he shut them as he walked out.  He 
did not indicate on which side of the track the doors were located.  Jamison did 
not don his SCSR but said that he had it in his hand ready to don if needed.   
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Wilfong told Pat Boni over the phone to get in the intake and evacuate the mine.  
Pat Boni walked back to No. 4 Belt drive and picked up his lunch bucket and 
coat.  He entered the primary intake escapeway through a mandoor across from 
the No. 4 Belt drive where the air was clear.  Pat Boni walked the primary intake 
escapeway out to 4 Crosscut, No. 1 Belt.  There he opened a mandoor between 
the intake and track entry.  Seeing no smoke, he exited into the track entry and 
walked four crosscuts to the surface, arriving at about 7:25 a.m.  During his 
evacuation, he did not see any other miners.  Pat Boni did not don his SCSR.  He 
felt that he was in good air since he did not see or smell smoke.  When he 
arrived, there was no one in the pit area.  Pat Boni immediately called the 
dispatcher from the phone in the pit to notify him that he was out of the mine. 
 
John Boni asked Chisolm what the situation was, and he replied that there was a 
storm and that the power to No. 3 or No. 4 Belt had been lost, but that Nos. 1 and 
2 Belts were still operating.  John Boni stated that Wilfong and one of the other 
mechanics were on the phone, and that one of them said that they were coming 
in to reenergize No. 3 Belt.   
 
John Boni told Chisolm to have them wait until he checked for a possible roof 
fall.  He walked inby on the track entry about eight to ten crosscuts, but did not 
find a roof fall and returned to 1 Right switch.  However, he did notice that dust 
was hanging in the air.  John Boni called the surface again and spoke to Marsh.  
John Boni was thinking that there may have been an explosion and asked Marsh 
if there were any AMS sensors showing readings of CO.  Marsh replied: “the 
ones on Two Left, the Two Left belt line, were showing CO.  He told me what it 
was, 107 and 170 or something like that.”   
 
John Boni finished his conversation with Marsh when Owen Jones and Jeffrey 
Toler spoke on the phone.  Jeffrey Toler asked John Boni where he was located.  
He then told John Boni to stay there so that he could pick him up.  Owen Jones 
also informed John Boni that he was sending his crew out the primary intake 
escapeway and asked him to watch for them. 
 
After the conversation with Owen Jones, Jeffrey Toler was concerned that the 
2nd Left Parallel crew had not responded.  He shouted to Safety Director James 
Schoonover, who was across the hall, to prepare to go underground.  Jeffrey 
Toler, Schoonover and Wilfong then prepared to go underground.  Wilfong 
called Hofer, who was in the pit area, and told him to wait so they could go 
underground together.  Hofer moved a mantrip to the drift opening and waited. 
 
As Jeffrey Toler, Schoonover and Wilfong were leaving for the pit area, Wilfong 
told Chisolm to continue trying to contact the 2nd Left Parallel crew.  Once in the 
pit, Wilfong went to the main mine fan to check the fan pressure recording 
gauge.  He told investigators that he noticed nothing unusual at that time, but 
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that later in the day he recognized a fine line on the recording chart indicating an 
instantaneous spike in pressure.  Wilfong also later noticed that the chart had not 
been replaced after one revolution, and had run over, so he replaced the chart.   
 
Wilfong, Jeffrey Toler, Schoonover and Hofer boarded the mantrip operated by 
Schoonover and proceeded underground.  They did not take any gas detection 
instruments with them.  No one could explain this oversight.  Jeffrey Toler 
estimated that 10 to 15 minutes had elapsed from the time the explosion occurred 
until the time they started underground.  The underground mine power system 
was not de-energized prior to them going underground. 
 
While waiting for Jeffrey Toler, John Boni walked back and forth between the 
Nos. 6 and 7 entries watching for both the 1st Left crew to approach in the 
primary intake escapeway and for Jeffrey Toler to come in on a mantrip in the 
track entry.  Realizing that there may have been an explosion, John Boni made a 
third call to either Chisolm or Marsh requesting that Jeffrey Toler bring in gas 
detectors, because he did not have one.  However, Jeffrey Toler and the others 
had already started underground. 
 
Once Ryan reached the intake entry at 37 Crosscut, No. 4 Belt he assisted Perry in 
donning his SCSR.  Ryan stated that they did not have any trouble during the 
donning process.  However, Ryan stated that Perry’s SCSR air bag collapsed after 
walking about one crosscut (80 to 90 feet).  He removed the mouthpiece and 
continued walking outby.  Perry reported that the bag did not inflate at first.  
Perry also stated that he pulled the mouthpiece plug out, but did not pull on the 
activation cord on the bottom of the SCSR.  Since Perry was short-winded and 
breathing hard, the breathing bag on his SCSR began collapsing.  At that point, 
he exhaled into the bag to inflate it, but it was uncomfortable.  He kept removing 
and reinserting the mouthpiece because he felt that he was not getting enough 
air.  He also stated that the goggles were uncomfortable and were pushing on his 
eyes, so he turned them down away from his eyes. 
 
Rowan stated that he did not don his SCSR until he reached the intake entry at 37 
Crosscut, No. 4 Belt because they were in a panic, they were hoping to get to 
fresh air, and they needed to communicate with each other, which was difficult 
when wearing the unit.  After reaching the intake at 37 Crosscut, No. 4 Belt it was 
still very dusty.  Rowan decided to don his SCSR there.  He did not experience 
any problems while donning the unit or while breathing with it.  He 
acknowledged that he should have donned it immediately after the explosion 
occurred. 
 
After Owen Jones’ conversations with surface personnel, he walked to the intake 
entry where he joined his crew at 37 Crosscut, No. 4 Belt.  Owen Jones instructed 
his crew members to immediately continue outby in the primary intake 
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escapeway.  He stated that he was going to stay, but some of his crew pleaded 
with him to evacuate.  He said that his brother, who was a miner on the 2nd Left 
Parallel crew, was inby and that he was going to see if he could do anything.  
Grall insisted that Owen Jones evacuate with them, saying he needed to think of 
himself, but Owen Jones refused.  The crew members then proceeded outby 
without Owen Jones.  Grall estimated that the crew was at 37 Crosscut, No. 4 Belt 
for about 2-3 minutes. 
 
The crew made its way outby 37 Crosscut, No. 4 Belt in the No. 7 primary intake 
escapeway entry.  Grall and Avington advanced ahead of the others and, when 
Grall looked back, he could no longer see anyone behind them.   
 
As Rowan traveled outby, he assisted Keith, who was having difficulty 
breathing.  It appeared that Keith’s SCSR was working because the bag was 
inflated.  On several occasions, Rowan removed the mouthpiece on his own 
SCSR and had Keith take a few breaths from it, in case Keith’s was not 
functioning properly, but that did not seem to help. 
 
Perry had lost his hardhat and had removed his cap lamp and battery earlier due 
to a broken cap lamp lens, so Ryan helped him as they made their way outby.  
Ryan would move ahead a crosscut and wait for Keith and the others who were 
helping him.  Ryan would then move forward another crosscut and wait.  Ryan 
stated that as the crew traveled outby, the visibility improved. 
 
Hess stated that Avington and Tenney had handheld radios and made an 
unsuccessful attempt to contact the 2nd Left Parallel crew.  Avington stated that 
he used his handheld radio while in the primary intake escapeway to tell Tenney 
to hasten their evacuation from the mine, and Tenney acknowledged him but 
was not sure what was said.  Tenney stated that he had turned his handheld 
radio on while outside to check the battery, and then turned it off.  He was 
planning to turn it back on when he arrived on the section, but never did.  
Tenney and Avington stated that they made no attempt to contact the 2nd Left 
Parallel crew. 
 
Hess and Tenney stated that although the crew was spread out to some extent 
during their travel out of the mine through the primary intake escapeway, they 
did stay within sight of each other.   
 
Once the crew members left to continue their evacuation from 37 Crosscut, No. 4 
Belt, Owen Jones traveled back and forth from the primary intake escapeway to 
the track to check the conditions.  The dust was starting to settle in the track 
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entry, but he could breathe better in the primary intake escapeway.  Owen Jones’ 
detector was alarming.  He cleaned the display and discovered it was in the 
failure mode3, but he did not turn it off.  Owen Jones decided to travel inby in the 
No. 7 entry in an attempt to find the 2nd Left Parallel crew.  However, after 
traveling about half a crosscut, he thought about his detector alarming and 
realized he could be overcome by CO.  He retreated to the phone in the track 
entry that he had used earlier.  He said that the air smelled like oil or coal 
burning.  His detector read 0.2% methane. 
 
As the 1st Left crew was making their way out through the primary intake 
escapeway, Jeffrey Toler, Schoonover, Wilfong and Hofer entered the mine and 
traveled about two to three crosscuts, where they met Jamison, who was making 
his way out along the track entry.  They asked if he was all right.  When he 
replied that he was, Jeffrey Toler instructed him to continue to evacuate the 
mine. 
 
Jeffrey Toler, Wilfong, Hofer, and Schoonover continued their travel into the 
mine until they arrived at 1 Right switch where they met John Boni.  John Boni 
stated that he had been waiting for about 10 minutes, and had not seen the 1st 
Left crew.  Jeffrey Toler asked John Boni for a detector but John Boni did not 
have one.  John Boni boarded the mantrip and continued into the mine with the 
others.  John Boni told Jeffrey Toler that he thought there was an explosion.  
Jeffrey Toler said that there could not have been an explosion, and questioned 
how it could have happened.  John Boni responded that he did not know how, 
but that he thought it had occurred. 
 
They continued into the mine and stopped near 25 Crosscut, No. 4 Belt.  Wilfong 
used the phone to call the dispatcher at approximately 7:10 a.m. to see if he had 
heard from the 2nd Left Parallel crew.  Chisolm responded that he had not heard 
from anyone.  Owen Jones spoke to Wilfong and Chisolm on a phone near 37 
Crosscut, No. 4 Belt.  Wilfong thought that Owen Jones was attempting to make 
his way inby in an attempt to get to his brother.  Wilfong told Owen Jones to get 
out of there before he was overcome by CO, and travel outby to their location. 
 

                                                 
 
 
3 Jones was probably carrying one of the following two types of detectors: Industrial Scientific Model LTX310 or Model 

ISC Model iTX.  Neither of the two instruments will show the words “failure mode” on the display.  The Model LTX310 

instrument will show BATTERY FAIL” on the display when the instrument has insufficient charge to operate.  The 

Industrial Scientific Model ISC Model iTX instrument will show “FAIL” on the display.  The instrument was examined by 

MSHA.  The manufacturer was contacted and stated that the most likely reason for “FAIL” showing on the display would 

be that an attempt was made to calibrate the instrument in high concentrations of CO.    
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The 1st Left crew, with the exception of Grall and Avington who were some 
distance ahead, were continuing their way out through the primary intake 
escapeway, and came together at 27 Crosscut, No. 4 Belt.  As the miners 
assembled at 27 Crosscut, No. 4 Belt they discussed using a scoop that was 
parked near their location to evacuate the mine.  As they formulated their plans, 
they heard a mantrip in the track entry.   
 
After Wilfong spoke to Chisolm on the surface, he returned to the mantrip and 
rode inby.  Wamsley asked Ryan to go through the mandoor and flag down the 
mantrip.  Ryan crawled halfway through the door at 27 Crosscut, No. 4 Belt and 
waved his light and shouted.  Wilfong stopped and asked Ryan who was with 
him.  Ryan responded that the whole crew was with him except for Avington 
and Grall.  Ryan also indicated that Keith was not breathing well and had trouble 
walking, and that Perry had lost his hat and cap lamp and had trouble walking.  
Wilfong instructed Ryan to get everyone out to the track entry where there was 
fresh air, and said that he would take them outside. 
 
Ryan then went back through the door and told the others that a mantrip was 
there, and that everyone should travel to the track entry.  As the crew boarded 
the mantrip some of the crew members were relating to Wilfong, Jeffrey Toler, 
Schoonover, Hofer and John Boni what had happened, and that a stopping was 
out at 32 Crosscut, No. 4 Belt. 
 
Grall said that when he and Avington reached 25 Crosscut, No. 4 Belt the air was 
clear, and they could see for a distance of about 500 to 600 feet.  Grall and 
Avington continued their evacuation in the primary intake escapeway and 
approached 9 Crosscut, No. 4 Belt, where the maintenance shanty was located.  
There they heard a mantrip vehicle on the track entry, and traveled toward it.  
Grall noticed that the two large metal doors were open on the front of the 
maintenance shanty.  He told Avington to check the track entry while he used 
the mine phone at that location. 
 
During his travel into the mine, Wilfong had not observed any signs of an 
explosion.  After seeing the condition of the 1st Left crew, and hearing their 
description of what they had experienced, Wilfong realized that the situation 
was more serious than he had first thought.  As the crew continued to board the 
mantrip, Wilfong asked John Boni and the others to take a head count.  Wilfong 
then ran back to the phone, and made another call to the surface and spoke with 
Chisolm, who at that time was talking with Assistant Director of Safety and 
Employee Development John B. Stemple, Jr.  Wilfong told Chisolm to alert both 
the federal and state agencies, and stated that mine rescue teams were needed 
immediately. 
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As Wilfong was talking on the phone with Chisolm, Grall spoke on the phone, 
and informed Wilfong that he and Avington were at the maintenance shanty at 9 
Crosscut, No. 4 Belt.  Wilfong told Grall that the crew was boarding the mantrip 
near 24 or 25 Crosscut, No. 4 Belt and would be evacuating, and that they would 
pick him and Avington up.  Grall first told Wilfong that he would walk, but that 
Avington preferred to ride, but then informed Wilfong that they would both wait 
for the ride.  Grall estimated the time to be about 7:15 a.m.   
 
Once Chisolm finished his conversation with Wilfong, he patched the land line 
phone into the mine phone, enabling Stemple to speak directly with Jeffrey Toler 
underground.  It was approximately 7:15 a.m., and Jeffrey Toler advised Stemple 
that he was not sure what had happened.  He said that they had found the 1st 
Left crew, and they were bringing them to the surface.  Jeffrey Toler related that 
the 1st Left Crew stated that there were several intake stoppings out, and that 
there was smoke and dust in the air as they traveled along the primary intake 
escapeway.  Stemple also learned from Jeffrey Toler that there had been no 
contact with the 2nd Left Parallel crew.  He told Jeffrey Toler that he needed to 
re-establish ventilation as deep into the mine as he could in an attempt to prevent 
a short circuit of air to the 2nd Left Parallel section.  Jeffrey Toler stated that he 
told Stemple to contact mine rescue teams. 
 
Jeffrey Toler told Wilfong to take the 1st Left crew outside while he, Schoonover 
and Owen Jones remained underground.  Wilfong then asked Schoonover and 
Jeffrey Toler to get Owen Jones, and to assess the damage and determine how far 
they could advance, while Wilfong, Hofer and John Boni were taking the 1st Left 
crew to the surface.  He also then mentioned that the stopping at 32 Crosscut, 
No. 4 Belt just inby their location was out. 
 
Hofer then operated the mantrip carrying the 1st Left Crew, John Boni and 
Wilfong toward the surface.  They traveled outby to 9 Crosscut, No. 4 Belt where 
they picked up Grall and Avington.  They continued toward the surface and 
arrived at the electric air lock doors along No. 1 Belt.  Hofer asked Wilfong if 
they should switch from the electric doors to the manual doors.  Wilfong said 
yes, and Hofer closed the manual doors but left the electric doors open.  They 
continued out the track entry and arrived on the surface at approximately 7:30 
a.m.   
 
Owen Jones traveled outby to meet Jeffrey Toler and Schoonover at the mine 
phone at 25 Crosscut, No. 4 Belt.  Jeffrey Toler noticed that Owen Jones did not 
have a hard hat, and instructed Owen Jones to stay at the phone while he and 
Schoonover traveled inby to assess the damage.  As Jeffrey Toler and Schoonover 
traveled inby on the track entry, they noticed the first stopping damage at 32 
Crosscut, No. 4 Belt where the stopping was blown out from the intake toward 
the track entry.  They continued to travel inby to about 42 or 43 Crosscut, No. 4 
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Belt and noticed that other stoppings were blown out toward the track entry as 
well.   
 
Jeffrey Toler and Schoonover decided to withdraw because they did not have 
any detectors with them, there was more than one stopping out and they did not 
know what conditions they would encounter.  They traveled back to 41 Crosscut, 
No. 4 Belt where Jeffrey Toler stated a mine phone was located. 
 
Jeffrey Toler called outside and spoke to Marsh.  Jeffrey Toler told Marsh to have 
Wilfong and Hofer bring in curtain, nails, boards, saws, all available detectors 
and a hardhat for Owen Jones.  Jeffrey Toler and Schoonover then walked back 
to where Owen Jones was, and waited for Wilfong and Hofer to return with 
supplies. 
 
Marsh and miners Casey Short and George Brooks gathered the supplies, 
including two detectors, loaded them on a forklift, and took them into the pit 
area.  Wilfong and Hofer arrived on the surface with the 1st Left crew.  The 1st 
Left crew exited the mantrip and went to the bathhouse. 
 
Hofer informed Brooks that the batteries on the mantrip were low, and 
instructed him to get a fully charged mantrip for their return trip into the mine.  
Brooks obtained another mantrip and Marsh, Brooks and Short began loading 
the supplies.   
 
Wilfong told Hofer to stay in the pit while he went to the surface substation to 
de-energize the remaining power to the underground portion of the mine, 
including the AMS.  Wilfong then signaled Hofer to pull the visual disconnect at 
the pit mouth, lock and tag out the underground mine power.  Hofer then 
disengaged the knife blades on the pole in the pit and locked them out.   
 
The AMS system was equipped with a battery backup that maintained power to 
the system when there was a loss of mine power.  The system would remain 
energized until it was manually disconnected.  That was not done at this time, 
and the AMS remained energized until discovered by mine rescue teams during 
exploration. 
 
Hofer then went to the mine office and obtained handheld gas detectors and 
SCSRs.  He returned to the pit area for the return trip underground with 
Wilfong. 
 
From the substation, Wilfong went to his office where he encountered Perry, 
who had dirt and debris in his eyes.  Wilfong provided brief assistance to Perry.  
From there, he obtained telephones, hammers and other materials and returned 
to the pit area to assist Marsh, Hofer, Short, and Brooks load the remaining 
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supplies ordered by Jeffrey Toler.  Once the supplies were loaded and Hofer and 
Wilfong were prepared to enter the mine, Hofer mentioned that they would stop 
at the maintenance shanty at 9 Crosscut, No. 4 Belt to obtain additional hand 
tools. 
 
Wilfong and Hofer entered the mine.  Hofer turned one of the detectors on so 
that he could monitor the atmosphere as they traveled into the mine.  The 
detector did not show any contaminants.  They stopped at the maintenance 
shanty at 9 Crosscut, No. 4 Belt where Hofer obtained a sledgehammer, a slate 
bar and a pole axe.  They proceeded inby and met Jeffrey Toler, Schoonover and 
Owen Jones.  All five men went to 32 Crosscut, No. 4 Belt and installed a check 
curtain across the damaged stopping between the Nos. 6 and 7 entries on the 
intake side.  Hofer stated that there was light air pressure toward the track entry.  
Hofer also stated that they noticed the return stoppings at 33 and 34 Crosscut, 
No. 4 Belt were damaged.  They did not repair those controls.  They boarded the 
mantrip and rode inby to 42 Crosscut, No. 4 Belt. 
 
Hofer walked inby on the track entry.  About half way between 42 and 43 
Crosscut, No. 4 Belt he heard his detector alarming.  He looked down at the 
detector and saw that the alarm light was also flashing.  He retreated to 42 
Crosscut, No. 4 Belt and moved to the intake entry.  He checked the detector and 
it was showing 40 to 50 ppm CO.  He also indicated that the CO was dropping 
on the detector at that time.  The CO would have been higher in the track entry.   
 
Jeffrey Toler’s detector also alarmed, but he could not recall any readings.  
Concerned about causing another explosion, the men decided to de-energize the 
mantrip by disconnecting the batteries, and to leave it at 42 Crosscut, No. 4 Belt.  
At 42 Crosscut, No. 4 Belt, Schoonover noticed a small amount of dust and 
smoke moving in the outby direction in the track entry. 
 
Wilfong gathered curtain, nails, spads, an axe and a detector and then proceeded 
into the intake entry.  He installed a check curtain between the Nos. 6 and 7 
entries at 42 Crosscut, No. 4 Belt.   
 
They unloaded the remaining supplies at 42 Crosscut, No. 4 Belt.  Jeffrey Toler, 
Schoonover, Wilfong, Hofer and Owen Jones then started to repair stoppings 
between the Nos. 6 and 7 entries as they moved inby.  Some were damaged 
while others were not.  They were not sure how many damaged stoppings they 
repaired as they moved inby on foot.  Jeffrey Toler stated that the stoppings were 
blown out from the intake to the track entry, and the amount of damage ranged 
from partial to complete.  During the investigation, it was determined that they 
installed check curtains at damaged or completely blown out stoppings at the 
following locations: 32, 42, 43, 45, 46, 47, 49, 54, 56 and 57 crosscuts along No. 4 
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Belt.  They also installed a check curtain at the damaged overcast at 51 crosscut 
along No. 4 Belt.   
 
Wilfong stated that they installed the check curtains starting from the outby end 
of the crosscut, working their way toward the inby end.  This was done to remain 
in fresh air and force the CO inby and away from their work area.  Wilfong noted 
that their detectors would alarm as they advanced, but as they installed a check 
curtain the air would clear and the alarms on the detectors would drop from 
high to low.  They did not recall any actual readings.  He also believed that the 
detectors would malfunction at times.   
 
When the check curtains had been installed up to 49 Crosscut, No. 4 Belt, 
visibility improved and Hofer noticed more damage in that area.  Jeffrey Toler 
asked Hofer where the closest phone was.  Hofer responded that there was a 
phone in the track entry hanging from a roof bolt.  Jeffrey Toler stated he wanted 
to have a phone in the fresh air, so he went to the track entry to obtain the phone.  
Jeffrey Toler stated that when he was in the track entry he observed in excess of 
700 ppm CO on the detector he had with him.  He did not want to cut the phone 
line in the track entry leading to the 2nd Left Parallel section, so he went to the 
1st Left Belt drive at 49 Crosscut, No. 4 Belt and cut the phone line there.  Jeffrey 
Toler then worked the phone line over to the No. 7 intake entry.  Jeffrey Toler 
moved two Emergency Medical Technician boxes and a stretcher located in the 
crosscut between the track and intake entry to the No. 7 intake entry. 
 
Crumrine stated that shortly after arriving at the mine he spoke on the mine 
pager phone to Jeffrey Toler who was underground.  Crumrine recalled that 
Jeffrey Toler was either at 1st Left switch or near 42 or 43 Crosscut, No. 4 Belt.  
Jeffrey Toler told him that there had been an explosion or fire.  He said that they 
did not have as much air volume or velocity as they should have.  He said that 
there may be a stopping blown out behind him, meaning outby.  He asked 
Crumrine to walk the intake entry into the mine and check ventilation as well as 
the ventilation into 2 Right.  However, after completing the conversation with 
Jeffrey Toler, West Virginia Mine Inspector John Collins informed Crumrine that 
he was not permitted to enter the mine.  It was between 8:15 a.m. and 8:30 a.m. 
 
Hofer connected the phone line to the phone, and called outside to see if the 
phone was working.  Marsh answered the phone and spoke to Hofer.  Marsh 
told Hofer “I notified him at that time that we had a (k) order4 and they were to 
evacuate the mines and not to proceed any further.”  Hofer stated that Marsh 
                                                 
 
 
4 The 103(k) order was issued verbally over the telephone by Satterfield to Stemple at 8:32 a.m. According to Stemple, 

Satterfield said “No one is to enter the mine or do any work at the mine from 8:32 on.”   



 27

told him “he told me that there was a (k) order on the mines.”  Hofer relayed the 
information to Owen Jones, who was standing beside him.  Hofer asked Jeffrey 
Toler if he needed more curtain material.  When Jeffrey Toler replied yes, Hofer 
went back to the mantrip at 42 Crosscut, No. 4 Belt to obtain more curtain 
material. 
  
Jeffrey Toler stated that they placed a check curtain in 51 Crosscut, No. 4 Belt 
where an overcast over the track entry was damaged.  The group continued inby 
in the No. 7 entry, installing check curtains at the damaged stoppings between 
the Nos. 6 and 7 entries. 
 
At 42 Crosscut, No. 4 Belt, Hofer obtained a roll of curtain material, spads and 
nails and delivered the material to the area near 56 Crosscut, No. 4 Belt in the No. 
7 entry where Jeffrey Toler, Schoonover, Wilfong and Owen Jones were waiting.  
He left the material there and returned through the intake entry back to 42 
Crosscut, No. 4 Belt.  He noticed that the visibility in the track entry was 
becoming poor due to smoke.  He then began moving extra SCSRs, an extra 
detector, and two rolls of curtain into the No. 7 intake entry.  One detector had 
apparently failed, so there was only one left.  Wilfong stated that at some point 
Hofer had brought a couple of SCSRs to where Jeffrey Toler, Schoonover, 
Wilfong and Owen Jones were installing check curtains.  However, they were not 
used. 
 
As Jeffrey Toler and the others moved inby installing check curtains, they 
noticed that the air velocity was not as strong as it should have been.  In the area 
between 55 to 57 Crosscuts, No. 4 Belt, Jeffrey Toler started thinking that they 
may have missed one or more damaged controls outby.  Jeffrey Toler and 
Wilfong told Owen Jones to take a roll of curtain and go outby with Hofer in the 
primary intake escapeway to check ventilation controls between the primary 
intake escapeway and track entry, and to install curtain wherever there was a 
damaged stopping without a curtain. 
 
Owen Jones proceeded to 42 Crosscut, No. 4 Belt where Hofer was moving the 
supplies from the mantrip area to the intake.  Owen Jones and Hofer proceeded 
out the primary intake escapeway following the reflectors, and checked for any 
short circuit of air. 
 
As Hofer and Owen Jones walked out the primary intake escapeway, Jeffrey 
Toler, Wilfong and Schoonover continue to install check curtains.  After 
installing a curtain in 57 Crosscut, No. 4 Belt they advanced inby between 57 and 
58 Crosscut, No. 4 Belt where they observed the conditions and listened.  The 
smoke was extremely dense, hanging down about three feet from the roof and 
swirling.  Visibility was very poor and getting worse.  The smoke was too dense 
to permit them to hang a curtain in 58 Crosscut, No. 4 Belt.  Jeffrey Toler wanted 
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to go inby.  Wilfong told him they should not do that and that the best thing they 
could do was to go outside and report what the conditions were and where they 
had been.  They could hear noises inby, which sounded like something falling.  
They repeatedly shouted in the general direction of the noise in an attempt to 
make contact with the 2nd Left Parallel crew, but did not receive a response.  
There is no testimony or other information to indicate that this group had with 
them or used any of the non-permissible handheld radios in an attempt to 
contact the 2nd Left Parallel crew.     
 
Wilfong estimated that they waited about 15 to 20 minutes, and then discussed 
the situation.  They believed that they had diverted all of the airflow toward the 
2nd Left Parallel section, but thought that they should have more air at their 
location than they had.  They thought a damaged stopping must have been 
missed.  Wilfong stated that the three of them did not think that the 2 North 
Mains seals could have been blown out.  Schoonover had taken some mine 
rescue training, and had some concerns.  They decided that there was a potential 
of another explosion resulting from their actions, since they were forcing fresh 
air into areas where explosive gases might be present.  Jeffrey Toler stated that 
the detector they had was still beeping, but he did not know what the readings 
were.  Wilfong stated that the detector had reached its maximum reading and 
was in malfunction mode.  Jeffrey Toler suggested that they should evacuate the 
mine and “let the professionals come in,” because they are “trained in this.” The 
others agreed. 
 
Jeffrey Toler, Wilfong and Schoonover then started outby in the primary intake 
escapeway.  When they arrived at 49 Crosscut, No. 4 Belt Jeffrey Toler called 
outside on the phone that was moved into the intake entry earlier and spoke 
with WVMHS&T mine inspector Collins.  At approximately 9:30 a.m., he told 
Collins that they had made it to 58 Crosscut, No. 4 Belt, that their detectors were 
burned up and that they had run out of air, and that the soot and smoke were so 
bad that they could not go into the track entry.   
 
When Owen Jones and Hofer arrived at 2 Right they found that the overcast over 
the No. 7 intake entry at 12 Crosscut, No. 4 Belt was damaged.  Owen Jones 
stated that he noticed that a large amount of the intake air was short circuiting 
over the overcast to the main return.  Owen Jones and Hofer picked up a piece of 
curtain material lying under concrete blocks from the damaged overcast, carried 
it to the overcast across the track entry and used it to install a check across the 
overcast over the track entry at 12 Crosscut, No. 4 Belt.  This reduced the short 
circuit of air to the return entry at this location, thereby forcing more air inby. 
 
Jeffrey Toler, Wilfong and Schoonover continued outby to 42 Crosscut, No. 4 Belt 
where the mantrip that Wilfong and Hofer had used on their return trip 
underground was parked.  Wilfong stated that he thought that they might use 
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the mantrip to evacuate the mine, but when he looked through the check curtain 
that had been installed earlier and saw more smoke and dust there than when 
they had parked the mantrip, he decided that they should walk out the primary 
intake escapeway to the surface. 
 
Jeffrey Toler had Wilfong and Schoonover travel the No. 9 entry, and Jeffrey 
Toler stayed in the No. 7 entry to check the stoppings.  When they arrived 
around 12 Crosscut, No. 4 Belt at 2 Right, they saw Hofer and Owen Jones.  
Jeffrey Toler stated that he noticed some damage to a couple of overcasts in the 2 
Right area.  The walls of the overcasts were blown out.  Owen Jones and Hofer 
told him they had already installed a check curtain on top of the overcast on the 
track entry at 12 Crosscut, No. 3 Belt.   
 
Owen Jones stated that Wilfong told him and Hofer that they should get out of 
there, since all the fresh air was now flowing inby, which could force methane 
over any fire that might exist and cause another explosion.  Jeffrey Toler, 
Wilfong, Schoonover, Hofer and Owen Jones then walked out of the mine in the 
primary intake escapeway and arrived on the surface at about 10:35 a.m.  
 
At no time did Jeffrey Toler, Schoonover, Wilfong, Hofer or Owen Jones don an 
SCSR.  Schoonover stated that no one donned an SCSR because he felt that there 
was no need to do so.  Wilfong stated that he was saving his until he needed it.   
 

The 2nd Left Parallel Miners 
 
Twelve miners were on the 2nd Left mantrip, which was operated by Jesse Jones.  
Thomas P. Anderson, Alva M. Bennett, James Bennett, Jerry Groves, George 
Hamner Jr., Jones, David Lewis, Randal McCloy Jr., Martin Toler Jr., Fred Ware, 
Jackie Weaver and Marshall Winans entered the mine through the track entry 
about 6:00 a.m. 
 
Many of the following details concerning the events of the 2nd Left Parallel 
miners were obtained from physical evidence gathered during the investigation 
and from interviews of various mine rescue team members.  Other details were 
provided by McCloy.  He provided investigators with valuable information that 
only he would know.  However, McCloy was still recovering from the effects of 
the accident at the time of his interview.   
 
As the crew made their way to the 2nd Left Parallel section, McCloy did not 
recall speaking to or seeing Helms.  The crew arrived on the section and exited 
the mantrip.  The crew was walking toward the face when the explosion 
occurred.  The initial effects of the explosion were noise, pressure, wind and a 
haze.  McCloy stated he was not knocked over.  There was pressure but his ears 
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did not pop.  McCloy stated that Martin Toler took charge and gathered 
everyone together after the explosion. 
 
McCloy indicated that no one tried to call out because all of the communication 
devices were damaged.  He did not know if anyone tried to use the handheld 
radio communication system but he did not think it would have worked. 
   
McCloy stated that they boarded the mantrip operated by Martin Toler and 
started outby on the track entry in an attempt to escape.  During their travel 
outby, they encountered an atmosphere filled with smoke.  They continued 
outby until the mantrip hit debris on the track at 10 Crosscut, No. 6 Belt.  They 
exited the mantrip.5    
 
A mine rescue team later indicated that the mantrip appeared to have 
encountered an Omega block that had been blown into the center of the track 
between the rails.  The mantrip appeared to have come in contact with the block 
and moved it in the outby direction.  As the block moved forward, the soot 
deposited on the gravel between the track rails was disturbed.  It also appeared 
that the mantrip was then moved inby away from the block about two to three 
feet.   
 
The crew donned their SCSRs, but McCloy could not remember exactly where or 
when.  The top and bottom covers from twelve SCSRs were found at 11 Crosscut, 
No. 6 Belt in the No. 7 entry.  According to McCloy, Martin Toler suggested that 
they don their SCSRs because they were in a small amount of smoke.  McCloy 
stated that his SCSR worked fine, but that the SCSRs used by Groves, Anderson, 
Jesse Jones and Martin Toler did not work.  McCloy indicated that he thought the 
other miners seemed to know how they worked, and indicated that they had 
been trained in their use numerous times. 
 
McCloy indicated that when they discovered that the SCSRs did not work, there 
was some yelling and there was a lot of controversy.  When asked how he knew 
that the SCSRs did not work he stated that it was a “no-brainer,” since the miners 
had been trained extensively.  He also indicated that the crew had to remove the 
mouthpieces from their SCSRs in order to communicate. 
 
At some point, Groves gave his SCSR to McCloy because Groves could not get it 
started.  McCloy worked with the unit in an unsuccessful attempt to get the unit 
to work.   
 
                                                 
 
 
5 During their initial exploration, the mine rescue teams found the empty 2nd Left Parallel mantrip at 10 Crosscut. 
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McCloy stated the 2nd Left Parallel crew attempted to evacuate, and Martin 
Toler encouraged everyone to stay together.  They tried several places to get out 
but everywhere they went it was smoky.  However, McCloy said the visibility 
was never so poor that it was necessary to place their hands on each other or 
attach themselves in some manner like mine rescue teams.   
 
A mine rescue team found footprints in the soot on the mine floor indicating that 
the 2nd Left Parallel crew traveled to 11 Crosscut, No. 6 Belt in the No. 7 entry 
where they apparently donned their SCSRs.  The team continued to follow the 
footprints outby in the No. 7 entry a crosscut or two until they could no longer 
see the footprints. 
 
Due to the smoke filled atmosphere limiting visibility, toxic gases, destroyed 
stoppings, and the debris on the track, the crew may have felt that all their 
options were exhausted, and there was no way out.  They may have theorized 
that to try to travel on foot as a group in an attempt to escape would be 
extremely difficult.   
 
Although all of the information that was available to the 2nd Left Parallel crew as 
they were considering their options is not known, it is possible to consider what 
information they may have had.  They knew that the 1st Left crew had entered 
the mine after them.  They knew that the mine had been idle the previous shift.  
They knew the mine was not very gassy.  Although they knew the results of the 
preshift examination for the 2nd Left Parallel section, they may not have known 
the results for the preshift examination for the 1st Left section.  History has 
indicated that most explosions are the results of the actions of men or machinery.  
Based on these considerations, it is possible they believed that an explosion 
occurred in the 1st Left section as the crew entered the section or just shortly 
thereafter.   It would not have been likely that they would have considered an 
explosion originating from behind the sealed area.  Although explosions had 
occurred in the past damaging seals, there was no history of an explosion of this 
magnitude or level of destruction.  There was no obvious ignition source present, 
such as spontaneous combustion or an active fire.  If they considered that the 
explosion had originated in the 1st Left section, then the conditions observed on 
the 2nd Left Parallel section would not be as destructive as what they may have 
expected to encounter in the mains as they attempted to escape.  They may have 
considered the distance that they would have to travel and speculated that it 
would be impossible for them to accomplish it safely. 
 
Martin Toler suggested that they go back to the section.  Everyone agreed to go 
back to the section.  As they traveled back toward the section in the belt line, they 
initially could not see very well.   
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They decided to build a barricade.  McCloy recalled Martin Toler directing the 
installation of the barricade curtains.  Toler, Anderson and McCloy assisted in 
the installation of the curtains.  He thought that there could have been additional 
miners helping but could not recall who.  They tried to make them “leak-free.”  
They decided to use curtain material from the face area since some of the crew 
indicated their SCSRs were not working.  Although there was concrete block 
nearby, they felt that using block would take more work and “it would just not 
work.”  McCloy recalled that visibility was good during installation of the 
curtains.  He said that he removed his SCSR during the installation process.   
 
Once behind the barricade it took several hours before the miners calmed down.  
They turned all their cap lamps off except for one, as Martin Toler suggested.  
There was conversation between them.  The area they were in was large, and 
they would have to shout to each other at times.   
 
McCloy indicated that the crew thought they would be rescued.  They took turns 
using a sledgehammer to bang on a roof bolt.  McCloy said that as each miner 
took his turn, he would take off his SCSR because he would get exhausted.  
McCloy said that this was the only time he removed his SCSR.  McCloy thought 
that rescuers would bring the machine that locates people to the mine.  
According to McCloy, the crew thought that they would hear shots on the 
surface, rescuers would drill a hole in the right spot, and they would be taken 
out.  They thought that they would be rescued, and discussed how long it would 
take.  However, as time passed it did not look good.  They were waiting for the 
borehole but felt that the rescuers must not have had the right equipment. 
 
McCloy indicated that about an hour and a half after entering the barricade, 
Martin Toler and Anderson exited it.  They walked to the power center across 
from the tailpiece.  He thought that they did not have SCSRs with them.  He 
believed that they were looking to see if the air was clearing and to see how far 
they could get.  They made it to the power center but then returned.  When they 
re-entered the barricade they were coughing and gagging, and were exhausted.  
McCloy said that Toler and Anderson said that there was too much smoke and 
that it was hard to breathe.   
 
While in the barricade, McCloy removed his goggles.  McCloy shared his SCSR 
with Groves while in the barricade.  He was aggravated that Groves’ SCSR 
would not work, so he again made an unsuccessful attempt to get it to function.  
McCloy said that his and other miners’ SCSRs were depleted, but he could not 
recall whose. 
 
During the time the miners spent in the barricade, some of them wrote personal 
notes to their family members.  According to a note written by James Bennett at 
11:40 a.m., they had air but the smoke was bad.  At 2:45 p.m., Weaver wrote that 
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the fumes were getting terrible, but everyone was still partially ok.  James 
Bennett wrote at 3:07 p.m. that the air was bad and that he did not know how 
much longer they could last.  At 4:22 p.m., he wrote that time was running out 
and at 4:25 p.m., he wrote “we not heard anything from the outside.”  The 
quality of the writing in each segment of the notes deteriorated with time. 
 
McCloy did not see Martin Toler make any gas checks, did not hear any alarm 
from a gas detector, and did not think that Toler had a detector.   
 
McCloy indicated that it was a long time before any of the miners went to sleep, 
or appeared to be sleeping.  However, they did not all succumb at one time.  
McCloy did not know if all the others fell asleep before him because they were 
not all together.  Some of his fellow miners were some distance away and it was 
difficult to see them. 
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NOTIFICATION AND SAMPLING 
 
Chisolm telephoned Stemple at home by 7:00 a.m., and patched him through to 
Wilfong, and then to Jeffrey Toler in the mine at 7:15 a.m.  Around 7:20 a.m., 
Stemple contacted the General Manager of ICG’s Buckhannon Division, Charles 
Dunbar, and told him that something had occurred at the mine but that he did 
not know exactly what.  Stemple said he would call back once he got more 
information. 
 
At approximately 7:30 a.m., ICG Purchasing Director Jerry Waters told ICG’s 
Manager of Safety for West Virginia and Maryland, Harrison Tyrone (Ty) 
Coleman, that something had happened at the mine, and that Coleman should 
contact Stemple to obtain more details.  Ty Coleman was Stemple’s supervisor. 
Ty Coleman left home between 7:35 a.m. and 7:40 a.m. and drove to the mine.  
While driving, he called Stemple and told Stemple to activate the mine rescue 
teams and put them on standby.  Stemple replied that he had already contacted 
them.  Ty Coleman also contacted Dunbar, but Dunbar was already aware of the 
event and was either at the mine or on his way.  Ty Coleman called ICG’s 
Production Coordinator for the Buckhannon Division, Raymond Coleman, to 
inform him of the event at the mine.  Ty Coleman estimated it took 
approximately 20 minutes to drive to the mine. 
 
At approximately 7:45 a.m., Chisolm telephoned Crumrine to notify him of the 
events at the mine, but was unsuccessful and left a message.  When Crumrine 
returned his call, Chisolm told Crumrine that there had been an explosion in the 
mine.  Crumrine left his home and drove to the mine. 
 
Stemple first attempted to contact personnel at the WVMHS&T Fairmont, West 
Virginia office around 7:40 a.m.  He was unsuccessful, and left a message on the 
answering machine.  At around 7:46 a.m., Stemple attempted to contact Collins at 
home.  He was unsuccessful, and left a message on his answering machine.  
Shortly thereafter, Collins returned Stemple’s phone call, learned of the event, 
notified his supervisors and drove to the mine.   
 
Stemple called MSHA’s Bridgeport, West Virginia Field Office Supervisor 
Kenneth Tenney at home around 7:50 a.m.  He was unsuccessful, and left a 
message on his answering machine.  Tenney was not at home and did not learn 
of the accident until later. 
 
Dunbar and Crumrine arrived at the mine at approximately 8:00 a.m.  Dunbar 
went to the dispatcher’s office to talk to Chisholm.  Crumrine went to his office 
and soon received a briefing from Chisolm.  Crumrine assembled his mine gear 
and overheard Chisolm in a nearby office talking to Jeffrey Toler on the mine 
phone.  Crumrine interrupted that conversation and talked to Toler.  Jeffrey 
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Toler told Crumrine that they had some trouble in the mine and that an 
explosion, a fire, or something else had happened.  Jeffrey Toler said that they 
did not have the quantity of air they should have, and asked Crumrine to walk 
the intake into the mine to check the ventilation system.   
 
Ty Coleman arrived at the mine sometime after 8:00 a.m. and traveled to the 
superintendent’s office to be briefed, and to be near a mine phone. 
 
At 8:04 a.m., Stemple tried to contact Jeffery Rice, a member of the Barbour 
County Mine Rescue Team.  Stemple then tried to contact personnel at the 
MSHA District 3 office in Morgantown, West Virginia at 8:05 a.m., but the office 
was closed due to the federal holiday.  The telephone answering machine at the 
MSHA District office provided Stemple with a list of names and telephone 
numbers to contact in case of a mine accident or emergency.  He proceeded to 
call them.  Stemple unsuccessfully tried to reach MSHA District 3 Assistant 
District Managers Carlos Mosley and William Ponceroff, and District Manager 
Kevin Stricklin, and left messages on their cell phones concerning the accident.  
Stricklin’s cell phone registered Stemple’s message at 8:13 a.m.  
 
Collins arrived at the mine at approximately 8:15 a.m.  He was the first of many 
WVMHS&T representatives who would arrive at the site throughout the day.  
Collins went into the mine office and was briefed by Dunbar.  Collins then saw 
Crumrine, who was exiting his office with the intent to enter the mine to check 
the ventilation system as Toler had instructed.  Collins asked Crumrine to wait 
until more information could be obtained, and asked if anyone was monitoring 
the mine’s return air.   
 
At about 8:28 a.m., Stemple called MSHA’s Bridgeport, West Virginia Field 
Office Supervisor James Satterfield and informed him of the events at the mine.  
After being briefed, Satterfield notified Stemple that he was issuing an order 
under section 103(k) of the Federal Mine Safety and Health Act.  According to 
Stemple, Satterfield told him that nobody was to enter the mine or do any work 
at the mine after 8:32 a.m.  Satterfield then attempted to notify MSHA District 3 
Staff Assistant Ron Wyatt, and left a message about the accident.   
 
At 8:30 a.m., Collins issued an order to the mine operator to preserve the scene of 
the accident.  He explained the order and its requirements to Crumrine.  Dunbar 
notified ICG’s Senior Vice-President Sam Kitts that there may have been an 
explosion in the mine, and that 18 miners were unaccounted for.  He also 
reported to Sam Kitts that the 1st Left crew had managed to get out, but that 
others had gone inside to investigate.  Sam Kitts then telephoned and left a 
message for ICG President and CEO Ben Hatfield.  Sam Kitts also called ICG 
Vice-President of Mining Services Gene Kitts, and asked him to notify other 
senior management officials at ICG.  
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At 8:35 a.m., Stemple contacted the mine, talked to someone whom he believed 
was either Chisolm or Marsh, and told him that he had notified the appropriate 
federal and state agencies.  Stemple also notified him about MSHA’s issuance of 
a 103(k) order.  At some point Stemple also contacted the pastor of the Sago 
Baptist Church and obtained his permission to use the church as an assembly 
area for families, news media and mine rescue teams. 
 
Stemple made contact with a mine rescue team at approximately 8:37 a.m. by 
speaking with Chris Height of the Barbour County Mine Rescue (BCMR) Team.  
Stemple asked Height to have the team assembled.  The Barbour County team 
members assembled at their Volga, West Virginia station, prepared their 
equipment and headed for the mine at approximately 10:30 a.m.  They were then 
to reassemble at the Sago Baptist Church across the road from the mine and wait 
for further instructions.  As the day progressed, various mine rescue teams and 
personnel responded to the mine.  A list of mine rescue personnel and teams 
responding is contained in Appendix C. 
 
Around 8:40 a.m. Satterfield contacted Mosley on his cell phone and informed 
him of events at the mine.  Satterfield informed Mosley that he had contacted 
MSHA inspectors Ron Postalwait and Argil P. Vanover and was meeting them at 
the Bridgeport field office to travel to the mine. 
 
Collins asked contract Foreman James Scott and another foreman to monitor the 
mine’s return air.  At 8:40 a.m., Scott and the foreman acquired air quality and 
quantity measurements in the No. 1 Drift Opening.  The air quality was 47 ppm 
CO, 0.0% methane and 20.4% oxygen.  They determined the air quantity to be 
93,204 cfm.  At 9:10 a.m., Scott and WVMHS&T mine inspector Jeff Bennett 
obtained more air quality measurements in the No. 1 Drift Opening.  Each took 
their own readings with their own instrument.  Bennett’s readings were 23 ppm 
CO, 0.0% methane, and 20.3% oxygen and Scott’s instrument indicated 50 ppm 
CO, 0.0% methane, and 20.6% oxygen.   
  
Around 8:43 a.m., Wyatt telephoned Satterfield concerning the message left 
earlier on his answering machine.  Satterfield then briefed Wyatt on the events at 
the mine.  Wyatt then contacted Ponceroff at his residence and informed him.  At 
around 9:03 a.m., Wyatt contacted Stemple and obtained a briefing on the 
situation at the mine.  During this conversation Wyatt asked Stemple if mine 
rescue teams had been contacted and Stemple informed him that they had been 
notified.  At 9:05 a.m., Wyatt contacted Ponceroff and Mosley to provide them 
with an update on the situation.  Ponceroff then asked Wyatt to meet him at the 
District office so they could then travel to the mine. 
 
Gene Kitts telephoned ICG Corporate Director of Health and Safety Timothy 
Martin at home, told him the information he had about what had occurred at the 
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mine, and informed him that two crews were unaccounted for.  At 
approximately 9:10 a.m., Martin contacted Bob Gardner, Vice-President and 
General Manager of Viper Coal in Williamsville, Illinois, to request that he 
activate the Viper mine rescue team.  Martin then made several telephone calls to 
arrange transportation for the Viper mine rescue team from Illinois to the mine.  
He estimated that the team would arrive in Charleston at about 1:30 p.m.  Prior 
to Sam Kitts leaving his residence at approximately 9:15 a.m., he received a call 
from Stemple informing him of the event at the mine.  Sam Kitts informed 
Stemple that he had already been notified by Dunbar, and that he was on his 
way to the mine. 
 
At about 10:00 a.m., WVMHS&T mine inspector Brian Mills contacted Joe 
Prevola of the Tri-State mine rescue team and asked that he have his team 
members respond to the mine accident.  Prevola telephoned the team members 
and instructed them to gather at their office in Kingwood, West Virginia, to 
assemble their equipment.  Once the team was gathered and assembled, they 
proceeded to the mine. 
 
Shortly after 10:00 a.m., Mills contacted Spike Bane of CONSOL Energy, Inc. to 
inform CONSOL personnel of the accident at the mine and the potential need for 
CONSOL’s mine rescue teams to assist in a mine rescue.  Mills later had further 
telephone conversations with Bane on the events unfolding at the mine.  Mills 
stated that he provided Bane’s contact information to someone at ICG with 
instructions to contact Bane to get CONSOL’s mine rescue team personnel on 
site. 
 
Wyatt contacted MSHA Headquarters personnel to notify them of the accident at 
the mine around 10:00 a.m.  Personnel there contacted the Chief, Mine 
Emergency Operations (MEO), Dr. Jeffrey Kravitz, about the accident around 
10:15 a.m.; so that he could mobilize the agency’s other resources, including 
MSHA’s Mine Emergency Unit (MEU) members. 
 
Shortly before 10:30 a.m., Satterfield and Vanover arrived at the mine and met 
with Jeffrey Toler.  Postalwait arrived at the mine at about the same time.  
Satterfield instructed Postalwait and Vanover to monitor the pit area, including 
the return air exiting the No. 1 Drift Opening.  Postalwait and Vanover made 
their first air quality measurement at 10:47 a.m., which indicated 500 ppm CO, 
0.8% methane, and 19.8% oxygen.6  
                                                 
 
 
6 Air quality measurements were made using MSA Solaris multi-gas handheld detectors, which can detect a maximum 

carbon monoxide level of 500 ppm.  At carbon monoxide concentrations exceeding 500 ppm, the Solaris instrument 

display screen will display 500 ppm. 
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Kravitz notified the Chiefs of the Ventilation and Physical and Toxic Agents 
Divisions of MSHA’s Technical Support about the mine accident between 10:45 
and 10:50 a.m.  They proceeded to notify their respective personnel in order to 
mobilize each Division’s available mine emergency capabilities.  Those groups’ 
ability to respond was restricted since personnel and materials from both groups 
were at the West Elk Mine in Colorado.  Most of their mine emergency 
equipment and manpower had been sent there to respond to a mine fire.  In 
addition, some MEU equipment had also been deployed to the West Elk Mine.  
 
Kravitz contacted Stricklin at 10:59 a.m. at his residence to request permission to 
use District 3 mine rescue personnel.  This was how Stricklin first became aware 
of the accident.  Stricklin made several telephone calls and traveled to the mine.     
 
Bennett, Postalwait and Vanover made additional measurements of the return air 
exiting the No. 1 Drift Opening until about noon, the results of which are shown 
in Table 3. 

 
Table 3 - Air Quality Measurements 

Date Time Collector Instrument Carbon 
Monoxide 

(CO) 
(ppm) 

Methane 
(CH4) 
(%) 

Oxygen 
(O2) 
(%) 

1-02-06 11:02 a.m. Bennett Explorer 4 7 472 1.0 19.0 
1-02-06 11:02 a.m. Vanover Solaris 500 1.1 19.4 
1-02-06 11:15 a.m. Vanover Solaris 500 1.1 19.4 
1-02-06 11:28 a.m. Bennett Explorer 4 472 0.8 19.3 
1-02-06 11:28 a.m. Vanover Solaris 500 0.9 19.7 
1-02-06 11:30 a.m. Vanover Solaris 500 0.7 19.8 
1-02-06 11:37 a.m. Bennett Explorer 4 472 0.7 19.5 
1-02-06 11:37 a.m. Vanover Solaris 500 0.8 19.7 
1-02-06 11:45 a.m. Vanover Solaris 500 0.7 19.8 
1-02-06 12:00 p.m. Vanover Solaris 500 0.6 19.8 
 
At about 11:30 a.m., Barbour County mine rescue team members assembled at 
the Sago Baptist Church to wait for further instructions.  However, since the 
miners’ family members were using the church to wait for news, the team 

                                                 
 
 
7 Bennett’s air quality measurements were made using a CSE Corporation Explorer 4 handheld detector.  The maximum 

CO which it is able to detect is 500 ppm.  At CO concentrations exceeding 500 ppm, the Explorer 4 instrument display 

screen will display 500 ppm.  However, if the CO sensor is weak or the instrument is out of calibration, a lower value may 

be displayed.   
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relocated to the mine.  Team members set up their equipment at the mine and 
were ready to don their apparatuses by about 12:30 p.m. 
 
Prior to Sam Kitts arriving at the mine, Hatfield telephoned him and received an 
update on the mine accident.  Sam Kitts arrived at the mine site around 11:45 
a.m., and met with mine management personnel to assess the situation. 
 
At 12:00 p.m., Ponceroff and Wyatt arrived at the mine site.  Mine management 
briefed them, and they traveled into the mine pit and met with Postalwait and 
Vanover, who were taking air quality measurements.  Finding a CO reading of 
500 ppm, Ponceroff and Wyatt decided to withdraw everyone from the pit area.  
Sampling in the No. 1 Drift Opening was conducted every 15 minutes and 
personnel entering the pit area continuously monitored the air quality.  At 12:17 
p.m., Bennett used an Industrial Scientific 270 Multi-gas detector to measure the 
air quality in the No. 1 Drift Opening.  The measurement indicated CO in excess 
of 1,999 ppm.8  
 
Martin arrived at the mine at approximately 12:15 p.m. and was briefed by mine 
personnel.  He then assisted with ongoing activities until assuming the 
responsibility of ensuring that mine rescue teams were available and properly 
staged. 
 
Carbon monoxide continued to be a concern, not only in the pit area, but in the 
surface buildings.  At 12:20 p.m., Vanover issued an imminent danger order 
under section 107(a) of the Mine Act because of the extremely high CO levels 
detected in the No. 1 Drift Opening.  The order required the withdrawal of all 
non-essential personnel from the pit and the surface buildings.  Barbour County 
mine rescue team members were mobilized to conduct the sampling of the No. 1 
Drift Opening.   
 
At 12:30 p.m., Kravitz notified MSHA Mine Emergency Operations Group 
personnel to prepare the seismic system for possible deployment.  Two 
technicians arrived in Pittsburgh, Pennsylvania at 2:45 p.m. to prepare the unit.   
   
At 1:00 p.m., Sam Kitts went to the Sago Baptist Church and provided a briefing 
to the miners’ families.  At about the same time, elevated CO concentrations were 
measured outside and inside surface buildings.  Those CO levels were 330 ppm 
and 130 ppm, respectively.  MSHA personnel directed that all office and non-
essential personnel leave the mine site.  Shortly before the evacuation, Stemple 
arrived at the mine site.  Stemple obtained a briefing from Crumrine and other 
                                                 
 
 
8 The Industrial Scientific 270 multi-gas handheld detector detects maximum carbon monoxide levels of 1999 ppm.   
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mine personnel and was informed that levels of CO were greater than 2,300 ppm 
in the pit mouth.  Stemple noticed that Crumrine’s handheld gas detector was in 
alarm, measuring 61 ppm CO.  Stemple met with Ponceroff, Satterfield, and 
other MSHA and WVMHS&T officials, and assisted with evacuating non-
essential personnel from the mine site, to either the Sago Baptist Church, or to 
the training room at the ICG cleaning plant located about a mile from the mine 
site.  Around this time, Ty Coleman established the command center in Toler’s 
office and started to assign personnel to set up the room for a command center, 
monitor the mine entrance, guard the mine site, and provide a workspace for 
engineering.  Toler’s office would serve as the command center for the rest of the 
rescue and recovery effort.    
 
Shortly after 1:00 p.m., a formal plan was developed by the mine operator and 
approved by MSHA and WVMHS&T personnel to monitor mine gases in the pit 
mouth.  The plan required two mine rescue team members to approach the mine 
entrances wearing full apparatus, and to monitor the gases exiting the mine.  The 
plan required the results to be reported to the command center.  The plan also 
required that two mine rescue team members wearing full apparatus stand at the 
edge of the pit to serve as backup to the personnel in the pit.     
 
At 1:05 p.m., BCMR personnel started to take air quality measurements in the 
mine pit.  Two rescue team members entered the pit and two watched from the 
top of the pit as emergency backup each time an air quality measurement was 
made.  These measurements were made in Nos. 1– 4 Drift Openings.  The results 
from the log are shown in Table 4. 
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Table 4 - Air Quality Measurement by BCMR 

Date Time Collector Instrument9 Drift 
No. 

CO10 
(ppm) 

CH4 
(%) 

O2 
(%) 

1-02-06 1:05 p.m. BCMR iTX  1 +2000 0.0 20.9 
1-02-06 1:07 p.m. BCMR iTX 2 +2000 0.0 20.7 
1-02-06 1:09 p.m. BCMR iTX 3 4400 0.0 20.7 
1-02-06 1:11  p.m. BCMR iTX 4 1700 0.0 20.7 
 
BCMR personnel continued to obtain air quality measurements in the mine pit.  
BCMR air quality measurements taken between 1:25 p.m. on January 2 and 11:00 
a.m. on January 3 are shown in Appendix D.   
 
The Tri-State mine rescue team arrived at the mine site at approximately 1:30 
p.m.  At the same time, non-essential mine personnel were being allowed back 
on the mine site after being evacuated because of high CO levels.  The CO levels 
in the mine office decreased.  Tri-State member Chris Lilly noticed that some 
CONSOL teams were already on the property.  The Command Center told Tri-
State team members that CO levels measured at the No. 1 Drift Opening were 
too high for them to enter the mine.  The WVMHS&T mine rescue trailer 
containing their mine rescue gear arrived. 
 
CONSOL team members were arriving at the mine, and CONSOL sent safety 
department personnel to assist with coordinating and directing their teams’ 
activities.  CONSOL also sent a gas chromatograph and personnel to operate it to 
help in monitoring the mine’s atmosphere for gases.   
 

                                                 
 
 
9  These air quality measurements were made using an Industrial Scientific iTX multi-gas handheld detector.  The iTX can 

be equipped with either of 2 types of CO sensors.  The 4 series sensor has a range of 0 -  999 ppm CO.  The maximum 

indicated concentration on the instrument display is 999 ppm CO.  The display indicates “OR” if the maximum range is 

exceeded.  This is the standard sensor.  The 7 series sensor, used at Sago, has a range of 0 -  9,999 ppm CO.  The maximum 

indicated concentration on the instrument display is 9,999 ppm CO.  The display indicates “OR” if the maximum range is 

exceeded. 

10  BCMR air quality measurements were documented by MSHA.  The 1:05 p.m., 1:07 p.m., 1:09 p.m. and 1:11 p.m. 

Carbon Monoxide measurements were found to be inaccurate after they were entered into the log.  The CO peak readings 

stored in the iTX multi-gas handheld detector memory were checked, and actually indicated a maximum CO value of 

1,386 ppm, not the CO values of +2,000 ppm, +2,000 ppm and 4,400 and 1,700 ppm documented in the log.  The log was 

not corrected.  Also, the maximum CO value for the sensor installed in this instrument might have been exceeded.  

Following this series of readings, MSHA personnel provided training to BCMR personnel on use of the iTX multi-gas 

handheld detector. 
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Stricklin arrived at the mine site between 1:45 p.m. and 2:00 p.m.  He obtained a 
briefing from Ponceroff, Wyatt and Satterfield on the status of the missing 
miners, the miners who had escaped, mine management’s rescue attempt and the 
condition of the mine.   
 
Personnel from MSHA’s Ventilation and Physical and Toxic Agents Divisions 
organized and readied for transport a set of infrared and electrochemical gas 
analyzers, several thousand feet of 3/8 inch PVC tubing, vacuum pumps, four 
handheld permissible radios, a gas chromatograph, and the associated 
computers needed to operate the gas chromatograph and analyze the gas results.  
They left Pittsburgh, Pennsylvania with this equipment at around 2:00 p.m.   
 
CONSOL’s gas chromatograph was placed in the WVMHS&T’s mine rescue 
trailer and readied for operation.  CONSOL technicians calibrated the instrument 
and had it operational by 3:00 p.m. to analyze air samples collected in the mine 
drift openings.  The gas chromatograph provided the capability to monitor 
additional gases and allowed a means to verify the readings for the CO, methane 
and oxygen being obtained from the handheld instruments.   
 
The Viper mine rescue team arrived at the Charleston, West Virginia airport 
around 1:40 p.m. and was escorted to the mine by West Virginia state police, 
arriving around 3:30 p.m.  At about this time, personnel designated by the 
Command Center briefed the mine rescue team captains concerning the accident. 
 
At about 3:30 p.m., construction of a road to provide access to the 2nd Left 
Parallel borehole drill site was begun.  The construction and site preparation took 
about 3 hours to complete.   
 
Air quality measurements from the drift openings indicated a downward trend 
in the levels of dangerous gases.  It was after 4:00 p.m. when the mine operator 
submitted requests to send mine rescue personnel into the mine.  However, 
MSHA and WVMHS&T denied these requests because the levels of CO exiting 
the mine were still too high, reflecting a substantial risk of fire and the possibility 
of another explosion.  The mine rescue teams were briefed at 4:15 p.m.  



 43

The air quality readings continued trending downward.  Figure 3 illustrates the 
results of CO measurements obtained in the No. 1 Drift Opening.  While they 
were still at dangerous levels, it was determined that they were low enough to 
allow rescue efforts to commence.  At 4:55 p.m., the mine operator submitted a 
plan for the start of exploration which was approved by MSHA and WVMHS&T.   
The plan called for Tri-State Team A to enter the No. 5 intake entry and to 
explore the first 1,000 feet.  Tri-State Team B would serve as their backup in the 
event Team A personnel experienced any type of difficulty.  At 5:12 p.m., the 
mine operator submitted a new plan switching the Tri-State teams to the 
CONSOL teams, since CONSOL’s teams had more experience in mine rescue 
than any other team present.   
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Figure 3 - CO Measurements at the No. 1 Drift Opening 

 
MSHA’s Ventilation and Physical and Toxic Agents personnel arrived at the 
mine site at approximately 5:15 p.m. and were briefed by Stricklin.  They began 
to set up atmospheric sampling equipment, consisting of infrared and 
electrochemical instantaneous monitoring equipment, a gas chromatograph, and 
all associated equipment.  During the set up process, electrical power had to be 
provided.  A sampling line had to be extended to the No. 1 Drift Opening since a 
previously installed line was plugged.  Four handheld permissible radios were 
distributed to MSHA’s MEU personnel.  At 5:25 p.m., the CONSOL Robinson 
Run A mine rescue team entered the mine through the fan house and proceeded 
inby exploring the mine. 
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RESCUE AND RECOVERY OPERATIONS 
 

Mine Rescue Protocol 
 
A basic mine rescue protocol has evolved over the years based on rescue efforts 
made during previous mine disasters.  However, each mine disaster is unique, 
presenting a number of situations requiring difficult decisions.  Most operations 
begin with establishment of a command center, which is headed by the mine 
operator.  State and federal officials and sometimes miners’ representatives are 
generally part of the command center.  MSHA issues a section 103(k) order 
which requires a written plan to be proposed by the mine operator.  It must be 
approved by MSHA and agreed to by the parties in the command center before it 
can be implemented.  All of the decisions concerning the rescue operation, 
including mine rescue team movement, the areas of exploration and all related 
work are made in this manner.  All teams are briefed before entering the mine 
and debriefed upon exiting.   
 
A mine rescue team establishes a fresh air base (FAB) which includes a hard-
wired communications system running to the surface command center.  The FAB 
is the communication hub between the exploring teams and the command center.  
Exploration begins with one rescue team generally composed of five members.  
Each member is equipped with a breathing apparatus weighing approximately 
thirty-five pounds and consisting of a full-face mask and a supply of oxygen.  A 
back up team is stationed at the FAB.  They are ready to assist the exploring team 
if needed.  A third team is on the surface, ready to provide support to the teams 
underground.  Communication from the exploring team to the FAB is made by 
handheld permissible radios or by using a hard-wired communication system 
connected directly to the FAB.  Rescue teams can typically explore about 1,000 
feet from the FAB.  After an area has been explored, ventilated and made safe for 
travel, the FAB is advanced.  This continues until the operation is completed.  
 
It is critical that ventilation not be changed in an area that has not been explored.  
This may allow explosive gases to come in contact with an ignition source, such 
as a fire, causing a subsequent explosion.  If ventilation has been severely 
disrupted such that it is no longer possible to establish a FAB that is in fresh air, 
it may become necessary for the mine rescue team to begin to airlock as they 
advance.  The mine rescue team builds temporary ventilation controls across all 
entries just inby the existing FAB.  They then completely explore the next 1,000 
feet in each entry.  They build another set of temporary ventilation controls at 
that location.  They repair ventilation controls between the two sets of airlocks.  
They remove the first set of airlocks and re-ventilate the area, relocate the FAB 
and start the process again.  Airlocking efforts are labor and time intensive.   
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MSHA deploys MEU personnel to mine disasters.  The purpose of the MEU is to 
provide technical and expert assistance during emergency operations.  MEU 
members have extensive experience in mine rescue and recovery operations 
throughout the nation.  MEU is self-supported and provides an assortment of 
specialized equipment such as permissible radios and handheld air quality 
detectors.  During any mine related exploration, MEU personnel are assigned to 
the exploration team and to the back-up teams.  Their presence has proven 
invaluable to mine rescue operations.   

 
Mine Gases 

  
Methane and coal dust explosions have occurred in underground coal mines.  
These explosions can develop overpressures of 20 psi or more.  MSHA 
investigated numerous methane and/or dust explosions and, with 2 possible 
exceptions,11 had not observed evidence of explosion overpressures exceeding 20 
psi.  The pressures generated by an explosion are well in excess of the 2 to 4 psi 
that ventilation controls, such as stoppings, are able to withstand.  Investigators 
have found that damage to ventilation controls after an explosion is quite 
common.  This damage usually causes a short circuit in the ventilation system 
which may allow methane to accumulate.   
 
The ignition temperatures of coal, wood, and other combustible materials found 
in a coal mine are less than the temperature of the explosion flame.  However, 
the speed of the flame from an explosion can propagate in excess of 1,000 feet per 
second.12  At this speed, the explosion flame contacts each point in the explosion 
zone for only a brief period of time, typically less than 100 milliseconds.  This 
                                                 
 
 
11 An explosion occurred in the Production Shaft of Consolidation Coal Company’s Blacksville No. 1 Mine on March 19, 

1992.  A cap was placed on the Production Shaft.  An explosive methane/air mixture began to accumulate in the shaft.  It 

was ignited by arc welding operations occurring on top of the cap.  The subsequent explosion generated overpressures at 

the top of the shaft of approximately 1000 psig.  The unusual circumstances resulted in a detonation of the fuel. 

   An explosion occurred in a sealed area of U.S. Steel Mining Company’s Oak Grove Mine on July 9, 1997.  Although a 

lightning strike of +145,200 amperes was determined to be the cause of the ignition, the path of that lightning strike into 

the sealed area was not defined.  The sealed area had a total of 38 seals.  Access into the sealed area after the explosion 

was not possible.  Seven cementitious seals may have been damaged by the forces.   Four seals had minor damage which 

may have affected their strength.  Three seals were partially or completely displaced.  The compressive strength of two of 

these three seals were found to be below the minimum acceptable limit of 200 psi.  The information that the third seal had 

a compressive strength in excess of 200 psi led the investigators to indicate that the explosions forces required to damage 

the seal was in excess of 20 psi.  Subsequent opinions by MSHA determined that the number of samples subjected to 

compressive strength testing was inadequate to fully support this conclusion.   

12 The Explosion Hazard in Mining, U.S. Department of Labor, Mine Safety and Health Administration, Informational 

Report 1119 (1981), John Nagy, Page 61. 
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length of time is generally too short to directly involve all these materials in a 
massive fire.  The flame of the explosion also includes suspended coal dust that 
is heated to above the ignition temperature of various combustible materials.  As 
the flame of the explosion slows and terminates, this coal dust drops out of 
suspension and accumulates on available surfaces.  These surfaces may be the 
mine entry, crib blocks, roof support posts, or other combustible materials.  It is 
possible that materials with a low ignition temperature may begin to smolder 
and eventually ignite under these conditions.   
 
When an explosion occurs, large volumes of toxic and flammable gases are 
produced due to the incomplete combustion of these fuels.  These gases include 
carbon monoxide, carbon dioxide, hydrogen, acetylene, and ethylene.  The 
concentration of these gases can vary depending on the concentration of the fuel 
involved in the explosion.  For example, in a coal dust explosion, CO 
concentrations can be 1,000 ppm when the initial coal dust concentration is 0.1 
ounce per cubic feet. 13 The data also indicated that if coal dust was the sole fuel 
source involved in the explosion at a concentration of one ounce per cubic foot, 
CO could be formed to as high as 46,000 ppm.14  In the case of methane 
explosions, post-explosion CO concentrations are approximately 500 ppm when 
a 9% methane/air mixture is ignited.  CO levels can reach 80,000 ppm when the 
initial concentration of ignited methane increases to 12%.15  Other gases are 
produced during explosions which are asphyxiates.  These gases may not be 
toxic or flammable but can displace the oxygen necessary to sustain life. 
 
When fires first begin, they produce barely detectable levels of CO.  As the fire 
begins to grow and intensify, the level of CO production also begins to grow.  
The rate of growth of the fire depends on a number of factors, including the fuel 
and the amount of available oxygen.  Carbon monoxide levels can reach well in 
excess of 10,000 ppm during a fire. 16  The temperature of the flame of a fire 
exceeds 1,500 degrees F.  The ignition temperature of methane is 1,000       
degrees F.17 
 

                                                 
 
 
13 The Explosion Hazard in Mining, U.S. Department of Labor, Mine Safety and Health Administration, Informational 

Report 1119 (1981), John Nagy, Page 63. 

14 Id.   

15 Id. 

16 Mine Fires Prevention, Detection, Fighting, Donald W. Mitchell, P.E., (1996), 3d Ed., pp 69-70. 

17 The Explosion Hazard in Mining, U.S. Department of Labor, Mine Safety and Health Administration, Informational 

Report 1119 (1981), John Nagy, Page 52. 
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The most important consideration after an explosion is the safety of the mine 
rescue persons and that of any missing miners.  Before sending any person, 
including mine rescue teams underground, the atmosphere in the mine must be 
assessed.  The atmosphere should be monitored as close to the area of the 
explosion as possible.  This can be accomplished with a borehole.  However, a 
borehole is generally not present and it may take a considerable amount of time 
for one to be drilled.  The only monitoring location available may be where the 
return air exits the mine.  The air at the monitoring location may be diluted and 
may not give an accurate representation of the conditions in the area of the mine 
where the explosion occurred. 
 
Monitoring of the mine atmosphere should begin as soon as possible.  After a 
mine fire or explosion, the mine atmosphere can be monitored with handheld 
instruments, infra-red equipment, or gas chromatographs.  The handheld 
instruments are the most readily available and are usually the first equipment on 
site.  They can detect methane, CO, and oxygen.  The detection levels vary for 
each instrument.  Generally, the detection level for methane is 0 to 5%.  The 
detection level for CO varies but generally ranges from 0 to 500 ppm for some 
instruments or from 0 to 999 ppm for others.  It is important to know and 
understand the detection levels of the instrument being used.  Infra-red 
equipment is generally used to measure methane in ranges from 0 to 100%, CO 
in ranges from 100 to 20,000 ppm, and carbon dioxide in ranges from 0 to 4.0%.  
Gas chromatographs are generally not very portable but are highly accurate and 
able to monitor most ranges of gases including methane, oxygen, carbon 
monoxide, carbon dioxide, and fire gases such as hydrogen, ethylene, and 
acetylene.  Determining trends of the mine gases may be accomplished with any 
of the described detection equipment, but the gas chromatograph is generally 
used for this purpose as it is the most accurate.   
 
It is also important to determine what the fuel was for the explosion.  This 
information is very difficult to determine initially.  Again, since a borehole in the 
area where the explosion is thought to have occurred is generally not available, 
monitoring of the return air where it exits the mine may be the only available 
option.  Coal mines liberate methane.  It is important to know the normal 
concentration of methane and the air volume in the monitored air.  If it is 
different than normal, the cause for the difference must be determined before 
allowing personnel to proceed underground.  For example, if the concentration 
of methane is lower than normal and the volume of air is the same, this may 
indicate a major short circuit in the ventilation system and methane may be 
accumulating in the area where the explosion occurred.  This is also the area 
where a fire is most likely to be occurring.  If the methane concentration is higher 
than normal and the volume of air is the same, this may indicate that there was 
an accumulation of methane somewhere in the mine that was not consumed by 
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the explosion.  This could indicate an accumulation of methane is still in 
existence in the mine.  
 
Unfortunately, there is recent history of fires starting after explosions.  Most 
recently: 
 

• An ignition/explosion occurred at a mine in Virginia and the miners were 
evacuated.  The air exiting the mine was continually monitored for CO 
and other fire gases.  Before the CO trend had stabilized, it began to trend 
upward and the mine was subsequently sealed at the surface.  When the 
mine was reopened, evidence of two separate fires was discovered.  One 
was relatively close to the reported location of the ignition/explosion 
origin.  Evidence of a second fire was found thousands of feet away. 

 
• A fire occurred after a series of explosions occurred in a mine in Alabama.  

Although mine rescue teams re-entered the mine, they were subsequently 
withdrawn after elevated concentrations of methane and a fire was 
discovered.  The area was subsequently sealed. 

 
• An explosion occurred at a mine in Illinois.  It appeared to have originated 

inby the longwall face.  After the atmosphere in the mine went through a 
stabilization period, mine rescue teams were permitted in the mine.  
During their exploration, they found a crib block still burning only a few 
feet away from an accumulation of explosive methane.   

 
The forces of the explosion disrupted the mine ventilation system.  It took a 
period of time for the CO generated from the explosion to reach the main return, 
No. 1 Drift Opening.  As previously shown in Figure 3, the CO began to increase 
dramatically, peaked and then began to decrease.  The CO trend eventually 
stabilized. 
 
Persons generally should not re-enter a mine until the atmosphere has stabilized.  
The generally recognized stabilization time period is 72 hours.  This minimizes 
the risk to persons from a secondary explosion.   
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Figure 4 illustrates the results of CO measurements obtained in one of several 
return shafts in a mine in Virginia after 
an ignition/explosion and subsequent 
fire.  The ignition/explosion occurred 
in the mine at 4:20 p.m. on Day 1.  
Although there were no samples 
collected immediately after the 
ignition/explosion, the gases from the 
event reported to multiple return 
shafts.   
 

Figure 4 - CO Measurements from a Mine in Virginia 

 
It took time for the fire to become large enough to be readily detected at a return 
shaft but eventually began to increase dramatically.  The mine was subsequently 
sealed at the surface because of the increasing trends.   
 
It can be seen how CO being produced from a developing fire could be masked 
by the CO that had been produced by an explosion.  If a fire would have started 
in the Sago Mine after the explosion, as it did in this Virginia mine, it would have 
taken a significant period of time until the CO produced from the fire exceeded 
the CO produced from the explosion.    
 
At the Sago Mine, a borehole into the area where the explosion occurred was not 
initially available.  Monitoring of the main return was initiated with handheld 
instruments after the explosion occurred.  The initial information indicated the 
volume of air exiting the mine had not changed significantly.  It also indicated 
relative low CO and methane levels.  About 10:30 a.m., the CO levels exceeded 
the detection limits of the handheld equipment and the methane levels were 
greatly in excess of the normal levels.  The levels of CO remained above the 
detection level for handheld equipment.  A gas chromatograph became available 
at about 3:00 p.m.  Gas chromatograph analysis results for No. 1 Drift Opening 
are shown in Appendix E.  The mine air analysis from the gas chromatograph 
confirmed the elevated CO and methane levels.  These levels continued in a 
downward trend throughout the afternoon.  The CO and methane levels were 
still trending downward but had not yet stabilized.  It was not possible to know 
with any certainty if the explosion had started a fire in the mine.  The elevated 
methane levels confirmed the possibility of methane accumulations in the inby 
areas of the mine.  Even though these conditions existed, at 4:55 p.m., the 
command center made the decision to permit the mine rescue teams to begin to 
explore underground.  There was a high degree of risk associated with this 
decision and it was discussed with all parties including the mine rescue teams 
before they started underground.   
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Mine Exploration 
 
At 5:15 p.m., the CO at the No. 1 Drift Opening was still dangerously high at 
1,740 ppm, but the downward trend had been continuing for several hours.  At 
5:25 p.m., the CONSOL Robinson Run A mine rescue team entered the mine 
through the fan house and proceeded inby exploring the mine.  The CONSOL 
Blacksville No. 2 mine rescue team was assigned as their backup team.  By 5:57 
p.m., exploration had reached 9 Crosscut, No. 3 Belt.  Exploration then paused to 
allow team members to check air quality, air quantity and water depths in the 
explored area.   
 
By 7:20 p.m., MSHA’s instantaneous sampling equipment was set-up and 
monitoring the mine atmosphere exiting No. 1 Drift Opening.  Initial readings 
indicated 1,200 ppm CO, 0.2% methane, and 20.6% oxygen.  Gas measurements 
were recorded about every 15 minutes during the rescue operation.  A trend 
analysis of these measurements was maintained.   
 

The mine operator raised a concern about the need to start dewatering the return 
entries at the inby end of No. 1 Belt to prevent water from blocking the return air 
course.  To address this issue, the mine operator submitted a plan, which was 
approved by MSHA and the WVMHS&T.  This plan permitted the mine rescue 
team to energize power to a 150 kilovolt-ampere (kva) transformer, located at 23 
Crosscut, No. 1 Belt, to power a dewatering pump located in the adjacent return 
entries.  The water pump was energized at approximately 7:55 p.m.   
 
At about 8:05 p.m., rescue teams continued their search.  The rescue teams 
continued pushing into the mine until 2:13 a.m. on January 3, when they reached 
32 Crosscut, No. 4 Belt.  The team saw a red light glowing at approximately 36 
Crosscut, No. 4 Belt in the belt entry.  Rescue team members identified the light 
as coming from the AMS system, and believed the system to be energized by 
electrical power.  Due to the risk of an explosion which such an energized 
component could cause, team members were ordered to retreat out of the mine at 
2:40 a.m. 
 
The command center ordered the rescue teams to maintain their positions out of 
the mine until the AMS power was de-energized, which was completed at 3:57 
a.m.  The teams were then to re-enter the mine.  However, an effort to drill a 
borehole into the mine was occurring at the same time as the rescue effort.  
Personnel at the drill site notified the command center that the borehole into the 
2nd Left Parallel section would be completed in about one hour.  At that time, all 
mine rescue personnel would need to be withdrawn from the mine due to the 
explosion hazard which drilling through the roof could create.  The command 
center ordered the rescue teams to hold their positions until the borehole was 
completed.  The 2nd Left Parallel borehole penetrated the mine at 5:35 a.m. at a 
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depth of 258 feet.  The borehole intersected the section at 23 Crosscut, No. 6 Belt 
in the No. 4 entry.  An air quality sample taken from the borehole at 5:53 a.m. 
indicated 1,052 ppm CO and 20.4% oxygen.  The drillers tapped on the drill steel 
and listened, hoping to hear a response from the trapped miners.  No response 
was heard.   
 
Rescue teams re-entered the mine at approximately 6:57 a.m.  In addition, 
MSHA’s robot was transported into the mine with the teams to 27 Crosscut, No. 
4 Belt.  The robot was to be used as an additional rescue tool to travel the track 
entry into 2nd Left Parallel.  The rescue teams arrived at 27 Crosscut, No. 4 Belt 
at approximately 7:34 a.m.  Team members unloaded the robot and sent it inby 
toward 2nd Left Parallel.  The teams then began to explore inby 27 Crosscut, No. 
4 Belt, independent of the robot.  At about 8:48 a.m., the robot became disabled at 
32 Crosscut, No. 4 Belt.   
 
At 10:45 a.m., as teams continued to explore, the mine operator submitted a plan 
to have the teams explore to 48 Crosscut, No. 4 Belt, then proceed to explore the 
return entries of 1st Left for a distance of six crosscuts.  Teams were also to 
examine the overcasts at 49 Crosscut and 51 Crosscut, No. 4 Belt.  Once these 
examinations were completed, exploration was to proceed inby toward the 2nd 
Left Parallel section by exploring and using the Nos. 7, 8 and 9 intake entries 
until reaching and examining the seals inby 62 Crosscut, No. 4 Belt.  Once the 
seals were examined, exploration was to continue toward the 2nd Left Parallel 
section.  The plan was approved and the mine rescue teams continued their 
exploration.  At 2:13 p.m., they found the 1st Left crew’s abandoned mantrip 
between 49 Crosscut, No. 4 Belt and 50 Crosscut, No. 4 Belt.  Rescue team 
personnel disconnected its power, and continued their exploration. 
 
At 5:20 p.m., the rescue teams located the first victim, Terry Helms, in the track 
entry between 57 and 58 Crosscut, No. 4 Belt.  By 5:50 p.m., the rescue teams had 
explored the previous seal locations inby 62 Crosscut, No. 4 Belt.  At 6:18 p.m., 
rescue team members found that seal No. 10 in the No. 9 entry was destroyed.  
They continued to explore across the seal line and by about 6:47 p.m. had found 
that the other 9 seals were destroyed as well.  They appeared to have been blown 
in an outby direction.  The mine rescue teams finished exploring the seal area 
and then turned toward the 2nd Left Parallel section.   
 

2nd Left Parallel Exploration 
 
At approximately 7:48 p.m., team members found the 2nd Left Parallel crew’s 
abandoned mantrip at 10 Crosscut, No. 6 Belt.  At 8:10 p.m., rescue team 
members found evidence of 12 SCSRs opened at 11 Crosscut, No. 6 Belt in the 
No. 7 entry.  They also saw footprints heading in an outby direction.  Rescue 
team members traveled outby in an attempt to follow the tracks, and to search 
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for any additional signs of the 2nd Left Parallel crew, but they turned up no 
further evidence.  After 9:40 p.m., a rescue team explored to 17 Crosscut, No. 6 
Belt and then retreated back to the FAB by traveling the belt entry.   
 
At 11:12 p.m., the command center implemented a plan to extend the search 
distance beyond the normal 1,000 feet.  The plan was to explore to the 2nd Left 
Parallel faces with a mine rescue team by extending communication using 
permissible handheld radios.  The command center believed that the atmosphere 
in the mine, including in the 2nd Left Parallel, had stabilized to a point where it 
would not be life threatening.  In an effort to locate the missing miners as quick 
as possible, a plan was developed that did not adhere to standard mine rescue 
procedure.  Adhering to the standard procedure of advancing the FAB 
incrementally or airlocking would have added several hours to the search and 
rescue effort.   
 
The teams had to stretch communications as far as possible.  The teams were 
taking a risk in order to try to find the miners as soon as they could.  By doing so, 
communications could be compromised by overextending the handheld radios’ 
capabilities.  Three of the four permissible radios were available.  A fourth radio 
had become non-operational at some point during the rescue.  McElroy rescue 
team members were contacted at the FAB and asked by the command center if 
they would go beyond normal rescue protocol.  They agreed. 
  
At 11:17 p.m., McElroy mine rescue team was authorized to search the entries 
toward the faces of the 2nd Left Parallel section.  Two Tri-State team members 
were stationed on the track at 59 Crosscut, No. 4 Belt.  One of those members had a 
permissible radio to relay communications back and forth to the McElroy team as 
they advanced into 2nd Left Parallel.  The second Tri-State team member had a 
voice activated mine rescue hard line communication system to communicate to a 
person at the FAB.  As the McElroy mine rescue team explored the 2nd Left 
Parallel section, they encountered water in the track entry that was approximately 
knee deep near 8 Crosscut, No. 6 Belt.  At this point, the communication on the 
handheld radio that was used to talk with the Tri-State team member stationed at 
59 Crosscut, No. 4 Belt began to break up.  Therefore, a member of the McElroy 
rescue team was positioned near 8 Crosscut, No. 6 Belt to maintain 
communications with the Tri-State team member stationed at 59 Crosscut, No. 4 
Belt.  However, as the McElroy team continued to explore inby, the McElroy team 
member at 8 Crosscut, No. 6 Belt had to walk inby to 10 Crosscut, No. 6 Belt to 
maintain communication with the inby team members, and walk back outby to 
maintain communications with the FAB. 
   
The distance from the track at 59 Crosscut, No. 4 Belt to 9 Crosscut, No. 6 Belt in 
2nd Left Parallel was approximately 620 feet.  The handheld radios become less 
reliable as the distance between users is increased or when the users are not in 
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direct line of sight of each other.  The track in this area was not straight and it 
dipped near 8 Crosscut, No. 6 Belt, resulting in a lack of a direct line of sight.   
 
As the McElroy team continued to advance toward the face, they would contact 
the McElroy team member at 10 Crosscut, No. 6 Belt with the information they 
wanted relayed to the surface.  He would then travel through the water near 8 
Crosscut, No. 6 Belt to communicate with the Tri-State mine rescue team member 
stationed at 59 Crosscut, No. 4 Belt.  The Tri-State team member would relay the 
message to a team member standing next to him, who was manning the hard line 
device.  This team member would then relay it to the FAB located in the No. 7 
entry at 57 ½ Crosscut, No. 4 Belt.  The team member at the FAB would 
communicate the information to the command center on the surface. 
   
As the McElroy team approached the faces of 2nd Left Parallel they had to leave 
the track entry, losing sight and radio contact with the McElroy team member 
near 8 Crosscut, No. 6 Belt.  This caused the outby team member to repeatedly 
wade through the water while trying to maintain communication with the inby 
rescuers and outby rescuers.  He went back and forth numerous times during the 
rescue and recovery operation, but was not always able to maintain 
communication with both groups.  The distance in the track entry from 10 to 23 
Crosscut, No. 6 Belt was approximately 920 feet.  This caused messages to break 
up and be difficult to understand. 
 
The McElroy mine rescue team began searching the faces.  They found a check 
curtain constructed across the No. 3 entry and heard a moan coming from behind 
it.  The McElroy team member stationed between 8 and 10 Crosscut, No. 6 Belt 
heard someone say in an excited voice “there’s noises, there’s guys behind it … 
we’ve got to go around another break.”  He lost contact with them once they 
went around the crosscut.  The team went through the curtain and found the 
miners.  They began to administer first aid to the miner who was making the 
noise.  Other rescue team members immediately went to each of the other eleven 
miners to make an assessment of their condition and to provide assistance if 
needed.  It soon became apparent that McCloy was the only miner alive and they 
prepared him for transport to the FAB. 
 
A MEU team member left the rest of the team in the barricade and traveled to the 
power center in the track entry at 23 Crosscut, No. 6 Belt to get a stretcher and to 
report their findings to the McElroy team member stationed between 8 and 10 
Crosscut, No. 6 Belt.  Using his handheld radio, he told the McElroy team 
member near 8 Crosscut, No. 6 Belt that they had “all 12 guys” accounted for and 
that “we have one alive.”  He also asked for immediate help.  The entry in which 
the MEU team member stood had several obstacles in the entry such as supply 
cars, which weakened the signals of the radios.  In addition, the radios’ batteries 
were weak, and were scheduled to be changed in less than an hour.   
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The McElroy team member stationed near 8 Crosscut, No. 6 Belt stated that 
someone hollered over the radio “we need help, we’ve found them, we found all 
the men, we need help.”  He recalled that the MEU team member told him “we 
need medical help.  We have two people we’ve got down, we’ve got to have 
stretchers, we need help.”  The McElroy team member shouted into his radio 
“they found them, they need help, there’s men down.”   
 
The McElroy team member stationed near 8 Crosscut, No. 6 Belt was frustrated 
by the poor radio communications.  He ran back and forth trying to improve 
reception.  During this hectic time, the mine rescuers were quickly relaying 
information.  The information communicated from the sender was not being 
repeated to verify the accuracy of what the recipient had heard.  The McElroy 
rescue team  member stationed near 8 Crosscut, No. 6 Belt had to run back and 
forth several hundred feet to maintain communications, and could not take the 
time to have people verify all the communications sent and received by him. 
 
The mine rescuers at the FAB in 57 ½  Crosscut, No. 4 Belt stated that they 
received a message of “12 alive” over the headset from 59 Crosscut, No. 4 Belt 
and that they immediately called outside to the Command Center and repeated 
“12 alive.”  The information communicated to the FAB from the team members 
inby was not confirmed by the FAB before it was relayed to the Command 
Center.  After the Command Center received this information, they requested 
and received a confirmation from the FAB.  At 11:46 p.m. on January 3, it was 
recorded in the Command Center log that the message “12 people alive” was 
received.   
 
The mine rescue members at 59 Crosscut, No. 4 Belt stated that they heard the 
McElroy rescue team member near 8 Crosscut, No. 6 Belt say over the radio that 
“we found them alive” and “we need help now.” One Tri-State mine rescue 
member at the FAB and the two at 59 Crosscut, No. 4 Belt traveled to the face to 
help the rescuers.  In addition, a MEU member and a WVMHS&T team member 
traveled to the face.  This resulted in a further breakdown of the communication 
system.  However, the McElroy team member continued to move between 8 and 
10 Crosscut, No. 6 Belt trying to maintain communications.  Upon reaching the 
barricade, those five rescue team members assisted in assessing the victims and 
in transporting McCloy. 
 
The team members were all wearing heavy apparatus as they carried McCloy to 
the FAB.  Team members took turns carrying the stretcher through knee-deep 
water and over concrete block rubble from destroyed stoppings.  Some team 
members were running low on oxygen.  As they were approaching 9 Crosscut, 
No. 6 Belt, one of them stated, “we’ve only got one alive … we think we’ve only 
got one alive.”  The McElroy team member stationed near 8 Crosscut, No. 6 Belt 
ran a couple of crosscuts outby and relayed back to 59 Crosscut, No. 4 Belt that 
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“they’ve only got one person alive.”  He did not wait for a response and did not 
know if this information was received.   He ran up and met the team members 
near 10 Crosscut, No. 6 Belt and helped carry McCloy to the FAB. 
 
By approximately 12:30 a.m. on January 4, the rescuers reached the FAB.  
According to one rescuer, there were “a bunch of men ready to help, thinking 
there’s still 12” men alive.  Rescue team members placed McCloy on a mantrip 
and transported him outside.  Upon learning of the communication error, the 
McElroy team captain contacted the command center, and informed the 
command center that only one person was alive, and eleven were deceased.  The 
command center then ordered all mine rescuers to exit the mine.  By about 1:00 
a.m., McCloy had been transported to the surface and placed in an ambulance.  
By about 1:20 a.m., all rescuers had exited the mine.   
 
The command center debriefed the rescue teams.  After the debriefing, the 
command center decided to send the Viper mine rescue team to the barricade to 
verify the initial findings made by the McElroy and Tri-State mine rescue 
personnel.  The Viper Mine rescue team members, who were emergency medical 
technicians (EMTs), were provided stethoscopes to confirm the status of the 
miners in the barricade.  The Viper rescue team and their back up, the Robinson 
Run rescue team, entered the mine around 1:38 a.m. 
 
The Viper team also experienced communication problems.  They were unaware 
of how the McElroy team had dealt with the gaps in communication, and 
planned to post a member of their team at 9 Crosscut, No. 6 Belt in 2nd Left 
Parallel Section to relay communications back to the FAB.  However, they were 
unable to maintain communication with this member, and decided to take him to 
the barricade with them.  As a result, the Viper team did not have 
communications with the FAB for a period of time. 
 
After the EMTs on the Viper team confirmed that the other miners had perished, 
they could not report this information back to the FAB because they did not have 
a rescue team member with a radio near 10 Crosscut, No. 6 Belt to relay 
messages.  Their confirmation did not reach the FAB until after the Robinson 
Run team came up to re-establish communications at about 4:14 a.m.   
 
The command center and the rescue teams discussed the recovery of the 
deceased miners.  Normal procedure would be for the area to be re-ventilated 
prior to any recovery, to limit the exposure of rescue team personnel to any 
hazards.  However, rescue team members volunteered to re-enter the mine and, 
under apparatus, recover the deceased miners.  By around 9:22 a.m. the victims 
had been recovered and transported to the FAB.  Shortly thereafter, the mine 
rescue teams and the victims were transported to the surface.  Appendix F 
contains the victim information data sheets.  
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Rescue Borehole Chronology 
 
Joseph Myers had been the Chief Engineer for the mine operator since July 29, 
2005.  He reported to Dunbar.  He was responsible for the development of the 
coordinates for the drilling program, and in charge of planning the drilling of the 
boreholes during the rescue efforts at the mine.   
 
Myers was notified of the accident at around 10:30 a.m. on January 2.  Myers left 
his home and drove to the mine.  While on the way, he made calls to Alpha 
Engineering (Alpha), an engineering group contracted to perform the mapping 
at the mine.  Myers did not know exactly what would be needed.  He asked 
Alpha to send a mapping grade handheld global positioning system (GPS)18 and 
a survey grade handheld GPS, as well as a conventional survey. 
  
Myers had in his possession a GPS unit that was accurate to plus or minus 30 to 
50 feet.  He tried to use the GPS unit numerous times by placing it in front of his 
car’s windshield during his trip to the mine.  Each effort was unsuccessful due to 
low signal strength from the satellites. 
 
Gary Hartsog, President of Alpha, was notified by an Alpha employee of the 
accident around 10:45 a.m.  At around 11:00 a. m., Hartsog tried to telephone 
Myers but was unsuccessful.  Hartsog then telephoned Dunbar to obtain more 
details of the accident and determine how Alpha’s resources should be used.  
Hartsog then contacted David Prelaz, an Alpha employee, and instructed him to 
work on completing an updated mine map for Myers. 
   
Myers estimated that he arrived at the mine at around 11:30 a.m.  He again 
checked the GPS but had virtually no signal.  He entered the mine building and 
was briefed by Dunbar.  At about 12:07 p.m., Myers again contacted Alpha, to 
determine when the mapping grade GPS would arrive, and to obtain an updated 
map of the mine.  Alpha personnel downloaded a file copy of the updated mine 
map to a file transfer protocol site to which both companies had access.  Myers 
then downloaded the file to a computer, which allowed him to start looking at 
potential areas for drilling. 
 

                                                 
 
 
18 A GPS uses a worldwide radio navigation system formed from 24 satellites and their ground stations.  The system was 

designed for and is operated by the U.S. military.  GPS provides specially coded satellite signals that can be processed in a 

GPS receiver, enabling the receiver to compute position, velocity, and time.  Four GPS satellite signals are used to 

compute positions in three dimensions and the time offset in the receiver clock.  Their accuracy varies depending on the 

receiver system deployed. 
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In addition, Myers used a planametrics map to assist in identifying surface 
structures, terrain and other surface features, to find potential drilling sites.  At 
about 1:00 p.m., Myers contacted Hartsog and again requested a survey grade 
GPS unit.  During this conversation, Hartsog informed him that both the 
mapping grade and survey grade GPS equipment would be sent.   
 
Hartsog stated that the mapping grade GPS equipment was located in Sutton, 
West Virginia, and a person was ready to transport it to the mine.  The survey 
grade GPS equipment required preparation time.  Also due to the holiday, time 
was needed to organize people to operate and transport the equipment from 
Danville, West Virginia. 
 
Based on the mapping information, Myers selected a drill site and forwarded it 
to mine management for approval.  At about 1:35 p.m., Ty Coleman and Myers 
discussed with Satterfield and WVMHS&T personnel a proposal to drill a 
borehole into the 2nd Left Parallel section.  Myers explained that the area above 
the 2nd Left Parallel conveyor belt feeder had the gentlest grade on which to 
develop a road and drill pad site.  The hillside was much steeper at other 
potential drill sites further inby in the mine. 
 
At approximately 2:07 p.m., Alpha employee Matt Ashley arrived on site with a 
map grade GPS unit.  Ashley informed Myers that the map grade GPS had poor 
signal strength.  Myers provided Ashley with a specific coordinate derived from 
the maps.  Myers said that he would verify that coordinate when it was 
approved.  He asked Ashley to locate that potential borehole site.  At 
approximately 3:00 p.m., the mine operator obtained permission from the 
landowner for development of an access road and a borehole drill site.   
Myers estimated that the 2nd Left Parallel drill site was generated with the map 
grade GPS unit around 3:30 p.m.  However, the initial drill site coordinates were 
not satisfactory due to poor signal strength.  The software used by the GPS units 
requires that a certain number of satellites be in communication in order to 
complete a survey.  The unit displays the Positional Dilution of Precision (PDOP) 
reflecting the signal strength and the number of satellites used.  Weather, trees 
and structures may affect the PDOP.  When the PDOP number is high, the results 
are less reliable.  Alpha encourages its surveyors to use a PDOP that is in the 
range of 5 to 7.  On the day of the accident, the surveyors were receiving a PDOP 
in the 16 to 18 range.  Although the coordinates obtained were not deemed 
accurate enough to drill, construction of the pad and road began immediately.  It 
was finished at about 6:30 p.m.   
 
The mine operator’s project engineer, Kermitt Melvin, arrived between 5:00 p.m. 
and 6:00 p.m. and began to assist Alpha personnel.  At around 5:30 p.m., the 
command center discussed the proposed location of the borehole and gave 
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approval to drill the hole at the specified location, to within 20 feet of the coal 
seam.   
  
An Alpha survey crew arrived on site about 6:00 p.m.  They started a survey, 
working from permanent monuments at the mine and at the Spruce Fork No. 1 
Mine, a nearby ICG mine.  A survey grade GPS unit arrived on site at 
approximately 9:30 p.m.  The surveyors attempted to use a real-time GPS19, 
which involved radio communication between GPS units.  Adequate radio 
communication could not be established between the units to perform at an 
acceptable level.  The surveyors informed Myers of the problem with the survey 
grade unit.  Therefore, the surveyors resorted to using observations of GPS 
receiver units on permanent monument points at the Sago Mine and Spruce Fork 
No. 1 Mine to provide a baseline.  Once those observations were made, the 
results were downloaded into a computer and processed.  Calculations were 
made using a mathematical model to provide coordinates for two points in 
relatively close proximity to the drill site.  That process was performed in the 
field on a laptop computer and was completed at about 11:00 p.m.   
 
The conventional surveying method20 was employed, using two points to locate 
the exact site for drilling.  This was completed at 11:30 p.m.  The original site of 
the drill hole determined by the mapping grade GPS was off by about 30 feet.   
 
By approximately 2:00 a.m. on January 3, the drill site had been resurveyed and 
the drill rig mast had been plumbed by a survey crew.  Drilling of Borehole No. 1 
commenced at 2:45 a.m.  Because the rescue teams had withdrawn from the 
mine, the borehole penetrated into the 2nd Left Parallel section at 5:35 a.m.at a 
depth of 258 feet.  The borehole intersected the section at 23 Crosscut, No. 6 Belt 
in the No. 4 entry, over the conveyor belt feeder.  The crew repeatedly struck the 
drill steel trying to get a response from the missing miners, but no response was 
heard.  An air quality sample taken from the borehole at 5:53 a.m. indicated 1,052 

                                                 
 
 
19 Real time GPS surveying techniques can provide measurements to the accuracy of a centimeter, over 10 kilometer 

baselines, by tracking five or more satellites and using real-time radio links between the reference and remote receivers. 

20 Conventional surveying consists of an instrument such as a transit or a total station being placed over a point, and 

being used to accurately determine points and lines of direction (bearings) on the earth's surface.  Maps or plans are 

prepared from the data generated. 
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 ppm CO and 20.4% oxygen.  Figure 5 illustrates the results of CO measurements 
obtained in Borehole No. 1.  Appendix E contains the gas chromatograph 
analysis results for samples collected at the Borehole No. 1. 
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Figure 5 - Borehole No. 1 Carbon Monoxide Results 

 
At 6:30 a.m., the crew lowered a camera into Borehole No. 1.  The images 
displayed indicated that the area surrounding the conveyor belt feeder was 
relatively undisturbed.  There was no sighting of the missing miners.   
 
Two additional borehole sites were located to enable drilling to penetrate into 1st 
Left section and the outby end of 2nd Left Parallel section.  The crew began 
drilling Borehole No. 2 at approximately 6:50 a.m., after the drill rig had been 
relocated from Borehole No. 1.  Borehole No. 2 reached the hold depth of 360 
feet, approximately 30 feet above the mine, at 2:24 p.m.  The personnel in the 
command center decided not to complete the hole since rescue teams had 
advanced in the mains inby 1st Left.  Borehole No. 2 was finished at a later date 
to aid in the recovery of the mine.   
 
The drilling of Borehole No. 3 was started at about 2:35 p.m. but was stopped 
short of penetrating the mine because the hole was generating 60 to 80 gallons of 
water per minute, which it was feared could cause additional problems in the 
mine.  This hole was never completed. 
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MINE RECOVERY 
 
The 1st Left and the area inby the 2 North Main seals had not been explored.  The 
explosion caused extensive damage to the ventilation controls.  Air quality 
monitoring at the No. 1 Drift Opening, Borehole No. 1, and eventually, through a 
series of additional boreholes was initiated.  Air quality monitoring continued 
until the mine atmosphere was stable and safe for miners to re-enter the mine 
and restore ventilation.  
 
On January 5th, Borehole No. 2 was completed into the track entry at 31 
Crosscut, No. 5 Belt.  It was used to monitor air quality in 1st Left.  Boreholes No. 
4 – 7 were drilled into the 2nd Left Mains.  Borehole No. 4 was started on January 
6th and completed on January 8th.  Borehole No. 7, the last borehole drilled was 
started on January 17th and completed on January 19th.  Boreholes No. 4 - 7 were 
used for air quality monitoring, dewatering, and/or ventilation.  Dewatering of 
the 2nd Left Mains was started on January 12th and was not satisfactorily 
completed until January 20th. 
 
The air quality analysis of the mine atmosphere remained favorable throughout 
the mine recovery.  On January 21, 2006, with ventilation established to the 
boreholes at the inby end of the 2nd Left Mains, mine rescue/recovery teams 
entered the mine to examine and re-establish ventilation following the approved 
plan developed by the operator.   In addition to establishing ventilation, some 
areas of the mine had to be dewatered.  Dewatering required the restoration of 
portions of the underground mine electrical system. 
 
After the mine rescue/recovery teams examined and established ventilation 

throughout the mine, the 
underground portion of the 
investigation commenced 
on January 26, 2006.  Figure 
6 is a photograph of a 
damaged ventilation 
control between the Nos. 6 
and 7 entries at 59 Crosscut, 
No. 4 Belt found during 
recovery of the mine.   
 
 

 
    Figure 6 - Damaged Stopping at 59 Crosscut, No. 4 Belt 
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Figure 7 is a 
photograph of a 
damaged overcast in 
the No. 2 entry 58 
Crosscut, No. 4 Belt 
found during recovery 
of the mine. 

 
 
 
 
 
 

      Figure 7 - Damaged Overcast at 58 Crosscut, No. 4 Belt  
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INVESTIGATION OF THE ACCIDENT  
 
MSHA’s Administrator of Coal Mine Safety and Health appointed a team to 
investigate the accident at the mine.  The team consisted of personnel from 
MSHA Coal Districts 2, 5, 7, and 11 and from Technical Support.  The team 
utilized numerous resources, including personnel from MSHA Headquarters, 
Educational Field Services, Small Mines, and Technical Support.  The 
Administrator appointed Richard A. Gates, District Manager of Coal District 11, 
as accident investigation team leader.  A portion of the investigative team arrived 
at the mine on January 2, and the full team arrived at MSHA’s Bridgeport, West 
Virginia field office by January 8.   
 
The investigation was conducted jointly with WVMHS&T.  The mine operator 
and two groups appointed by Sago miners, the UMWA and an employee group, 
also participated in the investigation.  Appendix G lists the individuals who 
assisted with the investigation.  Preliminary information and records were 
obtained from MSHA’s Coal District 3 and from the mine operator.   
 
The investigation consisted of both in-mine and out-of-mine activities.  At the 
mine, the investigative procedures included mapping the entire mine, 
photographing the affected areas, and collecting physical evidence.  The 
mapping of the entire mine is included in Appendices H-1 through H-9.  The 
physical evidence was examined or tested on-site and/or later in an appropriate 
facility.  The underground investigation could not begin until the rehabilitation 
work of drilling boreholes, dewatering, and restoring ventilation was completed.  
This delayed the investigation team from entering the underground mine until 
the work was completed.  The entire underground mine was then examined and 
deemed safe for entry.  The underground portion of the investigation began on 
January 26. 
 
The investigative team identified numerous people who had knowledge relevant 
to the accident and conducted 80 interviews.  These included officials of ICG, 
miners, a past employee, contractors, MSHA inspectors, WVMHS&T inspectors, 
mine rescue team members, and medical professionals.  The interviews were 
conducted at the U.S. Bankruptcy Court and the U.S. District Court in 
Clarksburg, West Virginia; the Wingate Hotel in Bridgeport, West Virginia; the 
Renaissance Hotel in Morgantown, West Virginia; and MSHA offices in 
Bridgeport, Summersville, and Morgantown, West Virginia.  Investigators 
conducted follow-up interviews of four previously interviewed witnesses.  
Additional information was obtained from contractors, and state and local 
authorities.  Pertinent records were obtained and reviewed during the course of 
the investigation.  The findings in this report are based on the information 
obtained during the investigation. 
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Mine Emergency Evacuation and Firefighting Program of Instruction 
 
MSHA approved the Mine Emergency Evacuation and Firefighting Program of 
Instruction on February 3, 2004.  The mine operator later submitted two requests 
to revise page 3, which MSHA approved on May 3, 2005, and on November 8, 
2005.  These supplements changed the Emergency Alert Chart containing the 
persons to be notified in the event of an emergency.  The program identified the 
dispatcher on duty as the “Responsible Person” in the event of a mine emergency 
involving a fire, explosion or gas or water inundation.  The program stated in 
part:  

“The responsible person shall have current knowledge of the 
assigned location and expected movements of miners 
underground, the operation of the mine ventilation system, the 
location of the mine escapeways, the mine communications 
systems, any mine monitoring system if used, and the mine 
emergency evacuation and firefighting program of instruction.  The 
responsible person shall initiate and conduct an immediate mine 
evacuation when there is a mine emergency which presents an 
imminent danger to miners due to fire or explosion or gas or water 
inundation.  Only properly trained and equipped persons essential 
to respond to the mine emergency may remain underground.” 
 

In addition to being designated as the responsible person, the dispatcher had 
other duties, including controlling the mine traffic underground and monitoring 
the AMS. 
 
Notification  
 
The program included a list of persons that the dispatcher on duty was to notify 
immediately in the event of an emergency involving a fire, explosion or gas or 
water inundation.  The list contained mine management, MSHA and 
WVMHS&T personnel.   
 
Chisolm was on duty at the time of the emergency.  He called Stemple at 7:00 
a.m. and spoke to him for about 15 minutes regarding the events taking place at 
the mine.  At about 7:15 a.m., Stemple was patched through to Jeffrey Toler who 
was underground assessing what had happened.  Jeffrey Toler advised Stemple 
that he was not sure what had happened.  He said that they had found the 1st 
Left crew, and they were bringing them to the surface.  Jeffrey Toler related that 
the 1st Left Crew stated that there were several intake stoppings out, and that 
there was smoke and dust in the air as they traveled along the primary intake 
escapeway.  When Stemple learned from Jeffrey Toler that there was dust and 
smoke in the air and that there had been no contact with the 2nd Left Parallel 
crew, he told Jeffrey Toler to re-establish ventilation as deep into the mine as he 
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could in an attempt to prevent a short circuit of air to the 2nd Left Parallel 
section.   
 
Stemple made other calls before attempting to notify MSHA’s Bridgeport, West 
Virginia Field Office Supervisor Kenneth Tenney at his residence.  He left a 
message on Tenney’s answering machine at 7:50 a.m.  At 8:28 a.m., Stemple 
reached Bridgeport Office Supervisor James Satterfield at home.  Satterfield 
issued a verbal 103(k) order at 8:32 a.m.  Stemple notified the mine of the order at 
8:35 a.m.   
 
Evacuation of the Mine 
 
The Mine Emergency Evacuation and Firefighting Program of Instruction states 
as follows:  “In the event that you are notified of or discover a mine fire, 
evacuation and fire fighting procedures shall begin immediately for those in the 
mine.  Only those necessary to fight the fire shall remain in the mine.  Those in 
outby areas or away from the mine phones will be notified by sending a 
messenger to their work area.  From any area of any section the primary 
escapeway should be used first, and the alternate used only if the primary cannot 
(due to smoke, fire, water, roof fall, bad top, etc).  The Dispatcher should be 
notified of your intention to evacuate by using the mine phone or the 
trolleyphone communication system."   
 
Immediately following the explosion, Owen Jones directed his crew and the 
other miners present to evacuate the mine.  The miners traveled the track entry 
to 37 Crosscut, No. 4 Belt and entered the primary intake escapeway.  Owen 
Jones had a phone conversation with Chisolm and told him that something had 
happened.  He said that he felt a force of air coming from the direction of 2nd 
Left Parallel section, and he thought there must have been an explosion.  Wilfong 
was listening, and instructed Jones to take his crew to the primary intake 
escapeway and evacuate the mine.  The miners were already evacuating and 
continued to do so.   
 
Wilfong, Jeffrey Toler, Schoonover and Hofer entered the mine on a battery 
powered track mantrip.  They did not take any gas detection instruments with 
them.  They picked up John Boni along the track entry as they traveled 
underground.  They found the miners that were evacuating near 27 Crosscut, 
No. 4 Belt.  They all evacuated the mine with the exception of Jeffrey Toler, 
Schoonover and Owen Jones, who remained underground. 
 
After taking the miners from the 1st Left crew to the surface, Wilfong and Hofer 
re-entered the mine with curtain, nails, boards, saws, detectors and a hard hat for 
Owen Jones and rejoined Jeffrey Toler, Schoonover, and Owen Jones.  They then 
traveled inby to 32 Crosscut, No. 4 Belt.  Even though they realized there had 
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been an explosion, they began making ventilation repairs.  They installed check 
curtains in the crosscuts where stoppings had been damaged between the track 
entry and the intake entries up to and including 57 Crosscut, No. 4 Belt.  Once 
the curtain was installed at 57 Crosscut, No. 4 Belt Jeffrey Toler, Schoonover and 
Wilfong observed the area inby 58 Crosscut, No. 4 Belt where the air velocity had 
diminished.  Smoke was very thick and was not dissipating, hindering visibility.  
After making unsuccessful verbal attempts to contact the missing miners, they 
evacuated the mine. 
 
SCSRs 
 
The Mine Emergency Evacuation and Firefighting Program of Instruction states, 
“Where emergency evacuation is required, personnel should immediately don 
their Person Wearable Self Contained Self Rescuer (PWSCSR).”  The mine 
operator provided the miners with CSE-SR 100 Self-Contained Self-Rescuers. 
 
Three miners working at outby locations did not don their SCSR units during 
their evacuation.  Only seven of the 13 miners who were at the 1st Left track 
switch donned their SCSRs during the evacuation.  The 12 miners in 2nd Left 
Parallel section donned their SCSR units while trying to evacuate.  The miner 
found near 2nd Left Parallel switch had not donned his SCSR.   
 
Belt Fire Detection System 
 
The mine used an AMS to detect gases that might result from a fire in the mine.  
The AMS was a Pyott-Boone Mineboss system that included a computer located 
on the surface in the dispatcher’s office, which had multiple surface and 
underground sensors.  The AMS required only one computer for the system to 
function.  The system monitored the CO levels at all of its sensors, and showed 
belt operations and power status.   
 
The program required that the system initiate fire alarm signals at a surface 
location where a responsible person was always on duty when persons were 
underground.  The responsible person was to be trained in the operation of the 
AMS and the proper procedures to follow in the event of an emergency or 
malfunction.  A map or schematic identifying each belt flight and the details of 
the monitoring system was displayed on the monitor. 
 
Carbon monoxide sensors were required to be spaced along the conveyor belt at 
1,000 foot intervals, and a sensor for the section tailpiece had to be between 50 
and 100 feet inby or outby the section tailpiece depending on the direction of 
airflow.  A CO sensor was required for each belt drive and tailpiece.  However, 
where a belt drive discharges coal onto another belt tailpiece as a continuation of 
a belt conveyor system, without a change in direction and on the same split of 
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air, only one sensor was required.  An air velocity of 50 feet per minute (fpm) or 
greater and a definite and distinct movement in the designated direction was 
required by the program.  The system was required to have both visual and 
audible alarm signals.  A visual or audible alert signal was required to activate 
when a sensor detected 10 ppm CO above the ambient level established for the 
mine.  An audible alarm signal distinguishable from the alert signal was required 
when a sensor detected 15 ppm CO above the ambient established for the mine.  
The established ambient for the mine was 0 ppm.   
 
When the system gave an alert signal (10 ppm CO), the program requires all 
persons to be withdrawn to a safe location outby the working places and action 
taken to determine the cause of the alert.  When the system gave an audible 
alarm (15 ppm CO), all persons in the same split(s) of air were to be immediately 
withdrawn to a safe location outby the sensor(s) activating the alarm unless the 
cause was known not to be a hazard to the miners.  If an alarm signal (15 ppm 
CO) was given at shift change, no one was permitted to enter the mine except 
those qualified persons designated to investigate the source of the alarm.   
 
On January 2, 2006, at 6:04:54 a.m.,21  a CO monitoring sensor at the 1st Left 
section tailpiece, identified as “station 1.99 1 left section” was taken off scan 
(manually turned off).  At 6:05:05 a.m. the sensor initialized and was placed on 
scan (manually turned on).  At 6:05:10 a.m. the system alarmed and indicated a 
reading of 26 ppm CO.   
 
According to the CO monitoring log, problems with this sensor had been 
occurring off and on since December 9, 2005 when the sensor was calibrated.  
Several hours after calibration, the device reported an event that generated an 
alarm indicating a reading of -1 ppm, and the alarm reset a few seconds later.  
Between December 10, 2005 and December 31, 2005, several events were 
recorded showing that the sensor lost communication with the Master Control 
Station on the surface for periods of 5 seconds to 1 hour and 19 minutes. 
 
Between December 15, 2005 and December 31, 2005, there were numerous entries 
in the CO event log indicating that the alarms and latch resets were increasing.  
The maximum “Alarm Latch Set” value was 26 ppm on December 31, 2005 and 
the maximum recorded CO value was 38 ppm on December 30, 2005.  
Additionally, several entries in the log during this time period indicated that the 
device had lost and regained communications. 
 

                                                 
 
 
21 The record of the AMS times was 4 minutes and 56 seconds fast.  The times shown are corrected times.  
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Two methods are used to reset the warning and alarms after they have activated 
or latched.  When the CO level recedes to a point below where the alarms are set, 
the sensor will reset automatically if the system is in the auto reset mode.  If it is 
not in the auto mode it can be reset from the surface or it can be reset by 
personnel at that sensor’s location.  This CO sensor was in the automatic reset 
mode when inspected during the investigation. 
 
The value reported by the sensor at Station 1.99 at the 1st Left section tailpiece 
was not correct.  With clean air applied, the unit reported a value of 26 ppm CO.  
When CO calibration gas containing 50 ppm was applied, the sensor reported 74 
ppm.  The difference between the ‘zero’ and ‘span’ points was 48 ppm.  When 
coupled with the event log readings showing: (a) steadily increasing alarm 
readings, and (b) the calibration adjustment attempted on December 15, 2005, it 
appears that the sensor had a zero drift.  
 
The connections between the CO sensor and the remote alarm on the section 
were incorrectly wired.  The remote alarm could not be activated by the attached 
sensor or from the surface.  Additionally, when properly calibrated and the 
wiring to the alarm unit on the section was corrected, this CO sensor would 
cause the attached alarm to give audible and visual warnings continuously in 
clean air. 
 
In conclusion, the CO sensor with address station 1.99 1 left section was 
communicating with the system on February 1, 2006 when inspected during the 
investigation.  However, the unit was not measuring CO within acceptable 
limits.  The remote alarm would give an audible and visual warning when the 
test buttons were pressed on the device, but it would not provide warning 
signals at the section loading point when actuated by the CO sensor or the 
surface master control station.  It was determined that the system was 
malfunctioning because the wiring between the CO sensor and the alarm was 
incorrect.  The data suggests that the sensor and remote alarm did not function 
properly at the time of the explosion.  Furthermore, the data suggests that some 
corrective action had been attempted in the early morning hours of December 31, 
2005, and that the system operator had attempted to reset the device at 
approximately 6:05 a.m. on January 2, 2006.  Appendix I contains an executive 
summary of “Investigation of Pyott-Boone Electronics MineBoss Monitoring and 
Control System.”  The Ventilation Plan and the Mine Emergency Evacuation and 
Firefighting Program of Instruction contained guidelines for the installation, use 
and maintenance of the system, and outlined the appropriate responses to the 
signals provided by the system.  The plan and program also outlined procedures 
to follow if the system was partially or completely inoperative.   
 
The program states “When the carbon monitoring warning system gives an 
audible alarm at 15 ppm above the established ambient level at shift change, no 
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one shall be permitted to enter the mine except qualified persons designated to 
investigate the source of the alarm.”  At 6:05:01 a. m. the sensor at Station 1.99 at 
the 1st Left section tailpiece indicated a reading of 26 ppm CO.  The 2nd Left 
Parallel crew had entered the mine about 6:00 a. m.  The program required that, 
“If miners are enroute into the mine, they shall be held at, or be withdrawn to, a 
safe location outby the sensor(s) activating the alarm.”  The 2nd Left Parallel 
crew’s route of travel and eventual work location was not affected by this alarm, 
and they continued into the mine.  There was no indication that they were 
contacted.  The 1st Left crew entered the mine about 6:05 a. m.  There was no 
indication that any efforts were made to investigate the alarm.  The Program 
further states “When a determination is made as to the source of the alarm, and 
that the mine is safe to enter, the miners shall be permitted underground.” 
 
A responsible person was required to be on duty at all times when miners were 
underground.  The person was to be situated so that he could see or hear the 
alert and alarm signals.  As noted above, the responsible person for the system 
was to be trained in the operation of the AMS and in the proper procedures to 
follow in the event of an emergency or malfunction and, in that event, was to 
take appropriate action immediately.  However, some dispatchers at the mine 
were unaware of the correct alert and alarm levels, or of the proper procedures to 
follow when those alert and alarm levels were reached.  In addition, dispatchers 
were improperly using the AMS to signal miners on the working sections to 
answer the mine phone. 
 
Barricading Instructions 
 
The Mine Emergency Evacuation and Firefighting Program of Instruction 
provided guidelines for barricading when miners are entrapped by toxic gases 
from fires or explosions.  The program stated that the miners should collect tools, 
timbers, boards, brattice cloth, water, dinner buckets, self-contained self rescuers 
and whatever else may be useful.  Barricade construction should begin as soon as 
possible.  A place of several hundred feet of entries or rooms should be chosen to 
provide as much oxygen as possible and the area should be made air tight in an 
attempt to shutout toxic gases thereby creating a toxic gas-free atmosphere.  
Theoretically, an average size person breathes approximately one (1) cubic yard 
of air per hour.  A rule of thumb is that about 8 feet of entry length should 
provide air to sustain one person for one day.  The ventilation current outby the 
barricade should be shut off or short-circuited as soon as possible by opening 
personnel doors or knocking out permanent stoppings or overcasts.  If a series of 
controls are built (air lock) to ensure an air tight seal, a sign should be placed 
outby the first control indicating persons are behind the barricade.  To conserve 
oxygen, persons should remain as quiet as possible, near the floor and separated 
by several feet.  However, one person should walk around occasionally to mix 
the air.  Flame safety lamps should be extinguished and cap lamps should be 
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turned off after the barricade is completed.  Persons should listen for 3 shots 
from the surface.  They should return a signal by pounding on the mine roof 10 
times.  The persons should repeat pounding on the mine roof about every 15 
minutes.  This should be repeated until they hear 5 shots which would indicate 
that they have been located.   Oxygen cylinders, such as those used for 
oxygen/acetylene cutting torches, could provide an additional source of oxygen 
in a barricade. 
 

Barricading 
 
The erection of a barricade by miners who cannot escape after an explosion or 
fire can be a life-saving measure as a last resort.  Miners who have been 
physically blocked by an explosion may seal themselves promptly behind well-
located and well-constructed barricades, bulkheads, or stoppings.   
 
Since the first records were maintained in 1909, the United States Bureau of 
Mines (USBM) has recorded that lives have been saved by barricading.22  
Explosions change the mine atmosphere and create high concentrations of CO, 
low levels of oxygen, and other gases in a short period of time.  A well-
constructed barricade should be practically airtight to prevent ingress or egress 
of air.  The miners who go behind the barricade are dependent upon the air 
within this enclosed area.   
 
Barricading was an option of last resort after all avenues of escape to the outside 
were believed to be cut off.  After the 2nd Left Parallel crew encountered smoke 
and gases during efforts to exit the mine on the mantrip, they attempted to find 
other possible exits.  When these attempts failed, they retreated to the section 
and tried to isolate themselves from poisonous gases by building a barricade.  
Records indicated the 2nd Left Parallel crew had been trained in the methods of 
barricading and location of barricading materials during annual refresher 
training. 
 
The miners knew that ventilation controls had been blown out.  McCloy recalled 
Martin Toler instructing the miners to construct a barricade from curtains.  
McCloy stated they decided to use curtain from the face area since some miners 
did not have SCSRs, and because it would take more time and effort to use 
concrete blocks.  McCloy indicated that they attempted to construct the barricade 
to keep the smoke out.  He further described that initially there was some smoke 
inside the barricade, but that the smoke faded and the air cleared a little bit.  
                                                 
 
 
22 Saving Life By Barricading In Mines And Tunnels At Times Of Disaster, United States Department of Commerce, 

Information Circular 6701, Harrington, D. et al. 
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However, James Bennett wrote at 11:40 a.m. that “we have air right now but the 
smoke is bad.” 
 
Experiments by the USBM show that a man in a confined space needs about a 
cubic yard of normal air each hour.  The barricade location selected by the miners 
was inby and included the last open crosscut of the No. 3 entry.  The width of the 
crosscut between the Nos. 3 and 4 entries was about 17 to 20 feet.  The width of 
the No. 3 entry outby the last open crosscut was about 18 to 20 feet.  Curtains 
were installed across these locations.  A diagonal curtain was installed from the 
right rib of the inby corner, to the left rib of the outby corner, in the No. 3 entry. 
 
The diagonal curtain was approximately 29 feet in length from rib to rib and 
balled up on the outby end, according to the captain of the McElroy mine rescue 
team.  The volume of the larger area, (curtain in the crosscut and the curtain in 
the entry to the face) was about 23,800 cubic feet.  The volume of the smaller 
area, (diagonal curtain to the face) was 15,350 cubic feet.  The larger area 
calculated into cubic yards for 12 miners would be 73 cubic yards per miner.  The 
smaller area for 12 miners would be only 47 cubic yards per miner.  This shows 
that the miners had enough air to sustain them for at least 47 hours if they 
remained in the smaller area within the barricade and if normal air was in the 
barricade.  This is about 6 hours longer than it took for mine rescue teams to 
reach the barricade.  Figure 8 is a drawing of the barricade.  

 
Figure 8 -Drawing of Barricade 

 
The CO concentration at the time the barricade was constructed is unknown.  A 
borehole was drilled into the No. 4 entry in the area of the conveyor belt feeder at 
5:35 a.m. on January 3, 2006.  The first bottle sample analysis taken from the 
borehole showed 1,052 ppm of CO.  The captain of the McElroy mine rescue 
team was the first person to enter the barricade sometime after 11:30 p.m. on 
January 3, some 41 hours after the explosion.  He and an MSHA mine rescue 
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team member stated that the CO level was 300-400 ppm around and in the 
barricade area, at the time they found the barricade.  The CO level at the 
borehole at 9:30 p.m. was 205 ppm.23  According to these witnesses, the curtain 
across the crosscut between the Nos. 3 and 4 entries was loosely hung and open 
about one foot at the inby side.  The diagonal curtain was open about one foot at 
both ends when the barricade was entered.  They did not notice what was used 
to hang the curtains (nails, wire, etc.).  They also said no coal or other sealing 
material was on the bottom of the curtain to weigh it down for a tight fit.  Other 
possible barricading material was present on the supply car in the track entry at 
17 Crosscut, No. 6 Belt, including four pallets of 6-inch concrete blocks, mortar, 
wedges, headers and cap boards.  Fifty 6-foot and sixteen 8-foot posts, and spray 
sealant were located at 5 Crosscut, No. 6 Belt.     
 

Carbon Monoxide Poisoning  
 
Carbon monoxide is a colorless, odorless, and highly toxic gas.  It is formed as a 
by-product of burning organic compounds.  The composition of the mine 
atmosphere after the explosion would have been dictated by the methane 
concentration and quantity, the uniformity of the methane mixture, the amount 
of coal dust ultimately involved in the explosion, and to a lesser extent other 
variables such as humidity, turbulence and other materials which were in the 
explosion zone.  NIOSH, formerly the USBM, has provided research data on the 
composition of an atmosphere after a methane or coal dust explosion in the 
laboratory.  The data indicated that if a methane concentration of 12% was 
present and if methane was the sole fuel source prior to the explosion, CO could 
be formed to a concentration as high as 80,000 ppm (8.0%).  The data also 
indicated that if coal dust was the sole fuel source involved in the explosion at a 
concentration of one ounce per cubic foot, CO could be formed to a concentration 
as high as 46,000 ppm.24  Also, NIOSH has conducted numerous explosion tests 
at its experimental mine and collected mine atmosphere samples after the tests.  
This data indicated that the CO concentration could reach as high as 117,000 ppm 
(11.7%).25 
 
When CO is inhaled, it is diffused into the bloodstream and displaces oxygen 
from the hemoglobin that is found in red blood cells.  It combines with 
hemoglobin about 200 to 250 times faster than oxygen.  Inhalation of even small 
                                                 
 
 
23  The CO reading of 205 ppm was determined using a gas chromatograph.  The hydrogen level was 136 ppm.  

Hydrogen is an interference gas that often causes the handheld detectors to read high. 

24 The Explosion Hazard in Mining , United States Department of Labor, MSHA Informational Report 1119, (1981), John 

Nagy, page 63. 

25 Id., page 64. 
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amounts of CO can cause oxygen deficiency, known as hypoxia.  Hypoxia may 
cause headaches, nausea, dizziness, fatigue, confusion, drowsiness, rapid 
breathing, increased pulse rate, vision problems, chest pains, convulsions, 
seizures, loss of consciousness, and may eventually cause death. 
 
A person with elevated levels of carboxyhemoglobin or CO poisoning is often 
described as anemic, due to a low hemoglobin level available to bind to oxygen. 
Carbon monoxide increases the release of nitrous oxide in the system.  Nitrous 
oxide causes a drop in blood pressure by interfering with cellular respiration, 
resulting in a decrease in the amount of blood flow to the brain, as well as a 
reduction in the amount of oxygen in the blood that is flowing.  Reduced oxygen 
in the blood also alters the hemoglobin molecule so that it will not release oxygen 
as readily to the cell.  
 
Carboxyhemoglobin is the amount of hemoglobin attached to CO, and is 
measured in blood to detect CO toxicity.  At 20% and above, a person starts to 
have trouble with motor skills.  They may be conscious but nauseated, and begin 
suffering a headache.  Thinking skills and even emotions may start to deteriorate 
beyond a 20% carboxyhemoglobin level.  At 30% to 40%, the person may be quite 
confused, experience difficulty performing tasks and, depending on their risk 
factors, suffer unconsciousness.  Carboxyhemoglobin that is greater than 80% is 
immediately fatal.  Tables 5 and 6 summarize the effects of carbon monoxide. 
 
Not all individuals will respond similarly to the effects of CO inhalation.  Certain 
risk factors must be considered, for example, a person with moderate cardiac or 
pulmonary disease, emphysema or anemia, or a long-term smoker, may respond 
more severely to a lower level of CO than someone without those conditions 
exposed to a higher level.  The deprivation of oxygen caused by CO poisoning 
causes a variety of physical ailments.  There are also neuropsychological 
problems associated with the poisoning.   
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Table 5 - Summary of Toxic Effects Following Acute Exposure to Carbon Monoxide26 
Carboxyhemoglobin 

In Blood (%) 
Signs and Symptoms 

<2% No significant health effects  
2.5%-4.0% Decreased short-term maximal exercise 

duration in young healthy men  
2.7%-5.2% Decreased exercise duration due to 

increased chest pain (angina) in patients 
with ischaemic heart disease  

2.0% - 20.0% Equivocal effects on visual perception, 
audition, motor and sensor motor 
performance, vigilance and other measures 
of neurobehavioral performance  

4.0%-33.0% Decreased maximal oxygen consumption 
with short-term strenuous exercise in young 
healthy men  

20%-30% Throbbing headache  
30%-50% Dyspnea, dizziness, nausea, weakness, 

collapse, coma  
> 50% Convulsions, unconsciousness, respiratory 

arrest, death  
 
 
Individuals who have high to low levels of carboxyhemoglobin in their body 
may seem fine initially, but may experience memory loss a few days later.  This 
delayed reaction is neurologic syndrome and is associated with CO poisoning.  
These delayed symptoms, including psychological disability, may occur 
anywhere from forty-eight hours to months and even years afterwards. 
 
The hippocampus (memory), the basal ganglia (motor function) and the 
cerebellum (balance) are referred to as watershed areas because they are located 
deep within the brain and at the end of the blood circuit.  Collateral circulation is 
the process of providing blood flow through an intricate network of vessels from 
healthy areas of the brain to areas that have been damaged.  This network of 
blood vessels branches deep into the brain, becoming smaller and smaller until 
they reach the end of the blood circuit.  A person with a significant degree of CO 
poisoning will be affected in these three areas of the brain. 

                                                 
 
 
26 www.camr.org.uk/chemicals/compendium/carbon_monoxide/acute.htm 
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Table 6 - Summary of Toxic Effects Following Acute Exposure to Carbon Monoxide27 

PPM CO 
in Air 

Percent 
CO in 

Air 

Symptoms Experienced by Healthy 
Adults 

Less than 
35 ppm 

0.0035% No effect in healthy adults 

100 ppm 0.01 % Slight headache, fatigue, shortness of 
breath, errors in judgment  

200 ppm 0.02% Headache, fatigue, nausea, dizziness 

400 ppm 0.04% Severe headache, fatigue, nausea, 
dizziness, confusion, can be life-
threatening after 3 hours of exposure 

800 ppm 0.08% Headache, confusion, collapse, death 
if exposure is prolonged  

1500 ppm 0.15% Headache, dizziness, nausea, 
convulsions, collapse, death within 1 
hour 

3000 ppm 0.3% Death within 30 minutes 

6000 ppm 0.6% Death within 10-15 minutes  

12,000 ppm 1.2% Nearly instant death 

 
 
Injury to the hippocampus causes varying degrees and types of memory loss or 
memory impairment.  The most common is anterograde amnesia (memory 
dysfunction).  Anterograde amnesia usually begins at the time of the exposure.  
There is difficulty forming new memories.  A person can learn and recall how to 
do simple tasks.  A person with severe CO poisoning that has a hippocampus 
injury will have difficulty remembering the contents of a conversation ten 
minutes later.  Retrograde amnesia causes loss of memory of events from a fixed 
period in the past.  Some affected individuals may suffer the loss of three years 
worth of memories, while others may be unable to remember a 15-year period.  

                                                 
 
 
27 Washington State Department of Labor ,www.Ini.wa.gov/Safety/Topics/AToZ/carbon   
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According to Dr. Raymond Roberge, M.D., depending on the degree of exposure, 
most victims will have some memory of events that occurred before the onset of 
amnesia.   
 
The cause of death for all of the victims was carbon monoxide 
intoxication/poisoning.  Helms was found near the mouth of the 2nd Left 
Parallel section and had a carboxyhemoglobin saturation of 78%.  The deceased 
miners found in the barricade had carboxyhemoglobin saturation levels ranging 
from 64% to 78%.   The levels do not appear to be age or size dependent but 
indicate a trend relative to their distance from the barricade curtains with 
McCloy, the surviving miner, being the furthest inby.  Figure 9 shows the 
location of the miners in the barricade and their carboxyhemoglobin saturation 
levels.  
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9 - Location of Miners and Their Carboxyhemoglobin Levels 

 
Self-Contained Self-Rescuers 

 
Introduction 
 
Section 75.1714 requires the mine operator to make available to each miner an 
approved self-rescue device, which is adequate to protect the miner for one hour 
or longer.  The operator must provide for training, proper inspection, testing, 
maintenance and repair of the units.   
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The mine operator supplied a CSE SR-
100 person-wearable self-contained self-
rescuer (SCSR) to each miner.  These 
units were manufactured by the CSE 
Corporation in Monroeville, 
Pennsylvania.  The MSHA/NIOSH 
approval number is TC-13F-239.  Figure 
10 shows the CSE SR-100. 
 

Figure 10 - CSE SR-100 

The SR-100 provides about 100 liters of usable oxygen for a rated duration of 60 
minutes.  The unit uses a bi-directional rebreathing system in which the exhaled 
gas makes multiple passes through a carbon dioxide/oxygen generation canister 

where carbon dioxide is 
absorbed and oxygen is 
generated before the gas can 
be returned to the user.28  
Potassium superoxide (KO2) 
is used to produce oxygen, as 
well as absorb carbon 
dioxide.  It is yellow solid but 
turns a dark grey as it is 
reacted.  Lithium hydroxide 
(LiOH), which is a white 
solid, is also used to scrub the 
carbon dioxide.   

Figure 11 - Components of the SR-100 SCSR 

The unit is certified for one hour of operation based on 42 CFR Part 84 and the 
maximum service life is 10 years.  The SR-100 is designed to quickly isolate a 
miner’s respiratory system from a potentially dangerous atmosphere.  It is 
approved as an escape-only self-contained breathing apparatus and should not 
be used for rescue, firefighting or underwater breathing.  Figure 11 shows the 
components of the system. 

Initially, the unit should be removed from the carrying pouch.  The tab on the 
security band is pulled, thereby releasing the band and the top and bottom 
covers of the unit to open the unit.  The manufacturer indicates that after the unit 

                                                 
 
 
28  Donning Procedures for Person-Wearable Self Contained Self Rescuer, CSE Corporation. 
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is opened, a properly trained user should be able to activate the oxygen, insert 
the mouthpiece, and put on the nosepiece in approximately 10 seconds.  The 
oxygen is released from the oxygen cylinder by pulling on the oxygen actuator 
tag.  The miner will hear the faint hiss of the oxygen being released from the 
cylinder for a few seconds.  He should also notice the breathing bag fill.  It is 
important that the mouthpiece plug remains in the mouthpiece during this 
operation as the oxygen can escape into the atmosphere through the mouthpiece 
rather than fill the breathing bag.  If the breathing bag does not fill for any 
reason, such as the failure of the compressed oxygen cylinder or the oxygen 
vents from the unit as stated above, the SCSR can be manually started.  This 
procedure requires that the miner inhale ambient air and exhale into the unit 
three to six times.  The miner then puts on the nose clips to completely close the 
nostrils, puts on the goggles, adjusts the unit’s straps, replaces his hard hat and 
evacuates.   

An SCSR is a closed-circuit breathing apparatus which provides safe, breathable 
air, independent of the ambient atmosphere.  It is designed to be used only for 
escape from an un-breathable atmosphere.  Once donned, an SCSR must not be 
removed, even to talk, until safety is reached, or its oxygen supply is exhausted.    

Attempting to conserve, save, or share the oxygen supply in an SCSR, by 
removing the mouthpiece, may expose a miner to the risk of breathing toxic 
atmosphere.  Re-inserting the mouthpiece, or trying to restart the SCSR provides 
no means to filter, absorb, or otherwise protect the wearer from what they have 
already inhaled.   
 
Repeated donning, re-inserting the mouthpiece, or trying to restart the SCSR 
could also interfere with its proper function.  The SCSRs performance may be 
compromised.  The SCSR may not restart, or provide protection for its rated 
duration. 
 
Daily Inspection 
 
The SCSR must be inspected for damage and for the integrity of its seal each time 
it is worn or carried by a miner.  The unit should be checked daily to insure that 
it is less than 10 years old, the security band is secure, the top and bottom 
moisture indicators are blue, the temperature indicator (if applicable) is white, 
the top and bottom covers are properly aligned, and that there are no signs of 
significant damage.  Any unit that does not meet these criteria must be removed 
from service.  There is no requirement to document the results of the daily 
inspection, unless the unit is removed from service.   
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90 Day Inspection 
 
On November 23, 1998, MSHA and NIOSH notified the mining industry of a 
potential problem on some CSE SR-100 SCSR devices.  MSHA and NIOSH had 
tested a large number of SCSRs and found that some units produced a higher 
than normal level of carbon dioxide (CO2).  In order to identify the SR-100s most 
likely to exhibit a higher than normal level of CO2 and remove them from 
service, an Acoustic Solids Movement Detector (ASMD) test was incorporated 
into the required 90 day examination of SR-100s.  Any unit that failed this test 
was to be taken out of service.29   
 
The percentage of carbon dioxide in the air affects a miner’s breathing.  In air, it 
is about 0.03%.  Miners exposed to about 0.5% carbon dioxide in air may breathe 
a little deeper and faster, that is, their lung ventilation would increase.  Their 
lung ventilation may double when 3.0% carbon dioxide in air is present.   When 
the carbon dioxide levels in air reaches 10%, a miner may only be able to tolerate 
it for a few minutes even if he is at rest.  A mixture of 10% carbon dioxide in air 
contains about 18.9% oxygen. 30 
 
SCSRs shall be tested in accordance with approved instructions.  The person 
making the test shall certify by signature and date that the tests were done. 
The manufacturer states the SR-100 must be tested with the ASMD at least once 
every 90 days.  Training materials are provided by the manufacturer.  The test is 
conducted by attaching the ASMD to the front center of the SR-100.  The test can 
be performed by shaking the unit up and down, several times.  A LED indicator 
on the ASMD will inform the user if the unit passes the test.  Any unit which 
does not pass the test must be removed from service. 31  
 
The ASMD test is a Pass/Fail test.  It does not distinguish the precise condition of 
damage, nor predict to what degree the performance will be degraded.  Nor does 
the ASMD test apply to the functioning of the oxygen startup cylinder.  SR-100s 
that fail the test may not provide an acceptable level of life support.  Since the 

                                                 
 
 
29 This information is described in more detail in Program Information Bulletin (PIB) No. P99-5 dated April 5, 1999, 

which is outdated.  The PIB states that “although the affected devices will continue to provide protection and miners 

should not suffer any long term health effects while wearing the device, self-rescue devices that exhibit a higher-than-

normal level of CO2 do not conform to the approval requirements and must be removed from service.”   The current 

version of the ASMD Instruction Manual describes the testing methodology for the Daily Visual and 90 day inspection 

criteria but does not discuss the specific reasons for the test. 

30 Mine Gases, Mine Enforcement and Safety Administration, p 11. 
31 Daily Visual and 90 day Inspection Criteria, CSE Corporation.  
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extent of damage cannot be known, all SR-100s failing the ASMD test must be 
removed from service. 
 
Training 
 
Miners are required to be trained on all types of SCSRs used at the mine, and a 
record kept of that training.  The training must include instruction and 
demonstration in the use, care and maintenance of an SCSR.  The training must 
also include complete donning procedures.  This training must be provided 
during the Training of New Miners, Experienced Miners Training, or Annual 
Refresher Training.  A review of these records was completed for each miner that 
was underground on January 2. 
 
Recordkeeping 
 
Various records were reviewed to determine which SCSR was assigned to each 
miner.  These include the 90 day inspection record of the SCSRs maintained by 
the mine operator for the Sago Mine and the Spruce Mine, records that were 
obtained by MSHA inspectors during inspections in 2004 and 2005, purchase 
orders, and information obtained from the mine operator.  It was not always 
possible to determine which SCSR was assigned to which miner underground on 
January 2.  Additionally, because it was possible for miners to switch SCSRs, it is 
not possible to conclusively state that a particular SCSR was assigned to, carried 
by or used by that miner. 
 
Evaluation 
 
The SCSRs that were recovered were sent to NIOSH’s National Personal 
Protective Technology Laboratory (NPPTL) in Pittsburgh, Pennsylvania for 
evaluation.  These evaluations were conducted blind, that is, during the 
evaluation, NPPTL and MSHA personnel had no prior knowledge of the 
circumstances surrounding the use or deployment of any particular unit, other 
than the only unopened SCSR belonging to Terry Helms.  This evaluation 
included a visual inspection for any irregularities, such as significant damage.  It 
was not possible to state conclusively that the units evaluated by NIOSH would 
have passed or failed visual inspection prior to the explosion.  For example, 
NIOSH could not evaluate the condition of the seals and the top and bottom 
covers, the moisture or temperature indicator, and the security band.  The 
condition of the breathing hose and bag, as well as the condition of the other 
components was evaluated.  An observation of the activation of the start-up 
oxygen was made.  This observation can determine whether the oxygen cylinder 
was activated, but it cannot determine if the oxygen bottle was full.  The 
evaluation cannot determine if the oxygen exited the unit through an open 
mouthpiece during the donning process.  A visual estimate of the amount of 
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chemical used was completed, and a determination of whether the unit produced 
oxygen was made on the opened SCSRs.  The visual estimate of the amount of 
chemical used is related to the amount of oxygen the unit produced.  This 
estimate is based on color change of the KO2 in the chemical bed.  A performance 
test on the Breathing and Metabolic Simulator was conducted on the unopened 
SCSR. 
 
In order to supplement the visual estimates of oxygen utilization, chemical 
analyses were performed at the laboratories of CSE and an independent 
laboratory, Alternative Testing Laboratories, Inc (ATL).  The investigation team 
requested that CSE utilize a modification of their quality control procedures for 
analyzing pure KO2 samples to obtain estimates of oxygen utilization.  The 
modification dealt with the handling and preparation of the sample, and did not 
alter the analytical method used.  The procedure was replicated at ATL and 
witnessed by MSHA, for verification purposes.  The results from the three 
analyses differ due to the fact that they are estimates.  Visual estimates took into 
account the characteristics of the whole chemical bed.  This type of analysis is 
especially useful when most of the chemicals have been utilized and the bed 
material is “fused” or stuck together.  The chemical analyses use a representative 
sample from the un-fused chemicals.  The material was mixed in an attempt to 
achieve a homogeneous mixture.  The results obtained from this procedure 
should be regarded only as an estimate of the utilization of the chemical bed by 
the wearer of the SCSR.  Exposure of the chemical to moisture or carbon dioxide 
will be detected as bed usage by this procedure.  Exposure can occur between the 
time the units were worn and the time that the canisters were opened and 
evaluated by the laboratory.   
 
A laboratory test was conducted in 2006 to determine how much of the chemical 
bed was used when a CSE SR-100 SCSR was activated and left exposed to the 
atmosphere.  During the test, three SR-100s were opened, activated, and left with 
the mouthpiece plug removed for a 48 hour period.  After 48 hours, the units 
were placed in plastic bags.  These units were about 1 year old.  The relative 
humidity in the atmosphere was 40% to 53% and the temperature was 70 to 75 
degrees Fahrenheit.  The units were then tested by CSE.  The results of the test 
indicated that approximately 3.3%, 3.1% and 1.5% of the chemicals in the unit 
had been depleted.  
 
Miners Working Outby 1st Left 
 
At the time of the explosion, John Boni, Pat Boni and Jamison were working in 
outby areas.  After the explosion, they evacuated the mine without donning their 
SCSRs.  Records indicated which SCSR was assigned to each of the three miners.  
It was not possible to state conclusively that each miner was carrying the SCSR 
that had been assigned to him at the time of the accident.  The mine operator’s 
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records indicated that the 90 day inspection was completed for two of the three 
SCSRs.  One of the three miners had received training on the SCSR within one 
year.  John Boni stated that he had signed a training form without taking the 
training.  Pat Boni indicated that he did not don the unit as part of the training, 
and his training was given by a person who is not listed as an approved 
instructor for Experienced Miner Training.  Records indicated the last 
Experienced Miner Training Pat Boni received from an approved trainer 
occurred more than one year prior to the accident.   
 
John Boni - The mine operator’s inspection records indicated SCSR 106186 was 
assigned to John Boni.  The last 90 day inspection occurred on November 14, 
2005.  This SCSR was manufactured in July of 2004.  During the evacuation, John 
Boni did not don his SCSR.  He was near the pump at 22 Crosscut, No. 3 Belt 
when the explosion occurred.  He indicated “there was no smoke or --- there was, 
like I said, mainly rock dust in the area that I was in.”   He stated that his last 
training on the unit “would have been probably a year and a half ago.”  He 
indicated that he missed a scheduled training class, but signed a form stating that 
he had received the training.  The records show that he had Experienced Miner 
Training at the Sago Mine on October 11, 2004.  The training form indicated, 
“Hands on SCSR/Tour.”  The records showed he had Annual Refresher Training 
at the Sago Mine on October 7, 2005.   
 
Pat Boni - The mine operator’s inspection records indicated SCSR 100991 was 
assigned to Pat Boni and the last 90 day inspection occurred on November 16, 
2005.  Although the unit was manufactured in December of 2003, the mine 
operator’s records show it was manufactured in November of 2004.  Pat Boni 
was in the belt entry near No. 4 Belt drive when the explosion occurred.  During 
the evacuation, he did not don his SCSR.  He stated that he “knew I was in good 
air,” and that there was never a time that he smelled or saw smoke.  He stated 
that he had training on the unit.  However, he did not don the SCSR as part of 
the training exercise.  He stated, “he showed us how to do it.”  The records show 
that Pat Boni had Experienced Miner Training at the Sago Mine on December 29, 
2004.  The training form indicated, “Hands on SCSR/Tour.” The records show 
that he had Experienced Miner Training at the Sago Mine on July 5, 2005.  The 
training form was signed by a person who was not listed as an approved 
instructor for Experienced Miner Training. 
 
Jamison - The Spruce Mine inspection records indicated SCSR 91947 was 
assigned to James F. Jamison.  The 90 day inspection occurred on February 14, 
2005.  It was manufactured in March of 2002.  There were no records from the 
Sago Mine indicating which SCSR was assigned to Jamison, or that the 90 day 
inspection was ever conducted.  He was near the No. 2 Belt drive when the 
explosion occurred.  During the evacuation, Jamison did not don his SCSR.  He 
indicated that he did not observe any smoke or feel any heat.  He stated, “I had it 
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in my hand.  I just was making sure.  You know, I had it ready to go.”   The 
records indicate that he had Annual Refresher Training at the Spruce Fork Mine 
No. 1 on January 28, 2005.  The training form indicated, “Hands on CSE.”  The 
records indicate that he had Experienced Miner Training at the Sago Mine on 
June 27, 2005. 
 
Miners on the 1st Left Mantrip 
 
At the time of the explosion, Denver Anderson, Avington,  Carpenter, Grall, 
Helmick, Hess, Owen Jones, Keith, Perry, Rowan, Ryan, Tenney,  and Wamsley 
were on the 1st Left mantrip at the 1st Left switch.  After the explosion, they 
encountered dust, smoke and other contaminants.  Seven of the thirteen miners 
eventually donned their SCSRs as they evacuated the mine.  Records indicated 
which SCSRs were assigned to twelve of the thirteen miners, and the records for 
the remaining miner indicated that he was assigned a different SCSR than was 
recovered.  It was not possible to state conclusively which SCSR was carried or 
used by the miners at the time of the accident.  The mine operator’s records 
indicated that the 90 day inspection was completed for eight of the thirteen 
SCSRs, including four of the seven miners who had donned their SCSRs.  
Although records indicated that twelve of the thirteen miners had received 
training on the SCSR within one year, the remaining miner had received training 
in December of 2005.  The type of training was not indicated on the training 
form.  His training was given the same day the other miners at the Sago Mine 
received Experienced Miner Training.  One miner indicated he had difficulty 
removing his SCSR from his pouch.  One miner indicated he had difficulty 
opening his unit.  All of the seven miners who donned SCSRs reported that the 
units worked, but three indicated they had some type of difficulty.  NIOSH 
evaluated three of the seven units and indicated the SCSRs activated and 
produced oxygen. 
 
Denver Anderson – The Spruce Mine inspection records indicated SCSR 83566 
was assigned to Denver Anderson.  The 90 day inspection occurred on February 
14, 2005.  Although the unit was manufactured in May of 2001, the Spruce Mine 
records show it was manufactured in May of 2004.  There were no records from 
the Sago mine indicating which SCSR was assigned to Anderson, or that the 90 
day inspection was completed.  Anderson donned his SCSR shortly after he 
exited the 1st Left mantrip, and had no difficulty doing so.  Hess assisted 
Anderson and stated “his rescuer had BlocBond on it and he was having trouble 
with where it was on his belt, getting it up out of the pouch.  So he had the 
channel locks down in his pouch, too, so I pulled those out and of course, you 
know, I'm beside him so I kept my hands under it and got it pushed up out.”  
Anderson put his rescuer on, “because of all the smoke and that.”  The unit 
worked as expected.  He continued to use the unit until he got in the mantrip to 
evacuate the mine.  As SCSR 83566 was not recovered, there are no NIOSH 
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evaluation results available.  The records show he had Experienced Miner 
Training at the Sago Mine on December 8, 2005.   
 
Paul Avington – The Spruce Mine inspection records indicated SCSR 63277 was 
assigned to Paul Avington.  The 90 day inspection occurred on February 14, 2005.  
It was manufactured in July of 1998.  There were no records from the Sago Mine 
indicating which SCSR was assigned to Avington, or when the 90 day inspection 
was completed.  During the evacuation, Avington did not don his SCSR.  He 
indicated, “I just didn’t think I needed it.”  The records show he had Annual 
Refresher Training at the Spruce Fork Mine on August 27, 2004.  The training 
form indicated “CSE 100.”  The records show he had Experienced Miner Training 
at the Sago Mine on December 8, 2005. 
 
Gary Carpenter - The Spruce Mine inspection records indicated SCSR 75648 was 
assigned to Gary Carpenter.  The 90 day inspection occurred on February 14, 
2005.  It was manufactured in March of 2000.  There were no records from the 
Sago Mine indicating which SCSR was assigned to Carpenter or whether the 90 
day inspection was performed.  During the evacuation, Carpenter did not don 
his SCSR.  He stated, “We never really discussed, you know, but there was an 
explosion because of the air and the debris.  It was just kind of obvious.”  The 
records show he had Annual Refresher Training at the Spruce Fork Mine on 
August 20, 2004, and Experienced Miner Training at the Sago Mine on December 
8, 2005. 
 
Ron Grall - The mine operator’s inspection records indicated that SCSR 92943 
was assigned to Grall and that the most recent 90 day inspection was performed 
on November 17, 2005.  The unit was manufactured in May of 2002.  During the 
evacuation, Grall did not don his SCSR.  He indicated, “[t]he reason I didn't put 
mine on is because I didn't smell any smoke.  I could smell --- the taste of dust, 
sulfur taste, but you couldn't see --- couldn't taste no --- smell no smoke or 
anything so I figured as long as I could breathe, I wasn't putting mine on.”  He 
said that training should be held more often, “the self-rescuer, they need to do 
that more frequently.  I mean, because once a year, you kind of forget that stuff.”   
The records show he had Annual Refresher Training at the Spruce Fork Mine on 
August 21, 2004, and Experienced Miner Training at the Sago Mine on September 
16, 2005. 
 
Randall Helmick - The mine operator’s inspection records indicated that SCSR 
56505 was assigned to Helmick, and that the last 90 day inspection took place on 
November 15, 2005.  The unit was manufactured in September of 1997.  During 
the evacuation, Helmick did not don his SCSR because he was saving it.  He 
stated, “I didn't put mine on because I was still breathing.  You know, I didn't 
feel like I was having any difficulty of breathing.  And we didn't know if, you 
know, we was going to have a second explosion or what.”  The records show he 
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had Annual Refresher Training at the Spruce Fork Mine No 1 on April 2, 2004. 
The training form indicated, “Hands on SCSR.”  The records show he had 
Experienced Miner Training at the Sago Mine on December 8, 2005. 
 
Eric Hess - The mine operator’s inspection records indicated that SCSR 88170 
was assigned to Hess and the 90 day inspection was completed on November 14, 
2005.  Although the unit was manufactured in December of 2001, the mine 
operator’s records show it was manufactured in December of 2002.  After the 
explosion, he exited the 1st Left mantrip and traveled outby where he checked 
and found that he did not have fresh air in the primary intake escapeway.  He 
then donned his SCSR.  He had no difficulty in donning it, and it worked as 
expected.  He continued to wear the unit until he encountered clear air at 
approximately 26 Crosscut, No. 4 Belt.  SCSR 88170 was not one of the units 
recovered for evaluation.  Therefore, there were no evaluation results available.  
The records show that Hess had Annual Refresher Training at the Spruce Fork 
Mine on April 16, 2004.  The training form indicated, “Hands on SCSR.”  The 
records show he had Experienced Miner Training at the Sago Mine on October 6, 
2004, but this training was received more than a year prior to the date of the 
accident.  While the records indicate that Hess had some type of training at the 
Sago Mine on December 8, 2005, the type of training was not marked on the 
5000-23 form required by MSHA.  However, as many other miners received 
Experienced Miner Training on December 8, 2005, it is likely that this is the type 
of training that Hess received.    
 
Owen Jones - The mine operator’s inspection records indicated that SCSR 92933 
was assigned to Jones and that the 90 day inspection was done on November 14, 
2005.  The unit was manufactured in June of 2002.  Jones was the section foreman 
for the 1st Left crew.  During the evacuation, Jones did not don his SCSR.  He 
stated, “I should have, but I didn't.”  He stated, “my carbon monoxide detector 
went off immediately after the explosion.”  Jones went to the doctor the 
following week due to an odd feeling in his chest.  A blood test revealed that he 
had a “high level of carbon monoxide.…”  He did not evacuate to the surface 
with his crew but rather stayed near the phone near 37 Crosscut, No. 4 Belt.  He 
met with Jeffrey Toler, Wilfong, and Schoonover, and they installed ventilation 
controls up to 57 Crosscut, No. 4 Belt.  The records show he had Annual 
Refresher Training at the Sago Mine on March 18, 2005.  The training form 
indicated, “Hands on SCSR.”  The records indicate that he had Experienced 
Miner Training at the Sago Mine on December 8, 2005.   
 
Hoy Keith - The Spruce Mine inspection records indicated SCSR 60035 was 
assigned to Hoy S.  Keith, Jr.  The 90 day inspection occurred on February 14, 
2005.  It was manufactured in January of 1998.  There were no records from the 
Sago Mine indicating which SCSR was assigned to Keith or if the 90 day 
inspection was completed.  Keith donned his SCSR shortly after he exited the 1st 
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Left mantrip.  He indicated “I was just a little bit disoriented whenever it 
happened” and other miners that already had donned their SCSR assisted him, 
including Wamsley.  Wamsley stated,” I helped him get it on, around his neck, 
nose clips on, everything.  I pulled the thing and it didn't activate.”  When 
Wamsley was asked if Keith tried to start the unit manually, he stated, “No.  I 
don't even know if he had enough wind to do that.”  However, Keith indicated 
that it worked as expected.  Rowan indicated that Keith was having difficulties 
breathing and he stayed with him, sharing his SCSR with Keith as they 
evacuated the mine.  Rowan said that Keith’s SCSR appeared to be working but 
he could not tell for sure, and that Keith was upset with the situation.  Rowan 
said, “I'm not sure that he actually even had any trouble with his.  Like I said, he 
just kind of --- I know that the bag was out on his and everything like that.  I 
mean, it looked like it was working.”  Keith indicated he continued to wear the 
unit until he got to fresh air and entered the mantrip to evacuate the mine.  SCSR 
60035 was not recovered, therefore there were no NIOSH evaluation results 
available.  The records show that he had Annual Refresher Training at the Spruce 
Fork Mine No 1 on August 20, 2004, and Experienced Miner Training at the Sago 
Mine on December 8, 2005. 
 
Arnett Perry – The mine operator’s inspection records indicated that SCSR 
102138 was assigned to Perry and the unit had a 90 day inspection on November 
15, 2005.  The manufacture date was January of 2004.  He exited the mantrip and 
did not don it immediately “Because that's all I could remember, one hour.  And 
I thought; well, now I've been told it takes two hours to walk out of here.”   He 
traveled outby and got into the intake entry.  He then donned his SCSR.  Ryan 
assisted him.  Perry said, “I suppose it worked all right.  Other than I was trying 
to breathe too hard and it sucked the bag together.”  He did not believe that he 
pulled the oxygen activator tag.  Instead, he manually started the unit.  “Every 
little bit, I was taking it (the mouthpiece) out because I wasn’t getting enough air 
it seemed like.”  Ryan stated, “Got it open, got the bag and everything out, he 
(Perry) got it in his mouth, put his nose clips on, I activated it, the bag blew wide 
open.  Within a block, the bag collapsed.  He couldn't breathe.  He had to take it 
out of his mouth.  And I tried to get him to leave it in his mouth and just breathe 
with what he could get, but he said he couldn't breathe, so he took it off.”  Perry 
removed the mouthpiece from his mouth when he arrived at the mantrip.  The 
records show he had Experienced Miner Training at the Sago Mine on December 
8, 2005.  SCSR 102138 was recovered and was evaluated by NIOSH.  The dust 
shield had some cracks, but the canister was not dented.  The damage was not 
significant.  NIOSH established that the start-up oxygen was activated, that the 
unit produced oxygen, and that approximately 20% of the chemicals in the unit 



 86

were used.  The goggles were attached to the unit.32  CSE and ATL conducted 
chemical analyses of the unit.  They reported that approximately 29% and 31% of 
the chemicals in the unit had been depleted, respectively. 
 
Gary Rowan - The mine operator’s inspection records indicated that SCSR 59965 
was assigned to Rowan and the last 90 day inspection was performed on 
November 14, 2005.  The manufacture date was February of 1998.  However, 
SCSR 59965 was not recovered.  MSHA inspection records for the Sago Mine 
from June of 2004 indicated that SCSR 86537 was assigned to Rowan.   The record 
indicated the unit was manufactured in September of 2003.  The manufacture 
date was September of 2001.  There are no records from the Sago Mine indicating 
that the 90 day inspection was completed for that unit.  He exited the mantrip, 
traveled outby into the intake entry and donned his SCSR.  He stated, “I should 
have put it on as soon as it happened.”  He did not have any difficulty in 
donning his SCSR, and it worked as expected.  During the evacuation, he 
assisted Keith and stated, “ I took my mouthpiece out and let him take, you 
know, deep breaths so he could take some air and stuff out of mine and stuff 
because he said he wasn’t sure that his was working or not.”  He indicated he left 
his SCSR on until he got outside.  The records show that Rowan had Annual 
Refresher Training at the Sago Mine on March 18, 2005.  The training form 
indicated, “Hands on SCSR.”  The records show he had Experienced Miner 
Training at the Sago Mine on December 8, 2005.  SCSR 86537 was recovered, and 
was evaluated by NIOSH.  “Gary Rowe” was written on the unit.  The dust 
shield had some cracks but the canister was not dented.  The damage was not 
significant.  NIOSH reported that the start-up oxygen was activated, the unit 
produced oxygen and approximately 10% of the chemicals in the unit were used.  
CSE and ATL conducted chemical analyses of the unit.  They reported that 
approximately 19% and 28% of the chemicals in the unit had been depleted, 
respectively. 
 
Harley Joe Ryan - The mine operator’s inspection records indicated that SCSR 
97144 was assigned to Ryan and the last 90 day inspection was done on 
November 16, 2005.  The manufacture date was December of 2003.  He exited the 
mantrip and walked outby where he donned his SCSR.  Wamsley assisted him.  
Ryan stated, “You just couldn't get the tab off.  You couldn't get ahold of it for 
one thing. ....The bottom part of mine, we had to jerk on it two or three times to 
get it to unseal.”  He had difficulty with the mouthpiece, “You can't hold 
something in your mouth if you don’t have teeth that's designed for something 
to hold with your teeth.  What they're going to do about that, I don't know.  I 
kept it in my mouth.  I had trouble keeping it in, but I kept it in.”   He further 
                                                 
 
 
32 The goggles may have been placed there by the evidence teams as they were recovered. 
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stated, “I just know I was with him, walking with him when mine started getting 
to the point I couldn't breathe real good with it...But I was going slow enough 
with Roger that I wasn't asking this thing for more than what I was getting out of 
it.” and “I knowed it was overriding what was left in it.  And I would rather 
breathe what it was giving me than the air that was out there.”  He indicated he 
did not remove the unit until he was outside the mine.  The records show that 
Ryan had Annual Refresher Training at the Sago Mine on January 27, 2005.  The 
training form indicated, “Hands on SCSR.”  The records show that he had 
Experienced Miner Training at the Sago Mine on December 8, 2005.  SCSR 97144 
was recovered and evaluated by NIOSH.  The dust shield had some cracks but 
the canister was not dented.  The damage was not significant.  There was foreign 
matter in the mouthpiece that appeared to be snuff, but the breathing tube was 
not obstructed.  According to NIOSH, the start-up oxygen was activated, the unit 
produced oxygen, and approximately 40% to 50% of the chemicals in the unit 
had been used.  CSE and ATL conducted chemical analyses of the unit.  They 
reported that approximately 42% and 48% of the chemicals in the unit had been 
depleted, respectively.   
 
Christopher Tenney - The mine operator’s inspection records indicated that 
SCSR 52409 was assigned to Tenney and the 90 day inspection was completed on 
November 14, 2005.  The manufacture date was June of 1997.  During the 
evacuation, Tenney did not don his SCSR.  He stated, “well, actually I wasn't 
having any trouble breathing and I didn't  know what we were going to 
encounter  further out and I don't know what I was thinking, I guess maybe save 
it in case I needed it at a later point.“  The records show that Tenney had Annual 
Refresher Training at the Sago Mine on March 18, 2005.  The training form 
indicated, “Hands on SCSR.”  The records show he had Experienced Miner 
Training at the Sago Mine on December 8, 2005.   
 
Anton Wamsley - The mine operator’s inspection records indicated that SCSR 
88981 was assigned to Wamsley, with the last 90 day inspection occurring on 
November 17, 2005.  The unit was manufactured in November of 2001.  He exited 
the mantrip, traveled outby and found that he did not have clear air in the 
primary intake escapeway.  He donned his SCSR with no difficulty, it worked as 
expected, and he indicated that he kept it on until he got almost outside.  SCSR 
88981 was not one of the units recovered for evaluation.  Therefore, there were 
no evaluation results available.  The records show that Wamsley had Annual 
Refresher Training at the Sago Mine on February 25, 2005, and Experienced 
Miner Training at the Sago Mine on December 8, 2005.   
 
Miner Working Near the Mouth of 2nd Left Parallel 
 
Terry Helms – SCSR 90223 was found with Helms.  The Spruce Mine inspection 
records indicated SCSR 90223 was assigned to Terry Helms and the 90 day 
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inspection occurred on February 12, 2005.  There were no records from the Sago 
Mine indicating that the 90 day inspection was completed for an SCSR belonging 
to Terry Helms, but there were records for SCSR 90223.  The Sago Mine 
inspection records indicated that this unit was not assigned to any miner, and 
that the 90 day inspection was completed in a timely manner, with the last 
inspection occurring on November 14, 2005.  The manufacturing date was 
December of 2001.  Helms did not don his SCSR.  The records show he had 
Annual Refresher Training at the Spruce Fork Mine #1 on April 21, 2005.  The 
training form indicated, “Hands on SCSR.”  The records show he had 
Experienced Miner Training at the Sago Mine on June 27, 2005.  SCSR 90223 was 
recovered.  It was evaluated by NIOSH.  The dust shield had cracks but the 
canister was not dented.  Some pieces of the dust shield were missing.  The 
damage was significant.  “Terry Helms” was written on the unit.  It did not pass 
the ASMD test.  The mine operator’s inspection records indicated the unit passed 
the ASMD test on November 14, 2005.  It was not possible to state conclusively 
whether this unit would have passed or failed these required tests prior to the 
explosion.  The SCSR was tested on a breathing simulator.  It did not have 
sufficient start-up oxygen to fill the breathing bag.  However, the unit did pass 
the breathing simulator test when started manually.  It operated for 64 minutes 
before being fully consumed.   
 
Miners on 2nd Left Parallel 
 
At the time of the explosion, Thomas Anderson, Alva Bennett, James Bennett, 
Groves, Hamner, Jesse Jones, Lewis, McCloy, Martin Toler, Ware, Weaver, and 
Winans were on the 2nd Left Parallel section.  They tried to evacuate and 
eventually donned their SCSRs.  McCloy indicated that Jones, Anderson, Toler, 
and Groves felt that their units were not functioning.  Records from the Sago 
Mine and the Spruce Mine indicated which SCSRs were assigned to ten of the 
twelve miners, and the mine operator provided information on the assignment of 
SCSRs for the remaining two miners.  However, it was not possible to state 
conclusively that the SCSRs were carried and used by the miners to whom they 
were assigned at the time of the accident.  The mine operator’s records indicated 
that the 90 day inspection was completed for six of the twelve SCSRs.  The mine 
records indicate that only one of the four SCSRs that McCloy stated did not 
function as intended had been inspected within the previous 90 days.  The SCSR 
assigned to one miner was more than 10 years old.  Records indicated that all of 
the twelve miners had received SCSR training within the previous year.  All of 
the twelve SCSRs recovered were evaluated by NIOSH.  These evaluations 
indicated that they all were activated and produced oxygen.  The visual 
observations indicated that eight of the twelve units had depleted approximately 
30% or less of the chemicals. 
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Thomas Anderson – The Spruce Mine inspection records indicated SCSR 92652 
was assigned to Tom Anderson and the 90 day inspection occurred on February 
14, 2005.  There were no records from the Sago Mine indicating any SCSR for 
Anderson or that the 90 day inspection was completed for SCSR 92652.  
Although the unit was manufactured in March of 2002, the Spruce Mine 
inspection records show it was manufactured in March of 2003.  This unit was 
found opened in the barricade, about two feet from the victim.  McCloy indicated 
that Anderson had problems with his SCSR.  The records show he had Annual 
Refresher Training at the Spruce Fork Mine on August 13, 2004, and Experienced 
Miner Training at the Sago Mine on December 8, 2005.   SCSR 92652 was 
recovered.  NIOSH evaluations indicated that the goggles were attached to the 
unit33, the dust and heat shield were off of the unit, the dust shield was cracked 
with pieces missing, the pads were missing on the nose clips, there was a tear on 
the breathing tube close to the saliva trap, the top bushing was displaced three-
quarters of the way down the unit and the bottom bushing was cut and 
dislodged but in place.  The bottom corner of the canister was damaged, there 
was dirt on the breathing bag and there were possible signs of an inward leak of 
dirt onto the bag.  The damage was significant.  NIOSH reported that the start-up 
oxygen was activated, the unit produced oxygen and approximately 40% of the 
chemicals in the unit were used.  CSE and ATL conducted chemical analyses of 
the unit.  They reported that approximately 39% and 48% of the chemicals in the 
unit had been depleted, respectively.   
 
Alva Bennett – The Spruce Mine inspection records indicated SCSR 89765 was 
assigned to Alva M.  Bennett and the 90 day inspection occurred on February 12, 
2005.  There were no records from the Sago Mine for any SCSR for Alva Bennett 
or that the 90 day inspection was completed for SCSR 89765.  The unit was 
manufactured in December of 2001.  This unit was found opened in the 
barricade, about 17 feet from the victim.  The records show he had Annual 
Refresher Training at the Spruce Fork Mine No. 1 on April 21, 2005.  The training 
form indicated, “Hands on SCSR.”   The records show he had Experienced Miner 
Training at the Sago Mine on December 8, 2005.  SCSR 89765 was recovered.  It 
was evaluated by NIOSH.  The dust shield had cracks but the canister was not 
dented.  The damage was significant.  The laboratory also indicated that the 
mouthpiece plug was tied to the bottom of unit, the neck strap and part of the 
waist strap were missing, the dust shield was broken and the heat shield was 
damaged, and the bottom filter showed evidence of mineralization.  
Mineralization occurs when some of the chemical contained in the breathing 
bag is dissolved in water and is re-deposited in a fine layer on the bottom of the 
filter.  NIOSH reported that the start-up oxygen was activated, the unit produced 
                                                 
 
 
33 The goggles may have been placed there by the evidence teams as they were recovered. 
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oxygen and approximately 25% of the chemicals in the unit were used.  CSE and 
ATL conducted chemical analyses of the unit.  They reported that approximately 
38% and 54% of the chemicals in the unit had been depleted, respectively.   
 
James Bennett – The mine operator indicated that SCSR 56495 was assigned to 
Bennett.  The manufacture date was November of 1997.  The Spruce Mine 
inspection records indicated SCSR 89203 was assigned to Jim Bennett and the 90 
day inspection occurred on February 14, 2005.  Those records also indicated that 
SCSR 56495 belongs to another miner.  There were no records from the Sago 
Mine for SCSR 56495 or for any SCSR for Bennett in the 90 day inspection record.  
SCSR 56495 was found opened in the barricade about 17 feet from the victim.  
The records show that he had Annual Refresher Training at the Spruce Fork 
Mine #1 on April 22, 2005, and Experienced Miner Training at the Sago Mine on 
July 27, 2005 and on December 8, 2005.  SCSR 56495 was recovered.  NIOSH 
evaluations indicated the dust shield had some cracks and the canister had some 
dents, but they were not severe.  The damage was not significant.  The breathing 
tube was set but was pliable and open.  “Smargo” was written on the unit.  There 
was green paint on the unit.  NIOSH’s report indicated that the start-up oxygen 
was activated, the unit produced oxygen and approximately 25% to 35% of the 
chemicals in the unit were used. 
 
Jerry Groves – The Spruce Mine inspection records indicated SCSR 57878 was 
assigned to Jerry Groves and the 90 day inspection occurred on February 14, 
2005.  There were no records from the Sago Mine for SCSR 57878 or for any SCSR 
for Jerry Groves in the 90 day inspection period.  Although the unit was 
manufactured in December of 1997, the Spruce Mine inspection records show it 
was manufactured in February of 1997.  SCSR 57878 was found opened in the 
barricade about 10 feet from the victim.  McCloy indicated that Grove’s unit was 
not functional.  He stated that the breathing bag did not inflate when the unit 
was opened, or when attempts were made to start the unit manually.  The 
records show he had Annual Refresher Training at the Spruce Fork Mine on 
August 27, 2004.  The training form indicated “CSE.”  The records show he had 
Experienced Miner Training at the Sago Mine on December 8, 2005.  SCSR 57878 
was recovered.  NIOSH evaluations indicated that the dust shield had some 
cracks and the canister had some dents, but they were not significant.  The 
damage was not significant.  The laboratory also indicated that the breathing 
tube was set but was pliable and open, there was a cut in the top canister 
bushing and a blister on the neck of the breathing bag, the bottom of the canister 
showed mineralization, and there was paint on the dust shield.  NIOSH reported 
that the start-up oxygen was activated and that the unit produced oxygen, and 
estimated that approximately 40% to 50% of the chemicals in the unit were used.  
CSE and ATL conducted chemical analyses of the unit.  They reported that 
approximately 48% and 77% of the chemicals in the unit had been depleted, 
respectively.   
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George Hamner – The mine operator indicated that SCSR 101868 was assigned to 
Hamner, but MSHA inspection records from June of 2004 indicated that SCSR 
101868 was assigned to another miner.  The manufacture date was January of 
2004.  There were no records from the Sago Mine indicating that the 90 day 
inspection was completed for SCSR 101868.  The mine operator’s inspection 
records indicated that a different unit, SCSR 101838, was assigned to Hamner 
and that the 90 day inspection was completed in a timely manner, with the last 
inspection occurring on November 18, 2005.  SCSR 101838 was not recovered.  
SCSR 101868 was found opened in the barricade about 49 feet from the victim.  
The records show he had Annual Refresher Training at the Sago Mine on June 24, 
2005.  The training form indicated, “Hands on SCSR.”  The records show he had 
Experienced Miner Training at the Sago Mine on December 8, 2005.  SCSR 101868 
was recovered.  NIOSH evaluations indicated the dust shield had some cracks 
and the canister was dented.  The damage was not significant.  “Walker” was 
written on the unit.  NIOSH indicated that the start-up oxygen was activated, the 
unit produced oxygen and approximately 25% of the chemicals in the unit were 
used.  CSE conducted a chemical analysis of the unit.  It reported that 
approximately 31% of the chemicals in the unit had been depleted. 
 
Jesse Jones – The mine operator’s inspection records indicated that SCSR 46433 
was assigned to Jones and that the 90 day inspection was completed in a timely 
manner, with the last inspection occurring on November 17, 2005.  Although the 
unit was manufactured in August of 1995, the mine operator’s inspection records 
show it was manufactured in August of 1996.  The unit should have been taken 
out of service on its 10 year anniversary, almost five months prior to the accident.  
This unit was found opened in the barricade about 27 feet away from the victim.  
McCloy indicated that Jones had problems with the SCSR.  The mine records 
show that Jones had Annual Refresher Training at the Sago Mine on March 18, 
2005.  The training form indicated, “Hands on SCSR.”  The records indicate that 
he had Experienced Miner Training at the Sago Mine on March 22, 2004.  The 
training form indicated, “Hands on SCSR.”   SCSR 46433 was recovered.  NIOSH 
evaluations indicated the dust shield had cracks but the canister was not dented.  
The damage was significant.  The unit would not pass the visual exam because it 
was past its service date.  The breathing tube was set but pliable and open, the 
heat shield was loaded with dirt and there was a stain on the breathing bag at the 
lanyard tie point.  NIOSH reported that the start-up oxygen was activated, the 
unit produced oxygen and approximately 10% to 20% of the chemicals in the unit 
were used.  CSE and ATL conducted chemical analyses of the unit.  They 
reported that approximately 41% and 50% of the chemicals in the unit had been 
depleted, respectively.   
 
David Lewis – The mine operator’s inspection records indicated that SCSR 
101831 was assigned to Lewis and the 90 day inspection was completed in a 
timely manner, with the last inspection occurring on November 18, 2005.  The 
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manufacture date was January of 2004.  SCSR 101831 was found opened in the 
barricade, about 10 feet from the victim.  The records show he had Annual 
Refresher Training at the Sago Mine on April 22, 2005.  The training form 
indicated “Hands on SCSR.”   The mine records show he had training at the Sago 
Mine on December 8, 2005, but the type of training is not marked on the 5000-23 
form.  However, as many other miners received Experienced Miner Training on 
December 8, 2005, it is likely that this is the type of training that Lewis received.  
The mine records show he had Experienced Miner Training at the Sago Mine on 
December 15, 2005.  SCSR 101831 was recovered.  NIOSH evaluations indicated 
the dust shield was cracked and the canister was dented.  The damage was not 
significant.  NIOSH indicated that the start-up oxygen was activated, that the 
unit produced oxygen and that approximately 10% to 20% of the chemicals in the 
unit were used.  CSE conducted a chemical analysis of the unit, and reported that 
approximately 25% of the chemicals in the unit had been depleted. 
 
Randal L. McCloy Jr.  – The mine operator’s inspection records indicated that 
SCSR 106154 was assigned to McCloy and the 90 day inspection was completed 
in a timely manner, with the last inspection occurring on November 18, 2005.  
The manufacture date was July of 2004.  SCSR 106154 was found opened in the 
barricade, about 21 feet from where he was found.  McCloy stated that his unit 
“worked fine.”  The records show he had Annual Refresher Training at the Sago 
Mine on August 19, 2005, and Experienced Miner Training at the Sago Mine on 
December 8, 2005.  SCSR 106154 was recovered.  NIOSH evaluations indicated 
the dust shield had no cracks and the canister was not dented.  The damage was 
not significant.  There was green paint on the breathing tube.  The laboratory also 
indicated that the lenses on the goggles were displaced and the relief valve was 
sticking closed.  Although the sticking relief valve could have eventually affected 
the performance, it was not likely to affect the initial performance.  It may have 
occurred after the unit was used and may not conclusively reflect the condition 
of the unit prior to the explosion.  NIOSH reported that the start-up oxygen was 
activated, the unit produced oxygen, and approximately 20 to 25% of the 
chemicals in the unit were used.  CSE and ATL conducted chemical analyses of 
the unit, and reported that approximately 28% and 29% of the chemicals in the 
unit had been depleted, respectively.   
 
Martin Toler Jr.  – The Spruce Mine inspection records indicated SCSR 57604 was 
assigned to Martin Toler and the 90 day inspection occurred on February 14, 
2005.  There were no records from the Sago Mine indicating any SCSR for Martin 
Toler or that the 90 day inspection was completed for SCSR 57604.  There were 
also other records from the Sago Mine indicating that SCSR 106022 was assigned 
to “Toler JR” and that the 90 day inspection was completed in a timely manner, 
with the last inspection occurring on November 17, 2005.  The manufacture date 
was December of 1997.  SCSR 57604 was found opened in the barricade, about 32 
feet from the victim.  McCloy indicated that Martin Toler had problems with the 
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SCSR.  Martin Toler may have been confronted with a situation in which the 
miners felt they did not have enough working SCSRs to escape through the 
heavy smoke.  McCloy stated that Toler said “this ain’t safe like this.  Let’s go 
back to the section.”  SCSR 106022 was not recovered.  The records show he had 
Annual Refresher Training at the Spruce Fork Mine on August 27, 2005 and 
Experienced Miner Training at the Sago Mine on December 8, 2005.  SCSR 57604 
was recovered.  NIOSH evaluations indicated the dust shield had some cracks 
but the canister was not dented.  The damage was marginal.  Some pieces of the 
dust shield were missing, the breathing tube was set but was pliable and open, 
and there was a stain on the breathing bag at the lanyard tie point.  NIOSH 
indicated that the start-up oxygen was activated, the unit produced oxygen, and 
approximately 10% to 15% of the chemicals in the unit were used.  CSE and ATL 
conducted chemical analyses of the unit.  They reported that approximately 21% 
and 27% of the chemicals in the unit had been depleted, respectively.   
 
Fred Ware – The mine operator’s inspection records indicated that SCSR 56880 
was assigned to Ware and the 90 day inspection was completed in a timely 
manner, with the last inspection occurring on November 17, 2005.  The 
manufacture date was October of 1997.  SCSR 56880 was found opened in the 
barricade near the victim.  The records show that Ware had Annual Refresher 
Training at the Sago Mine on March 25, 2005.  The training form indicated, 
“Hands on SCSR.”  The records show he had other training at the Sago Mine on 
December 8, 2005.  The type of training was not marked on the 5000-23 form.  
However, as many other miners received Experienced Miner Training on 
December 8, 2005, it is likely that this is the type of training that Ware received.    
SCSR 56880 was recovered.  NIOSH evaluations indicated the dust shield had 
some cracks but the canister was not dented.  The damage was marginal.  There 
was tape around the relief valve, and the breathing tube was set but was pliable 
and open.   “Fred Ware Jr.” was written on the unit.  NIOSH evaluations showed 
that the start-up oxygen was activated, the unit produced oxygen and 
approximately 10% to 20% of the chemicals in the unit were used.  CSE and ATL 
conducted chemical analyses of the unit, and reported that approximately 39% 
and 41% of the chemicals in the unit had been depleted, respectively.   
 
Jackie Weaver – The mine operator’s inspection records indicated that he was 
assigned SCSR 57334.  There were records indicating the 90 day inspection was 
completed in a timely manner, with the last inspection occurring on November 
16, 2005.  The manufacture date was December of 1997.  SCSR 57334 was found 
opened in the barricade, about 19 feet from the victim.  The records show that 
Weaver had Annual Refresher Training at the Sago Mine on October 14, 2005.  
The training form indicated, “Hands on SCSR.”  The records show he had 
Experienced Miner Training at the Sago Mine on December 8, 2005.  SCSR 57334 
was recovered.  NIOSH evaluations indicated the dust shield had cracks but the 
canister had no dents.  The damage was significant.  The breathing tube was set 
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but was pliable and open, the tag was missing on the lanyard for the firing lever, 
the dust shield was broken and cracked and the heat shield was loaded with dirt.  
There was rust at the relief valve lanyard attachment point to the breathing bag 
but the lanyard attachment was still solid.  NIOSH reported that the start-up 
oxygen was activated, the unit produced oxygen and approximately 30% of the 
chemicals in the unit were used.  CSE and ATL conducted chemical analyses of 
the unit.  They reported that approximately 39% and 34% of the chemicals in the 
unit had been depleted, respectively.   
 
Marshall Winans – The mine operator’s inspection records indicated that he was 
assigned SCSR 52478.  There were records indicating the 90 day inspection was 
completed in a timely manner and that the last inspection occurred on November 
14, 2005.  The manufacture date was June of 1997.  SCSR 52478 was found 
opened in the barricade about 27 feet from the victim.  The records show that he 
had Annual Refresher Training at the Spruce Fork Mine on August 13, 2004 and 
Experienced Miner Training at the Sago Mine on December 8, 2005.  SCSR 52478 
was recovered.  NIOSH evaluations indicated the dust and heat shields were 
missing, and the canister had dents.  The damage was significant.  The breathing 
tube was set but was pliable and open, the upper bushing was missing, there was 
staining on the breathing bag at the lanyard tie point, the nose clips were stuck 
together, and there was evidence of moisture in the bottom filter.  NIOSH 
reported the start-up oxygen was activated, the unit produced oxygen and 50% 
to 60% of the chemicals in the unit were used.  CSE and ATL conducted chemical 
analyses of the unit.  They reported that approximately 72% and 87% of the 
chemicals in the unit had been depleted, respectively.   
 
Miners Attempting Rescue Effort 
 
After the explosion, Hofer, Schoonover, Jeffrey Toler, and Wilfong entered the 
mine.  They did not use their SCSRs.  Records indicated which SCSRs were 
assigned to each of the four miners.  However, it was not possible to state 
conclusively that an SCSR was carried by the miner to whom it was assigned at 
the time of the accident.  The mine operator’s records indicated that the 90 day 
inspection was completed for three of the four SCSRs.  The records indicated 
three of the four miners had received training on the SCSR within the past year. 
 
Vernon Hofer – The mine operator’s inspection records indicated he was 
assigned SCSR 63274.  There were records indicating that the 90 day inspection 
was completed in a timely manner, with the last inspection occurring on 
November 17, 2005.  The manufacture date was October of 1998.  Hofer also 
entered the mine after the explosion.  He did not don his SCSR.  He stated,” I 
wasn’t having trouble breathing.  I wasn’t --- didn't notice any adverse effects 
from the conditions that we were working in….”  The records show he had 
Annual Refresher Training at the Sago Mine on February 28, 2005.  The training 
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form indicated, “Hands on SCSR.”  The records indicate that he had Experienced 
Miner Training at the Sago Mine on February 4, 2004.   
 
James Allen Schoonover– The mine operator’s inspection records indicated he 
was assigned SCSR 104889.  There were records indicating the 90 day inspection 
was completed in a timely manner, with the last inspection occurring on 
November 17, 2005.  The manufacture date was June of 2004.  Schoonover 
entered the mine with Toler after the explosion.  He stated, “We would repair 
whatever, whatever stopping it was and the detector, of course, it would go 
down, it wouldn't have any alarm.  It would advance.  You know, you could --- 
your detector would go off again, get a piece of curtain hung, and we would 
bring the fresh air behind us.”  He did not don his SCSR.  He stated, “Because I 
felt there was no need to at that time.”  Schoonover was responsible for the 
training at the mine.  The records show he had Annual Refresher Training at the 
Spruce Fork Mine on August 9, 2002 and Experienced Miner Training at the Sago 
Mine on January 12, 2004.  The records indicated that it had been over a year 
since Schoonover received SCSR Training. 
 
Jeffrey Toler – The mine operator’s inspection records indicated he was assigned 
SCSR 104831.  There are records indicating that the 90 day inspection was 
completed in a timely manner, with the last inspection occurring on November 
14, 2005.  The manufacture date was June of 2004.  Jeffrey Toler entered the mine 
after the explosion.  Along with the others, he repaired damaged ventilation 
controls to re-establish airflow.  He did not don his SCSR.   “With us keeping 
fresh air with us, I never felt like we were in a concentration of CO that I felt that 
I needed it,” he stated.  When he was in the track entry at 49 Crosscut, No. 4 Belt, 
he stated, “I think it (the concentration of carbon monoxide) was in excess of 700 
parts per million at that point.”  The records show he had Experienced Miner 
Training at the Sago Mine on August 2, 2005. 
 
Denver Wilfong – The Spruce Mine inspection records indicated SCSR 55656 was 
assigned to Denver Wilfong and was manufactured in September of 1997.  There 
were no records from the Sago Mine indicating SCSR 55656 was assigned to 
Wilfong or if the 90 day inspection was completed for that unit.  Wilfong entered 
the mine after the explosion as well, but did not don his SCSR.  He stated,” I was 
saving it ‘til I needed it, I guess.”  The records show he had Annual Refresher 
Training at the Spruce Fork Mine on August 22, 2003.  The training form 
indicated, “Hands on SCSR.”  The records show he had Experienced Miner 
Training at the Sago Mine on December 6, 2005.   
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Other SCSRs Recovered and Evaluated 
 
SCSRs 106603 and 107966 were recovered and believed to belong to miners on 
the 1st Left mantrip.   There were no records from the Sago Mine for SCSR 
106603 
 
SCSRs 109419, 57517, 106615, 109482 and 109455 were found in the barricade.  
SCSR 101106 was found on the 2nd Left Parallel Section.  They were opened and 
activated on January 3 - 4, 2006.  These units were believed to be opened during 
the rescue of McCloy.  According to testimony, they were only used for a brief 
period of time.  They were recovered by the investigation team and stored in 
plastic bags until they were evaluated on March 27 - 31, 2006.  The visual 
observations indicated that between 5% and 10% of the chemicals in the units 
were used.  This shows that any change that might have occurred in the chemical 
beds of the units as a result of either the units’ exposure to the mine atmosphere 
until they were recovered, the storage procedure used or the length of time that 
elapsed between recovery and evaluation, was minimal.  This conclusion is 
further supported by the results of the laboratory test conducted in 2006.  
 
SCSR 106603 was recovered and is believed to belong to one of the miners on the 
1st Left mantrip.  However, the Spruce Mine inspection records indicated SCSR 
106603 was assigned to another miner and the 90 day inspection occurred on 
February 12, 2005.  There were no records from the Sago Mine for SCSR 106603.  
The manufacture date was in August of 2004.  SCSR 106603 was evaluated by 
NIOSH.  The dust shield had no cracks and the canister was not dented.  Any 
damage was not significant.  NIOSH evaluations established that the start-up 
oxygen was activated, that the unit produced oxygen, and that approximately 
20% to 25% of the chemicals in the unit were used.  CSE and ATL conducted 
chemical analyses of the unit.  They reported that approximately 23% and 46% of 
the chemicals in the unit had been depleted, respectively. 
 
SCSR 107966 was recovered and is believed to belong to one of the miners on the 
1st Left mantrip.  The mine operator’s inspection records indicated that SCSR 
107966 was not assigned to any miner and the 90 day inspection was completed 
in a timely manner, with the last inspection occurring on November 16, 2005.  
The manufacture date was November of 2004.  SCSR 107966 was evaluated by 
NIOSH.  The dust shield had no cracks and the canister was not dented.  Any 
damage was not significant.  “Walker” was written on the unit.  There was 
evidence of moisture on the bottom filter.  NIOSH evaluations established that 
the start-up oxygen was activated, that the unit produced oxygen, and that 
approximately 80% to 90% of the chemicals in the unit were used.  CSE and ATL 
conducted chemical analyses of the unit.  They reported that approximately 48% 
and 63% of the chemicals in the unit had been depleted, respectively. 
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SCSR 109419 was recovered in the barricade and is believed to have been opened 
during the rescue effort.  There were no records from the Sago Mine for SCSR 
109419.  The manufacture date was in October of 2004.  SCSR 109419 was 
evaluated by NIOSH.  The dust shield had no cracks and the canister was not 
dented.  Any damage was not significant.  NIOSH evaluations established that 
the start-up oxygen was activated, that the unit produced oxygen, and that 
approximately 5% to 10% of the chemicals in the unit were used.  CSE and ATL 
conducted chemical analyses of the unit.  They reported that approximately 11% 
and 14% of the chemicals in the unit had been depleted, respectively.   
 
SCSR 57517 was recovered in the barricade and is believed to have been opened 
during the rescue effort.  The Spruce Mine inspection records indicated SCSR 
57517 was assigned to another miner not on the 2nd Left Parallel crew and the 90 
day inspection occurred on February 14, 2005.  There were no records from the 
Sago Mine for SCSR 57517.  The manufacture date was December of 1997.  SCSR 
57517 was evaluated by NIOSH.  The dust shield had no cracks and the canister 
was not dented.  Any damage was not significant.  NIOSH indicated the 
breathing tube was set but was pliable and open.  The cap was missing from the 
relief valve.  The breathing bag had an impression from the goggles or a stain on 
the bag.  NIOSH evaluations established that the start-up oxygen was activated, 
that the unit produced oxygen, and that approximately 5% to 10% of the 
chemicals in the unit were used.  CSE and ATL conducted chemical analyses of 
the unit.  They reported that approximately 20% and 34% of the chemicals in the 
unit had been depleted, respectively. 
 
SCSR 106615 was recovered in the barricade and is believed to have been opened 
during the rescue effort.  The mine operator’s inspection records indicated SCSR 
106615 was assigned to another miner not on the 2nd Left Parallel crew and the 
90 day inspection occurred on November 16, 2005.  The manufacture date was 
August of 2004.  SCSR 106615 was evaluated by NIOSH.  The dust shield had no 
cracks and the canister was not dented.  Any damage was not significant.  
NIOSH indicated that there was mineralization on the bottom filter.  NIOSH 
evaluations established that the start-up oxygen was activated, that the unit 
produced oxygen, and that approximately 10% of the chemicals in the unit were 
used.   
 
SCSR 109482 was recovered in the barricade and is believed to have been opened 
during the rescue effort.  There were no records from the Sago Mine for SCSR 
109482.  The manufacture date was in October of 2004.  SCSR 109482 was 
evaluated by NIOSH.  The dust shield had no cracks and the canister was not 
dented.  Any damage was not significant.  NIOSH evaluations established that 
the start-up oxygen was activated, that the unit produced oxygen, and that 
approximately 5% to 10% of the chemicals in the unit were used.   
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SCSR 109455 was recovered in the barricade and is believed to have been opened 
during the rescue effort.  The mine operator’s inspection records indicated SCSR 
109455 was not assigned to any miner and there was no record of the 90 day 
inspection.  The manufacture date was in October of 2004.  SCSR 109482 was 
evaluated by NIOSH.  The dust shield was dented and the canister was dented.  
Any damage was marginal.  NIOSH evaluations established that the start-up 
oxygen was activated, that the unit produced oxygen, and that approximately 
10% of the chemicals in the unit were used.  CSE conducted chemical analyses of 
the unit.  They reported that approximately 21% of the chemicals in the unit had 
been depleted.   
 
SCSR 101106 was recovered on the 2nd Left Parallel section and is believed to 
have been opened during the rescue effort.  The Spruce Mine inspection records 
indicated SCSR 101106 was assigned to a miner not on the 2nd Left Parallel crew, 
and that the 90 day inspection occurred on February 14, 2005.  There were no 
records from the Sago Mine for SCSR 101106.  The manufacture date was May of 
2004.  SCSR 101106 was evaluated by NIOSH.  The dust shield had no cracks and 
the canister was not dented.  Any damage was not significant.  NIOSH 
evaluations established that the start-up oxygen was activated, that the unit 
produced oxygen, and that approximately 10% of the chemicals in the unit were 
used.   
 
Table 7 is a summary of the SCSRs that were assigned to the miners who were 
underground at the time of the explosion, were assigned to the miners who 
traveled underground during the rescue attempt, and that were used by the 
mine rescue team assisting McCloy. 



 99

Table 7 – Summary of Information on the SCSRs at the Sago Mine 
Miner Location Serial 

No. 
Date of 
SCSR 

Training 

Was Unit 
Donned 

90 Day 
Inspection 
Record at 

Sago 

Evidence of 
Oxygen 

Production 

NIOSH 
Visual %  

Used 

CSE 
% 

Used 

ATL 
% 
Used 

John N. Boni Outby 106186 10/07/051 No 11/14/05 - - - - 
John P. Boni Outby 100991 12/29/042 No 11/16/05 - - - - 
James Jamison Outby 91947 06/27/05 No None - - - - 
Denver Anderson 1st Left 83566 12/08/05 Yes None na na na na 
Paul Avington 1st Left 63227 12/08/05 No None - - - - 
Gary Carpenter 1st Left 75648 12/08/05 No None - - - - 
Ronald Grall 1st Left 92943 09/16/05 No 11/17/05 - - - - 
Randall Helmick 1st Left 56505 12/08/05 No 11/15/05 - - - - 
Eric Hess 1st Left 88170 12/08/053 Yes 11/14/05 na na na na 
Owen Jones 1st Left 92933 12/08/05 No 11/14/05 - - - - 
Hoy Keith 1st Left 60035 12/08/05 Yes None na na na na 
Arnett Perry 1st Left 102138 12/08/05 Yes 11/15/05 Yes 20 29 31 
Gary Rowan 1st Left 86537 12/08/05 Yes None Yes 10 19 28 
Harley Ryan 1st Left 97144 12/08/05 Yes 11/16/05 Yes 40 - 50 42 48 
Christopher Tenney 1st Left 52409 12/08/05 No 11/14/05 - - - - 
Anton Wamsley 1st Left 88981 12/08/05 Yes 11/17/05 na na na na 
Terry Helms 2nd Left 90223 06/27/05 No 11/14/05 - - - - 
Thomas Anderson* Barricade 92652 12/08/05 Yes None Yes 40 39 48 
Alva Bennett Barricade 89765 12/08/05 Yes None Yes 25 38 54 
James Bennett Barricade 56495 12/08/05 Yes None Yes 25-35 - - 
Jerry Groves* Barricade 57878 12/08/05 Yes None Yes 40-50 48 77 
George Hamner Barricade 101868 12/08/05 Yes None Yes 25 31 - 
Jesse Jones* Barricade 46433 03/18/05 Yes 11/17/05 Yes 10-20 41 50 
David Lewis Barricade 101831 04/22/05 Yes 11/18/05 Yes 10-20 25 - 
Randal McCloy Jr. Barricade 106154 12/08/05 Yes 11/18/05 Yes 20-25 28 29 
Martin Toler Jr.* Barricade 57604 12/08/05 Yes None Yes 10-15 21 27 
Fred Ware Barricade 56880 3/25/05 Yes 11/17/05 Yes 10-20 39 41 
Jackie Weaver Barricade 57334 12/08/05 Yes 11/16/05 Yes 30 39 34 
Marshall Winans Barricade 52478 12/08/05 Yes 11/14/05 Yes 50-60 72 87 
Vernon Hofer Rescue 63274 02/28/05 No 11/17/05 - - - - 
James Schoonover Rescue 104889 01/12/04 No 11/17/05 - - - - 
Jeffrey Toler Rescue 104831 08/02/05 No 11/14/05 - - - - 
Denver Wilfong Rescue 55656 12/06/05 No None - - - - 
Other 1st Left 106603 - Yes None Yes 20-25 23 46 
Other 1st Left 107966 - Yes 11/16/05 Yes 80-90 48 63 
Other Barricade 109419 - Yes None Yes 5-10 11 14 
Other Barricade 57517 - Yes None Yes 5-10 20 34 
Other Barricade 106615 - Yes 11/16/05 Yes 10 - - 
Other Barricade 109482 - Yes None Yes 5-10 - - 
Other Barricade 109455 - Yes None Yes 10 21 - 
Other 2nd Left 101106 - Yes None Yes 10 - - 

na     - SCSR was not available or unable to determine the user   
*   - Miners identified by McCloy as having difficulties with their SCSRs 
1   -  Did not participate in training but filled out the form 
2   - Did not don the unit during training, training on 07/05/05 by a person not listed as an approved trainer 
3   - Box on training form not marked 
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Mine Ventilation Plan 
 
The Ventilation Plan in effect at the time of the explosion addressed specific 
ventilation requirements.  MSHA approved the plan, which included a number 
of addendums, on May 5, 2005.  Six-month reviews were conducted as required.  
MSHA completed the last six-month review prior to the accident on October 25, 
2005. 
 
The plan required that when a Joy 14CM15 continuous mining machine was 
used and coal was cut, mined or loaded, and the scrubber was on, a minimum of 
6,000 cfm and a maximum of 9,000 cfm of air was required at the inby end of the 
line curtain.  When the scrubber was not running, a minimum of 6,000 cfm was 
required at the inby end of the line curtain.  The line curtain was required to be 
within 40 feet of the point of deepest penetration with blowing face ventilation.  
When the continuous mining machine was equipped with a scrubber but it was 
not used, the line curtain was required to be maintained to within 20 feet of the 
area of deepest penetration with exhaust ventilation.  When an Eimco 2810-2 
continuous mining machine was used with the scrubber on, a minimum of 6,000 
cfm and a maximum of 8,000 cfm of air were required at the inby end of the line 
curtain.  When the continuous mining machine was in the working place with 
the scrubber off, a minimum of 6,000 cfm was required.  When the Joy 14CM15 
or the Eimco 2810-2 was not equipped with a scrubber, the plan required a 
minimum of 5,880 cfm of air at the inby end of the line curtain, or a minimum of 
60 fpm mean entry air velocity, whichever was greater.  The line curtain was to 
be maintained within 20 feet of the area of deepest penetration with exhaust 
ventilation when the machines were not equipped with a scrubber.  During roof 
bolting, the line curtain was required to be maintained to the second full row of 
roof bolts outby the face and was advanced until the curtain was within 10 feet of 
the face.  A minimum of 3,500 cfm of air was required while the roof bolter was 
in operation.  A minimum of 9,000 cfm was required in the last open crosscut of 
each split. 
 
The mine used an AMS as the automatic fire warning system required by Section 
75.1103.  The plan addressed the type of system, capabilities of the system, air 
velocity along the belt entry, type of activation signals, inspections, 
examinations, testing and procedures to follow when the system or a portion of 
the system became inoperative. 
 
On September 28, 2005, MSHA approved a supplement to the plan for a test area 
of about 300 feet in length, which detailed the ventilation and evaluation of the 
2nd Left Mains during and after mining the lower bench of the Middle 
Kittanning Coal Seam (bottom mining).  This bottom mining was to be 
completed while retreating out of the 2nd Left Mains area.  The mine operator 
was to install seals after completion of the bottom mining. 
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On October 4, 2005, MSHA approved a supplement to the plan to extend the test 
area in 2nd Left Mains for mining the lower bench of the Middle Kittanning Coal 
Seam and for the ventilation and evaluation of the area.  The area covered by the 
supplement was the remainder of 2nd Left Mains and a portion of 2 North Mains 
extending from the face to a point about one crosscut outby the entrance to 2nd 
Left Mains.  This plan also contained additional safety precautions to further 
protect persons while bottom mining.   
 
Bottom mining was conducted in some areas of the mine to recover additional 
coal reserves in the lower bench of the Middle Kittanning Coal Seam that was 
separated from the upper bench by a layer of rock.  Normal mining height 
during initial development averaged seven feet in the 2nd Left Mains and 2 
North Mains.  After bottom mining was conducted, the mining height ranged 
from about 10 to 20 feet.  Development was completed in a section before any 
bottom mining could begin.  The belt loading point and equipment were moved 
outby.  A new belt loading point was established and bottom mining 
commenced at an outby point and moved inby.   The continuous mining 
machine operator commenced mining by cutting a ramp down to the desired 
depth and continued inby to a pre-determined stopping point.  Bottom mining 
was only conducted in entries.  Crosscuts were not bottom mined.  Roof support 
installation was not necessary since the roof had been supported during initial 
development.  To provide some protection against overhanging ribs, the mining 
plan did not permit bottom mining wider than the development mining.  Once 
the mining was completed in all designated entries for that setup, the belt 
loading point and equipment were once again moved outby and the process 
repeated.  Once an area was completed, no person was permitted in the area.  
This would eliminate exposure of persons to the heightened coal ribs.  This 
process continued progressively outby until the designated area to be bottom 
mined was completed. 
 
Two additional supplements were submitted, and then approved on October 21, 
2005 and December 19, 2005 for bottom mining in the A-1 and A-2 Panels off 1st 
Left.  These approved supplements were similar to the approved plan for the 2nd 
Left Mains and 2 North Mains areas.  Appendix J contains the four bottom 
mining supplements to the ventilation plan. 
 
The ventilation plan contained a set of guidelines for the installation of pre-
loaded solid concrete block (Packsetter) seals.  MSHA also approved 
supplements to the plan providing for non-hitched Omega Block seals.  These 
supplements outlined the location and the procedures for installation and 
ventilation of the seals during and after construction.  MSHA approved two 
supplements on October 24, 2005.  The first supplement contained procedures for 
installation of a 40 inch thick, up to 8 foot high and up to 20 foot wide Omega 
Block seal.  The second supplement described the sequence of constructing seals 
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for the 2 North Mains area and making air changes.  The first change was to 
show ventilation during construction of the seals and the second was to show the 
final ventilation after completion of the seals.  MSHA approved the third 
supplement on December 8, 2005.  This supplement contained procedures for the 
installation of the three different configurations of non-hitched Omega Block 
seals.  The first was again a 40 inch thick, up to 8 foot high and up to 20 foot wide 
seal.  The second was a 40 inch thick, up to 10 foot high and up to 20 foot wide 
seal.  The third was a 40 inch thick, up to 12 foot high and up to 20 foot wide seal.  
The three configurations were submitted and approved in preparation for 
sealing the A1 and A2 Panels off 1st Left, where the entry exceeded 8 feet in 
height.  Appendix K contains the three supplements to the ventilation plan 
concerning Omega Seals. 
 

Mine Ventilation 
 
The mine was ventilated with a blowing ventilation system.  The drift openings 
were numbered from left to right facing inby.  Airflow entered the mine through 
the No. 5 Drift Opening and exited through No. 1 and the three other drift 
openings, which consisted of a track, conveyor belt and one other common 
opening.  According to the mine record books, the total quantity of intake air 
entering the mine through the blowing fan at the No. 5 Drift Opening was 

146,566 cfm on December 28, 2005.  The total 
quantity of return air exiting the mine 
through the No. 1 Drift Opening was 
101,088 cfm.  The remaining 45,478 cfm 
would have exited the mine through the 
Nos. 2, 3 and 4 Drift Openings.  The blowing 
fan was an 8 foot diameter, Joy Model 
Number M96-50 fan, with a blade setting of 
8 degrees and operating at about 1.9 inches 
of water gauge.  Figure 12 is a copy of the 
chart which was on the fan pressure 
recorder when the explosion occurred.  
Although the fan chart shows a pressure 
spike about 6:00 a.m., the explosion 
occurred about 6:26 a.m.  This indicates that 
the fan chart was not correctly aligned on 
the pressure recorder to correspond with 
actual time.  

               Figure 12 - Fan Chart 
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Development Sections 
 
The 1st Left and 2nd Left Parallel were developed with eight entries.  The 
sections were ventilated with a single split of air.  The entries were numbered 
from left to right facing inby.  The Nos. 7 and 8 entries on the right side of the 
section served as intake air courses.  The Nos. 1 and 2 entries on the left side of 
the section served as return air courses.  The No. 5 entry was the track entry, the 
No. 4 entry was the conveyor belt entry and the Nos. 3 and 6 entries were 
common with the belt and track.  The sections did not use belt air at the face and 
the airflow in the Nos. 3, 4, 5 and 6 entries was in an outby direction.  The 
preshift examination record books for the 1st Left and 2nd Left Parallel sections 
on the day of the accident indicated that the quantity of air measured in the last 
open crosscut was 14,510 and 11,241 cfm, respectively. 
 
Ventilation of Seals 
 
Two sets of mine ventilation seals were installed to separate worked-out portions 
of the mine from the active areas.  The seals were located across 1 NE Mains and 
2 North Mains.  The 1 NE Mains seals were ventilated with return air.  The 2 
North Mains seals were ventilated with intake air that was directed across the 
seals and over a set of overcasts to the return air course at the mouth of the active 
2nd Left Parallel section.  Neither the 1st Left nor the 2nd Left Parallel sections 
were being ventilated with air that passed these seals. 
 
Methane Ignitions 
 
There had been one methane ignition reported at the mine since its opening.  The 
ignition occurred on February 8, 2001.  At that time the mine was known as 
Spruce No. 2 and owned by BJM Coal Company.  A section foreman and four 
miners were preparing to install a tunnel liner into the face area of the No. 5 
entry of the 1 NE Mains.  In order to install a tunnel liner, a crossbar suspended 
by three roof bolts about 10 feet outby the face of the No. 5 entry had to be 
removed.  The miners used an oxygen/acetylene cutting torch to cut off the roof 
bolts holding the crossbar.  After the section foreman had completed cutting two 
of the roof bolts, he raised the cutting torch toward the third roof bolt and ignited 
methane.  The flame extinguished itself, but not before causing first and second 
degree burns to the four miners.  The mine operator later sealed off the 1 NE 
Mains using preloaded solid concrete block “Packsetter” seals. 
 
Methane Liberation 
 
During each MSHA quarterly inspection of the mine, inspectors collected an air 
sample in the No. 1 Drift Opening (return air course) to determine the daily 
methane liberation.  To assist in that determination, the air quantity at the 
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sampled location was determined.  The air sample was sent to MSHA’s Mount 
Hope, West Virginia Laboratory to be analyzed.  The lab determined the amount 
of methane in the sample and calculated the quantity of methane liberated from 
the mine in cubic feet per day.  The analysis of the last four quarterly collected air 
samples is shown in Table 8. 

Table 8 - Air Sample Results 

Date Methane 
(%) 

Quantity 
(cfm) 

Liberation 
(cfd) 

January 10, 2005 0.09 53,074 68,784 
April 29, 2005 0.07 94,446 95,202 
July 18, 2005 0.09 83,136 107,744 
October 5, 2005 0.10 62,901 90,577 
 
A ventilation survey was conducted on March 1-2, 2006 as part of the accident 
investigation.  Air samples were collected at the drift openings which were out-
gassing mine air during the study.  The analysis of those samples indicated that 
the mine liberated 92,460 cfd of methane. 
 
Two methane studies were conducted in the area previously sealed inby the 2 
North Mains seals, on February 7–9, 2006 and March 2–3, 2006.  Both studies 
were conducted by collecting information in the mine and from the Nos. 5 and 7 
boreholes located in the previously sealed area.  Information collected included 
air samples, air velocities, air temperatures, air pressures, borehole diameters 
and regulator opening dimensions.  This information was used to calculate the 
methane liberation from the area.  The results from the February and March 
studies indicated that the previously sealed area liberated about 13,220 cfd and 
12,090 cfd of methane, respectively.   
 
Methane in the Sealed Area 
 
Methane has a specific gravity of 0.55 and is lighter than air.  It is only explosive 
in methane-air mixtures that range from 5% to 15%.  Methane-air mixtures above 
or below these concentrations will not burn or become involved in an explosion.  
Generally, methane enters the mine in concentrations in excess of 80% and is 
diluted by the ventilation current.  After the seals were completed, the 
atmosphere behind the seals was stagnant.  Methane entering the area would 
have the tendency to form layers, with higher concentrations near the mine roof.  
Additionally, it cannot be assumed that methane would have been liberated 
equally in each entry or crosscut or from the roof, ribs, or floor.  It is likely that 
the average concentration in the entries would differ throughout the sealed area 
based on the liberation in each entry. 
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The results of the methane liberation studies were used to evaluate the volume of 
methane in the sealed area prior to the explosion.  The rate of decay of the 
methane liberation was considered to be linear.  Based on the studies and the 
assumptions, the methane liberation on December 11, 2005, the day the area was 
sealed, was approximately 16,350 cfd and on January 2, the day of the explosion, 
was approximately 15,220 cfd.  The average liberation rate for the 22 days that 
the area was sealed was approximately 15,790 cfd.  Therefore, the volume of 
methane in the sealed area just prior to the explosion was approximately 347,300 
cubic feet. 
 
The mine operator provided information to MSHA indicating that the total open 
volume behind the seals just prior to the explosion was about 2,938,156 cubic 
feet.  Based on this calculation, the volume of methane in the sealed area of 
347,300 cubic feet indicates an average homogeneous methane concentration of 
over 11%.  However, it is not likely that a homogenous mixture of 11% was 
present throughout the sealed area at the time of the explosion.   
 
After the explosion, the volume of air and the concentration of gases exiting the 
mine through the return drift opening and at the boreholes were monitored.  
Initially, the methane concentrations at these locations were elevated.  
Concentrations eventually declined and stabilized to a background level.  The 
volume of methane in the air that exited the mine through the return drift 
opening and the boreholes that was greater than the background level was 
calculated.  This volume was considered to be excess methane that was in the 
sealed area prior to the explosion and which was not consumed by the explosion.  
This excess volume of methane was determined to be approximately 205,500 
cubic feet.  Since this volume was not involved in the explosion, it was likely in 
concentrations less than 5% or greater than 15%.  Calculations indicate that 
141,800 cubic feet of methane (347,300 – 205,500) was consumed by the explosion 
or ventilated from the mine through another means.  This information further 
supports the conclusion that a homogeneous explosive methane/air mixture did 
not exist in the sealed area prior to the explosion.  
 
Ventilation Survey and Computer Simulations   
 
Investigators obtained information pertaining to the mine ventilation system 
from a variety of sources, including mine records, fan charts, mine rescue team 
maps, mine recovery team maps, underground investigation findings, and 
interviews and discussions.  In addition, they conducted a ventilation survey on 
March 1-2, 2006, after the mine operator reconstructed the ventilation system to a 
production-ready configuration.   
 
The ventilation survey consisted of collecting and recording measurements of air 
velocities, mine entry heights and widths, and air pressures at predetermined 
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locations throughout the mine.  Those locations included but were not limited to 
air splits, regulators, and the fan.  The ventilation survey determined that very 
small air pressure differentials induced airflow.  These pressures differentials 
were so small, they were often beyond the ability of the instruments being used 
to accurately measure, thereby making aircourse resistance calculation extremely 
difficult.   
  
The airflow measurements were balanced so that a computer program could use 
the data.  The entry resistance data was normalized for any given aircourse 
characteristic.  The typical ventilation program data would include airway 
resistance, airway area, airway length, pressure drop and air quantities.  This 
data would allow the program to make calculations of the ventilation network 
using the Hardy Cross method.  The program may be used to generate tabulated 
reports, graphs of fan curves and fan operating points, and network distribution 
diagrams showing pressure drops, resistance, and airflow distribution.  
However, the program was not written to permit calculations to the degree 
needed when dealing with air course pressure differentials as small as one-
thousandth of an inch of water.   
 
When the ventilation system was reconstructed, it did not replicate the system as 
it existed on the morning of the accident, prior to the explosion.  Differences in 
the ventilation system included the ventilation of the previously sealed area, the 
addition of a second bank of overcasts at 1st Left, and the elimination of a set of 
overcasts at the mouth of 2nd Left Parallel. 
 
In order to replicate the ventilation system, MSHA developed computer 
simulations to depict the pre- and post-explosion ventilation.  However, due to 
very small pressure differentials of various aircourses throughout the mine, the 
pre- and post-simulations depicting aircourse patterns and air quantities should 
be used for demonstrative purposes only.   
 
The simulation depicts the mine ventilation system prior to the explosion, as 
shown on a map in Appendix L.  This illustrates airflow direction and quantities, 
and ventilating pressures.  The results were compared to the information 
obtained from the sources listed above to verify their accuracy.  The simulation 
indicates that the air quantity delivered on the 1st Left section was 43,300 cfm 
and on the 2nd Left Parallel section was 46,900 cfm.  The simulation indicates the 
fan would be blowing approximately 172,300 cfm of air into the mine at a fan 
pressure of 1.85 inches water gauge.   
 
MSHA also developed two post-explosion computer simulations of the 
ventilation system of the mine after the explosion.  The simulation depicting the 
mine‘s ventilation system after the explosion with the ventilation controls 
damaged is shown on a map in Appendix M.  This simulation shows that the 
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outby damage to the overcast and stoppings at 2 Right and the stopping at 32 
Crosscut, No. 4 Belt, decreased the available quantity of intake air moving inby 
32 Crosscut, No. 4 Belt from a pre-explosion quantity of 118,400 cfm to 53,000 
cfm.  The model shows that the damage to the ventilation controls inby 42 
Crosscut, No. 4 Belt created major ventilation short circuits, thereby limiting any 
mechanically induced ventilation inby 49 Crosscut, No. 4 Belt.  The model also 
shows there was no mechanically induced airflow to the mouth of the 2nd Left 
Parallel. 
 
The second post-explosion simulation is shown on a map in Appendix N and 
depicts the placement of curtains hung by mine management during their 
attempt to reach the 2nd Left Parallel crew.  Controls include the curtain installed 
between the intake and track to 57 Crosscut, No. 4 Belt and the curtain hung at 
the 2 Right overcast.  The model indicates repairs to the ventilation controls 
outby 57 Crosscut, No. 4 Belt created mechanically induced ventilation to 57 
Crosscut, No. 4 Belt.  The model also indicated that there was mechanically 
induced airflow to the mouth of the 2nd Left Parallel.  Although the simulations 
indicate that the repairs to the ventilation controls may have had an impact on 
the atmosphere in the 2nd Left Parallel, the extent of that impact or its affect on 
the 2nd Left Parallel miners could not be determined. 

Barometric Pressure 

Changes in barometric pressure can cause the expansion and contraction of 
accumulated gases within unventilated (sealed) and poorly ventilated areas of 
mines.  Generally, changes in the barometric pressure have little impact on the 
atmosphere in the sealed area in a mine, except for the areas just inby and outby 
the seals.  During a period of falling barometric pressure, the atmosphere tends 
to leak from the sealed area into the active workings of a mine.  When the 
barometric pressure is rising, the atmosphere tends to leak from the active area 
into the sealed area.  The barometric pressure for Buckhannon, West Virginia, at 
12:00 a.m. on January 2 was approximately 30.01 inches of mercury.  The 
barometric pressure was falling from 1:00 a.m. to 4:00 a.m.  At 4:00 a.m., the 
barometric pressure was 29.92 inches of mercury.  From 4:00 a.m. to 6:30 a.m., the 
pressure varied between 29.90 and 29.94 inches of mercury.  The pressure was 
about 29.93 inches of mercury at 6:30 a.m.   



 108

Figure 13 is a graph of the barometric pressure for Buckhannon, West Virginia 
from 12:00 a.m. on January 1 through 12:00 a.m. on January 4, 2006.  These 

changes in barometric 
pressure did not appear to 
significantly influence the 
conditions within the sealed 
area just prior to the 
explosion, since the point of 
origin for this explosion was 
more than 300 feet from the 
seals.  

                

  

 

  Figure 13 - Barometric Pressure for Buckhannon, WV 

 
Roof Control Plan  

 
MSHA approved a Roof Control Plan for the mine on October 16, 2003.  Six-
month reviews were conducted as required.  MSHA completed the last six-
month review prior to the accident on June 29, 2005. 
 
MSHA approved four foot and six foot fully grouted resin bolts and five foot 
fully grouted resin tension bolts as the primary roof supports.  Ten and fourteen 
foot resin cable bolts, prop setters, square and round plates, metal straps, wire 
mesh, brow tenders and other approved devices were used as supplemental 
support throughout the mine.  Figure 14 shows pictures of square and round 
plates. 
 

                        
Figure 14 - Square and Round Plates 
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The approved plan required a four foot by four and a half foot roof bolt 
installation pattern in the main and sub main entries of the mine.  The plan 
required the operator to bolt wire mesh to the roof of the track and belt conveyor 
entries during the roof bolting cycle, to within two bolt rows of the face.  The 
wire mesh was required to be at least 8 gauge, with openings no greater than 
four inches square, and measuring at least five feet by thirteen feet overall.  The 
wire mesh is shown in Figure 15. 
 

 
Figure 15 - Wire Mesh 

 
The plan required at least one of the following in the primary intake escapeway 
and one return air course entry maintained evenly with the section tailpiece:  
 

• A roof sealant applied to the mine roof; 
• A 17 inch square or larger plate (roof cap) installed with each roof 

bolt; 
• Wire mesh bolted to the mine roof as described above; or 
• Two rows of posts or equivalent supports installed to create a six 

foot wide walkway on not more than five foot advancing centers.   
 
Of these four options, the mine operator installed the wire mesh in the primary 
intake escapeway and a return entry.  The mine conveyor belt structure was 
suspended from the mine roof.  Belt support brackets were anchored to the mine 
roof with roof bolts.  These brackets and bolts were installed against the wire 
mesh for belt installation and not as roof support.   
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Geology 
 
The mine was developed in the Middle Kittanning Coal Seam.  The overburden 
in the 2nd Left Parallel, measured from the base of the seam to the surface, 
ranged from 230 feet to 320 feet.  The immediate roof consisted of gray shale 
grading upward into sandy shale and sandstone with shale bedding.  A 
description of the mine geology and roof falls is contained in a report titled 
“Evaluation of Potential for a Roof Fall to Ignite a Methane-Air Mixture” in 
Appendix O. 
 
Evaluation of Two Linear Features near Survey Station 4010 
 
Two linear geologic features were observed during the investigation.  These two 
prominent features were located in the roof near survey station 4010, within the 
formerly sealed area of 2nd Left Mains.  The features generated interest because 
they were located in the area where the explosion originated.  Because the 
features seemed uncommon, they were referred to as “anomalies.”  Due to their 
location in the area where the explosion originated, some parties speculated that 
the linear “anomalies” might represent the effects of lightning. A picture of the 
anomaly is shown in Figure 16. 
 

 
Figure 16 - Anomaly 

Light brown linear streaks along the trend of the parallel linear ridges represent knife scratch marks from 
an attempt to collect fossil material.  Location is the vicinity just inby survey station 4010 intersection. 
Twin parallel ridges pass beneath the embossed, square skin control plate. 

Anomaly Anomaly 
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An analysis of the features concluded that the linear features represent the 
remnants of a pair of fossilized trees, with each linear feature representing the 
top, tangential edge of a single tree.  The rough texture of the linear feature 
represents the trace fossil impression of the tree bark as preserved against the 
bottom layer of the overlying muscovite-rich gray shale, and the pair of parallel 
ridges represents compaction of the muscovite-rich gray shale downward 
around the formerly circular boundary of the tree trunk.  Although the fossil tree 
was removed by mining, the linear features represent the expression of the top 
edge of the tree where it tangentially contacted the bottom of the bedding plane 
exposed in the shale roof.  An analysis and description of the linears near survey 
station 4010 is contained in Appendix P in two reports titled “Evaluation of 
Features” and “Description of Features Observed in the Roof Inby Spad 4010.”   

 
 

Cleanup Program and Rock Dusting 

 
The mine operator established a program for regular cleanup and removal of 
accumulations of coal and float coal dusts, loose coal, and other combustible 
materials at the mine.  The program included an examination of active haulage 
ways prior to the end of each shift.  Any loose coal accumulations were to be 
removed from the mine.  Miners were to examine mining equipment used at the 
face and to remove accumulations of loose coal, coal dust, oil and grease before 
the end of each shift.  They were also to remove any accumulations of loose coal, 
coal dust, oil and grease from the section tailpiece by the end of each shift.  Rock 
dust was to be applied and maintained to within 40 feet of each working face.  
Accumulations of loose coal, coal dust or other combustibles along belt and track 
travel ways were to be removed or reported to the mine foreman each shift.   
 
Rock dust was applied in the 2 North Mains and in 2 Left Mains during initial 
development.  Additional rock dust was not applied in areas after they had been 
bottom mined.  Miners stated that 36 one-ton bags and several pallets of 50-
pound bags of rock dust were delivered to the track switch at the mouth of 2nd 
Left Parallel before the 2 North Mains seals were completed.  Miners applied 
rock dust by hand and with rock dusting machines around the sealed area and 
outby the seals for a distance of approximately four crosscuts.  According to 
miners, the depth of the rock dust in the area varied between one-half and three-
fourths of an inch.   
 

Mine Dust Survey 
 
Investigators conducted a post-explosion mine dust survey.  The mine dust 
samples were analyzed at MSHA’s Laboratory in Mount Hope, West Virginia.  
Each sample was subjected to an Alcohol Coke Test and an incombustible 
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analysis.  The incombustible analysis identified the percentage of incombustible 
material in each sample.  The Alcohol Coke Test identified the portion of coke in 
each sample.  The results of the mine dust survey are contained in Appendix Q.  
The locations of all intended mine dust samples are shown on the mine map in 
Appendix R.  Samples were collected by band or perimeter method from entries.  
Material was gathered from an area on the floor up to one inch deep and six 
inches wide and combined with dust from the roof and ribs to make up a one 
band or perimeter sample.  The material was collected with a small flat scoop 
and brush, placed in a collection pan, and sifted through a 10 mesh screen.  The 
sifted material was placed on a clean rubber sheet.  If the amount collected was 
too large for the collection bag, then the sample was thoroughly mixed and 
quartered, reducing the desired amount to a half bag.  If an insufficient amount 
was gathered, an additional, adjacent band sample would be taken.  Where it 
was impractical or unsafe to collect full perimeter samples because of excessive 
height, a floor sample and a sample from the ribs was collected to the maximum 
height that could be done safely.   
 
Each bag was long enough to allow tying a knot in the open end of the bag.  An 
identifying tag was secured to each bag by the tag string and secured within the 
formed knot of the bag.  As a sample was collected, the location was marked on 
the identifying tag that corresponded to the predetermined location on the mine 
dust survey map.   
 
The incombustible content of the combined coal dust, rock dust and other dust 
must be maintained to at least 65% in the intake air courses and at least 80% in 
the return air courses, in the absence of methane, to meet regulatory 
requirements.   
 
The area evaluated was extensive; therefore, the survey was divided into five 
separate survey areas, as follows:   
 
Survey No. 1(a) - 2 North Mains (outby the location of the 2 North Mains seals)  
Survey No. 1(b) - 2 North Mains (inby the location of the 2 North Mains seals) 
Survey No. 2      - 1st Left  
Survey No. 3      - 2nd Left Parallel  
Survey No. 4      - 2nd Left Mains (inby the location of the 2 North Mains seals)  
MSHA intended to collect mine dust samples at 685 designated locations.  
However, 458 locations could not be sampled because of wetness, inaccessibility, 
or because the area was unsafe to travel.  A total of 227 locations were 
successfully sampled.   
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2 North Mains - Survey No. 1(a)  
 
The starting point for this survey was 50 feet inby survey station 3483 of the 2 
North Mains track entry, and extended inby for approximately 5,700 feet to the 
location of the 2 North Mains seals.  There were 247 designated locations 
identified for sampling in this survey.  A total of 141 mine dust samples were 
collected.  The other 106 locations could not be sampled because of wetness, 
inaccessibility, or because the area was unsafe to travel.  The results of the 141 
samples collected indicate that 39 of the samples, or 28%, were substandard.  
However, due to the area where the explosive force propagated, it cannot be 
determined if these samples were contaminated by dust and other materials.  
Therefore, the incombustible content of the samples taken could not be used to 
determine compliance with the regulatory requirements.   
 
2 North Mains - Survey No. 1(b)  
 
The starting point for this survey was inby the 2 North Mains seals and 
extending toward the faces of 2 North Mains.  There were 64 locations identified 
for sampling.  Mine dust samples were collected at 29 locations.  The other 35 
locations could not be sampled because of wetness, inaccessibility, or because the 
area was unsafe to travel.  The results of the 29 samples collected indicate that 26 
of the samples, or 90%, were substandard.  The explosion occurred inby the seals 
and the incombustible content of the samples taken could not be used to 
determine compliance with the regulatory requirements.   
 
1st Left - Survey No. 2 
 
The starting point for this survey was at the mouth of 1st Left.  There were 43 
locations identified for sampling in 1st Left.  Mine dust samples were collected at 
four locations.  The other 39 locations could not be sampled because of wetness, 
inaccessibility, or because the area was unsafe to travel.  The incombustible 
content results of the four samples indicated that two of the four samples, or 
50%, were substandard.   
 
2nd Left Parallel - Survey No. 3 
 
The starting point for this survey was at the mouth of 2nd Left Parallel.  There 
were 222 designated locations for sampling in 2nd Left Parallel.  Mine dust 
samples were collected at 42 mine locations, the other 180 locations could not be 
sampled because of wetness, inaccessibility, or because the area was unsafe to 
travel.  Of the 42 samples analyzed, 14 of the samples, or 33%, were substandard. 
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2nd Left Mains - Survey No. 4  
 
The starting point for this survey was at the mouth of 2nd Left Mains.  There 
were 109 locations identified for sampling in the 2nd Left Mains.  Mine dust 
samples were collected at 11 locations, the other 98 locations could not be 
sampled because of wetness, inaccessibility, or because the area was unsafe to 
travel.  However, due to the area where the explosive force propagated, it cannot 
be determined if these samples were contaminated by dust and other materials.  
The results of the 11 samples collected indicate that 4 of the samples, or 36%, 
were substandard.  Therefore, the incombustible content of the samples taken 
could not be used to determine compliance with the regulatory requirements.   
 
MSHA Mine Dust Sampling Prior to Accident 
 
MSHA conducted mine dust surveys during regular health and safety 
inspections prior to the accident.  The areas that were evaluated for 
incombustible content as required by Section 75.403 included areas beginning 
approximately 600 feet outby the 2 North Mains seals and extending through the 
sealed area and into 2nd Left Mains.  Based on the inspectors’ observations and 
evaluation, this entire area could not be sampled because of excessive water.  
Additionally, mining had stopped because of increased water inflow and 
deteriorating roof conditions.  As discussed previously, a large area was 
evaluated before the accident and was very wet.  Similar conditions were found 
after the accident.  Therefore, it appears that the area may have also been wet at 
the time of the explosion.  
 

Examinations 

 
Sections 75.360 and 75.362 require that examinations of the mine be conducted by 
certified mine examiners.  Section foremen were normally assigned to conduct 
preshift and onshift examinations during production shifts.  Hourly mine 
examiners were normally assigned to conduct preshift examinations on non-
producing shifts.  Other mine examiners were normally assigned to conduct 
onshift and preshift examinations along the belt and track entries. 
 
Section 75.360 requires an examination by a certified person within 3 hours 
preceding the beginning of any 8-hour interval during which any person is 
scheduled to work or travel underground.  The certified examiner is required to 
examine for hazardous conditions, test for methane and oxygen deficiency, and 
determine if air is moving in the proper direction at specific locations, such as 
travelways, working sections, and seals along intake air courses where intake air 
passes by a seal to ventilate working sections.  The 2 North Mains seals were not 
required to be examined during preshift examinations unless miners were 
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scheduled to work in the area.  Preshift examinations were performed based 
upon three 8-hour time periods.  The 8-hour intervals scheduled for starting 
preshift examinations were 6:00 a.m., 2:00 p.m. and 10:00 p.m. 
 
On Sunday, January 1, 2006, the day shift mine foreman and two other miners 
worked on the track and on a pump on the 2nd Left Parallel section.  One of the 
hourly employees was a motorman who was also certified to conduct mine 
examinations.  Preshift or supplemental examinations were not conducted prior 
to these employees entering the working area.   
 
On January 2, 2006, two mine examiners, Helms and Jamison, conducted a 
preshift examination of the underground areas of the mine before the crews 
entered the mine.  This break in routine was due to the holiday weekend.  
Jamison examined the 2nd Left Parallel section and exited the mine to complete 
his report.  Helms examined the 1st Left section, remained underground and 
called his report to the surface.  No unsafe conditions or dangers were noted or 
reported. 
 
Section 75.364 requires a weekly examination of worked-out areas and the 
bleeder system.  It also requires an examination for hazardous conditions at 
specific locations that include at least one entry of the intake and return air 
courses in their entirety and at each seal along a return or bleeder entry.  
Measurement of air volume and tests for methane at specific locations are also 
required.  Hourly employees who were also examiners were assigned to conduct 
the majority of the weekly examinations.  Interviews with mine personnel and a 
review of the weekly examination records conducted during the last quarter of 
2005 indicated deficiencies.  The records indicated that a weekly examination of 
the mine was not conducted during the week of December 14, 2005.  The 
examiner conducting the weekly examination on November 23, 2005, failed to 
make the required air reading where air leaves the main return at the mouth of 
1st Left.   
 
The mine examiner conducting the weekly examination for hazardous conditions 
found and recorded 0.2% methane in the air course at the 2 North Mains seals on 
December 28, 2005.  He also stated that he found 1.2% methane exiting the 
sample pipe at the No. 10 seal.  This was the only time he had found methane 
during his examinations.  The mine examiner reported the incident to the mine 
foreman.  On December 30, 2005, the mine foreman found 0.2% methane in the 
split of air ventilating the seals. 
 
Section 75.312 requires a daily main mine fan examination to assure electrical 
and mechanical reliability of each main mine fan and its associated components.  
This includes the devices for measuring or recording mine ventilation pressure.  
A trained person designated by the operator shall examine the fan for proper 
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operation at least once each day unless a fan monitoring system is used.  Hourly 
and management employees are trained by the operator to conduct these 
examinations.  Interviews with mine personnel and a review of the daily fan 
pressure recording charts indicated the operator failed to change the main mine 
fan pressure recording chart before the beginning of a second revolution on four 
occasions during the last quarter of 2005.  The required test of the automatic fan 
signal device was not performed by stopping the fan every 31 days. 
 
MSHA’s underground and surface standards require the operator to examine 
and test electrical equipment at specific intervals.  Section 75.512 requires all 
underground electrical equipment to be examined and tested at least weekly by a 
qualified person to assure safe operating conditions.  Five pieces of equipment 
were not tested or examined consistently on a weekly basis.  Section 75.900-3 
requires all low- and medium-voltage circuit breakers and their auxiliary devices 
to be tested and examined by a qualified person on a monthly basis.  The circuit 
breaker that protected the 58 horsepower (hp) pump was not tested or examined 
at least once each month.  Section 75.900-4 further states that each breaker test, 
examination, repair, or adjustment will be noted in a written record.  The record 
of the tests of all circuit breakers did not list each breaker individually.  Section 
75.800-3 requires the testing and examination of high-voltage circuit breakers 
and their auxiliary devices protecting underground circuits by a qualified person 
on a monthly basis.  Section 77.502 requires all surface electrical equipment to be 
examined, tested and properly maintained by a qualified person at least 
monthly, to assure that it is in safe operating condition.   

 
Training 

 
The approved Part 48 Training Plan for underground and surface areas of the 
mine was evaluated to assure that the plan met the requirements of Section 48.3 
and Section 48.23.  Course material, course outlines, evaluation methods, visual 
aids, and equipment available for use by the instructor(s) as required by Section 
48.3(e) and Section 48.23(e) were reviewed.  A review of all Task Outlines was 
conducted for each position at the mine, as required by Section 48.3(b) (8) and 
Section 48.23(b) (8).  Evaluations were done of the mine operator’s MSHA Form 
5000-23, Certificates of Training, with emphasis on the 1st Left and 2nd Left 
Parallel crews.  The course material, course outlines, evaluation methods, visual 
aids, and equipment used for training were reviewed to assure that all items 
listed in the Approved Part 48 Training Plan were available for use by the 
instructor(s) as required by Section 48.3(e) and Section 48.23(e).  The approved 
Part 75 and Part 77 training plans for certified and qualified persons were 
reviewed.  Course materials and course outlines for Part 75 and Part 77 including 
but not limited to, Principles of Mine Rescue, Provisions of Part 75 and Part 77, 
and task training as required by Section 75.161 and Section 77.107-1 were 
evaluated. 
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A list of miners that carry a methane/oxygen detector was requested from the 
mine operator.  These miners were checked on the MSHA Standardized 
Information Systems (MSIS) to ensure that they had been tested as required by 
Section 75.151 and Section 77.102.  The electrical retraining plan for underground 
and surface as required by Section 75.153(g) and Section 77.103(g) was reviewed.  
A list of electricians at the mine was checked on MSIS for up-to-date 
certifications.  All instructors that conducted training for the mine, which 
included Part 48 Approved Instructors and Electrical Instructors, were checked 
for up-to-date qualification on the MSHA MSIS program.  The Mine Emergency 
Evacuation and Firefighting Program of Instruction was reviewed and compared 
to the course outlines in Sections 48.25, 48.6, and 48.8, to assure that the outline 
addressed the needs of the miners. 
 
The following is a list of deficiencies that were found:    

• Ten miners whose job duties required testing for methane had not 
demonstrated to the satisfaction of an authorized representative of MSHA 
that they were qualified to test for methane; 

• The annual refresher training was not adequate.  A miner was not 
provided with hands-on SCSR training; 

• Underground electrical qualification retraining was conducted at the mine 
without an approved underground electrical retraining program; 

• Surface electrical qualification retraining was conducted at the mine 
without an approved surface electrical retraining program; 

• A form 5000-23 was signed by a miner and a qualified instructor verifying 
that annual refresher training had been completed when in fact no 
training had been given; and 

• Six miners did not receive any annual retraining as required. 
 

Communications  
 
Equipment 
 
The mine used several communication systems.  The dispatcher’s office was the 
communications hub.  Verizon supplied telephone service to the surface office 
buildings and the dispatcher’s office.  The dispatcher had the capability to route 
the Verizon service into the mine through the mine phone system.   
 
The underground mine phone system was comprised of pager phones, which 
were located throughout the mine and in the working sections, as well as in the 
pit area, dispatcher’s office and other mine offices.  Any pager phone on this 
system could page to all of the other pager phones.  A conversation between any 
two people using these phones could be heard from any of the other pager 
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phones.  This system allowed a number of miners to communicate with each 
other simultaneously.   
 
Mine pager phones were connected together by two wires.  Each phone had a 
battery.  If the battery was disconnected or depleted, then that phone would not 
operate.  If the wiring became severed, then there would no longer be two-way 
communications between the phones inby the damage and the phones outby the 
damage.  However, the phones outby could communicate with each other and 
the phones inby could communicate with each other. 
 
The mine also employed a Gai-Tronics Corporation trolleyphone communication 
system.  These phones were located in the dispatcher’s office and on the battery 
powered rail mantrips and locomotives.  Although the system was referred to as 
a trolleyphone system, there was not an electrically-powered trolley system at 
the mine.  The trolleyphone system used an antenna wire, a carrier repeater and 
an electrical connection to the track at the drift opening and at the carrier 
repeater.  The antenna wire was installed on the mine roof above the track.  The 
carrier repeater was used to amplify the signal to maintain trolleyphone 
communication throughout the mine.  It was installed in the crosscut between 
the No. 4 Belt entry and the No. 5 track entry, 9 Crosscut, No. 4 Belt.  The carrier 
repeater was powered by 120 volts received from the No. 4 Belt power center 
installed at the same location.   
 
The trolleyphone system allowed communication between miners on mantrips 
and locomotives, and the dispatcher.  This system could receive communications 
from the pager phone system, but could not transmit to it.  When needed, the 
dispatcher would relay communications between the two phone systems. 
 
The trolleyphone system would not operate if the carrier repeater was de-
energized.  For example, if the power center for the No. 4 Belt drive was de-
energized, the repeater would be de-energized and the trolleyphone system 
would not operate.  If the antenna wire to the system was damaged, 
trolleyphones inby the damage would not function, but those outby the damage 
might. 
  
Motorola two-way handheld radios were used on both sections.  The two-way 
radios would not interact with any other communication system.  MSHA 
personnel indicated the radios may have a maximum range of 1,500 feet within 
the same entry, with severely limited range around corners.  This range is highly 
dependent on coal seam height, entry geometry, and infrastructure within the 
entry.  Battery strength also affects the range of the radios.  One miner stated that 
the units had a range of about 1,000 feet when in direct line of sight and less than 
that distance when not in direct line of sight.         
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The dispatcher and the yardman each had a handheld radio.  These radios could 
transmit and receive communications with each other and the pager phones via 
the Interlink 3000 unit located within the dispatcher’s office.  The radios could 
also receive alerts and alarms from the AMS.  The dispatcher used the radio 
when his assignments required him to leave the dispatcher’s office.   
 
Equipment Status  
 
The pager phone system was operational prior to the accident.  The explosion 
damaged wiring and several pager phones.  The most outby damage to the 
wiring occurred approximately 50 feet inby the 1st Left track switch, near survey 
station 3869.  Pager phone communication inby this point to 2 North Mains and 
2nd Left Parallel was no longer possible.  Information on the mine pager phone is 
included in Appendix S, which is an executive summary of a report entitled 
“Executive Summary of Inspection of Sago Mine Voice Communications 
Equipment.”  
 
At the start of the day shift on January 1, 2006, the trolleyphone system did not 
function.  The carrier repeater for the system lost power.  At about 8:00 a.m., a 
maintenance foreman reset the circuit breaker and the trolleyphone system 
worked.  The trolleyphone system was working at the end of this shift. 
 
The dispatcher indicated that the trolleyphone system again failed to function on 
January 2, 2006.  Before the accident, he only heard static on the system.  After 
the explosion, the carrier repeater lost power.  The most outby damage of the 
antenna wire was approximately 20 feet inby survey station 3854, located near 50 
Crosscut, No. 4 Belt.  The trolleyphone system could not be used to communicate 
with the mantrip used by the 2nd Left Parallel crew.  During the investigation, 
the carrier repeater was removed from the mine and tested, and was found to be 
functional.   The executive summary of the reports for the trolleyphone system 
are contained in Appendices S and T. 
 
The 1st Left crew was located at the track switch when the explosion occurred.  It 
is over 1,400 feet from the 1st Left track switch to the location of the 2nd Left 
Parallel mantrip.  These two locations were not in a direct line of sight.  
Therefore, it is not likely that the 1st Left and 2nd Left Parallel crews could have 
communicated with each other with the radios.  An “Executive Summary of 
Investigation of the Motorola Two-way Radios” is contained in Appendix U.   
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Mine Rescue Communications 
 
The following surface locations at the mine had pager phones during the mine 
rescue operations: 
 

• Command center (mine superintendent’s office) 
• Maintenance superintendent’s office 
• Small office behind the maintenance superintendent’s office  
• Mine foreman’s office  
• Foremen’s office  
• Dispatcher’s office 
• MSHA’s mine rescue vehicle (phone was connected between 6:00 p.m. 

and 12:00 midnight on January 2, 2006) 
• WVMHS&T’s mine emergency vehicle (phone connected during rescue 

efforts) 
• Building in mine pit (phone disconnected at approximately 6:58 a.m.  on 

January 3)   
 
A command center was established at about 1:00 p.m. on January 2, 2006 in the 
mine superintendent’s office.   
 
Underground Mine Rescue Communications 
 
Mine rescue teams used Motorola two-way handheld, MSHA approved 
permissible radios.  During this rescue operation, MSHA provided four units, 
but one malfunctioned.  Interviews conducted with each MEU team member and 
their surface support personnel determined that the handheld permissible radio 
communication system performed as expected.  Communications are difficult in 
mine rescue scenarios where rescuers are wearing full face masks. 
 
Literature provided by the radio manufacturer discusses the range of the radios 
in general terms.  The literature states that more power will increase the range.  
As the batteries discharge power, the range of the radios will decrease.  In 
addition, proper tuning will increase the range of the radios.  The range is shorter 
in a building than it is when used outside in an area with no obstructions.  The 
range for the permissible radios is similar to that of the non-permissible radios 
discussed previously when used underground.   
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Seismic Location System 
 
Introduction 
 
In 1970, the National Academy of Engineering (Academy) reported that a seismic 
system might be able to detect and locate trapped miners.  The Academy 
proposed that a miner could strike part of the mine with a heavy object and the 
resulting vibrations could then be detected on the surface by using seismic 
transducers or geophones.  The vibrations would be converted into electrical 
signals by the geophones and then amplified, filtered, and recorded.  By 
comparing the arrival times of the signal at several different geophone locations, 
the trapped miner could be located. 
 
In 1971, the Westinghouse Electric Company built and tested a truck-mounted 
system.  From 1972 until 1981, Westinghouse, MSHA and the USBM modified 
and tested the system in a variety of mines.  There were 15 field tests conducted 
to define a signal model, background, noise levels, and geophone location 
performance.  Since 1981, MSHA has conducted intermittent field tests to check 
and maintain operational familiarity with the system.   
 
Tests indicated that, under certain conditions, the truck-mounted system can be 
an effective means of detecting and locating trapped miners.  Signals from 
miners pounding on the roof of a mine can be of sufficient strength to enable 
detection over an area of the mine.  The signals are affected by ground 
conditions, the depth of the mine, and seismic noise sources.  Estimations of the 
location of the trapped miner can be of sufficient accuracy to aid the rescue team 
or aid in the positioning of the rescue drill.34   However, a significant amount of 
time is required to set up the system and conduct an accurate survey. 
 
MSHA’s truck-mounted seismic location system is maintained by personnel from 
the Pittsburgh Safety and Health Technology Center of MSHA’s Technical 
Support.  The seismic equipment, as well as the other related mine emergency 
equipment and personnel, is not automatically deployed when a mine 
emergency, such as a fire or explosion, occurs.  The deployment of the equipment 
is based on the preliminary information received about the nature of the mine 
emergency, and is often made based on consultation with Technical Support 
personnel.   
 

                                                 
 
 
34 Evaluation of the Seismic System for Locating Trapped Miners , Bureau of Mines Report of Investigations, RI 8567,  

John Durkin and Roy J.  Greenfield, (1981). 
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A minimum of six people are required to prepare and operate the system in a 
timely fashion.  The Chief, Mine Emergency Operations (MEO), directs the setup 
and operation of the system, assisted by two Technical Support personnel.  
Several MSHA MEU team members have also been trained to assist in the setup 
and operation of the system.  However, the use of the MEU at a mine emergency 
for this purpose could reduce the resources available for mine rescue 
exploration.   
 
In March 1977, during the rescue efforts at the Porter Tunnel Mine Inundation 
near Tower City, Pennsylvania, the MSHA truck-mounted seismic system was 
deployed and was not able to detect signals from a trapped miner, due to seismic 
noise and overburden conditions, using geophones installed on the surface over 
the mine.  MSHA installed cables and geophones from the surface into the mine, 
attempting to receive signals from miners.  This also was not successful.  This 
event prompted MSHA to develop a mini-seismic system in the 1980’s.  This 
system was designed to be quickly deployed.  It is portable and designed to be 
taken underground and used by mine rescue teams.  The system can be carried 
by two people and will easily fit in a small truck.  However, the mini system has 
very limited capabilities, employing only 4 geophones.  It cannot pinpoint the 
specific location of miners, but may detect their presence in some situations.  It 
was not designed to be used from the surface of a mine.  However, when used in 
this configuration, it can detect signals at a very limited depth, reportedly less 
than 200 feet. 
 
System Deployment 
 
Following a mine disaster in which it has been determined that use of the seismic 
location system would be helpful and is requested to be deployed, the system is 
transported to the mine site.  A geophone array is positioned over the suspected 
area of entrapment.  Each of the seven geophone sub-arrays must be accurately 
surveyed and tied to the mine survey.  A refraction survey must also be 
performed to determine the ground velocities.  In order to improve the 
possibilities of detecting and locating a trapped miner, the geophones should be 
placed around the miner’s most likely location.  If the trapped miner is not 
within the area covered by the geophones, he may still be detected, but 
determining his location accurately may be more difficult.  The system does not 
give an exact location for the trapped miners.  Information from the system, 
along with the underground mine maps, helps determine where miners may be 
located.  The accuracy of the system is limited to 50-100 feet.  
 
Telemetry is used to connect the system base station with the geophone arrays.  
It is important to locate the geophones away from any vehicle or personnel 
activity during attempted reception of seismic signals, because they interfere 
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with signal reception.  Other natural and man-made seismic noise sources hinder 
the system’s ability to detect signals from trapped miners 
 
Mine Emergency Evacuation and Firefighting Program of Instruction 
 
The Program provided that when miners are trapped by toxic gases from fires or 
explosions and are able to take refuge where the air is comparatively good, they 
should make every effort to protect themselves from deadly, poisonous gases by 
erecting a barricade or bulkhead.  The miners behind the barricade should do the 
following: 
 

1)  Listen for three shots, then 
2)  Signal by pounding hard on the roof 10 times. 
3)  Rest for 15 minutes, and 
4)  Repeat .  .  .  .  until 5 shots are heard which would indicate that you 

have been located. 
 
2nd Left Parallel Crew 
 
After attempting to evacuate, the 2nd Left Parallel crew built a barricade in the 
face area of 2nd Left Parallel.  The miners used a sledgehammer to pound on a 
roof bolt.  Investigators found the sledgehammer and an obviously beaten roof 
bolt in the barricade.  McCloy indicated that they took turns pounding but he 
was unable to provide a time as to when they started or stopped.  It is likely that 
they started pounding in the morning of January 2, and stopped in the afternoon 
or evening of that same day.  The exact timeframes are unknown.   
 
System Response 
 
MSHA headquarters personnel contacted the Chief, MEO, Dr. Jeffery Kravitz at 
about 10:15 a.m.  Only limited information was available at the time, including 
the fact that an explosion may have occurred at the mine, that a number of 
miners underground had not been accounted for, and that miners had gone 
underground after the event.  Based on this information, headquarters personnel 
requested Kravitz to dispatch MSHA’s mine rescue and gas analysis equipment 
and personnel to the mine.   
 
Kravitz’s first priority was to notify MSHA district managers to request that their 
mine rescue team members respond to the mine.  He then started contacting the 
required MEU members at their homes.  At about 12:30 p.m., Kravitz instructed 
his staff members to prepare the truck-mounted seismic system for possible 
deployment to the mine.  He called the trucking company that hauls the supply 
trailer, which is an integral part of the system, and put them on alert.  At 2:00 
p.m., Kravitz traveled to Pittsburgh and then went to the Technical Support 
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offices.  The mini-seismic system was readied for deployment in the event it was 
needed.  He departed with it at 5:15 p.m., arriving at the mine at 8:30 p.m.   
 
MSHA officials at the mine had gathered information about the accident 
throughout the day on January 2 and updated headquarters staff on the 
situation.  They learned that the 1st Left crew and the other miners who were 
outby 1st Left at the time of the explosion evacuated the mine safely.  They 
concluded that an explosion had occurred and that the 2nd Left Parallel crew did 
not evacuate.  Miners entered the mine, found damaged ventilation controls that 
had short circuited the ventilation system, and made temporary repairs to those 
controls to advance the ventilation in the mine to the mouth of the 2nd Left 
Parallel.  At this location, they encountered smoke, elevated CO concentrations 
and insufficient ventilation current to continue, and evacuated the mine.  The 
early information indicated that the explosion occurred somewhere on 2nd Left 
Parallel and that the miners were still located there.  Mine rescue teams arrived 
at the mine throughout the day.  The mine operator had started work on 
surveying the area on the surface over 2nd Left Parallel to drill a borehole, but 
the survey effort was hampered by conditions and the lack of appropriate survey 
equipment on site.  Although there was an initial upward trend in the gas 
concentrations at the monitoring locations, the trend eventually went downward, 
making it likely that mine rescue teams could enter the mine.   
 
Based on this information, MSHA officials decided that the approximate location 
of the miners was known and that mine rescue teams would be able to enter the 
mine if the downward trend continued.  The truck mounted seismic system 
would take over eight hours to set up once a surveyed location was determined, 
and all rescue operations, including drilling, would have to cease during the test.  
Therefore, the truck-mounted seismic system was not deployed to the mine site.   
 
The terrain and depth of cover over the 2nd Left Parallel made use of the mini-
seismic system from the surface impractical, so it was not used.  Preparations for 
a borehole into 2nd Left Parallel were ongoing.   The mine rescue teams were 
progressing steadily underground and did not need it.  

 
Seals 

 
Manufacturing and Testing of Omega Block 
 
Seals are constructed in underground coal mines to separate the worked-out 
areas from the active workings.  Stoppings and other ventilation controls are also 
constructed to direct ventilation through the mine.  Seals, stoppings, and other 
controls can be constructed from a variety of materials, provided that these 
materials and the methods of construction have been deemed suitable by MSHA.  
In order for MSHA to determine that seal materials and the methods of 
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construction were suitable, full scale seals were constructed and tested 
underground in NIOSH’s Lake Lynn Experimental Mine (Lake Lynn).  Lake 
Lynn is an underground limestone mine that was converted into a federal 
research facility.  Prior to the accident, seals had been built from various 
materials and tested at Lake Lynn by utilizing different methods of construction 
and subjecting the seals to explosions generating a static pressure of 20 psi or 
more.  This 20 psi testing pressure was required by federal regulation and was 
based on USBM research.  MSHA accepts materials for use as seals provided 
they are constructed in the same manner as tested.  Materials such as solid 
concrete blocks, wood, pumpable cementitious materials, and lightweight blocks, 
such as Omega blocks, had passed this explosion testing prior to December 31, 
2005 and been accepted for use as seals. 
 
If an explosion occurs in direct line with any seal, the total pressure from the 
explosion is exerted on the seal.  The total pressure is the sum of the static 
pressure and dynamic pressure.  The static pressure is pressure exerted in all 
directions.  The dynamic pressure is the pressure exerted by the movement of 
gases, or wind pressure.  For example, an explosion in an entry exerts a static 
pressure only on seals destroyed in crosscuts and exerts the total pressure on 
seals destroyed in the same entry.  During explosions, seals are exposed to either, 
1) the static pressure only if the seal is not in the direct line of the explosion, or 2) 
the total pressure, including both static and dynamic pressure, if the seal is in the 
direct line of the explosion and is destroyed. 
 
Omega blocks are lightweight, polyester fiber-reinforced blocks manufactured by 
Burrell Mining Products International, Inc. (Burrell).  The nominal size of a single 
block is 8 inches by 16 inches by 24 inches, weighing between 40 to 50 pounds.  
Laboratory testing has shown that Omega blocks are noncombustible.  Figure 17 
shows a picture of an Omega block. 
 

 
Figure 17 - Picture of an Omega Block 
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MSHA initially approved Omega blocks as a construction material for stoppings.  
However, full-scale testing at Lake Lynn revealed that Omega blocks could be 
used to build seals that withstand a static horizontal pressure of 20 psi.  Since 
1990, various configurations of Omega block seals had successfully passed 
testing.  The initial Omega seal which passed explosion testing was 24 inches 
thick and included a center pilaster and hitching.  In 2001, a 40 inch thick Omega 
seal without a pilaster or hitching passed explosion testing.  The proper 
construction of Omega seals will be detailed in a subsequent section of this 
report. 
 
Burrell manufactures Omega blocks at plants located in Bluefield, West Virginia; 
Garards Fort, Pennsylvania; and Price, Utah.  Burrell produces other products at 
these plants as well.  At each plant, the manufacturing occurs in a facility 
adjacent to an enclosed storage area.  After manufacturing, the Omega blocks are 
protected from the environment in an enclosed storage area. 
 
Suppliers provide the necessary ingredients to each plant for the manufacture of 
Omega blocks.  The ingredients include Portland cement, water, foaming agent, 
polyester fiber, and Type F fly ash.  The cement and fly ash are very fine 
powders.  A computer-controlled system combines the ingredients into a batch 
mix.  After appropriate quantities are entered, a mixing process occurs, which 
results in a uniform distribution of ingredients throughout the mix.  The batch is 
discharged from the mixer, and a Burrell employee pumps it into forms.  The 
employee must maintain the discharge hose in continual motion to properly fill 
the forms.  As individual forms are filled, they are moved from the filling area to 
a holding area for approximately 24 hours.  This period allows the product to 
harden to the point where the forms can be removed.  A full curing period is 28 
days due to the cement in the mix. 
 
After 24 hours, pallets of filled forms are individually positioned at a large, 
electronically-controlled band saw.  According to Burrell, allowing the material 
to cure longer than 24 hours prior to sawing would cause excessive wear on the 
saw.  When the forms are removed, the material is cut into 8 inch by 16 inch by 
24-inch sections.  As individual pallets of Omega blocks complete the sawing 
phase, they are subjected to a quality control check.  Initially, visual observations 
are made of each pallet load of cut Omega blocks.  Any Omega blocks with 
defects or obvious differences in dimensions are removed from the pallet and 
discarded.  A single block from each pallet is examined for size and weight.  
During this phase, Omega blocks generally weigh between 45 and 47 pounds.  
Blocks must weigh between 40 pounds and 50 pounds to be acceptable.  Up to 
five pounds of water loss may occur in individual blocks during the curing 
phase. 
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After the quality control check is completed, a shrink wrap is fitted to each pallet 
load of Omega blocks.  This wrap protects the Omega block from atmospheric 
conditions, such as precipitation, and serves to maintain the integrity of the block 
during the curing and shipping process.  An identification tag is affixed to each 
pallet with a date stamp marked on it to show the manufacture date.  Each pallet 
is moved to a storage area where it is kept for at least two weeks before shipping.  
This two week period allows for continued curing of the Omega blocks.  Omega 
blocks are shipped directly to underground coal mines or to mine supply 
distributors. 
 
Uniaxial compressive strength tests were conducted on Omega blocks from a 
variety of sources.  The purpose of the testing was to establish whether any 
strength differences existed between dry and wet block, between new block from 
each of the three plants, between blocks from lots used previously at Lake Lynn, 
or between blocks cored from different sides.  Preparation and testing was 
conducted by MSHA’s Roof Control Division at their Bruceton facility.  The 
complete results of all uniaxial compressive strength tests of Omega blocks are 
contained in a Report of Laboratory Testing dated July 11, 2006.  Appendix V is a 
copy of the executive summary of that report.   The Omega blocks were received 
from ten (10) separate locations as follows: 
 

1. Burrell’s Bluefield, West Virginia plant 
2. An underground coal mine in Utah 
3. NIOSH’s Lake Lynn – 2002 
4. NIOSH’s Lake Lynn – 2006 
5. Sago Mine –2 North Mains seal remnants 
6. Sago Mine – Supply yard blocks dated 2004 
7. Sago Mine – Supply yard blocks dated 2005 
8. Sago Mine – Supply yard loose blocks undated 
9. Burrell’s Price, Utah plant 
10. Burrell’s Garards Fort, Pennsylvania plant 
 

Burrell does not conduct compressive strength testing on any Omega blocks 
manufactured at any of their three plants.  Therefore, no direct comparisons 
could be made between the Omega blocks tested as a part of this investigation 
and results of past testing during the manufacturing phase.  A range of 
compressive strengths between 45 psi and 120 psi is typical for Omega blocks.  
Of the 109 samples tested, 108 (99.1%) samples fell within or exceeded the 
expected range.  Only one (0.9%) sample fell below expectations. 
 
The results indicate that there are no differences in the average compressive 
strengths between wet and dry specimens or between cores removed 
horizontally or vertically with a drill.  Core orientation had little influence on 
compressive strength since the Omega material is a mixed product poured into a 



 128

mold.  Sample degradation (i.e. surface cracking) was observed as samples dried.  
However, moisture content did not influence the compressive strength. 
 
Seal History and Construction 
 
Federal regulations require that areas of underground coal mines be ventilated or 
sealed.  Sealing eliminates exposure to hazardous conditions, such as adverse 
roof conditions, and allows for areas to be abandoned where mining has ceased.  
Sealing eliminates the need to ventilate and examine sealed areas.  Many 
underground coal mines choose to construct seals.  Seals are to be constructed 
according to the federal regulations contained in Section 75.335.  In addition, 
Section 75.335 (a) (2) permits seals to be constructed using alternative methods or 
materials if they can withstand a static horizontal pressure of 20 psi.35  The 
method of installation and the material used are approved in the ventilation 
plan. 
 
Prior to 1992, federal regulations stated that pending the development of 
specifications for explosion-proof seals or bulkheads, seals or bulkheads could be 
constructed of solid, substantial, and incombustible materials sufficient to 
prevent an explosion that may occur on one side of the seal from propagating to 
the other side.  There were no performance standards prior to 1992 that defined 
seal construction.  However, in 1992, MSHA promulgated revised safety 
standards for underground coal mine ventilation.  The standards included a 20 
psi static horizontal pressure requirement on seals constructed of alternative 
methods or materials.  The 20 psi requirement was based on USBM Report of 
Investigations (RI) 7581 entitled “Explosion-Proof Bulkheads.”  According to RI 
7581, a seal or bulkhead may be considered explosion proof when its 
construction is adequate to withstand a static load of 20 psi, if there is sufficient 
incombustible material on both sides of the seal to abate the explosion hazard.  
With adequate incombustible material and minimum coal dust accumulations, 
USBM considered it doubtful that pressures exceeding 20 psi could occur very 
far from the origin of the explosion.  The coal mining industry and the general 
public were afforded the opportunity to comment on the proposed ventilation 
regulations before those regulations became effective.  The regulations were 
intended to prevent explosions on either side of a seal from propagating to the 
other side. 
 
MSHA partnered with NIOSH to develop a full-scale seal-testing program at 
Lake Lynn.  Figure 18 is a sketch of Lake Lynn.  Alternative seal designs have 
                                                 
 
 
35 MSHA has since issued an interim requirement that newly constructed seals must withstand a 50 psi overpressure.  

MSHA PIB No. P06-16. 
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been tested and determined to meet the requirements of 75.335(a)(2).  Seals that 
MSHA has determined to be suitable for construction in underground coal mines 
included seals constructed of Omega blocks.  All seals that are deemed suitable 
for construction in underground coal mines must be constructed in the same 
manner as those that passed explosion testing at Lake Lynn.  The size limitations 
for all seals are not to exceed 8 feet in height or 20 feet in width.  Seals can be 
constructed in larger openings but they must be evaluated by MSHA on a case-
by-case basis prior to installation.  Deviations in the method of construction or 
the materials used result in an untested seal with strength characteristics that 
may not be appropriate.  Consequently, such seals are not suitable for 
construction in underground coal mines until they successfully pass testing.  
 

 
Figure 18 - Sketch of the Lake Lynn Mine 

When the full-scale testing program was initiated, manufacturers submitted their 
intended designs to MSHA and the USBM.  Seal designs were evaluated to 
determine whether their intended purpose could be met.  Seals were constructed 
underground at Lake Lynn and provided time to cure.  The USBM documented 
the steps necessary for construction.  Air leakage guidelines were developed 
regarding the amount of air leakage that would be acceptable at various air 
pressure differentials.  Visual observations and air leakage tests were used to 
determine if the seal met the regulatory requirements.  The guidelines show that 
an air leakage of up to 100 cfm is acceptable at an air pressure differential of one 
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inch water gauge and up to 250 cfm is acceptable at an air pressure differential of 
four inches of water gauge.  A pre-explosion air leakage test was conducted.  
Seals were required to meet or exceed the guidelines.  Afterwards, an explosion 
was initiated which generated a pressure of about 20 psi static horizontal 
pressure on each seal.  Subsequent to testing, seals were again required to meet 
the air leakage guidelines.   
 
Manufacturers shared their successfully tested designs with mine operators.  
Mine operators submitted some of these designs for inclusion in their ventilation 
plan to MSHA for approval.  The MSHA district office could contact MSHA 
Technical Support for technical information and guidance on any specific seal 
design prior to approval.  MSHA Technical Support provided training, 
distributed technical information, and responded to specific inquiries regarding 
seal construction. 
 
The manufacture and testing of individual Omega blocks has been described in a 
previous section of this report.  Omega blocks had been found suitable for seal 
construction, when mortared together with BlocBond in the proper 
configuration.  The first Omega block seals which passed explosion testing were 
24 inches thick, including a 48 inch square center pilaster and hitched six inches 
deep along both ribs and the floor.  A pilaster is an additional center column 
built of Omega blocks from floor to roof as an integral part of any individual 
seal.  Hitching is accomplished by cutting a trench along the floor from rib to rib 
and cutting a trench in each rib from roof to floor.  The seal is to be set into the 
hitch as a means to prevent perimeter failures.  Attaching angle iron to both ribs 
and the floor on both sides of the seals is an acceptable method for providing 
artificial hitching.  The 24 inch thick Omega block seals successfully passed 
explosion testing and were deemed suitable for construction in underground 
coal mines.   
 
In 2001, the 40 inch thick Omega block seal design without a pilaster or hitching 
passed explosion testing at 20 psi.  As with other seals, there was no attempt to 
test these seals to their maximum strength.  Consequently, the maximum 
explosive force which a 40 inch thick Omega block seal could withstand was not 
determined at that time.  The construction of the 40 inch thick Omega seal is 
documented in a NIOSH publication titled, “Designs for Rapid In-Situ Seals” and 
includes adequate site preparation, roof support, and the following necessary 
factors: 

1. No hitching was used. 
2. Joints were staggered. 
3. Final seal thickness was 40 inches plus the thickness of face 

coatings. 
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4. BlocBond, a high-strength mortar, was applied ¼-inch thick as a 
mortar for all vertical and horizontal joints and as a face coating on 
both sides of the seal. 

5. No pilaster was used. 
6. The gap between the top of the seal and the roof was about 2.5 

inches. 
7. Three rows of 1 inch thick by 8 inch wide by 10 feet long wood 

planks were run lengthwise from rib to rib across the top of the 
seal.  One row was placed in the middle of the seal and two rows 
were placed symmetrically on each side with their respective edges 
flush with the inby and outby side of the seal.  Each row was 
wedged on about 1 foot centers and the gaps between wedges and 
between wood rows were filled with BlocBond. 

 
At the Sago Mine, the mine operator planned to construct seals across the nine 
entries of the 2 North Mains, which would effectively seal the inby areas of the 2 
North Mains and all of the 2nd Left Mains.  As a result, the mine operator 
submitted a plan detailing the construction of 40 inch thick Omega block seals.  
The plan, which was approved by MSHA, provided details on the method of 
construction of the 40 inch thick Omega seal.  The applicable addendums to the 
plan are included in Appendix K.  The plan included the following: 

1. No hitching was to be used. 
2. Total thickness of the completed seal shall be 40 inches. 
3. Joints were to be staggered. 
4. All joints shall be a minimum ¼-inch thick and be mortared using 

BlocBond. 
5. Three rows of wood planks running the entire length of the seal 

shall be installed across the top of the seal. 
6. Wedges will be placed on one foot centers or less with BlocBond 

used to fill the gaps. 
7. BlocBond shall be used as full face coating on both sides of the seal. 
8. The opening where the seal is to be constructed was limited to 8 

feet in height and 20 feet in width. 
9. Seals shall be at least 10 feet from the corner of the pillar. 

 
Subsequently, the mine operator submitted plans for the construction of Omega 
Block seals in locations where the opening is up to 10 feet high and 20 feet wide 
and also where the opening is up to 12 feet high and 20 feet wide.  However, 
these plans were intended for future seal locations and not for the seals 
constructed in 2 North Mains.  The method of construction for these larger 
designs was never utilized by the mine operator.  The dimensions of the 
locations in 2 North Mains where the ten seals had been constructed were 
measured and are listed in Table 9. 
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Table 9 - Dimensions of the 2 North Mains Seals 

Seal No. Maximum 
Width (feet) 

Maximum 
Height (feet) 

1 21.7 8.9 
2 20.4 8.7 
3 19.7 7.4 
4 18.9 7.3 
5 18.8 7.2 
6 19.5 7.4 
7 19.2 7.5 
8 19.6 6.3 
9 19.1 6.7 
10 18.3 6.3 

  
Testimony indicated that: 

• Mine management knew prior to seal construction that the location of the 
No. 1 seal exceeded 20 feet in width. 

• Up to three inches of dry BlocBond was spread on the floor prior to seal 
construction. 

• Each course was laid dry and mixed mortar was spread across the top of 
each course and an attempt was made to force mortar into the vertical 
joints by hand.  This is shown in Figure 19.  The darker material is the 
BlocBond, which only slightly filled the vertical joint.  

• Three wood planks were not always used on top of seals and wedges 
were not always installed properly. 

   

 
Figure 19 - Mortar in Vertical Joint 

 
Similar seals were constructed at Lake Lynn and withstood a 21 psi explosion.  
The pressures created by the explosion at Sago Mine significantly exceeded 20 
psi.  The differences in seal construction, listed above, did not affect their ability 
to withstand the explosion.  
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Statements indicated that dry BlocBond was spread across the mine floor at each 
seal location as the initial step in seal construction.  A dry powder such as 
BlocBond must be properly mixed with quantities of water designated by the 
manufacturer to form mortar.  The quality of the BlocBond observed after the 
explosion varied.  The BlocBond which remained on the ribs appeared to be 
properly mixed.  It remained attached to the ribs after the explosion.  It was dark 
gray to black and was extremely difficult to remove.  The BlocBond observed on 
the floor, after Omega blocks were removed, was light gray and easily removed.     
 
Core samples were removed from the floor at each of the ten seal locations.  
These samples were submitted to an independent laboratory to establish the 
quality and composition of the mortar in the setting beds.  The laboratory studies 
included petrographic examinations, visual examinations, and compressive 
strength testing.  A memo and executive summary of the report on the 
“Sampling and Testing of Mortar Bed Cores Taken from Failed Ventilation Seals” 
is included in Appendix W. 
 
The average compressive strength of the mortar cast in the laboratory exceeded 
8000 psi.  Only one mine core sample had a comparable compressive strength, 
however, the remaining mine core samples only had strengths from 830 to 2810 
psi.  Strength discrepancies in the mine core samples occurred because of 
inadequate mixing, incorrect water contents, inclusion of extraneous materials, 
or from fissures or tears that occurred after the mortar stiffened. 
 
The ten 2 North Main seal locations were evaluated during the investigation.  
The post-explosion location of Seal No. 1 is shown in Figure 20.  Several whole 
and partial Omega blocks remained at the location of Seal No. 1 after the 
explosion.  An exposed horizontal layer of BlocBond was easily removed from 
the remaining Omega blocks, indicating the lack of good bonding.  No BlocBond 
was observed in some vertical joints.  This seal had been constructed on a 
diagonal and was not perpendicular to either rib. 
 

 
Figure 20 - Post-Explosion Location of Seal No. 1 
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The post-explosion location of Seal No. 2 is shown in Figure 21.  Several Omega 
blocks remained at the location of Seal No. 2 after the explosion.  Unburned 
paper material was observed imbedded within the mortar along one rib and also 
in a remaining joint between Omega blocks.  No significant thickness of 
BlocBond was found between remaining Omega blocks.  The vertical joint 
between two Omega blocks included BlocBond for only approximately 25% of 
the joint. 

 

 
Figure 21 - Post-Explosion Location of Seal No. 2 

 
The post-explosion location of Seal No. 3 is shown Figure 22.  BlocBond on the 
rib was difficult to remove, indicating proper mixing prior to application.  
BlocBond on the floor had very little strength, indicating improper or no mixing 
with water prior to application. 
 

 
Figure 22 - Post-Explosion Location of Seal No. 3 
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The post-explosion location of Seal No. 4 is shown in Figure 23.  BlocBond was 
observed on the floor as a smooth surface, indicating a lack of adherence to the 
Omega block.  
 

 
Figure 23 - Post-Explosion Location of Seal No. 4 

 
The post-explosion location of Seal No. 5 is shown in Figure 24.  BlocBond and 
Omega blocks were set on loose floor material at this location. 
 

 
Figure 24 - Post-Explosion Location of Seal No. 5 
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The post-explosion location of Seal No. 6 is shown in Figure 25.  It appeared that 
pieces of Omega block were used, along with dry BlocBond, to level the floor 
prior to construction of the seal. 
 

 
Figure 25 - Post-Explosion Location of Seal No. 6 

 
The post-explosion location of Seal No. 7 is shown in Figure 26.  Very little 
BlocBond was observed on the ribs.  The BlocBond was difficult to remove, 
indicating good strength characteristics. 
 
 

 
Figure 26 - Post Explosion Location of Seal No. 7 
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The post-explosion location of Seal No. 8 is shown in Figure 27.  Very little 
BlocBond was observed on the ribs.  The BlocBond was difficult to remove, 
indicating good strength characteristics.  Roof conditions deteriorated during the 
investigation at this location. 
 

 
Figure 27 - Post-Explosion Location of Seal No. 8 

 
The post-explosion location of Seal No. 9 is shown in Figure 28.  Several Omega 
blocks remained at the location of Seal No. 9 after the explosion.  Unburned 
plastic and paper material was observed imbedded within the mortar along one 
rib.  A coating of dry, unmixed BlocBond was observed on the floor.   
 

 
Figure 28 - Post-Explosion Location of Seal No. 9 
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The post-explosion location of Seal No. 10 is shown in Figure 29.  No Omega 
blocks remained on the floor.  There were some indications of mortar on the ribs.   
 

 
Figure 29 - Post-Explosion Location of Seal No. 10 

 
The actual construction of the ten seals was different from the requirements of 
the MSHA approved plan and from the initial NIOSH testing of 40 inch thick 
Omega block seals.  Unburned plastic was imbedded inside the cured mortar 
along the rib, indicating that it was used as filler between the seal and the rib.  
Unburned paper material was also found imbedded in the cured mortar between 
the seal and the rib.  Paper was found in some joints between Omega blocks.  The 
dimensions of two of the ten seal locations exceeded the maximum approved 
dimensions of 8 feet high and 20 feet wide.  One seal was not set back at least 10 
feet from the corner of the pillar. 
 
After removal of remaining portions of Omega block from the floor, a layer of 
dry BlocBond material was evident.  It appeared to be BlocBond that was spread 
on the floor dry and not BlocBond that had been mixed with water.  Vertical 
joints were not coated with at least a ¼-inch thick application of BlocBond.  
Mortar was applied to the top horizontal surface and was spread by hand.  Most 
of the mortar reaching the vertical joints was forced in by hand.  During the 
underground investigation and, subsequently, during laboratory examination 
and testing, the limited extent of vertical joint mortar was noted as shown above 
in Figure 19.  A center plank was not always incorporated into the top of the seal.  
The planks were not wedged properly, as required by the ventilation plan.  In 
some cases, these planks did not extend from rib to rib.  The space between 
planks and the space between wedges was not completely filled with BlocBond.  
In addition, wedges were sometimes driven between the Omega block and the 
wood plank.  This forced the wedge into the Omega block rather than allowing 
the load to be more evenly distributed across the top of the seal.  Wedges were 
also driven parallel to the wood planks rather than perpendicular, as shown in 
the approved plan.  Although each wood plank would be completely wedged, 
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the wedges were placed skin-to-skin, which caused wedges to replace mortar.  
This procedure may have affected the strength of the seal. 
 
Seal Testing 
 
Due to these differences in the method of construction, MSHA requested NIOSH 
assistance in evaluating the explosion resistance of various Omega block seal 
designs.  As a part of this investigation, all seals were constructed at Lake Lynn.  
The purpose of this testing was to establish whether any detrimental effects 
resulted from the differences in construction and to establish the magnitude of 
pressures that may have occurred during the explosion at Sago Mine.  This was 
the first time that seals had been subjected to full-scale test explosions generating 
total pressures on the seals, and the first time tests were conducted within a 
completely sealed area.  An executive summary titled “Experimental Study of 
the Effect of LLEM Explosions on Various Seals and Other Structures and 
Objects” is contained in Appendix X.  
 
Prior to the first test explosion, two 40 inch thick Omega block seals were 
constructed underground.  A typical solid concrete block seal was constructed in 
No. 1 Crosscut.  The Omega block seal in No. 2 Crosscut was constructed in the 
same manner as the one which successfully passed explosion testing in 2001.  
The Omega block seal constructed in No. 3 Crosscut incorporated several 
changes in the method of construction.  These changes include applying 
unmixed mortar on the mine floor, not applying mortar directly to the vertical 
joints of the first course of blocks, and modifying the installation of wood planks 
and wedges between the last course of the Omega blocks and the mine roof.  This 
second Omega seal, referred to as a hybrid seal, was not intended to accurately 
represent the seals that were destroyed at the Sago Mine.  The seals were cured 
for 22 days.  This represented the shortest curing period for any portion of the 
ten 2 North Mains seals.  Two cribs were constructed in the entry just outby the 
No. 3 Crosscut.  Belt hangers, roof plates, and roof bolt bearing plates were 
installed along the entry.  A battery charger, removed from the Sago Mine, was 
located in the entry in which the explosion occurred.   
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The first test explosion was conducted on April 15, 2006 and generated a static 
pressure pulse of about 23 psi on the seal in No. 2 Crosscut, and 25 psi on the seal 
in No. 3 Crosscut.  Each of the three seals successfully withstood the pressure 
pulse.  The battery charger was moved outby by a distance of at least 21 feet as a 
result of this explosion.  The crib blocks were blown a maximum distance of 
about 883 feet from their initial location as a result of this explosion.  Figure 30 is 
a sketch of the Lake Lynn Mine layout for Test No. 1.   
 

 
Figure 30 - Test No. 1 Lake Lynn Mine Layout 

 
For the second test explosion, the solid concrete block seal and both of the 
Omega block seals from the previous test remained in place.  In addition, a 40 
inch thick Omega block seal was constructed in the Drift C outby No. 3 Crosscut.  
This third Omega block seal was constructed in the same manner as the one 
which successfully passed explosion testing in 2001.  The construction of this 
third seal across the drift effectively sealed off the inby area.  The seals cured for 
28 days.  No cribs were constructed as part of this test.  All damaged roof plates, 
and roof bolt bearing plates were replaced.  The explosion was initiated in the 
sealed area.  The purpose of this test was to impact the seals in the crosscuts with 
a static pressure pulse and the seal in the drift with a total pressure pulse from 
the explosion.   
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The explosion generated a pressure of 22 psi on the seal in No. 2 Crosscut, 39 psi 
on the seal in No. 3 Crosscut, and 51 psi on the seal constructed in Drift C.  The 
test was conducted on June 15, 2006.  The solid concrete block seal and the 
Omega block seal in No. 2 Crosscut successfully withstood the pressure pulse.  
The Omega block seals in No. 3 Crosscut and in Drift C were destroyed.  The 
battery charger was moved outby by a distance of at least 79 feet as a result of 
this explosion.  The greatest distance that seal debris was thrown as a result of 
this explosion was about 822 feet.  Figure 31 is a sketch of the Lake Lynn Mine 
layout for Test No. 2. 
 

 
Figure 31 – Test No. 2 Lake Lynn Mine Layout 

 
For the third test explosion, the solid concrete block seal and the Omega block 
seal in No. 2 Crosscut remained in place.  Omega block seals that were similar to 
those constructed at Sago Mine were constructed in No. 3 Crosscut and in Drift C 
just outby No. 3 Crosscut.  These Omega block seals incorporated several 
changes in the method of construction.  These changes include; applying 
unmixed mortar on the mine floor, not applying mortar directly to any vertical 
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 joints, and modifying the installation of wood planks and wedges between the 
last course of the Omega blocks and the mine roof.  The construction of this third 
seal across the drift effectively sealed off the inby area.  One dry-stacked 
stopping was constructed just outby the seal in the drift and one dry-stacked 
stopping was constructed in No. 3 Crosscut, behind the seal.  Two cribs were 
built on both the inby and outby side of the seal in the drift.  All damaged roof 
plates, and roof bolt bearing plates were replaced.  The seals cured for 28 days.  
The explosion was initiated in the sealed area.   
 
The purpose of this test was to impact the seals in the crosscuts with a static 
pressure pulse and the seal in the drift with a total pressure pulse from the 
explosion.  The explosion generated a pressure of 13 psi on the seal in No. 2 
Crosscut, 16 psi on the seal in No. 3 Crosscut, and 17 psi on the seal constructed 
in Drift C.  The test was conducted on August 4, 2006.  Each of the four seals 
successfully withstood the pressure pulse.  Figure 32 is a sketch of the Lake Lynn 
Mine layout for Test No. 3. 
  

 
Figure 32 - Test No. 3 Lake Lynn Mine Layout 
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For the fourth test explosion, the four seals from the previous test remained in 
place.  The fourth test was designed to increase the static and total pressures.  
The explosion was initiated in the sealed area.  The explosion generated a 
pressure of 15 psi on the seal in No. 2 Crosscut, 18 psi on the seal in No. 3 
Crosscut, and 21 psi on the seal constructed in Drift C.  The test was conducted 
on August 16, 2006.  Each of the four seals successfully withstood the pressure 
pulse.  Figure 33 is a sketch of the Lake Lynn Mine layout for Test No. 4. 
 

 
Figure 33 - Test No. 4 Lake Lynn Mine Layout 

For the fifth test explosion, the four seals from the previous test remained in 
place.  The fifth test was designed to significantly increase the static and total 
pressures.  The explosion was initiated in the sealed area.  The explosion 
generated a pressure of 26 psi on the seal in No. 2 Crosscut, 35 psi on the seal in 
No. 3 Crosscut, and 57 psi on the seal constructed in Drift C.  The test was 
conducted on August 23, 2006.  The solid concrete block seal and the Omega 
block seal constructed in No. 2 Crosscut successfully withstood the pressure 
pulse.  Both of the Omega block seals that were similar to those constructed at 
Sago Mine were destroyed by the pressure pulse.  The battery charger was  
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moved outby by a distance of about 30 feet as a result of this explosion.  The crib 
blocks were blown a maximum distance of about 438 feet as a result of this 
explosion.  Figure 34 is a sketch of the Lake Lynn Mine layout for Test No. 5. 
 

 
Figure 34 - Test No. 5 Lake Lynn Mine Layout 

 
For the sixth test explosion, the solid concrete block seal and the Omega block 
seal in No. 2 Crosscut remained in place.  A solid concrete block seal was 
constructed in No. 3 Crosscut and a seal constructed of Omega blocks from the 
Sago Mine was constructed in Drift C.  The sixth test was designed to 
significantly increase the static and total pressures.  The seals cured for 28 days.  
Two cribs were built on both the inby and outby side of the seal in the drift.  One 
dry-stacked stopping was constructed in No. 3 Crosscut, behind the seal.  The 
explosion was initiated in the sealed area.  The explosion generated a pressure of 
51 psi on the seal in No. 2 Crosscut, 49 psi on the seal in No. 3 Crosscut, and 93 
psi on the seal constructed in Drift C.  The test was conducted on October 19, 
2006.  Both of the solid block seals successfully withstood the pressure pulse.  
The Omega block seal in No. 2 Crosscut withstood the pressure pulse.  The 
Omega block seal constructed in Drift C was destroyed by the explosion.  
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 The greatest distance that seal debris was thrown as a result of this explosion 
was about 918 feet.  The battery charger was moved outby by a distance of about 
356 feet as a result of this explosion.  The greatest distance stopping debris was 
thrown, as a result of this explosion, was about 748 feet.  Figure 35 is a sketch of 
the Lake Lynn Mine layout for Test No. 6. 
 

 
Figure 35 - Test No. 6 Lake Lynn Mine Layout 

 
The belt hangers were intended to simulate those belt hangers that were installed 
in the Sago Mine at the time of the explosion.  When any belt hanger displayed 
damage during a test, it was replaced with a new belt hanger prior to the next 
explosion test.  Maximum explosion pressures ranged from 17 psi to 93 psi.  One 
belt hanger, located 403 feet outby from the explosion origin, was significantly 
bent in test No. 5 and No. 6.  The damage was most likely caused from 
projectiles, such as crib blocks, striking it.  Inby belt hangers were not damaged 
even though they were exposed to higher pressures.  From these tests, it does not 
appear that significant damage to belt hangers can occur at pressures less than 93 
psi.   
 
The test explosions have shown that solid concrete block seals can successfully 
withstand static explosion pressures of at least 49 psi.  The Omega block seal that 
was constructed in the same manner as the one which successfully passed 
explosion testing in 2001 can successfully withstand static explosion pressures of 
at least 50 psi.  Omega block seals constructed in a manner similar to those that 
were built prior to the January 2, 2006 explosion at Sago Mine can successfully 
withstand total explosion pressures of at least 21 psi.  The Lake Lynn testing did 
not result in the same level of damage to the seals as observed at the Sago Mine. 
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Electrical Power and Equipment 
 
Electrical Power System   
 
The Allegheny Power Company supplied 138,000 volt alternating current (vac) 
electric power to the French Creek Substation, located approximately two miles 
from the mine, where it was reduced to a 12,470 vac solidly grounded system.36 
The power circuit supplied two high-voltage circuit breakers installed in a fenced 
area adjacent to the French Creek Substation.  The 12,470 vac was transmitted 
through surface transmission lines to a branch transmission line.  The branch line 
had visible disconnects at its first pole and lightning arresters were installed at 
the next pole.  This branch line extended to the Sago Mine substation.  This 
circuit was protected by a high-voltage circuit breaker, visible disconnects, and 
lightning arresters.  A spare circuit breaker was installed in the same fenced area 
and was not in use.  Each circuit breaker contained relays designed to provide 
overcurrent, short circuit and grounded phase protection. 
 
Three 1,250 kva transformers located in the mine substation reduced the 12,470 
vac to a 7,200 vac resistance grounded system37 for underground distribution.  A 
high-voltage circuit breaker, visible disconnects, and lightning arresters located 
in the surface substation provided circuit protection for the underground 
distribution system.  The circuit breaker contained relays designed to provide 
overcurrent, short circuit, grounded phase, under-voltage, and ground monitor 
protection.  The power circuit was provided with visible disconnects and 
lightning arresters at the mine openings where it entered the underground area 
of the mine via a 4/0 American Wire Gauge (AWG) high-voltage cable.  All 
connections between underground power centers were made with 4/0 AWG 
mine power, ground, ground check, 8 kilovolt (kv) rated high-voltage cable.  The 
power circuit was further reduced by underground transformers to 995 vac, 575 
vac, 480 vac, and 240/120 vac for use by underground electric equipment.   
 
The 12,470 vac was also reduced to 4,160 vac by three 167 kva pole-mounted 
transformers for the surface fan.  The power circuit was provided with visible 
disconnects, fuses and lightning arresters.  Three 100 kva pole-mounted 
transformers reduced the 12,470 vac to 480 vac and 240/120 vac for the surface 
electric equipment and mine facilities.   
                                                 
 
 
36 A solidly grounded system is one that has the neutral of the transformer electrically connected to the grounding 

medium without any intentional impedance.  The grounding medium is usually earth or something serving as earth. 

37 A resistance grounded system is one that has the neutral of the transformer electrically connected to the grounding 

medium through a resistor.  The purpose of the resistor is to limit the amount of current and voltage during a fault 

condition. 
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Power centers were located throughout the mine to reduce the voltage for use by 
the conveyor belt system, water pumps, battery chargers, trickle rock dusters, 
AMS, trolley communication system, underground workshop, outby work area 
lighting, the 1st Left section and 2nd Left Parallel section equipment and other 
miscellaneous equipment.   
 
The mine incorporated three splitters, or switchhouses, into its power 
distribution system.  A splitter contains a disconnect switch and a circuit breaker.  
It can contain more than one set of protective devices.  It is used to establish 
branch circuits that may be de-energized independently of the main circuit.  
Maps of the electrical system, equipment, and associated items are shown in 
Appendices Y-1 and Y-2. 
 
The high-voltage cable was damaged by the explosion near the mouth of 1st Left 
and 2nd Left Parallel.  This caused the circuit breaker in the single splitter, 
located at 21 Crosscut, No. 1 Belt to de-energize the high-voltage circuit.  Only 
the circuits outby the splitter remained energized such as the Nos. 1 and 2 Belt 
drives.  The surface power remained energized as well. 
 
Grounding Systems   
 
The Allegheny Power Company established a safety ground system38 for the 
French Creek Substation.  Two grounded neutral conductors were installed 
above the power conductors from French Creek to the branch circuit leading to 
the mine substation.  One neutral conductor was continued from the branch 
circuit to the mine substation.  This conductor was installed below the power 
conductors and connected to the safety ground system for the mine substation 
and surface electric equipment.   
 
A second safety ground system was installed at the mine site.  This safety ground 
system was separated from other safety ground systems by more than 25 feet.  Its 
purpose was to establish a resistance grounding system for the underground 
power system and equipment. 
 
The lightning arresters at this mine were also connected to ground fields.  The 
lightning arresters located within the substation were connected to the surface 
safety ground system.  The lightning arresters at the mine drift opening used for 
the underground power were connected to a separate ground field.  A separate 
ground field was established for the lightning arresters protecting the AMS. 
                                                 
 
 
38 A safety ground system is designed to limit step and touch potentials between grounded components during a fault 

condition.  Part of the safety ground system is the grounding medium (ground field). 
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A lightning arrester is a device that limits the overvoltage of lightning or other 
electrical surges by providing an electrical path between an ungrounded 
conductor and earth which is used as the grounding medium.  A simple 
lightning arrester consists of two contacts that are separated by an air gap.  One 
contact is connected to the transmission line and the other is connected to earth.  
The normal voltage of the circuit cannot bridge the gap.  When an overvoltage 
occurs it sparks over the gap between the contacts.  This creates an electrical path 
for the excess energy to discharge to earth. 
 
Abandoned Pump in 2nd Left Mains Sealed Area 
 
The mine operator abandoned a submersible pump, its controller and a No. 6 
AWG, 2,000 Volt cable with a male cable coupler in the 2nd Left Mains area.  The 
pump and its components are shown in Appendix Y-2, “Electrical Map, 2nd Left 
Mains, 2 North Mains Inby Crosscut 57.”  The label on the pump indicated it was 
8.1 horsepower with 10.2 full load amperage and it requires 575 vac, three phase 
power.  The pump, controller, and several hundred feet of cable, located in the 
No. 6 entry, were under water at the time of the explosion.  The majority of the 
cable was along the No. 5 entry with the coupler near survey station 4028.  
Portions of the cable were found hung on the ribs and roof near the controller 
and pump but the majority of it was found on the mine floor.  The cable was 
approximately 1,300 feet long and was found in four sections. 
 
Personal Equipment  
 
Twelve miner cap lamps were recovered from the barricade on 2nd Left Parallel 
section and submitted to A&CC for evaluation and testing.  The report from 
A&CC concluded that there were no signs of a short circuit in any of the cap 
lamp assemblies which would be the source of a spark ignition in a methane-air 
atmosphere.  Further, based on the results of previous testing during the 
approval process of the Koehler 5000 Series battery, the batteries were incapable 
of igniting a methane-air atmosphere due to arcing caused by a short circuit of 
the battery voltage.  There were no signs of overheating in any of the cap lamp 
assemblies which would be the source of a thermal ignition in a methane-air 
atmosphere.  All of the cap lamp bulb envelopes were intact with no exposed 
filaments.  Therefore, no thermal ignition in a methane-air atmosphere could 
have been initiated by a hot filament.  All of the bulbs were labeled with part 
numbers which were previously accepted and tested.  Further, based on the 
results of previous testing during the approval process, the bulbs were incapable 
of igniting coal dust on the lens surface or a methane-air atmosphere inside the 
headpiece.  All but one of the cap lamp assemblies illuminated correctly.  Exhibit 
KLH-8 illuminated intermittently.  Several discrepancies were identified, but 
none were considered to be an ignition hazard.  The complete report is titled 
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Laboratory Inspection of Twelve Cap Lamps Recovered from a Mine Explosion 
at Wolf Run Mining Company’s Sago Mine, I.D. No. 46-08791, PAR 92104. 
   
Three Motorola non-permissible handheld radios were recovered from the 
barricade on 2nd Left Parallel section and two Motorola non-permissible 
handheld radios were recovered from the 1st Left crew.  These handheld radios 
were submitted to A&CC for evaluation and testing.  The Motorola PR400 radio 
is not MSHA approved for use in permissible areas of underground coal mines, 
but is approved by Factory Mutual (FM) as Intrinsically Safe for use in above 
ground explosive atmospheres, including methane-air mixtures.  MSHA does not 
accept the FM approval in lieu of an MSHA approval.   
 
The functionality of the radios were compared with two new Motorola PR400 
radios and functioned as well above ground as the new units did.  None of the 
radios exhibited visual signs that the radio produced a spark or thermal ignition 
source for the ignition of coal dust or methane-air mixture.   
 
Information obtained through the A&CC’s Emergency Communications and 
Tracking System Committee indicates that radios operating in the UHF band 
communicate an approximate maximum distance of 1500 feet within the same 
entry, with severely limited propagation around corners.  This is highly 
dependent on coal seam height, entry geometry, and infrastructure within the 
entry.  See “Executive Summary of Investigation of the Motorola Two-way 
Radios” in Appendix U. 
 
The methane detectors carried by the miners on the 2nd Left Parallel section 
were recovered and tested.  Jesse Jones, Ware, and Winans had CSE Model 
102LD portable methane detectors.  They were capable of measuring methane 
concentrations from 0% to 5% and did not have datalogging capability.  Two of 
the three CSE Model 102LD portable methane detectors did not respond to 
methane within acceptable limits before calibration.  After calibration, all three 
methane detectors responded to methane within acceptable limits.   
 
Helms and Martin Toler had Industrial Scientific Model LTX310 portable multi-
gas detectors.  They were capable of measuring methane from 0% to 5%, CO 
from 0 to 999 ppm, and oxygen from 0% to 30% and had datalogging capability. 
The ISC Model LTX310 that belonged to Helms did not respond to methane and 
CO within acceptable limits before or after calibration.  A bump test of the 
instrument indicated that the concentrations displayed on the LTX310 for 
methane was 12% too high while the CO display indicated a 400% higher level.  
The response to oxygen was not available after it was initially turned on because 
the oxygen reading went blank and remained blank for the duration of the tests.  
The memory captures and records the peak methane and CO values and 
minimum oxygen levels to which the instrument was exposed.  It does not 
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indicate when that exposure occurred.  The peak values reported before 
calibration for methane was 1.7% and for CO was 59 ppm.  These values appear 
to be very similar to a calibration gas mixture.  These recorded values indicate 
that the instrument was probably not on at the time of the explosion. 
 
The ISC Model LTX310 assigned to Martin Toler did not respond to methane and 
CO within acceptable limits before calibration.  It did respond to oxygen within 
acceptable limits before calibration.  A bump test of the instrument indicated that 
the concentrations displayed on the LTX310 for methane was 45% too low while 
the CO display indicated a 200% higher level.  After calibration, it responded to 
all three gases within acceptable limits.  The memory captured and recorded the 
peak methane and CO values and minimum oxygen levels to which the 
instrument was exposed.  It did not indicate when that exposure occurred.  The 
peak values reported before calibration for methane was OR (Over Range), for 
CO was OR, and for oxygen was 14.6%.  These recorded values indicate the 
instrument probably was on after the explosion and may indicate the 
concentration of the gases to which the miners may have been exposed, methane 
and CO greater then 5% and 999 ppm, respectively.  The executive summary of 
the portable gas detector testing is contained in Appendix Z. 
 

Potential Ignition Sources 
 
An atmosphere containing between 5% and 15% methane and over 12% oxygen 
can be an explosive mixture.  The temperature required to ignite an explosive 
methane-air mixture is approximately 1,000 degrees F.  An explosive mixture is 
easily ignited by an electrical arc, frictional spark, heated surface or open flame.  
The amount of energy necessary for ignition will vary with gas concentration, 
however, as little as 0.3 millijoule of electrical energy is required.  This is 
equivalent to about 1/50 of the static electricity accumulated by an average sized 
man walking on a carpeted floor on a dry day.  The average lightning strike has 
well over one billion millijoules of energy.  Potential ignition sources for the 
explosion in the sealed area were evaluated, including lightning and roof falls.  
Other sources, including cutting and welding, mining operations, smoking and 
spontaneous combustion were considered but were eliminated as potential 
ignition sources for this explosion.  This is discussed below. 
 
Other Sources 

 
Electric circuits, cables and equipment were examined for evidence that they 
may have provided the ignition source for the explosion.  Physical evidence and 
testimony indicated that some circuits and equipment were not energized prior 
to the explosion. 
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There was no evidence that the ignition source originated from the mine’s 
underground electrical circuits, cables or equipment in the active portion of the 
mine.  This includes the power system, conveyor belt system, water pumps, 
battery chargers, welders, mantrips, locomotives, rock dusters, AMS, the pager 
phones, trolleyphone system, radios, gas detectors, cap lamps, electric equipment 
contained in the underground workshop, outby work area lighting, electric 
doors and the 1st Left and 2nd Left Parallel section equipment.   
 
Several additional ignition sources were considered as potential ignition sources 
for the explosion.  These ignition sources include:  the operation of cutting and 
welding torches, mining operations, smoking, and spontaneous combustion.  
Each of these ignition sources were initially considered but were eventually 
dismissed.  There were no cutting and welding operations on-going in or near 
the sealed area at the time of the explosion.  Mining operations were not 
occurring within close proximity to the 2 North Main seals.  There was no person 
near the sealed area at the time of the explosion.  Additionally, there were no 
smoking articles found during the investigation.   The mine had no history of 
spontaneous combustion and there was no evidence of spontaneous combustion 
found during the investigation. 
 
Roof Falls  
 
Roof falls can ignite explosive methane-air mixtures either by generating 
frictional heat or by releasing piezoelectric energy.  During a roof fall, rocks 
forming the strata comprising the immediate and the main roof rub against one 
another as the roof breaks and falls.  In rare cases, the resulting friction from 
rubbing or from impact can cause temperatures above the ignition temperature 
of methane.  The USBM has conducted rubbing friction and impact friction 
experiments.  Under carefully controlled laboratory experiments, the USBM was 
only able to ignite methane-air mixtures in a small percentage of tests, even 
when the methane concentration was optimum for ignition. 
 
An ignition can also be generated by piezoelectric discharges during certain roof 
falls.  This type of event is typically associated with rock containing crystalline 
structures such as tourmaline, quartz, topaz and Rochelle salt.  These crystals 
produce electric charges on parts of their surface when they are compressed in 
particular directions.  In coal mining, the most notable crystal formation found is 
the quartz content of sandstone.  See “Evaluation of Potential for a Roof Fall to 
Ignite a Methane-Air Mixture” contained in Appendix O. 
 
Although a roof fall cannot be definitively excluded as a potential ignition 
source, it is a highly unlikely source for the following reasons: 
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• Seven roof falls were located within the sealed area.  Prior to the 
explosion, three pre-sealing roof falls had been identified on the mine 
map.  During the investigation, it was observed that these three pre-
existing falls had extended.  Also four additional roof falls were observed 
that were not shown on the mine map prior to seal completion.  See 
drawing in Appendix O.  It is not known exactly when these four roof falls 
occurred.  These four additional roof falls were located approximately 200 
to 600 feet from the center of the origin of the explosion.  Of these seven 
falls, the rubble and exposed fall cavity of the five closest roof falls within 
440 feet were inspected. Access to the two roof falls beyond 450 feet was 
obstructed by deep water in the bottom mined areas.   

• Shale is the predominant rock type visible in the roof fall rubble.  
Specifically, the material referred to as shale was classified as “laminated 
siltstone” with low quartz content in a soft matrix that inhibits quartz 
grain-to-grain contact.  This low quartz rock type was not as conducive to 
frictional heating or piezoelectric sparking as sandstones that have been 
suspected as ignition sources in roof falls.  The roof falls extended 7 to 12 
feet above the mining horizon.  Three roof fall cavities (see Appendix O) 
had sandstone beds exposed at the top of the fall rubble roughly 8 to 12 
feet into the immediate roof above the underlying shale.  The samples 
collected from the roof fall rubble were a variety of sandstone that was 
micaceous, and characterized by thin, alternating laminations of fine sand, 
silt, and mica partings.  In contrast, the sandstones associated with 
piezoelectric sparking and rock-on-rock frictional heating are commonly 
considered to be dominated by quartz, exhibit stronger cementing or even 
quartz grain fusing (i.e. the metamorphic rock “quartzite”), and occur in 
more massive beds.  Furthermore, the roof falls observed were outside the 
area where the explosion originated.  Thus, rock-on-rock or piezoelectric 
ignitions are unlikely ignition sources. 

• The only metal roof supports noted in the fall rubble were fully grouted 
bolts and the wire mesh noted under the rubble of one fall.  These steel 
roof support materials have not been associated with ignitions in 
experiments or in documented observations of gob ignitions.  It was not 
possible to determine whether cable bolts noted near the roof falls were in 
the fall rubble.  However, previous laboratory testing of the sparks from 
cable bolt failure did not ignite methane-air explosive mixtures. 

• Since there were no roof falls in the proximity of the origin of the 
explosion, wicking of methane from the roof falls to the origin was 
considered.  Methane is lighter than air and is released into the mine 
atmosphere in concentrations generally in excess of 80%.  Layering of 
methane can occur in a mine atmosphere where the velocity of the airflow 
is minimal and not sufficient to generate turbulence in the airflow.  Upon 
ignition, the layer may burn without the generation of forces and without 
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generating turbulence in the mine atmosphere, commonly known as 
wicking.  For wicking to occur, a methane layer must be continuous, 
within its explosive range of 5% to 15%, and would generally be located 
near the roof.  The burning methane layer may eventually contact a larger 
accumulation, resulting in an explosion.  However, a roof fall generates 
turbulence in the mine atmosphere mixing layers that may have been 
present.  Additionally, the distance, elevation, and uneven roof conditions 
from the observed falls to the origin of this explosion make this highly 
unlikely.   

• Computer simulations have predicted that air temperature could increase 
rapidly to the point of igniting methane or coal dust during a roof fall.  
The area was sealed, wet, and without air movement, so that any existing 
coal dust could not have been suspended.  The roof falls observed in the 2 
North Mains seal area that were not noted on the mine map prior to 
sealing were too small to ignite methane by compression. 

 
Lightning Overview 
 
Lightning is an electrostatic discharge (the same kind of electricity that can 
deliver a shock when touching a doorknob) between a cloud and the ground, 
between clouds, or within a cloud.  Lightning is mostly associated with 
thunderstorms but is also created during volcanic eruptions, dust storms, forest 
fires and tornados.39 
 
Nearly 1,800 thunderstorms occur at any moment around the world and 
lightning strikes the earth 100 times per second.40  Lightning occurs less 
frequently in the winter because there is not as much instability and moisture in 
the atmosphere as in the summer.41  West Virginia experiences thunderstorm 
activity approximately 30-50 days per year.42 
 
Thunderstorms have very turbulent environments.  These environments include 
strong updrafts and downdrafts that occur often and close together.  The 
updrafts carry small liquid water droplets from the lower regions of the storm to 
heights between 35,000 and 70,000 feet.  At the same time, downdrafts are 
transporting hail and ice from the frozen upper parts of the storm.  When these 
particles collide, the water droplets freeze and release heat.  This heat keeps the 

                                                 
 
 
39  www.nssl.noaa.gov/primer/lightning/ltg_basics.html. 

40 www.moncooem.org/thunderstorms.htm. 

41 www.nssl.noaa.gov/primer/lightning/ltg_faq.shtml. 

42 www.moncooem.org/thunderstorms.htm. 
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surface of the hail and ice slightly warmer than its surrounding environment, 
and a soft hail, or graupel forms.  
 
When graupel collides with additional water droplets and ice particles, a key 
process occurs involving electrical charge.  Negatively charged electrons shear 
off of the rising particles and collect on the falling particles.  The result is a storm 
cloud that is negatively charged at its base, and positively charged at the top.  
Opposite charges attract one another.  As the positive and negative areas grow 
more distinct within the cloud, an electric field is created between the oppositely 
charged thunderstorm base and its top.  The farther apart these regions are, the 
stronger the field and the stronger the attraction between the charges.  The 
atmosphere is a very good insulator that inhibits electric flow.  A huge amount of 
charge has to build up before the strength of the electric field overpowers the 
atmosphere's insulating properties.  A current of electricity forces a path through 
the air until it encounters something that makes a good connection.  The current 
is discharged as a strike of lightning.  While all this is happening inside the 
storm, a positive charge begins to pool on the surface of the earth beneath the 
storm.  This positive charge will shadow the storm wherever it goes, and is 
responsible for cloud to ground lightning.43  
 
Most of these flashes originate near the lower-negative charge center of the storm 
and deliver a negatively charged lightning strike to Earth.44  However, the 
electric field45 within the storm is much stronger than the one between the storm 
base and the earth’s surface, so about 75 to 80% of lightning occurs within the 
storm cloud.46  The voltage of lightning discharges can range from 100 million to 
one billion volts.47   

                                                 
 
 
43 www.nssl.noaa.gov/primer/lightning/ltg_basics.html. 

44 thunder.msfc.nasa.gov/primer/primer2.html. 

45 An electric field is a field or force that exists in the space between two different potentials, such as between negatively 

and positively charged regions of a thunderstorm. 

46 www.srh.noaa.gov/mlb/ltgcenter/whatis.html. 

47 www.nssl.noaa.gov/primer/lightning/ltg_faq.shtml. 



 155

Cloud to ground lightning is defined as lightning that 
discharges to earth.  This is shown in Figure 36.48  
These are negative discharges most of the time.  
Positive discharges account for less than 10% of all 
cloud to ground strikes, and most often occur on the 
periphery of a thunderstorm.  The peak current of a  
positive discharge is often much larger than a negative 
one, resulting in greater potential for damage.49 

 
Figure 36 - Cloud to Ground Lightning 

Intra-cloud lightning occurs within separate charge 
centers of a cloud.  This illuminates portions of the 
cloud without any visual evidence of the lightning 
strike that is occurring within the cloud. 50  This is 
shown in Figure 37.51  The lightning discharge may be 
positive or negative depending on the charge center.   
 
 

Figure 37 - Intra-cloud Lightning 

 

Sometimes an intra-cloud discharge occurs between 
charge centers of different clouds.  This results in a 
cloud to cloud discharge. 52  This is shown in Figure 
38.53  

 
 
 
 
 

Figure 38 - Cloud to Cloud Lightning 

 

                                                 
 
 
48 thunder.msfc.nasa.gov/primer/primer2.html. 

49 www.srh.noaa.gov/mlb/ltgcenter/whatis.html. 

50 thunder.msfc.nasa.gov/primer/primer2.html. 

51 www.nssl.noaa.gov/primer/lightning/ltg_basics.html. 

52 thunder.msfc.nasa.gov/primer/primer2.html. 

53 www.nssl.noaa.gov/primer/lightning/ltg_basics.html. 
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Also, upward lightning has been known to occur.  It is 
a discharge from a tall structure to a cloud.  It develops 
from the pool of positive charge shadowing the storm.54  
This is shown in Figure 39.55  
 

 

 

Figure 39 - Upward Lightning 

 
In the past, lightning has been identified as a possible ignition source for 
explosions in sealed areas of underground coal mines.  Prior to the Sago accident, 
MSHA had not conducted full underground investigations of post-explosion 
sealed areas, because hazardous conditions did not permit full exploration or 
investigation of these areas.  Table 10 is a list of some of these occurrences.  
  

Table 10 - Mine Explosions in Sealed Areas with Lightning as a Possible Ignition Source 

Mine Name Year 
Explosion 
Occurred 

Metal 
Conduit 
Present 

Number of 
Seals Destroyed 

JWR No. 3  1986 Yes Shaft cap 
Mary Lee No. 1  1993 Yes 2 plus shaft cap 
Oak Grove No. 1 1994 Yes 5 
Beatrice 1994 Yes Shaft cap 
Gary 50 1995 Yes None 
Oak Grove 1996 Yes 1 
Oasis No. 1  May, 1996 Yes 4 
Oasis No. 1 June, 1996 Yes 4 
Oak Grove 1997 Yes 3 
Soldier Canyon 2000 Yes Shaft cap 
Pinnacle 2001 Yes Shaft cap 
Big Ridge 2002 Yes 1 

   

                                                 
 
 
54 Upward Lightning Flashes, Wada, A., Miki, M., Asakawa, A., Central Research Institute of Electric Power Industry, 

Nagasaka, Japan (2004) 

55www.rf-web.tamu.edu/about/  
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Lightning detection networks track lightning throughout the United States using 
sensors located at various locations.  MSHA obtained reports from two lightning 
detection companies regarding lightning strikes near the mine on the morning of 
the explosion.  See “Vaisala Group and AWS Convergence Technologies, Inc. 
Reports” contained in Appendix AA.  The Vaisala Group tracked the lightning 
through the National Lightning Detection Network (NLDN).  AWS Convergence 
Technologies, Inc. used the United States Precision Lightning Network (USPLN).  
USPLN is owned and operated by TOA Systems and Weather Decision 
Technologies. 
 
As reported by the lightning detection companies, both of these lightning 
detection systems have limitations.  The NLDN has an accuracy of 1,640 feet on 
average while the USPLN has an accuracy of 820 feet.  Both systems require that 
at least three sensors detect the discharge before it is recorded.  If less than three 
sensors detect a discharge, it will not be recorded as a strike.  Also, upward 
lightning initiated by tall structures cannot be detected by these systems.  The 
USPLN has a detection probability of 95% for cloud to ground lightning and 60% 
for intra-cloud lightning in the West Virginia region.  The NLDN does not record 
cloud to cloud or intra-cloud discharges.  It also has a detection probability 
between 80-90 percent.  Therefore, unrecorded lightning discharges can occur 
during a storm along with the recorded discharges. 
 

The NLDN recorded two lightning 
strikes near the mine area at the time 
of the accident.  The first strike 
occurred at 6:26:35.522 a.m. and 
reportedly occurred more than one 
mile south of the mine drift openings.  
This was a positively charged strike 
with a magnitude of 38,800 amps.  
Several unsuccessful attempts were 
made to locate evidence of a strike in 
this area.  The other lightning strike 
occurred at 6:26:35.680 a.m. and was 
about one mile north of the mine drift 
openings.  It was also a positive 
lightning strike with a magnitude 
exceeding 100,000 amps.  Evidence of 
this strike hitting a tree was found.  
The tree had freshly splintered pieces 
scattered around it.  This is shown in 
Figure 40.   

             Figure 40 - Damaged Tree 
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USPLN recorded one lightning strike near the mine area at the time of the 
accident.  The strike occurred at 6:26:35.522 a.m. and reportedly was about a half 
of a mile south of the drift openings.  This was a positively charged strike with a 
magnitude of 35,000 amps.  Several unsuccessful attempts were made to locate 
evidence of a strike in this area.  A map contained in Appendix BB titled “Sago 
Mine in relation to recorded location of lightning strikes, a lightning - damaged 
poplar tree and the mine’s phone and power lines” shows the three recorded 
lightning strikes. 
 
Lightning as an Ignition Source 
 
The Virginia Polytechnic Institute and State University’s Department of 
Geosciences concluded that a seismic event most likely occurred at or near the 
Sago Mine within a four-second interval centered at 06:26:38 a.m. on January 2, 
2006.  A copy of that report titled “Results from Analysis of Seismic Data…”is 
contained in Appendix CC.  In addition, the atmospheric monitoring system 
recorded the first presence of CO at 06:26:35 a.m.  The nearby lightning strikes 
recorded by NLDN and USPLN occurred at approximately the same time as the 
seismic event and the initial alarm for the AMS.   
 
To determine if lightning energy may have entered the mine, MSHA contracted 
with Sandia Corporation, Sandia National Laboratories (Sandia).  They 
performed modeling and testing to simulate whether lightning energy could 
enter the mine by direct contact or indirect inductive coupling.  Sandia has 
unique capabilities to characterize and mitigate lightning effects on high value 
assets with the Department of Energy and other agencies as part of a national 
security mission in nuclear weapons stockpile stewardship.  From November 5 
through November 9, 2006, personnel from Sandia conducted direct and indirect 
tests at the mine site.  They compared the energy levels recorded from these tests 
with the levels required to initiate an arc.  Sandia also analyzed the raw data 
provided by two lightning detection databases for other lightning discharges that 
failed to meet detection standards.  They failed to find evidence of another cloud 
to ground strike in the correct timeframe.  The Sandia report concluded “that 
lightning-induced electrical arcing was not only plausible, but highly likely.”  See 
report titled “Measurements and Modeling of Transfer Functions for Lightning 
Coupling into the Sago Mine” contained in Appendix DD. 
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Based on this information, MSHA concluded that lightning is the most likely 
ignition source for this explosion.  Several plausible lightning strike scenarios 
illustrate how significant energy could ignite methane in the sealed area of the 
Sago Mine.  These were evaluated to determine the most likely possibility.  Three 
scenarios for energy from lightning to enter the sealed area were evaluated and 
are listed below as A, B and C. 
  

A. A recorded strike occurred in the proximity of the mine, hitting a tree.  
Two apparent paths for energy from this recorded lightning strike to 
reach the portal are through 1) the telephone grounding system or 2) the 
high-voltage power system.  Further evaluations were undertaken to 
determine if the energy from lightning could be transported from the 
portal to the sealed area. 

 
B. A lightning strike delivered from the surface area directly through a 

conductor over the sealed area, such as gas wells and their interconnected 
piping system or water in the strata overlying the sealed area. 

 
C. A lightning strike over the sealed area indirectly energizing metallic 

objects within the sealed area.   
 
Scenario A - A recorded strike occurred in the proximity of the mine, hitting a 
tree.  Two apparent paths for energy from this recorded lightning strike to reach 
the portal are through 1) the telephone grounding system or 2) the high-voltage 
power system.  Further evaluations were undertaken to determine if the energy 
from lightning could be transported from the portal to the sealed area. 
 
1) Surface Telephone Grounding Conductor  
 
A resident living near the damaged tree stated that his telephone service was 
interrupted for two days after the lightning strike.  An investigation of this area 
revealed that the strike hit the tree and left a hole in the ground at the base of the 
tree.   
 
Investigators analyzed the area around the tree and found that an underground 
telephone communication cable was located approximately 40 feet from the tree.  
A telephone junction box was located approximately 100 feet from the tree.  The 
communication cable was routed through junction boxes between the tree that 
was struck by lightning and the mine.  Each junction box was connected to the 
earth by a ground electrode and was connected to the metallic shielding on the 
communication cable.  The location of the tree struck by lightning along with the 
identified locations of each telephone pole and telephone junction box leading to 
the mine are shown in Appendix BB.   
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Earth resistance measurements were conducted at the tree near the mine, which 
was struck by lightning, and at a Verizon telephone junction box located 
approximately 40 feet from the tree.  These measurements were taken to 
determine the soil resistivity.  The earth resistance test from the tree to the 
Verizon junction box revealed an earth resistance value of 4.92 ohms when taken 
by the three pole method with the Lem Unilap NGI tester.  Four additional earth 
resistance measurements were conducted at right angles from the tree with the 
Lem Unilap NGI tester.  These four tests revealed an average low earth resistance 
of 4.82 ohms within a 60 feet diameter of the tree. 
 
Resistance measurements were taken with a Fluke MegOhmMeter from the 
Verizon junction box to a power pole located at the supply trailer located on 
mine property.  All grounds were connected common and to earth at the base of 
that pole.  These measurements revealed the total resistance of the ground circuit 
for the telephone system from the junction box to the power pole was 204.8 
ohms. 
 
The telephone system and earth provided a low resistance path that extended 
from the junction box located near the tree struck by lightning to the mine.  This 
path was also connected to the surface telephone system ground, the safety 
ground system for the surface equipment and the safety ground system for the 
underground mine electric power system.  All of the installed grounding 
conductors, with the exception of the bathhouse and foremen’s offices, were 
connected to the surface metal belt structure, mine track system and trolleyphone 
system. 
 
2) High-Voltage Mine Power Electric System 
 
A lightning strike occurred in the proximity of high-voltage transmission lines 
near the mine, hitting the tree.  The lines which extended from the French Creek 
Substation to the preparation plant and to the mine were examined.  The purpose 
of this examination was to determine if lightning may have struck the main 
transmission or branch lines and entered the mine on one or more of the branch 
lines.  The examination of the transmission line from the French Creek Substation 
and branch line that extends to the mine revealed damage to a phase insulator 
and a lightning arrester.  The phase insulator was damaged on the main  
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transmission line.  The lightning arrester was damaged at the second pole of the 
branch lines leading to the mine.  A map showing the high-voltage transmission 
and branch lines is shown in Appendix BB.  Figures 41 and 42 are photographs of 
the damaged insulator and lightning arrester below.   
 

 
Figure 41 - Damaged Insulator 

 

 
Figure 42 - Damaged Lightning Arrester 

It was not possible to determine if the lightning storm that occurred on the day of 
the accident caused the damage to the lightning arrester and insulator.  A 
previous storm or other event may have caused this damage. 
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Electric circuits and equipment were examined and tested on the surface and 
underground to determine if lightning entered the mine through one or more of 
the high-voltage power conductors.  These examinations and tests revealed that 
none of the lightning arresters on mine property or the surge suppressors 
installed in the mine high-voltage power centers were damaged by lightning.  
There was no flash-over arcing or tracking identified that could be caused by 
lightning in the electric equipment installed on the surface at the mine or 
underground.    
 
MSHA took electrical earth resistance measurements of the safety ground 
systems for the mine substation and the underground power system and 
equipment.  These measurements were taken to determine if the grounding 
systems were of a low resistance value.  The measurements were taken with a 
Lem Unilap NGI ground resistance tester.  This device used the three-pole 
method to check resistance with the poles spaced at 20 foot intervals.  The test of 
the safety ground system for the surface mine substation revealed that the 
system had a resistance value of 9.38 ohms.  The test of the safety ground system 
for the underground power system and equipment revealed the system had a 
resistance value of 7.4 ohms.  These measurements showed that both grounding 
systems had low resistance values.  These systems provided an adequate means 
for dissipating electrical surges from system operation or other sources such as 
lightning. 
 
Because a lightning strike occurred in proximity to the high-voltage transmission 
lines, an induced voltage could have occurred.  When voltage is induced in 
transmission lines, it can affect the entire system.  Induced voltages would have 
the potential to damage the transformers at either the French Creek or Sago 
substations due to direct current applied on an iron core transformer.  If this had 
occurred, the French Creek substation would have detected a significant voltage 
increase and would have de-energized the entire system.  Lightning arresters at 
the French Creek substation and at the mine should have dissipated this voltage.  
There was no interruption of electrical power at the mine, so any induced voltage 
on the high-voltage transmission lines was not significant.   
 
However, the two grounded neutral lines above the transmission lines could 
have transmitted an induced voltage.  These grounded neutral lines were 
connected to the surface safety ground.  Therefore, an induced voltage could 
have been produced on the grounded neutral lines and transmitted to the surface 
safety ground which was also connected to the surface telephone system ground 
and the safety ground system for the underground mine electric power system.  
All of the installed grounding conductors, with the exception of the bathhouse 
and foremen’s offices, were connected to the surface metal belt structure, mine 
track system and trolleyphone system. 
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Lightning Energy from the Portals to the Sealed Area  
 
The interconnection of the surface telephone system grounding conductor, 
surface lightning arrester grounding conductors, the continuous metal structure 
of the belt line, the mine track, and the surface and underground mine power 
system grounding conductors were common.  Since they were common, they 
created a low resistance path for the energy from a lightning strike to possibly 
enter the mine, and extend to the No. 6 belt drive, which is approximately 400 
feet from the 2 North Mains seals. 
 
The grounding conductors for the belt starters and motors on all conveyor belts 
were connected to the frames of the starters, the belt drive motors, and the metal 
frames of each conveyor belt.  The No. 6 belt drive for the 2nd Left Parallel was at 
58 Crosscut, No. 4 Belt along with the No. 4 belt tailpiece.  The conveyor belts 
were suspended from the mine roof by metal chains attached to brackets bolted 
to the roof.  The belt drive and belt tailpiece were provided with metal guarding 
materials to minimize the likelihood of persons contacting moving parts.  The 
metal guarding and the metal supports for the guarding were anchored firmly 
against the mine roof and in contact with the wire mesh installed on the roof.   
 
The area where the ten seals were located prior to the accident had metal wire 
mesh installed against the roof in the Nos. 5, 6 and 7 entries of 2 North Mains, 
and in the Nos. 4, 5 and 7 entries in the 2nd Left Mains.  The wire mesh assisted 
in controlling the effects of roof spalling and was installed rib to rib, overlapped 
with roof bolts and spider plates to hold it against the mine roof.  The metallic 
bolts and spider plates attached the wire mesh against the roof firmly, and 
provided a good electrical connection throughout the wire mesh.  The wire mesh 
was removed from the area of the roof immediately above the location of the 
seals.  The mesh in the No. 5 entry (seal No. 6), the No. 6 entry (seal No. 7) and 
the No. 7 entry (seal No. 8) had gaps 10, 11 and 4 feet wide, respectively.  There 
were gaps in the wire mesh in several other locations as well.  Appendix Y-2, 
“Electrical Map, 2nd Left Mains, 2 North Mains Inby Crosscut 57” shows the 
wire mesh installed outby and inby the sealed area. 
 
A 2 inch diameter, 40 foot long galvanized steel pipe was installed to provide a 
conduit for an air-sampling pipe through seal No. 10 in the No. 9 entry.  The pipe 
extended into the sealed area and was supported on cribs.  About three feet of 
the metal pipe extended from the seal on the active side, which was reduced to 
½-inch diameter.  A ½-inch diameter copper pipe was installed inside the steel 
pipe with a ball valve connected to the end of the copper pipe.  The sampling 
pipe was located on the left side of the seal approximately 12 inches from the 
roof.  Wire mesh was not installed in the No. 9 entry.  This sampling pipe was 
not connected to a low resistance path.   Therefore, the sampling pipe was not a 
likely path for lightning or any energy to reach the origin of the explosion. 
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Thirty-one earth resistance measurements of the mine roof and floor were taken.  
Measurements were taken from the end of the 2 North Mains track (survey 
station 3923) in the No. 6 entry to the origin of the explosion.  The distance from 
the mine track to the origin is approximately 1,100 feet.  A Lem Unilap NGI tester 
using the four-pole method was used.  These earth resistance measurement 
values as well as the location of each previously installed seal, and the areas of 
the mine roof and floor where tests were conducted, are shown on the map titled 
“Earth Resistance Measurement Values” in Appendix KK.  Measurements 
between these points revealed a low resistance path, so energy could flow easily 
between them. 
 
Electrical earth resistance measurements were taken underground using the Lem 
Unilap NGI tester with the four-pole method.  The results of the measurements 
are shown in Appendix KK.  One series of tests was conducted at each location of 
the ten 2 North Mains Seals.  Two other series of tests involved acquiring data in 
the belt and track entries to inby the 2 North Mains seals location.  These 
measurements were taken to determine the resistivity of the path between these 
points.  Three measurements were taken at each location.  The four poles were 
attached to roof bolt plates during one test.  Measurements were taken from 
metal pins that were installed in the mine roof.  For the third test, the poles were 
installed in the mine floor.  Measurements between these points revealed a low 
resistance path.   
 
Measurements were also taken from the No. 6 Belt starter to various sites near 
survey station 4010 and No. 1, No. 2 and No. 9 seal areas.  These measurements 
were taken to determine the resistivity between the points.  A Megger resistance 
tester and a Beckman HD 110 multi-meter were used in conjunction with 2-12 
AWG wires connected in parallel to obtain resistance readings.  Measurements 
between these points revealed a low resistance path.  The results of the resistivity 
measurements, including the locations of the measurements and the values, are 
shown in Appendix KK.   
 
The underground mine power system grounding conductors, belt support 
structure, metallic guards, roof support and wire mesh were connected together.  
Measurements indicate that even with gaps in the wire mesh, a low resistance 
path continued from the No. 6 Belt drive into the sealed area.   
 
Sandia conducted a direct drive test to determine if lightning energy could enter 
the mine through the low resistance path.  They applied a test signal at the portal 
to the belt conveyor structure, trolley communication antenna, high-voltage cable 
grounding medium, and the track rail.  They monitored the signal with current 
and voltage probes at several locations in the mine including where the mine belt 
structure, trolley communication line, and the track rail were closest to the 2 
North Mains seals.   
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Resistivity measurements indicated that electrical energy could travel from the 
surface of the mine to the point of origin in the sealed area.  However, Sandia 
concluded the energy is divided sufficiently by earth grounding so that only a 
relatively small amount of energy is directed into the mine near the sealed area.  
It is unlikely this method could provide an adequate amount of energy at the 
point of origin. 
  
The ground wires in the high-voltage cable exhibited a relatively high current at 
the closest point to the 2nd Mains Seals.  The high-voltage cable does not end at 
the 2nd Left Parallel switch, but continues to the 2nd Left Parallel section power 
center.  Sandia analyzed the possibility that lightning energy on this portion of 
the high-voltage cable may have induced energy onto the abandoned pump 
cable in the sealed area.  Sandia concluded that any energy induced on the pump 
cable would be too low to ignite methane.  Energy induced onto the pump cable 
is discussed further in Scenario C. 
 
Sandia further concluded that it is highly unlikely a 100,000 amperes lightning 
strike attached at the mine portal to the belt conveyor structure, trolley 
communication antenna, high-voltage cable grounding medium, and the track 
rail could generate sufficient voltage on the pump cable within the sealed area to 
initiate electrical arcing.  Therefore, it is not likely that methods discussed in this 
scenario could ignite methane in the sealed area. 
 
Scenario B – A lightning strike delivered from the surface area directly through a 
conductor over the sealed area, such as gas wells and their interconnected piping 
system or water in the strata overlying the sealed area. 
  
Direct Strike Over the Sealed Area 
 
Both lightning detection systems have limitations and do not record all lightning 
strikes.  An unrecorded cloud to ground or an upward discharge may have 
occurred over the sealed area.  Upward lightning may have been initiated from a 
nearby communications tower.  Four towers are within about one mile of the 
sealed area, the closest one being about a half mile away.  The lightning energy 
could have been delivered from the surface area directly through a conductor 
over the sealed area, such as gas wells and their interconnected piping system or 
water in the strata overlying the sealed area. 
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Gas Wells and Interconnected Metal Piping System 
 
Several gas wells and interconnecting metallic pipelines were installed in the 
vicinity of the mine.  One gas well was located about a half mile northwest of the 
tree that was struck by lightning.  A pipeline connected this well with other gas 
wells in the area, and extended approximately 2.4 miles to an active gas well 
(API# 47-097-01251) located near the previously mined sealed area in 2 North 
Mains.  The well casing was not located in the sealed area itself.  The location at 
the surface of the well indicates it may have been as close as 107 feet from the 
mine workings. The well extended from the surface and penetrated the coal seam 
at approximately 377 feet, extending approximately 4,755 feet deep to the natural 
gas reservoir.  The well was encased with 10 feet of 13 inch diameter metal 
casing, 713 feet of 8 ¼ inch metal casing, and 4,032 feet of 4 ½ inch metal casing.   
 
The metallic gas pipeline over the sealed portion of the mine where the explosion 
occurred was not tested due to liability concerns of all participants.  If the 
pipeline is viewed as a conduit of energy and if it was installed as a continuous 
metallic structure, then it could conduct lightning energy.  The cell towers that 
are in close proximity to the pipeline could have experienced a lightning strike or 
an upward-going positive strike that was not recorded by the lightning detection 
networks.  The cell towers are well grounded to earth and therefore would 
conduct the lightning energy into earth and on to the pipeline.  This could 
generate two results.  
 
Result 1: The pipeline is not in direct contact with the surrounding earth and 
exhibits a high resistance contact with earth.  In this case the pipeline would be 
looked upon as an insulated conductor that would conduct lightning energy.  
The lightning energy would be conducted to the gas well that the pipeline was 
connected to and then the lightning energy would be dissipated into the earth 
through the gas well casing.  While the lightning current is flowing through the 
pipeline it will generate a similar electromagnetic pulse that a lightning strike 
would generate.  This could then induce a voltage in the cable that was in the 
sealed area that could result in an electrical arc at the cable. 
 
Result 2: The pipeline is in direct contact with the earth which is of low resistivity 
and therefore well connected to earth.  Resistivity tests above the sealed area 
show that the immediate earth exhibits low resistance.  In this case the lightning 
charge would dissipate very quickly into the surrounding earth as was shown by 
Sandia in their direct drive tests conducted on the track that entered the mine.  
The track, like the pipeline, was in direct contact with earth.  Therefore, it is 
unlikely sufficient current to ignite methane would be able to enter the sealed 
area of the mine. 
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The first result does provide a possible explanation as to how lightning energy 
could have traveled on the surface to induce energy and a resultant arc in the 
cable left in the sealed area of the mine.  Neither of these results would have by 
themselves provided a direct drive but could have enhanced the indirect drive to 
initiate an arc in the sealed area of the mine. 
 
The investigators evaluated the possibility that energy from a direct lightning 
strike penetrated into the sealed area through the metal gas well casing and 
provided the energy to ignite methane.  No visible evidence of the lightning 
strike to the metal well heads or gas lines was observed.  Additionally, no 
damage to the ground was observed in the vicinity of the wells or along the 
length of buried metal lines.  The only damage observed in the area was to a tree 
located near a buried metal gas line on a hilltop approximately 4,600 feet north of 
a recorded strike.  When the tree was damaged is unknown, but neither of the 
lightning detection networks recorded a strike at this location.  There was no 
evidence underground of the explosion originating in the entries nearest the gas 
well.  Although wicking of a methane layer is possible, the distance, elevation, 
and uneven roof conditions from these entries to the origin make this unlikely.  
See Appendix GG for a map titled “Sago Mine in Relation to Recorded Locations 
of Lightning Strikes, Gas Wells and Gas Lines” and Appendix EE for a report 
titled “Investigation of the Well Heads and Gas Pipeline System.”   
 
A measurement was taken to determine the earth resistance of Gas Well API# 47-
097-01251, on the surface near the sealed area.  A Lem Unilap NGI tester and the 
four-pole method were used.  The test revealed the surface of the earth around 
the gas well had a resistance value of 2.49 ohms.  Measurements between these 
points revealed a low resistance path.   This indicates that lightning energy may 
readily dissipate in the earth near the well rather than travel into the mine. 
 
Conductors to the Sealed Area 
 
HydroGeophysics, Inc. conducted two other tests during the weeks of June 12 
and July 17, 2006.  The company conducted a geophysical survey to map the 
subsurface electrical properties of the region above the sealed area.  This survey 
relied on induced fields to map all magnetic and electrical properties of this area 
and any metallic features such as well casings that might be present but 
unknown.  The company also performed a surface to mine resistivity test, which 
mapped zones of gradient electrical resistance to establish the conductivity of the 
earth above the sealed area.  These tests indicated that a direct, vertical low 
resistance metallic path or zone of reduced resistivity for lightning energy to 
travel from the surface to the sealed area did not exist.  See Appendix FF an 
executive summary report titled “Geophysical Survey of the Old 2 Left Section of 
the Sago Mine.” 
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Water in the Strata Over the Sealed Area    
 
Water samples were collected from surface streams, the right rib of the No. 8 
entry on 2nd Left Mains and from the track entry between 32– 33 Crosscut, No. 3 
Belt of the 2 North Mains below Trubie Run stream to assess the pH and 
electrical conductivity of water in the mine.  This study was done to determine if 
electrical energy was capable of passing from the surface into the sealed area 
through water.  The sample obtained from the No. 8 entry on 2nd Left Mains 
exhibited a high conductive property.  A sample was not collected at or near the 
origination of the explosion because there was no water present.  Based on the 
area of origination of the explosion in relation to the samples collected, it is 
highly unlikely that water entering the mine from the surface created a path for 
electrical energy to enter the sealed area and ignite an explosive mixture of 
methane gas.  See Appendix HH, a report titled “Observation and Sampling 
Collection Methodology.” 
 
Based on observations and testing, Scenario B is unlikely.  Sandia stated that it is 
unlikely that the vertical pipes would induce a significant amount of voltage 
onto the pump cable in the sealed area because the cable is perpendicular to the 
pipes.56  Similar to the wire mesh, the gas lines and the well are grounded at 
regular intervals and would not support a large voltage potential.  There was no 
evidence underground of the explosion originating in the entries nearest the gas 
well.  Wicking of a methane layer from the area closest to the gas well is unlikely 
based on the distance, elevation, and uneven roof conditions from these entries 
to the origin of the explosion.  HydroGeophysics, Inc. did not find a low 
resistance vertical path for lightning to travel into the mine.  Also, conductive 
water was eliminated based on the origin of the explosion.  
 
Scenario C - A lightning strike over the sealed area indirectly energizing metallic 
objects within the sealed area.  
 
Indirect Energy Transfer To Sealed Area 
 
The current in a lightning strike has an associated magnetic field.   
Due to the relatively low frequency content of lightning (<100 kHz), 
electromagnetic energy can readily propagate through hundreds of feet of earth 
and induce a voltage onto an antenna or receiver.  This process is referred to as 
indirect coupling.  An electromagnetic field propagates through the earth as a 
result of a cloud to ground lightning strike or a long, low-altitude horizontal 

                                                 
 
 
56 A conductor that is perpendicular to another is severely limited in its ability to induce a voltage 
on the other, as compared with a conductor that is parallel to another. 
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current channel from a cloud to ground strike.  Unlike direct coupling, indirect 
coupling does not require the presence of metallic conductors in a continuous 
path from the surface to areas inside the mine.    
 
This scenario involves lightning occurring over the sealed area.  There are several 
ways in which this could have occurred.  The horizontal portion of a recorded 
lightning strike may have traveled over the sealed area.  As discussed 
previously, both lightning detection systems have limitations and do not record 
all lightning strikes.  An unrecorded strike may have occurred over the sealed 
area.  This strike could have been a cloud to cloud, intra-cloud, cloud to ground 
or an upward discharge undetected by either system.  A lightning strike in this 
area would induce a voltage on all nearby metallic objects, on the surface and 
underground.   
 
Sandia conducted indirect drive tests.  A test signal was generated on the surface 
over the sealed area where the explosion initiated and then was measured 
underground with instrumentation, a computer and an antenna.  The objective 
was to identify the mechanism that would allow electromagnetic coupling of 
lightning energy into the sealed area of the mine.  The soil and rock resistivities 
play a major role in determining the amplitude and frequency dependency of 
indirect coupling.  The electric fields measured in the sealed area of the mine had 
amplitude and frequency characteristics which confirmed that they were caused 
by diffusion coupling from currents above the sealed area through the soil and 
rock overburden.  The soil and rock resistivities used to model the coupling were 
comparable to those determined by HydroGeophysics, Inc. 
 
The abandoned submersible pump in the 2nd Left Mains had a cable 
approximately 1,300 feet long which was found in four sections.  It appeared to 
have been damaged by being pulled apart, rather than being severed.  Mine 
management indicated that the cable was pulled into one or more sections as 
they tried to retrieve the pump prior to sealing the area.  It could not be 
determined if some or all of the damage was caused by the explosion.  Also, 
there was no evidence of arcing or sparking on any of these cable ends.  See 
“Executive Summary of Submersible Pump Parts Recovered from Sago Mine” 
contained in Appendix II.  
  
Approximately 196 feet of the pump cable abandoned in the sealed area was 
retrieved for testing by MSHA.  The retrieved portion of the pump cable 
extended from cable break 1 to where the cable coupler was removed.  That is the 
portion of cable nearest the origin of the explosion.  The location of the cable is 
shown in Appendix Y-2, “Electrical Map, 2nd Left Mains, 2 North Mains Inby 
Crosscut 57.”  This portion of the cable had three permanent splices, one 
temporary splice and numerous damaged places in the outer jacket of the cable.  
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Testing of the three insulated power conductors (red, black, white), two ground 
conductors, and an insulated ground check conductor within the pump cable 
was performed.  The test was conducted to determine if there had been a failure 
in the conductor’s insulation and the cable’s outer jacket.  The ground wires in 
this cable are not provided with insulation.   
 
The insulation on the power conductors is rated for 2,000 volts.  The red 
conductor failed the test at about 700 volts.  The black conductor failed when 
1,600 volts was applied to it.  The white conductor passed the test.  Further 
testing on the white conductor was conducted to determine at what level failure 
would occur.  It failed when 5,500 volts was applied.  Each of the two ground 
conductors failed when 24 volts were applied to them.  The ground check 
conductor passed the test with minimal leakage current.  See Appendix JJ titled, 
“Sago Mine Pump Cable Test.” 
 
The Sandia test data revealed that during a lightning strike the insulated 
conductors of the abandoned pump cable could receive voltages as high as 
20,500 volts.  This voltage would be of a short duration but the energy generated 
would be adequate to cause an arc and ignite methane.  
 
A cable with insulated conductors in an underground mine can act as an antenna 
or receiver.  If a lightning strike occurs on the surface there could be a voltage 
induced onto the insulated conductors of the underground cable which may 
result in component failure.  The component failure will be in the form of an 
insulation breakdown or arcing.  If the conductors in the cable were frayed, they 
would be of such a small size that they could not carry the induced energy upon 
them by the lightning strike.  The frayed portion of the conductors would act like 
fuses and burn apart causing an arc.  

 
When a cable is connected to a coupler, the four 
insulated conductors are in close proximity to 
grounded conductors and the grounded shell of 
the coupler.  A cable coupler contains exposed 
bare copper pins that connect to the red, white, 
black, ground and ground check conductor.   
Figure 43 is a photograph of the cable coupler.  
 

Figure 43 - Cable Coupler 
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 Figure 44 is a photograph of the end of the cable 
coupler containing the connecting pins and the 
conductors.  These pins become energized to the 
same level as their connected conductors.  The 
coupler was lying on the damp mine floor, the 
coupler pins were exposed to moist dirt that could 
provide a path to the grounded metal shell 
resulting in an arc.   

Figure 44 - Coupler with Pins and Conductors 

 
Damaged areas of a cable or its coupler are 
potential locations where arcs can occur.  This 
cable had numerous damaged areas.  Figure 45 
is a photograph of two pieces of the cable.  
Therefore any cuts, nicks, pinholes, or other 
damage to the cable are potential points where 
an arc between the red, black, or white 
conductor and the grounding conductors could 
occur.  

Figure 45 - Two Pieces of the Cable 

 
Any of these arcs are potential ignition sources for the methane. Although there 
was no observed sign of arcing on the conductors, this does not rule out the 
possibility that an arc occurred, initiating the explosion.   
  
The pump cable was not connected to a power source, and power sources were 
not located in the sealed area.  No other equipment was found in the sealed area.  
Other metallic objects near the origin of the explosion include roof bolts, spider 
plates and wire mesh.  These objects were not considered as plausible receivers 
or antennas of the electromagnetic energy that propagated underground because 
measurements indicated they were well grounded at regular intervals to the roof 
of the sealed area, and therefore would not support a large voltage potential. 
 
Corona discharge can occur to any power conductor that is energized.  When 
energized, it produces an electric field around the power conductor, unless the 
power conductor is shielded with a grounding shield.  The strength of the 
electric field developed around the conductor is proportional to the conductor 
wire size, the shape of the conductor and the amount of voltage applied to the 
conductor.  When the electric field strength reaches a specific value, the air 
molecules surrounding the conductor become ionized.  Higher voltage levels 
produce a cloud of ionized gas surrounding the conductor.  This process is called 
corona discharge and is a precursor to an arc.  A corona discharge may ignite an 
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explosive gas mixture.57  Sandia concluded it is unlikely that a corona discharge 
would develop before an electrical arc occurs due to the short duration of 
lightning. 
 
Sandia’s field measurements and analysis indicate that significant 
electromagnetic energy can be coupled into the sealed area of the mine.  A 
lightning source, as stated above, would create an electromagnetic field similar to 
a magnetic field that is produced between the north and south poles of a magnet.   
The electromagnetic energy created by the lightning discharge would have then 
radiated through earth onto the pump cable, which could act as a receiver or 
antenna.  The electromagnetic energy could induce a voltage onto the pump 
cable which generates an arc near the explosive methane mixture in the sealed 
area.  Eyewitness accounts of simultaneous lightning and thunder above the 
sealed area at the time of the explosion lend further credence to this possibility.  
Measurements and analyses indicate that the pump cable is the most likely 
receiver of electromagnetic energy in the sealed area.  This is the most likely 
ignition source for this explosion. 
 

Origin 
 
The origin of an underground coal mine explosion is the location where the 
explosion begins.  It is identified as the location from where primary explosion 
forces propagate in all directions.  Primary explosion forces are the initial forces 
that occur at each location.  In addition, the origin must be a location that 
includes a suspended accumulation of fuel, sufficient oxygen to support 
combustion of the fuel, and the ignition source.  
 
In some cases, the ignition source can occur a short distance from the origin of an 
explosion.  In these cases, the ignition source is located within an explosive 
concentration of layered fuel.  Methane is a gas which normally forms layers in 
underground coal mines under certain conditions.  The methane layer must be 
continuous, within its explosive range of 5% to 15%, and would generally be 
located near the roof.  Upon ignition, the layer burns without the generation of 
forces and without generating turbulence in the mine atmosphere.  This is 
commonly called “wicking.” The burning layer eventually contacts a larger 
accumulation, resulting in an explosion.  The explosion immediately generates 
primary forces propagating in all directions away from the origin. 
 

                                                 
 
 
57 Sacks, H. K., and Novak, Thomas, Corona Discharge Initiated Mine Explosion, IEEE Transactions on Industrial 

Applications, Vol. 41, Sept/Oct 2005. 
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Layering can occur in a mine atmosphere where the velocity of the airflow is not 
sufficient to generate turbulence in the airflow.  The lack of turbulence prevents 
the mixing of gases throughout the mine opening.  Sufficient ventilation can 
disperse a layer of mine gases.  
 
On December 28, 2005, an examination was conducted at the 2 North Main seals 
and 0.2% methane was detected.   The quantity of air measured in the split of air 
ventilating the seals was 4,392 cfm.  The examiner detected 1.2% methane exiting 
the sample pipe in Seal No. 10.  On December 30, 2005, the mine foreman visited 
the area and also found 0.2% methane in the split of air ventilating the seals.  It is 
unlikely that wicking through the seal could occur due to the fully-mortared face 
on the active side of each seal.  The gas sampling line in Seal No. 10 included a 
valve.  The valve was reported to be closed and the line was not installed against 
the roof.  The water trap in Seal No. 1 was reported to be full of water and was 
installed near the floor.  There were no ignition sources near the seals.  Although 
the burning of a layer leading to an explosion can be possible, no evidence was 
found to support wicking from outby the sealed area through the seals.    
 
The distance through which a burning layer can pass is dependent on the 
conditions of the roof, such as undulations, and the ability of the layer of 
methane to remain within its explosive range.  Within the sealed area, there were 
locations where accumulations of methane were possible.  If the burning layer 
contacted any accumulation, an explosion would result.  It is unlikely that a layer 
in the sealed area would have the ability to burn for more than a short distance.  
 
Physical evidence was observed throughout the underground areas affected by 
the explosion.  Physical evidence includes the deformation of structural 
materials, including belt hangers, roof support plates, and wire mesh.  Also, the 
deposition of mine dust on mine surfaces and on equipment and roof bolts is 
considered to establish the direction of primary forces.  This evidence was 
evaluated and was used to establish the point of origin, the extent of flame, and 
the direction of the primary explosion forces.  Evidence indicated that the 
explosion was initiated within the sealed area near survey stations 4010 and 4011 
in the 2nd Left Mains.  Primary forces propagated away from this location in all 
directions, thus identifying this location as the origin of the explosion. 
 
A typical underground coal mine explosion begins as methane is ignited.  The 
ensuing fireball rapidly enlarges and eventually begins to propagate through the 
fuel.  When propagation through the unburned fuel remains at a velocity below 
the speed of sound, the explosion is termed a deflagration.  The forces developed 
during a deflagration are dependent on the speed of the flame.  The faster the 
flame propagates, the higher the forces become.  Deflagrations show limited, if 
any, pressure damage near the origin due to the fact that the flame is developing. 
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Figure 46 was taken near survey station 4010, facing outby in an area that had 
been second mined.  All but two of the roof plates appear to be unaffected by the 
forces of the explosion, indicating that forces had not reached their peak 
magnitude. 
 

 
Figure 46 - Picture taken Near Survey Station 4010 

 
The picture shown in Figure 47 was taken from a location near survey station 
4011.  There is no damage to roof support members, including wire mesh or roof 
plates.  The origin of this deflagration-type explosion was located within the 
sealed area near survey stations 4010 and 4011 in the 2nd Left Mains.  This 
particular location did not appear to be exposed to the same magnitude of 
pressures as the surrounding areas.   
 
 

 
Figure 47 - Picture Taken Near Survey Station 4011 
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Figure 48 was taken near Seal No. 8.  It shows extensive damage to the wire 
mesh.  Pressures from a deflagration increase as the flame travels away from the 
origin in all directions.  Higher pressures are achieved as the flame speed 
continues to increase. 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

Figure 48 - Picture Taken Near Seal No. 8 

 
Bottom mining was not conducted in the areas where the seals were constructed.  
Therefore, as the flame approached the location of the seals, the size of the entries 
decreased.  These restrictions caused the mine atmosphere to become 
pressurized prior to the arrival of the flame front.  When the flame entered the 
pressurized mine atmosphere, the pressures increase.  This is commonly known 
as pressure piling.   
 
Pressures associated with a deflagration followed by pressure piling are different 
from pressures associated with detonations of fuel.  Deflagrations begin with low 
pressures and low flame speeds.  When restrictions are encountered during a 
deflagration, pressure piling effects can result in excessive pressures.  Pressure 
piling during a deflagration can result in a deflagration to detonation transition 
(DDT).   
 
A detonation occurs when the reaction moves through the unburned fuel at a 
speed that exceeds the speed of sound.  Explosions that begin as detonations 
result in excessive pressures at the origin of an explosion.  The same direction of 
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pressure can occur as in a deflagration but variations in the magnitude can be 
used to identify the type of explosion and the origin.   
 
A methane accumulation was ignited within the sealed area near survey stations 
4010 and 4011 in the 2nd Left Mains.  A deflagration began as the flame 
propagated in all directions from the origin.  During the outby propagation of 
the explosion, flame speeds and pressures increased.  As the flame approached 
the location of the ten Omega block seals, it propagated through an area with a 
pressurized mine atmosphere caused by the presence of the seals.  In addition, 
the mine openings became restricted as the flame passed out of the area that had 
been bottom mined.  The pressurized mine atmosphere, along with the increased 
pressure due to height restrictions, caused pressure piling to occur.  This 
condition resulted in excessive pressures which completely destroyed the ten 
seals.  Appendix LL contains a mine map that details the extent of flame and the 
direction of the primary explosion forces. 
 

Flame 
 
Extent of Flame 
 
A Mine Dust Survey was conducted throughout underground areas after the 
explosion.  The mine dust samples were sent to MSHA’s Laboratory in Mount 
Hope, West Virginia for analysis.  Each of the mine dust samples was subjected 
to an Alcohol Coke Test.  The Alcohol Coke Test identified the portion of coke in 
each of these samples.  Coke occurs as coal is de-volatilized during a heating 
process, allowing mainly carbon to remain.  The results of the Alcohol Coke Test 
indicated the quantity of coke in each sample as either none, trace, small, large, 
or extra large.  Large and extra large quantities of coke in the post-explosion 
mine dusts are indicative of underground areas exposed to explosion flame.  
However, it is possible for mine dust samples within the flame zone to show 
none, trace, or small quantities of coke.  For example, the explosion flame can 
travel at a velocity that is too fast to allow sufficient time for coal to coke or if 
coal dust is not dispersed into the explosion flame. 
 
In the 2nd Left Mains, located entirely within the sealed area, coke indicating 
flame was found in every sample.  In the 2 North Main entries inby the location 
of the ten seals, coke indicating flame was found in most samples.  The flame 
from the explosion did propagate throughout an extensive area of the 2nd Left 
Main entries and the inby portions of the 2 North Main entries.  However, due to 
the large number of mine dust samples that could not be collected in these 
entries, it was not possible to accurately determine the location of the inby edge 
of the flame. 
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In the 2 North Main entries outby the location of the ten seals, coke indicating 
flame was only found in two samples.  The flame from the explosion did not 
propagate significantly outby the location of any of the ten seals, with the 
exception that flame extended for a short distance outby the seal locations in the 
Nos. 7 and 8 entries. 
 
In both 1st Left and 2nd Left Parallel, coke indicating flame was not found in any 
samples.  The flame from the explosion did not propagate into either 1st Left or 
2nd Left Parallel. 
 
The flame of an explosion is extinguished due to a lack of fuel, suspension, heat, 
oxygen, confinement, or a combination of these five factors.  The extent of flame 
is shown on the mine map in Appendix LL. 
 
Fuel and Suspension 
 
Methane is naturally suspended as it enters the mine workings.  Prior to the 
explosion, coal dust would not have been suspended in the mine atmosphere on 
either side of the ten seals.  When the minimum explosive concentration of coal 
dust is suspended, the cloud is so dense that you cannot see through it nor can 
you breathe in it.  Research has shown that ignition of as little as 13 cubic feet of 
methane, diluted to within the explosive range, would be sufficient to suspend 
and ignite a coal dust cloud.58  Coal dust may have been involved to a limited 
degree throughout the sealed area as the flame propagated.   
 
Methane provided the primary fuel for the explosion.  After ignition, the 
explosion propagated away from the origin in all directions.  Explosive 
quantities of methane, in the range of 5% to 15%, were initially available for the 
explosion.  It is possible that these explosive accumulations existed throughout 
the entire cross-sectional area of some entries and crosscuts.  Concentrations in 
excess of the explosive range of methane were probably present in the sealed 
area prior to the explosion.  A portion of these methane layers may have been 
diluted into the explosive range due to the turbulence of the propagating 
explosion.  As the methane explosion propagated, a shock wave occurred with 
its resultant overpressure.  This overpressure may have resulted in the 
suspension of mine dust, including coal dust, from the mine roof, ribs, and floor.  
Methane remained suspended for the duration of the explosion.  The flame was 
not extinguished due to a lack of fuel or a lack of suspension.  

                                                 
 
 
58 The Explosion Hazard in Mining, U.S. Department of Labor, Mine Safety and Health Administration, Informational 

Report 1119 (1981), John Nagy, Page 56. 

 



 178

Heat 
 
Explosion flames exceed the ignition temperatures of both methane and coal 
dust.  Rock dust and other incombustible dusts in suspension reduce the heat 
available for continued flame propagation.  When an area is wet, coal dust will 
not become readily suspended during an explosion and therefore will not 
become involved in its propagation.  Rock dust or other incombustible dusts in 
sufficient suspended quantities can extinguish or prevent a coal dust explosion. 
 
In addition to the available rock dust, Omega blocks are manufactured of 
incombustible material.  A significant quantity of Omega blocks were used to 
construct the ten seals.  Broken and unused Omega blocks were sometimes 
placed along rutted entries and crushed by the operation of mining equipment.  
This deliberate action filled ruts and unintentionally provided additional 
incombustible material in the area.  In addition, the force of the explosion, 
coupled with a high degree of impact damage from collision with ribs and wood 
crib blocks, resulted in the pulverization of a significant portion of many Omega 
blocks and the suspension of the resulting dust.  Figure 49 shows debris along 
the rib outby Seal No. 2.  This debris included a significant amount of pulverized 
Omega blocks. 
 

 
Figure 49 - Picture of Debris Outby Seal No. 2 

 
Research has shown that explosion flame cannot successfully penetrate ten feet 
into a cloud of coal dust suspended at a concentration of 5.0 ounces per cubic 
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feet.59  This shows that dense dust clouds, regardless of their composition, will 
not allow the propagation of explosion flame to penetrate.  Such a sufficiently 
dense cloud of suspended dust may have existed at the location of the ten seals 
as the explosion flame approached.  This suspended dust may have acted as a 
heat sink, which prevented the continued propagation of the explosion flame 
into the active workings.  Therefore, the loss of sufficient heat may have been a 
factor responsible for extinguishing the explosion flame at the location of the ten 
seals. 
 
Oxygen 
 
Methane requires at least 12% oxygen to become or to remain involved in any 
combustion process.60  Where flame evidence existed throughout the sealed area, 
it is certain that oxygen concentrations above this minimum occurred.  The active 
workings would have contained an oxygen concentration of about 20.9% before 
and during the explosion.  The flame of the explosion consumed most of the 
oxygen.  The flame of an explosion would generally not be able to burn back 
through the same area because of the lack of oxygen immediately after the 
explosion.  Oxygen concentrations after a methane explosion could be less than 
4%, depending on the initial methane concentration.61 The explosion flame 
propagated outward in all directions from the point of origin near survey 
stations 4010 and 4011 in the 2nd Left Mains.  The lack of oxygen prevented the 
flame from burning through the same area twice but did not extinguish the 
propagating flame front traveling in all directions. 
 
Confinement 
 
Confinement is related to the cross-sectional area of the opening where a 
propagating explosion travels.  It allows pressures to continue and, if the 
explosion is fueled by dust, it keeps the fuel particles in close proximity to one 
another.  If the opening size increases or if additional entries become available 
for the flame front, confinement could be lost.  The loss of confinement would 
cause a decrease in the speed of the explosion and a resulting reduction in 
pressure.  The lack of confinement did not occur and was not responsible for 
extinguishing the explosion flame. 
 

                                                 
 
 
59 Id, page 36. 

60 Limits of Flammability of Gases and Vapors, U.S. Bureau of Mines, Bulletin 503, (1952), Page 131. 

61 The Explosion Hazard in Mining, U.S. Department of Labor, Mine Safety and Health Administration, Informational 

Report 1119, (1981), John Nagy, Page 63. 
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Sealed Areas 
 
Past explosion research was concentrated in unrestricted entries.  Prior to 2006, 
neither the USBM nor NIOSH conducted full-scale explosions in sealed areas.  
No specific mining publications were available detailing the effects of the flames 
and forces of a propagating explosion in a sealed area.  Also, MSHA has not 
traveled into the sealed area during the investigation of any previous explosions 
which occurred in sealed areas.  Little research has been conducted to quantify 
the effects of pressure piling in coal mines. 
  

Force 

An explosion can propagate as a deflagration or a detonation.  A deflagration 
occurs when the reaction moves through the unburned fuel at a speed that 
remains below the speed of sound, which is about 1,129 feet per second (fps) at 
70°F.  A detonation occurs when the reaction moves through the unburned fuel 
at a speed that exceeds the speed of sound.  In the underground coal mine 
environment, deflagrations are typical.  Both deflagrations and detonations can 
produce excessive pressures.  A factor which can significantly increase the 
pressures at any particular location is known as pressure piling.  Pressure piling 
occurs when the mine atmosphere becomes pressurized prior to the arrival of the 
flame front.  One physical factor that can lead to pressure piling occurs when the 
total dimensions of the opening through which the explosion is propagating 
become increasingly restricted, thus the flow of gases for pressure equalization is 
inhibited. 
 
Deflagration 
 
After ignition of methane, the flame of a deflagration heats the mine atmosphere.  
The heated atmosphere expands as a result.  This expansion exerts a pressure on 
mine surfaces, equipment, ventilation controls, and miners.  This pressure is 
sometimes referred to as a shock wave.  The faster the flame propagates, the 
higher the pressures become.  Regardless of the speed of the flame, it can not 
overtake the shock wave.  Research has indicated that flame speeds of 
approximately 400 feet per second (fps) may result in pressures of about 7 psi.  
When the flame increases in speed to near 1,000 fps, research indicates that the 
expected force may be on the order of 17 psi.62  Many conditions underground 
can affect the magnitude of explosion pressure including, but not limited to; 
change in height or width of opening, the presence of large equipment, change in 
the number of entries or crosscuts, the concentration of fuel being consumed, the 

                                                 
 
 
62 Id, page 62. 
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strength of the ignition source, the percentage of suspended dust that is 
incombustible, and the amount of oxygen available for combustion. 
 
The calculated theoretical value of maximum static pressure for coal dust or 
methane explosions in closed vessels is about 140 psi.63  The maximum pressure 
that can be expected from an explosion fueled by either coal dust or methane 
traveling at deflagration speeds in an underground coal mine would be less than 
100 psi.64 In an underground explosion, complete combustion does not occur and 
heat is lost to the mine surfaces, which accounts for the lower pressure.  As the 
speed of the flame decreases and the flame eventually terminates, pressures 
reduce and are eliminated.  According to the U. S. Bureau of Mines (USBM) 
Report of Investigations (RI) 7581 entitled “Explosion-Proof Bulkheads,” with 
adequate incombustible material and minimum coal dust accumulations, it is 
doubtful that pressures exceeding 20 psi could occur very far from the origin of 
the explosion.  Several oscillations of pressure can occur before ambient 
conditions are reached.  This allows for pressure in both directions to occur at 
each underground location within the explosion zone.  The mine map shown in 
Appendix LL shows the direction of the primary forces.  The primary force is the 
first, or initial, force at each location shown.   
   
Pressure Piling 
 
The explosion pressures achieved during pressure piling are contingent upon the 
compression of the fuel ahead of the flame.  This compression of the fuel 
increases as the speed of the flame increases and as the opening becomes more 
restricted.  The explosion pressure in a pre-compressed fuel/air mixture is 
proportional to the absolute pressure.  If the mine atmosphere is pre-compressed 
to about 45 psi, the instantaneous explosion pressure could be as high as 300 psi.  
As an example of pressure piling, computations after one coal dust explosion 
experiment in a dead end entry indicated that a peak static pressure of not less 
than 595 psi was reached.65 
 

                                                 
 
 
63 Id, page 69. 

64 Id, Page 58. 

65 Coal Dust Explosions and Their Suppression, National Center for Scientific, Technical and Economic Information, 

Warsaw, Poland, (1975), p. 284. 
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Figure 50 shows a typical side view of the entry in which Seal No. 10 was 
constructed.  The seal is shown on the left.  The line across the top of the figure 
shows the elevation of the roof.  The line across the bottom of the figure details 
changes in the mine floor due to bottom mining.  Those areas to the right of the 
seal location shown in the figure are part of the sealed area.  The height of the 
entry at the bottom of the ramp, where bottom mining commenced, is 
approximately 2.5 times the height at the location of the seal. 
 

 
Figure 50 - Contours Near Seal No. 10 in 2 North Mains, No. 9 Entry 

 
As the explosion propagated toward the location of the ten seals, the mine 
atmosphere immediately behind the seals would have experienced increased 
pressure due to the shock wave of the approaching flame front.  Pressures would 
have increased dramatically as the explosion propagated up the ramp into more 
restricted entry heights.  The pressurized mine atmosphere immediately behind 
the seals would have caused pressure piling effects. 
 
Detonation 
 
In a detonation, shock waves may develop at the flame front.  These shock waves 
advance ahead of the flame and reinforce each other in the unburned fuel/air 
mixture.  When the energy in these shock waves is sufficient, self-ignition of the 
mixture occurs and new, multiple flame fronts develop.  The instantaneous static 
pressure from the detonation may be several times higher than 100 psi.  The 
static pressure in a mine explosion can be as little as a fraction of a pound per 
square inch or more than 600 psi.66   

                                                 
 
 
66 The Explosion Hazard in Mining, U.S. Department of Labor, Mine Safety and Health Administration, Informational 

Report 1119, (1981), John Nagy, Page 60. 
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NIOSH Assistance 
 
NIOSH, at MSHA’s request, initiated two test explosions in the face area of Drift 
C of Lake Lynn to compare the effects of an explosion in a sealed area and an 
explosion in an open entry.  The same amount and concentration of methane and 
the same ignition source were used for both explosions.  In the first explosion, 
labeled as #501, seals were constructed in the first three crosscuts between Drift 
C and Drift B at distances of 59 feet, 156 feet, and 256 feet from the face.  Drift C 
remained open.  Also, two cribs were constructed in the entry about 312 feet 
from the face.  In the second explosion, labeled as #502, the seals in the crosscuts 
remained in place.  A fourth seal was constructed across Drift C at a distance of 
about 320 feet from the face, effectively sealing the inby area of Drift C. 
 
The seal in No. 1 Crosscut was the same for both tests and was constructed of 
solid concrete blocks, according to 30 CFR 75.335.  The seal in No. 2 Crosscut was 
the same for both tests and was an Omega block seal constructed in the same 
manner as the Omega block seal that passed explosion testing in 2001.  The seal 
in No. 3 Crosscut was the same for both tests and was the hybrid Omega block 
seal.  This seal was built with the following conditions:  applying dry mortar on 
the mine floor, not applying mortar directly to the vertical joints of the first 
course of blocks, and modifying the installation of wood planks and wedges 
between the last course of the Omega blocks and the mine roof.  For test #502, an 
Omega seal constructed in the same manner as the Omega block seal that passed 
explosion testing in 2001 was built across Drift C.  Pressure readings were 
recorded at locations where transducers were mounted in panels along Drift C.  
Table 11 contains the results for both explosion tests #501 and #502. 
 

Table 11  - Results of Explosion Test #501 and #502 at Lake Lynn 

Location Distance from 
Face (feet) 

Test #501 
Pressure (psi) 

Test #502 
Pressure (psi) 

No. 2 Crosscut 156 22 22 
No. 3 Crosscut 256 25 38 
Crib  312 28 -- 
Test Seal 320 -- 50 
Outby 403 14 5 
Outby 501 9 4 
Outby 598 6 3.5 
Outby 757 4 3 
 
The results shown above indicate that seals do affect the magnitude of the 
pressure achieved at locations both inby and outby the seals.  The test seal in 
Drift C was about 320 feet from the face.  In Test #501, the maximum pressure 
achieved was 30 psi and occurred at the face.  The pressure on the seal in No. 2 
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Crosscut was 22 psi and on the seal in No. 3 Crosscut was 25 psi.  This slight 
increase in pressure was possibly attributed to the distance it took to involve the 
suspended coal dust.  Subsequently, this pressure began to deteriorate as it 
traveled outby, however the two cribs constructed in the entry caused the 
pressure to increase to 28 psi.  This increase was recorded at a distance of 312 feet 
from the face.  Within 53 feet, the pressure had dropped to 14 psi and after 
traveling another 195 feet, which corresponds to the location approximately 598 
feet from the face, the pressure had dropped to 6 psi.  At 757 feet from the face, 
the pressure had dropped to 4 psi. 
 
In Test #502, the seal in No. 2 Crosscut was 156 feet from the face and the 
maximum pressure on this seal was 22 psi.  The seal in No. 3 Crosscut was 256 
feet from the face and the maximum pressure on this seal was 38 psi.  This 
significant increase in pressure can most likely be attributed to pressures 
rebounding or reflecting after impacting the seal in Drift C, prior to its 
destruction.  The maximum pressure increased to 50 psi at the location of the seal 
in Drift C, which was 320 feet from the face.  When the pressure wave reached 
403 feet from the face, the pressure had dropped to only 5 psi.  This drop is very 
significant in that pressures decreased 90%, from 50 psi to 5 psi, in a distance of 
only 80 feet.  The flame of the explosion had most likely consumed all the 
available fuel and propagation of the explosion was not continuing.  However, 
the pressures that developed impacted the seal across Drift C and rebounded 
toward the face.  The primary thrust of the pressure wave did not head outby 
after rebounding.  At 757 feet from the face, the pressure had dropped to 3 psi. 
 
The Sago Mine Explosion 
 
A methane explosion initially occurred in 2nd Left Mains in the general area of 
survey stations 4010 in the No. 6 entry and 4011 in the No. 7 entry.  These survey 
stations are located in the No. 2 Crosscut.  As the flame from this explosion 
expanded, it began to propagate through explosive concentrations of methane in 
all directions.  Some of the sealed area may have included no methane or 
methane at concentrations below 5%.  Additionally, concentrations of methane 
above the explosive limit were probably present in some locations throughout 
the sealed area prior to the explosion.  A portion of this methane may have been 
diluted into the explosive range due to the turbulence of the propagating 
explosion.  Methane that remained in concentrations outside the explosive range 
did not become involved in the explosion.  It appeared that the flame and the 
associated forces initially traveled inby and outby through the Nos. 6 and 7 
entries.  The length of flame and the generation of forces in any direction are 
dependent on the amount of explosive methane accumulations in that direction.  
It is typical in underground coal mine explosions that limited forces occur at the 
origin of the explosion. 
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The explosion propagated inby in the Nos. 6 and 7 entries of 2nd Left Mains.  
The flame and forces traveled in both directions from these entries through each 
crosscut.  Subsequently, the flame and forces involved each entry of 2nd Left 
Mains and continued propagating inby.  Although the inby extent of the flame is 
unknown due to the lack of mine dust samples, the forces would have affected 
all of 2nd Left Mains to varying degrees.  The most inby mine dust sample was 
taken in the No. 5 Crosscut.  The magnitude of the forces would have varied 
greatly, especially as the explosion was directly affected by change in cross-
sectional dimensions of the entries and crosscuts.  The mine map in Appendix H-
4, “2 Left Mains” shows the extent of bottom mining throughout the 2nd Left 
Mains.  As the flame and forces traveled through the crosscuts toward the No. 1 
entry, stoppings were destroyed.  Stoppings and overcasts can be destroyed by 
explosion forces of between 2 and 4 psi.  Ventilation controls were damaged 
throughout the area affected by the explosion.  This and other damage 
throughout the 2nd Left Mains is indicated on the mine map in Appendices H-1 
through H-9. 
 
The explosion propagated outby in the Nos. 6 and 7 entries of 2nd Left Mains.  
The explosion flame and forces entered the 2 North Mains throughout Nos. 65 
and 66 crosscut.  The flame and forces headed in both directions through each 
entry in 2 North Mains.  Subsequently, the flame and forces involved each entry 
of 2 North Mains and continued propagating both inby and outby.  Although the 
inby extent of the flame is unknown due to the lack of mine dust samples, the 
forces would have affected all of 2 North Mains inby the seals to varying degrees.  
The most inby mine dust sample was taken in the No. 3 entry, just inby No. 66 
crosscut.  The magnitude of the forces would have varied greatly, especially as 
the explosion was directly affected by change in cross-sectional dimensions of 
the entries and crosscuts.  The mine map in Appendix H-4, “2 Left Mains” shows 
the extent of bottom mining throughout the 2 North Mains. 
 
Bottom mining occurred inby the location of the seals in the entries but not in the 
crosscuts of 2 North Mains.  Bottom mining occurred as close as about 60 feet 
inby the location of the seals.  Entry heights increased from about 6 feet at the 
location of the seals to about 20 feet at some locations in the areas that had been 
bottom mined.  As the explosion propagated outby in the entries of 2 North 
Mains, the total height of the opening through which the explosion was 
propagating became increasingly restricted as the explosion approached the 
seals.  This restriction resulted in pressure piling, as explained earlier.  A 
resulting and drastic increase in the explosion pressures occurred at the location 
of the restriction and at each of the seals.  The increase in pressures was not on 
the order of magnitude necessary to cause a deflagration to detonation transition 
(DDT). 
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Visual observations were made of the remnants of the ten seals at the Sago Mine.  
Visual observations were also made of the post-explosion condition of each of 
the seals constructed at NIOSH’s Lake Lynn Experimental Mine.  Conditions at 
these two mines are not identical, but comparisons were made concerning the 
destruction of the Omega blocks at different pressures.  The damage to the seals 
at the Sago Mine was more extensive.  This comparison would indicate that the 
pressures exceeded 93 psi at the location of the seals at the Sago Mine. 
One victim who suffered fatal injuries was found about 556 feet outby the seal in 
the No. 6 entry of 2 North Mains.  The exact location of this miner at the time of 
the explosion could not be established.  His death was attributed to carbon 
monoxide intoxication.  No traumatic physiological injuries were present, 
indicating pressures of less than 5 psi at his location. 
 
The 2nd Left Parallel crew survived the flame and forces of the explosion 
without experiencing any known traumatic physiological injuries. McCloy 
indicated that he felt wind and heard noise.  He felt pressure in his ears but they 
did not pop.  Although the miners may have been on the section, the exact 
location at the time of the explosion could not be established.  A significant 
reduction in explosion pressures occurred in 2 North Mains just outby the seals.  
These reduced pressures would have propagated into the crosscuts of 2 North 
Mains and traveled hundreds of feet before having any impact on the 2nd Left 
Parallel crew.  This indicates they may have been affected by a pressure wave of 
less than 2 psi.   
 
The 1st Left crew was located in a mantrip at the 1st Left switch when the 
explosion occurred.  They were in direct line with the seals and the explosion 
forces.  They were impacted by flying debris and a rush of air, which reportedly 
lasted for about 8 seconds.  The mantrip operator was knocked down by the 
force of the explosion.  They did not hear any noise.  They did not smell any 
smoke initially.  They did not see any flash or flame.  After the rush of air, the 
atmosphere was very dusty.  They did not experience any traumatic injuries 
resulting in physiological damage such as lung damage from pressure, ruptured 
ear drums or broken bones.  Tests of the mine dust, as well as their testimony, 
indicated the flame from the explosion did not extend to their location.   This 
indicates they may have been affected by a pressure wave of about 2 psi.  
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ROOT CAUSE ANALYSIS  
 
A root cause analysis was conducted.  Root causes were identified that could 
have mitigated the severity of the accident or prevented the loss of life.  Listed 
below are root causes identified during the analysis and their corresponding 
corrective actions to prevent a recurrence of the accident. 
 
Root Cause: 
The 2 North Main seals were not capable of withstanding the forces generated by 
the explosion.  
   
Corrective Action: 
Seals should be designed and installed to prevent an explosion from propagating 
to the opposite side. 
 
Root Cause: 
The atmosphere within the sealed area was not monitored and it contained 
explosive methane/air mixtures.    
 
Corrective Action:   
The atmosphere in existing sealed areas should be monitored and maintained 
inert when the seals are not capable of withstanding the forces of an explosion. 
 
Root Cause: 
Lightning was the most likely ignition source for this explosion with the energy 
transferring onto an abandoned pump cable in the sealed area and providing an 
ignition source for the explosion.   
 
Corrective Action:   
Insulated cables and conductors should be removed from the area to be sealed 
prior to seal completion. 
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CONCLUSION 
 
On January 2, 2006, an explosion occurred at approximately 6:26 a.m. in the 
mined-out area known as 2 North Mains and 2nd Left Mains of the Sago Mine.   
Lightning was the most likely ignition source for this explosion with the energy 
transferring onto an abandoned pump cable in the sealed area and igniting the 
methane that had accumulated within the sealed area.  The ensuing explosion 
generated forces in excess of 93 psi and destroyed the seals, filling portions of the 
mine with toxic levels of carbon monoxide.  One miner died of carbon monoxide 
poisoning shortly after the explosion.  The 2nd Left Parallel miners’ attempt to 
evacuate was unsuccessful and they barricaded themselves on the 2nd Left 
Parallel section.  Unfortunately, the barricade was not able to prevent high levels 
of carbon monoxide from reaching the miners before they could be rescued.  As a 
result, 11 additional miners perished and one survived. 
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ENFORCEMENT ACTIONS 
 
A 103 (k) order was issued to Wolf Run Mining Company, Sago Mine, on the 
morning of the accident to insure the safety of all persons at the mine.  The order 
was modified numerous times to allow for the rescue and recovery operations, 
and then the accident investigation, to proceed.  This order remained in place for 
the extent of the investigation.  
 
A contributory citation is one issued for a condition that leads to the causes and 
effects or the severity of the accident.  No contributory citations were issued to 
the mine operator as a result of the accident investigation.  As indicated in the 
report, safety standard violations were identified with respect to seal 
construction, SCSR training, emergency notification to MSHA and mine rescue 
teams, lightning arresters and various other violations.   In addition to the 103 (k) 
order, 149 non-contributory citations/orders were issued as a result of this 
investigation.  One hundred seventeen were issued previously and 32 have been 
issued with the release of this report.  Some of the more significant enforcement 
actions are addressed below along with an explanation of why they were not 
deemed contributory.  
 

• Although the 2 North Main seals were not built in accordance with the 
approved ventilation plan requirements, the forces generated by the 
explosion would have completely destroyed the seals even if they had 
been built in compliance with the plan.       

 
• Several miners did not don their SCSRs immediately after the explosion as 

required and some apparently removed the units to communicate or to 
perform physical work.  However, those who did not don their SCSRs 
successfully evacuated the mine.  The miners on the 2nd Left Parallel 
section donned their SCSRs but were exposed to high levels of CO far 
beyond the one-hour time capacity for each SCSR.  

 
• MSHA and mine rescue teams were not immediately notified of the 

accident.  This is an important requirement in order to maximize 
professional assistance.  However, had agency officials and the mine 
rescue teams arrived earlier, the teams would not have been permitted 
underground any earlier than actually occurred due to the high levels of 
toxic gases and the possibility of another explosion.  Even if the mine 
rescue teams had been on site and entered the mine immediately after the 
accident, they would have been withdrawn when they encountered the 
high carbon monoxide levels.  
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• Five electrical circuits entering/exiting the mine did not have lightning 
arresters.  Testing indicated that a direct lightning strike onto these 
circuits could not have traveled far enough into the mine to initiate the 
explosion. 

 
Even though these violations did not directly lead to the cause and effect or the 
severity of the accident, they are important matters that miners and the mining 
industry should be aware of and attentive to in order to prevent and minimize 
coal mine accidents. 



 
Appendix A - List of Deceased and Injured Miners 

 
Deceased Miners 

 
Name                         Occupation 
Thomas P. Anderson       2nd Left Parallel Shuttle Car Operator 
Alva M. Bennett 2nd Left Parallel Mining Machine    

Operator 
James Bennett        2nd Left Parallel Shuttle Car Operator 
Jerry L. Groves        2nd Left Parallel Roof Bolter Operator 
George J. Hamner        2nd Left Parallel Shuttle Car Operator 
Terry Helms         Mine Examiner 
Jesse L. Jones             2nd Left Parallel Roof Bolter Operator 
David W. Lewis        2nd Left Parallel Roof Bolter Operator 
Martin Toler Jr.        2nd Left Parallel Section Foreman 
Fred G. Ware 2nd Left Parallel Mining Machine   

Operator  
Jackie L. Weaver        2nd Left Parallel Electrician 
Marshall Winans        2nd Left Parallel Scoop Operator 
 
 

Injured Miner 
 

Name                      Occupation                     Injury 
Randal McCloy Jr.      2nd Left Parallel Roof               Carbon Monoxide 
                                                             Bolter Operator                         Poisoning 
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Appendix C - Mine Rescue Personnel and Teams Responding 

 
Consol Energy Corporation 

 
Mine Rescue Personnel 

 
Spike Bane        Rick Marlow 
Elizabeth Chamberlain      Kevin Whetzel 

Blacksville No. 2 
James Ponceroff David Rush 
Richard Tolka Robert Wade 
Lonny Meyers Tony Casini 
 

McElroy Mine Rescue 
Danny Beyser Michael Clark 
Dennis Crow James Smith 
James Klug Randy Clark 
Kelvin Jolly Jack Price 
Robert Rohoe William Blackwell 
 

Shoemaker Mine Rescue 
Cliff Ward Jim Jack 
Charles Fisher Okey Rine 
Ted Hunt Robert Hines 
Silas Stavischeck Shan Michener 
Glenn McWhorten  
 

Robinson Run Mine Rescue 
Alfred Bell Jerry Bienkoski 
Craig Carpenter Gary Given 
Sherman Goodwin Mark Koor 
Phillip Morgan William Reed 
Larry Tenney  
 

Loveridge Mine Rescue 
 
Leslie R. Cosner James Clendenen 
Nick A. Tippi Richard Shockley 
Donald A. Jack Charles P. Layman 
Robert Hovatter Gary Hayhurst 
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Appendix C - Mine Rescue Personnel and Teams Responding (cont’ d) 
 

Eighty-Four Mine Rescue 
 
Don Klek Adrian Gordon 
Dale Tiberie John Stowinsky 
Richard Gindlesperger Dan Puckey 
Kenneth Clark Brad DeBush 
Robert Volpe Mickey Miskiewiez 
 

 
 
 

Bailey Mine Rescue 
 
Dennis Vicinelly       George Joseph 
Mike Spears        Kevin Williamson  
Dave Cass        Steve Edgehouse 
Gene Menozzi       Bob Calhoun 
Larry Cuddy 

 
Barbour County Mine Rescue 

 
Mark W.  Chewning      Clyde M.  Tenney 
Fred Radabaugh       Doug Andrews 
Brian Curtis        Paul Maxson 
Roger Hedrick       Jeff Byard 
Teddy Hickman       John Cottrill  
Ryan Jeran        James Paugh 

 
Viper Mine Rescue  

 
Brad Kaufman       Clifford Bryant Jr. 
Ty Hunt         Allen Setzer 
Paul Perrine        Bret Bushong   
Brandon Sanson 

Tri-State 
 

Christopher C. Lilly       Andrew Lilly 
Mike Grimm        Ben Wilson 
Kerry Lilly        Don Firn  
Mark Thorn        Chris Sisler 
Dan Bismark        Gary Bolyand 
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Appendix C - Mine Rescue Personnel and Teams Responding (cont’ d) 
 

State Mine Rescue 
 

Region 1 
Barry Fletcher John Scott 
Jeffery Bennett John Hall 
 

Region 4 
Clarence Dishman William Tucker 
Mike Rutledge Randy Smith 
Eugene White  
 

Region 3 
James Hodges  

 
MSHA Mine Emergency Unit 

 
Virgil Brown                                                                                     Scott Mandeville 
Jerry Cook Fred Martin                                             
Charles Pogue                                                                                  Frank Thomas 
Mike Hicks Stanley Sampsel 
Ronald Hixson Clayton Sparks  
Greg Ison                                                                                           Mike Shumate 
James Langley Tony Sturgill 
Jan Lyall 

 
Pittsburgh Safety and Health Technology Center 

 
John Urosek        Richard Stoltz 
William Francart       George Aul 
Gary Shemon       George Durkt 
Mike Valoski        Tony Argirakis 
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Appendix D - Barbour County Mine Rescue Team Air Quality Measurements 
 

Drift Opening No. 1 
 

Drift Opening No. 2 
 

Drift Opening No. 3 
 

Drift Opening No. 4 
 

Date 
 

Time 
 

CO Methane Oxygen CO Methane Oxygen CO Methane Oxygen CO Methane Oxygen 
  (ppm) (%) (%) (ppm) (%) (%) (ppm) (%) (%) (ppm) (%) (%) 

1/2/2006 1:25 PM 1372 0 20.6          
1/2/2006 1:27 PM    77 0 20.9       
1/2/2006 1:29 PM       24 0 20.7    
1/2/2006 1:30 PM          14 0 20.5 
1/2/2006 1:46 PM 1860 0           
1/2/2006 1:47 PM    155 0 20.7       
1/2/2006 1:48 PM       54 0 20.7    
1/2/2006 1:50 PM          32 0 20.6 
1/2/2006 2:04 PM 2430 0.6 19.7          
1/2/2006 2:04 PM 2700 0.5 19.6          
1/2/2006 2:06 PM    417 0 20.6       
1/2/2006 2:06 PM    544 0 20.5       
1/2/2006 2:08 PM       178 0 20.6    
1/2/2006 2:08 PM       179 0 20.4    
1/2/2006 2:09 PM          135 0 20.7 
1/2/2006 2:09 PM          105 0 20.5 
1/2/2006 2:27 PM 1880 .0.6 19.7          
1/2/2006 2:27 PM 2280 .0.5 19.6          
1/2/2006 2:33 PM    292 0 20.7       
1/2/2006 2:33 PM    212 0 20.5       
1/2/2006 2:38 PM       127 0 20.6    
1/2/2006 2:38 PM       92 0 20.5    
1/2/2006 2:42 PM          72 0 20.5 
1/2/2006 2:42 PM          69 0 20.4 
1/2/2006 3:14 PM 1800 0.5 19.5          
1/2/2006 3:16 PM    507 0 20.3       
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Appendix D - Barbour County Mine Rescue Team Air Quality Measurements 
 

Drift Opening No. 1 
 

Drift Opening No. 2 
 

Drift Opening No. 3 
 

Drift Opening No. 4 
 

Date 
 

Time 
 

CO Methane Oxygen CO Methane Oxygen CO Methane Oxygen CO Methane Oxygen 
  (ppm) (%) (%) (ppm) (%) (%) (ppm) (%) (%) (ppm) (%) (%) 

1/2/2006 3:35 PM 2136 0.4 19.6          
1/2/2006 3:37 PM    280 0 20.4       
1/2/2006 3:52 PM 1985 0.4 19.9          
1/2/2006 4:02 PM 2251 0.4 20.2          
1/2/2006 4:04 PM    410 0 20.9       
1/2/2006 4:07 PM       120 0 20.9    
1/2/2006 4:09 PM          82 0 20.9 
1/2/2006 4:35 PM 2064 0.5 20.1          
1/2/2006 5:19 PM 1626 0.3 19.9          
1/2/2006 5:21 PM    369 0 20.4       
1/2/2006 5:40 PM 1375 0.3 20.2          
1/2/2006 5:42 PM    255 0 20.4       
1/2/2006 5:55 PM 1358 0.3 19.9          
1/2/2006 6:30 PM 1198 0.3 19.9          
1/2/2006 6:35 PM    275 0 20.4       
1/2/2006 7:45 PM    16 0 20.7       
1/2/2006 8:15 PM    17 0 20.5       
1/2/2006 8:50 PM    0 0 20.7       
1/2/2006 9:37 PM    0 0 20.9       
1/2/2006 10:17 PM    0 0 20.9       
1/2/2006 10:58 PM    0 0 20.0       
1/2/2006 11:55 PM    0.6 0 20.9       
1/3/2006 12:30 AM    0 0 20.9       
1/3/2006 1:00 AM    0 0 20.9       
1/3/2006 1:30 AM    0 0 20.9       
1/3/2006 2:00 AM    0 0 21.1       
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Appendix D - Barbour County Mine Rescue Team Air Quality Measurements 
 

Drift Opening No. 1 
 

Drift Opening No. 2 
 

Drift Opening No. 3 
 

Drift Opening No. 4 
 

Date 
 

Time 
 

CO Methane Oxygen CO Methane Oxygen CO Methane Oxygen CO Methane Oxygen 
  (ppm) (%) (%) (ppm) (%) (%) (ppm) (%) (%) (ppm) (%) (%) 

1/3/2006 2:30 AM    0 0 20.9       
1/3/2006 3:00 AM    0 0 20.9       
1/3/2006 3:30 AM    0 0 20.9       
1/3/2006 4:00 AM    0 0 20.9       
1/3/2006 4:26 AM    0 0 20.9       
1/3/2006 4:55 AM    0 0 20.9       
1/3/2006 6:26 AM    0 0 20.9       
1/3/2006 6:55 AM    0 0 20.9       
1/3/2006 7:25 AM    0 0 20.9       
1/3/2006 7:55 AM    0 0 20.9       
1/3/2006 8:25 AM    0 0 20.9       
1/3/2006 8:55 AM    0 0 20.9       
1/3/2006 9:25 AM    0 0 21.1       
1/3/2006 9:55 AM    0 0 20.9       
1/3/2006 10:00 AM 322 0.2 20.7          
1/3/2006 10:32 AM    0 0 20.9       
1/3/2006 10:35 AM 311 0.2 20.6          
1/3/2006 10:54 AM    0 0 20.9       
1/3/2006 10:55 AM          0 0 20.9 

Note:  Team continued to take handheld measurements throughout rescue effort. 
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Appendix E - Gas Chromatograph Analysis Results

No. 1 Drift Opening

ICG, Inc. 
Sago Mine 46-08791
No. 1 Drift Opening GAS CONCENTRATIONS

Date H2 O2 N2 CH4 CO CO2 C2H2 C2H4 C2H6 Ar
and Time ppm % % % ppm % ppm ppm ppm %

1/2/2006 14:45 19.26 0.29 2600 0.28 0
1/2/2006 15:00 19.71 0.27 2570 0.27 0
1/2/2006 15:10 20.26 0.27 2340 0.29 0
1/2/2006 15:30 19.68 0.25 2130 0.24 0
1/2/2006 15:45 19.91 0.24 1970 0.23 0
1/2/2006 16:00 19.15 0.22 1870 0.23 0
1/2/2006 16:30 20.41 0.22 1750 0.22 0
1/2/2006 17:15 19.84 0.22 1740 0.22 10
1/2/2006 17:45 20.46 0.20 1510 0.20 10
1/2/2006 17:55 20.43 0.19 1420 0.18 10
1/2/2006 18:30 20.46 0.18 1290 0.17 10
1/2/2006 19:20 20.26 0.18 1130 0.16 10
1/2/2006 19:20 755 20.44 78.15 0.14 1101 0.15 12 0 6 0.93
1/2/2006 19:55 20.12 0.18 1060 0.15 10
1/2/2006 20:00 890 20.48 78.10 0.14 1025 0.15 21 32 6 0.93
1/2/2006 20:30 20.06 0.17 1000 0.14 10
1/2/2006 21:00 893 20.49 78.10 0.14 940 0.14 22 31 11 0.93
1/2/2006 21:00 20.46 0.17 960 0.14 10
1/2/2006 21:30 20.52 0.18 950 0.13 10
1/2/2006 22:00 567 20.51 78.09 0.17 893 0.15 26 28 28 0.93
1/2/2006 22:00 20.36 0.17 920 0.13 10
1/2/2006 22:30 20.42 0.17 900 0.13 10
1/2/2006 23:00 792 20.52 78.10 0.15 845 0.13 19 30 16 0.93
1/2/2006 23:30 752 20.54 78.10 0.14 806 0.13 6 21 4 0.93

1/3/2006 0:00 671 20.60 78.06 0.14 779 0.12 8 25 0 0.93
1/3/2006 0:30 599 20.55 78.12 0.14 751 0.12 15 19 0 0.93
1/3/2006 1:00 657 20.57 78.11 0.13 725 0.12 5 14 0 0.93
1/3/2006 1:30 726 20.57 78.10 0.13 699 0.12 10 21 0 0.93
1/3/2006 2:00 639 20.56 78.13 0.13 654 0.11 10 21 0 0.93
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Appendix E - Gas Chromatograph Analysis Results

No. 1 Drift Opening

ICG, Inc. 
Sago Mine 46-08791
No. 1 Drift Opening GAS CONCENTRATIONS

Date H2 O2 N2 CH4 CO CO2 C2H2 C2H4 C2H6 Ar
and Time ppm % % % ppm % ppm ppm ppm %
1/3/2006 2:30 632 20.64 78.06 0.13 635 0.11 8 16 4 0.93
1/3/2006 3:00 632 20.61 78.10 0.13 604 0.11 4 18 0 0.93
1/3/2006 3:30 359 20.61 78.14 0.12 570 0.10 0 0 0 0.93
1/3/2006 4:00 491 20.60 78.14 0.12 550 0.09 4 0 0 0.93
1/3/2006 4:30 435 20.61 78.14 0.12 531 0.10 0 0 0 0.93
1/3/2006 5:00 543 20.65 78.10 0.12 507 0.10 0 0 0 0.93
1/3/2006 5:30 410 20.65 78.13 0.12 478 0.09 0 0 0 0.93
1/3/2006 6:00 374 20.67 78.12 0.11 445 0.09 0 0 0 0.93
1/3/2006 6:30 379 20.71 78.08 0.11 432 0.08 0 0 0 0.93
1/3/2006 7:00 358 20.68 78.11 0.11 414 0.09 0 11 0 0.93
1/3/2006 7:30 404 20.68 78.11 0.11 389 0.08 0 0 0 0.93
1/3/2006 8:00 301 20.71 78.18 0.11 375 0.08 9 10 0 0.93
1/3/2006 8:30 363 20.71 78.10 0.11 355 0.08 0 0 0 0.93
1/3/2006 9:00 267 20.71 78.11 0.11 340 0.08 0 0 0 0.93
1/3/2006 9:30 250 20.71 78.11 0.11 334 0.08 7 0 0 0.93

1/3/2006 10:00 230 20.70 78.13 0.11 314 0.08 0 8 0 0.93
1/3/2006 10:30 207 20.73 78.11 0.10 295 0.07 6 8 5 0.93
1/3/2006 11:00 205 20.72 78.11 0.10 282 0.07 0 0 0 0.93
1/3/2006 11:30 184 20.78 78.06 0.11 271 0.07 0 8 0 0.93
1/3/2006 12:00 170 20.80 78.13 0.10 216 0.07 0 0 0 0.93
1/3/2006 12:30 190 20.79 78.07 0.10 213 0.07 0 0 0 0.93
1/3/2006 13:00 188 20.79 78.06 0.11 263 0.07 0 0 0 0.93
1/3/2006 13:30 164 20.81 78.12 0.10 212 0.07 0 0 0 0.93
1/3/2006 14:30 115 20.82 78.07 0.09 167 0.06 0 4 0 0.93
1/3/2006 15:00 99 20.81 78.06 0.09 170 0.06 4 5 0 0.93
1/3/2006 15:30 83 20.83 78.07 0.09 164 0.06 0 0 0 0.93
1/3/2006 16:30 70 20.84 78.06 0.09 148 0.06 0 0 0 0.93
1/3/2006 17:00 61 20.83 78.07 0.09 141 0.06 0 0 0 0.93
1/3/2006 17:30 56 20.85 78.06 0.09 136 0.06 0 0 0 0.93
1/3/2006 18:30 55 20.85 78.06 0.09 119 0.05 0 0 0 0.93
1/3/2006 19:00 52 20.86 78.06 0.08 119 0.06 0 0 0 0.93
1/3/2006 19:30 50 20.88 78.03 0.09 118 0.05 0 0 0 0.93
1/3/2006 20:00 50 20.86 78.06 0.08 107 0.05 0 0 0 0.93
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Appendix E - Gas Chromatograph Analysis Results

No. 1 Drift Opening

ICG, Inc. 
Sago Mine 46-08791
No. 1 Drift Opening GAS CONCENTRATIONS

Date H2 O2 N2 CH4 CO CO2 C2H2 C2H4 C2H6 Ar
and Time ppm % % % ppm % ppm ppm ppm %

1/3/2006 20:30 45 20.86 78.06 0.08 102 0.05 0 0 0 0.93
1/3/2006 21:00 42 20.86 78.06 0.08 128 0.05 0 0 0 0.93
1/3/2006 21:30 40 20.87 78.06 0.08 120 0.05 0 0 0 0.93
1/3/2006 22:00 41 20.86 78.05 0.08 109 0.06 0 0 0 0.93
1/3/2006 23:00 33 20.87 78.06 0.08 97 0.05 0 0 0 0.93
1/3/2006 23:30 31 20.87 78.06 0.08 95 0.05 0 0 0 0.93

1/4/2006 0:01 30 20.87 78.06 0.08 95 0.05 0 0 0 0.93
1/4/2006 1:15 29 20.86 78.07 0.08 80 0.05 0 0 0 0.93
1/4/2006 1:30 27 20.87 78.06 0.08 76 0.05 0 0 0 0.93
1/4/2006 2:00 26 20.86 78.07 0.08 72 0.05 0 0 0 0.93
1/4/2006 2:30 26 20.81 77.84 0.08 69 0.03 0 0 0 0.93
1/4/2006 3:00 24 20.86 78.07 0.08 66 0.05 0 0 0 0.93
1/4/2006 3:30 24 20.87 78.07 0.08 61 0.05 0 0 0 0.93
1/4/2006 4:00 23 20.87 78.07 0.08 58 0.05 0 0 0 0.93
1/4/2006 4:30 22 20.86 78.07 0.08 54 0.05 0 0 0 0.93
1/4/2006 5:00 21 20.87 78.07 0.08 51 0.05 0 0 0 0.93
1/4/2006 5:30 20 20.83 77.91 0.08 49 0.05 0 0 0 0.93
1/4/2006 6:00 20 20.82 77.89 0.08 49 0.05 0 0 0 0.93
1/4/2006 6:30 20 20.87 78.07 0.08 46 0.05 0 0 0 0.93
1/4/2006 7:00 19 20.87 78.07 0.08 43 0.05 0 0 0 0.93
1/4/2006 7:30 17 20.87 78.07 0.08 43 0.05 0 0 0 0.93
1/4/2006 8:00 18 20.87 78.07 0.08 39 0.05 0 0 0 0.93
1/4/2006 9:00 15 20.87 78.07 0.08 31 0.05 0 0 0 0.93

1/4/2006 10:00 15 20.85 78.08 0.08 26 0.05 0 0 0 0.93
1/4/2006 11:00 23 20.85 78.09 0.08 30 0.05 0 0 0 0.93
1/4/2006 12:00 24 20.83 78.10 0.09 27 0.05 0 0 0 0.93
1/4/2006 13:00 19 20.82 78.10 0.09 24 0.05 0 0 0 0.93
1/4/2006 14:00 18 20.82 78.11 0.09 24 0.05 0 0 0 0.93
1/4/2006 15:00 18 20.83 78.10 0.09 25 0.05 0 0 0 0.93
1/4/2006 16:00 17 20.81 78.13 0.09 22 0.05 0 0 0 0.93
1/4/2006 18:00 15 20.84 78.09 0.09 20 0.04 0 0 0 0.93
1/4/2006 20:00 14 20.85 78.08 0.09 18 0.05 0 0 0 0.93
1/4/2006 22:00 12 20.85 78.08 0.09 15 0.05 0 0 0 0.93

1/5/2006 0:00 10 20.84 78.10 0.09 13 0.04 0 0 0 0.93
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Appendix E - Gas Chromatograph Analysis Results

No. 1 Drift Opening

ICG, Inc. 
Sago Mine 46-08791
No. 1 Drift Opening GAS CONCENTRATIONS

Date H2 O2 N2 CH4 CO CO2 C2H2 C2H4 C2H6 Ar
and Time ppm % % % ppm % ppm ppm ppm %
1/5/2006 2:00 9 20.84 78.10 0.09 10 0.04 0 0 0 0.93
1/5/2006 4:00 8 20.85 78.09 0.08 10 0.04 0 0 0 0.93
1/5/2006 6:00 7 20.84 78.10 0.08 9 0.04 0 0 0 0.93
1/5/2006 8:00 7 20.85 78.09 0.08 8 0.04 0 0 0 0.93

1/5/2006 10:00 6 20.85 78.09 0.09 7 0.04 0 0 0 0.93
1/5/2006 12:00 6 20.85 78.09 0.09 6 0.04 0 0 0 0.93
1/5/2006 14:00 5 20.85 78.09 0.08 6 0.04 0 0 0 0.93
1/5/2006 16:00 5 20.85 78.10 0.08 5 0.04 0 0 0 0.93
1/5/2006 18:00 4 20.85 78.10 0.08 4 0.04 0 0 0 0.93
1/5/2006 20:00 3 20.85 78.10 0.08 4 0.04 0 0 0 0.93
1/5/2006 22:00 4 20.85 78.09 0.08 3 0.05 0 0 0 0.93

1/6/2006 0:00 3 20.85 78.10 0.08 4 0.04 0 0 0 0.93
1/6/2006 2:00 3 20.83 78.11 0.09 3 0.04 0 0 0 0.93
1/6/2006 4:00 3 20.85 78.09 0.09 3 0.04 0 0 0 0.93
1/6/2006 6:00 3 20.85 78.10 0.08 2 0.04 0 0 0 0.93
1/6/2006 8:00 2 20.86 78.09 0.08 2 0.04 0 0 0 0.93

1/6/2006 10:00 2 20.86 78.09 0.08 2 0.04 0 0 0 0.93
1/6/2006 12:00 2 20.86 78.08 0.08 2 0.04 0 0 0 0.93
1/6/2006 13:30 1 20.86 78.09 0.08 2 0.04 0 0 0 0.93
1/6/2006 15:30 1 20.85 78.02 0.08 1 0.04 0 0 0 0.93
1/6/2006 17:30 1 20.87 78.08 0.07 1 0.04 0 0 0 0.93
1/6/2006 19:30 1 20.86 78.09 0.08 1 0.04 0 0 0 0.93
1/7/2006 10:00 1 20.85 78.10 0.08 1 0.04 0 0 0 0.93
1/7/2006 10:30 1 20.87 78.09 0.08 1 0.04 0 0 0 0.93
1/7/2006 11:30 1 20.87 78.09 0.07 1 0.04 0 0 0 0.93
1/7/2006 12:30 1 20.86 78.10 0.07 1 0.04 0 0 0 0.93
1/7/2006 13:30 1 20.87 78.11 0.05 1 0.04 0 0 0 0.93
1/7/2006 14:30 1 20.85 78.10 0.08 1 0.04 0 0 0 0.93
1/7/2006 15:30 1 20.85 78.09 0.08 1 0.04 0 0 0 0.93
1/7/2006 17:30 1 20.85 78.10 0.08 1 0.04 0 0 0 0.93
1/7/2006 19:30 1 20.86 78.09 0.08 1 0.04 0 0 0 0.93
1/7/2006 21:30 1 20.85 78.10 0.08 1 0.04 0 0 0 0.93
1/7/2006 23:30 1 20.82 78.00 0.08 1 0.05 0 0 0 0.93
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Appendix E - Gas Chromatograph Analysis Results

No. 1 Drift Opening

ICG, Inc. 
Sago Mine 46-08791
No. 1 Drift Opening GAS CONCENTRATIONS

Date H2 O2 N2 CH4 CO CO2 C2H2 C2H4 C2H6 Ar
and Time ppm % % % ppm % ppm ppm ppm %
1/8/2006 1:30 1 20.85 78.10 0.08 1 0.04 0 0 0 0.93
1/8/2006 7:00 1 20.83 78.00 0.13 1 0.04 0 0 0 0.93
1/8/2006 9:00 1 20.86 78.10 0.08 1 0.04 0 0 0 0.93

1/8/2006 12:00 1 20.84 78.11 0.08 1 0.05 0 0 0 0.93
1/8/2006 14:30 1 20.74 77.74 0.08 1 0.04 0 0 0 0.93
1/8/2006 15:30 1 20.84 78.10 0.09 1 0.04 0 0 0 0.93
1/8/2006 17:30 1 20.85 78.09 0.09 1 0.04 0 0 0 0.93
1/8/2006 19:30 1 20.84 78.05 0.13 1 0.04 0 0 0 0.93
1/8/2006 21:50 1 20.85 78.08 0.10 0 0.04 0 0 0 0.93

1/9/2006 2:30 1 20.75 77.80 0.17 1 0.04 0 0 0 0.93
1/9/2006 4:30 0 20.69 77.60 0.16 0 0.03 0 0 0 0.93
1/9/2006 6:30 0 20.82 78.08 0.13 1 0.04 0 0 4 0.93
1/9/2006 8:30 1 20.85 78.09 0.09 0 0.04 0 0 0 0.93

1/9/2006 10:30 1 20.89 78.07 0.08 1 0.04 0 0 0 0.93
1/9/2006 12:30 1 20.88 78.08 0.08 2 0.03 0 0 0 0.93
1/9/2006 14:30 1 20.87 78.08 0.08 1 0.03 0 0 0 0.93
1/9/2006 16:30 1 20.88 78.08 0.08 1 0.03 0 0 0 0.93
1/9/2006 18:30 1 20.88 78.08 0.07 NDA 0.03 0 0 0 0.93
1/9/2006 20:30 NDA 20.88 78.07 0.09 1 0.04 0 0 0 0.93
1/9/2006 22:30 1 20.89 78.07 0.07 1 0.03 0 0 0 0.93
1/10/2006 2:30 0 20.83 77.89 0.07 2 0.04 0 0 0 0.93
1/10/2006 4:30 1 20.87 78.11 0.07 2 0.02 0 0 0 0.93
1/10/2006 6:30 0 20.85 78.04 0.14 2 0.04 0 0 0 0.93
1/10/2006 9:15 1 20.84 78.12 0.06 1 0.04 0 0 0 0.93

1/10/2006 11:15 1 20.87 78.09 0.07 1 0.04 0 0 0 0.93
1/10/2006 13:15 1 20.84 78.12 0.07 1 0.04 0 0 0 0.93
1/10/2006 15:15 1 20.85 78.11 0.07 1 0.04 0 0 0 0.93
1/10/2006 17:15 NDA 20.86 78.10 0.07 1 0.04 0 0 0 0.93
1/10/2006 19:15 1 20.86 78.09 0.08 1 0.04 0 0 0 0.93
1/10/2006 21:15 1 20.85 78.06 0.07 1 0.09 0 0 0 0.93
1/10/2006 23:30 1 20.83 78.12 0.08 1 0.04 0 0 0 0.93

1/11/2006 4:30 1 20.84 78.11 0.08 1 0.04 0 0 0 0.93
1/11/2006 6:30 0 20.84 78.10 0.08 1 0.04 0 0 0 0.93
1/11/2006 8:30 1 20.84 78.11 0.08 1 0.04 0 0 0 0.93
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Appendix E - Gas Chromatograph Analysis Results

No. 1 Drift Opening

ICG, Inc. 
Sago Mine 46-08791
No. 1 Drift Opening GAS CONCENTRATIONS

Date H2 O2 N2 CH4 CO CO2 C2H2 C2H4 C2H6 Ar
and Time ppm % % % ppm % ppm ppm ppm %

1/11/2006 10:30 0 20.90 78.05 0.07 1 0.04 0 0 0 0.93
1/11/2006 12:30 1 20.86 78.09 0.08 1 0.04 0 0 0 0.93
1/11/2006 14:30 1 20.86 78.09 0.08 1 0.04 0 0 0 0.93
1/11/2006 16:30 1 20.86 78.09 0.08 0 0.04 0 0 0 0.93
1/11/2006 18:30 1 20.88 78.08 0.07 1 0.04 0 0 0 0.93
1/11/2006 20:30 1 20.87 78.08 0.08 0 0.04 0 0 0 0.93
1/11/2006 22:30 2 20.86 78.09 0.07 1 0.04 0 0 0 0.93

1/12/2006 2:15 1 20.86 78.10 0.06 1 0.04 0 0 0 0.93
1/12/2006 9:30 1 20.86 78.10 0.07 1 0.04 0 0 0 0.93

1/12/2006 11:30 1 20.86 78.14 0.07 2 0.05 0 0 0 0.93
1/12/2006 13:30 1 20.85 78.10 0.07 0 0.05 0 0 0 0.93
1/12/2006 15:30 1 20.86 78.09 0.07 1 0.04 0 0 0 0.93
1/12/2006 17:30 1 20.86 78.09 0.08 1 0.04 0 0 0 0.93
1/12/2006 19:30 1 20.86 78.09 0.08 1 0.04 0 0 0 0.93
1/12/2006 21:30 1 20.86 78.09 0.07 0 0.04 0 0 0 0.93
1/12/2006 23:30 1 20.86 78.09 0.08 1 0.04 0 0 0 0.93

1/13/2006 5:30 0 20.84 78.09 0.09 1 0.05 0 0 0 0.93
1/13/2006 9:30 1 20.86 78.08 0.08 1 0.05 0 0 0 0.93

1/13/2006 11:30 0 20.85 78.10 0.08 1 0.05 0 0 0 0.93
1/13/2006 13:30 0 20.85 78.09 0.08 0 0.04 0 0 0 0.93
1/13/2006 15:30 1 20.86 78.08 0.09 1 0.04 0 0 0 0.93
1/13/2006 17:30 0 20.87 78.08 0.09 1 0.04 0 0 0 0.93
1/13/2006 21:30 0 20.85 78.08 0.09 0 0.05 0 0 0 0.93
1/13/2006 23:30 1 20.86 78.09 0.09 0 0.03 0 0 0 0.93

1/14/2006 4:00 0 20.85 78.09 0.09 1 0.04 0 0 0 0.93
1/14/2006 7:40 0 20.80 77.90 0.37 0 0.01 0 0 0 0.93
1/14/2006 8:15 1 20.86 78.08 0.09 0 0.04 0 0 0 0.93

1/14/2006 10:30 1 20.88 78.07 0.08 1 0.04 0 0 0 0.93
1/14/2006 12:30 1 20.89 78.06 0.08 0 0.04 0 0 0 0.93
1/14/2006 14:30 1 20.90 78.05 0.07 1 0.04 0 0 0 0.93
1/14/2006 16:30 1 20.91 78.06 0.07 0 0.03 0 0 0 0.93
1/14/2006 18:30 1 20.91 78.05 0.07 1 0.04 0 0 0 0.93
1/14/2006 20:30 0 20.91 78.05 0.07 0 0.04 0 0 0 0.93

1/15/2006 9:30 1 20.86 78.12 0.07 1 0.03 0 0 0 0.93
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Appendix E - Gas Chromatograph Analysis Results

Borehole No. 1

ICG, Inc. 
Sago Mine 46-08791

Borehole No.1 GAS CONCENTRATIONS
Date H2 O2 N2 CH4 CO CO2 C2H2 C2H4 C2H6 Ar

and Time ppm % % % ppm % ppm ppm ppm %

1/3/2006 5:53 1045 20.45 78.04 0.23 1052 0.14 16 0 0 0.93
1/3/2006 6:55 963 20.45 78.08 0.21 914 0.14 20 30 7 0.93

1/3/2006 10:45 713 20.66 78.04 0.16 508 0.09 10 14 4 0.93
1/3/2006 11:15 450 20.68 78.04 0.16 491 0.09 9 15 5 0.93
1/3/2006 12:45 377 20.70 78.05 0.15 411 0.08 11 11 4 0.93
1/3/2006 13:15 369 20.72 78.05 0.15 394 0.08 5 0 0 0.93
1/3/2006 14:30 339 20.73 78.05 0.15 341 0.07 11 13 5 0.93
1/3/2006 15:30 279 20.74 78.04 0.16 337 0.07 10 10 5 0.93
1/3/2006 16:33 274 20.73 78.07 0.15 305 0.07 8 0 0 0.93
1/3/2006 17:30 244 20.77 78.03 0.15 289 0.07 0 0 0 0.93
1/3/2006 19:40 334 20.77 78.02 0.15 254 0.06 14 0 0 0.93
1/3/2006 21:30 136 20.80 78.04 0.14 205 0.06 0 0 0 0.93

1/4/2006 8:30 39 20.82 78.02 0.16 125 0.05 8 4 0 0.93
1/4/2006 11:30 55 20.78 78.07 0.15 63 0.05 0 0 0 0.93
1/4/2006 15:30 46 20.79 78.06 0.17 55 0.05 0 0 0 0.93

1/5/2006 8:50 14 20.82 78.04 0.16 17 0.04 0 0 0 0.93
1/5/2006 8:55 14 20.80 78.07 0.15 18 0.04 0 0 0 0.93

1/5/2006 13:10 10 20.83 78.05 0.15 11 0.04 0 0 0 0.93
1/5/2006 13:50 10 20.83 78.05 0.15 11 0.04 0 0 0 0.93
1/5/2006 16:10 8 20.82 78.05 0.15 10 0.04 0 0 0 0.93
1/5/2006 16:15 9 20.79 77.88 0.15 9 0.04 0 0 0 0.93
1/5/2006 19:00 7 20.83 78.04 0.16 8 0.04 0 0 0 0.93
1/5/2006 22:00 6 20.83 78.05 0.15 6 0.04 0 0 0 0.93

1/6/2006 2:00 5 20.82 78.05 0.16 5 0.04 0 0 0 0.93
1/6/2006 5:00 4 20.82 78.05 0.16 4 0.04 0 0 0 0.93
1/6/2006 8:00 3 20.84 78.04 0.15 4 0.04 0 0 0 0.93

1/6/2006 11:00 3 20.84 78.04 0.15 3 0.04 0 0 0 0.93
1/6/2006 14:00 2 20.84 78.04 0.14 2 0.04 0 0 0 0.93
1/6/2006 17:00 2 20.84 78.04 0.15 2 0.04 0 0 0 0.93
1/6/2006 20:00 2 20.84 78.04 0.15 1 0.04 0 0 0 0.93
1/6/2006 23:00 2 20.84 78.05 0.15 2 0.04 0 0 0 0.93

1/7/2006 3:00 2 20.82 78.07 0.15 2 0.04 0 0 0 0.93
1/7/2006 8:00 1 20.84 78.05 0.15 1 0.04 0 0 0 0.93

1/7/2006 11:00 1 20.84 78.04 0.15 1 0.04 0 0 0 0.93
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Appendix E - Gas Chromatograph Analysis Results

Borehole No. 1

ICG, Inc. 
Sago Mine 46-08791

Borehole No.1 GAS CONCENTRATIONS
Date H2 O2 N2 CH4 CO CO2 C2H2 C2H4 C2H6 Ar

and Time ppm % % % ppm % ppm ppm ppm %

1/7/2006 14:00 2 20.83 78.05 0.15 1 0.04 0 0 0 0.93
1/7/2006 18:00 1 20.83 78.05 0.15 2 0.04 0 0 0 0.93
1/7/2006 22:00 1 20.83 78.04 0.15 1 0.04 0 0 0 0.93

1/8/2006 1:00 1 20.83 78.06 0.14 1 0.04 0 0 0 0.93
1/8/2006 8:30 1 20.84 78.05 0.14 1 0.04 0 0 0 0.93

1/8/2006 11:00 1 20.81 78.04 0.17 1 0.04 0 0 0 0.93
1/9/2006 8:00 1 20.82 78.02 0.18 1 0.04 0 0 0 0.93

1/9/2006 11:00 1 20.85 78.03 0.15 2 0.03 0 0 0 0.93
1/9/2006 14:00 1 20.85 78.04 0.15 2 0.03 0 0 0 0.93
1/9/2006 17:30 1 20.86 78.04 0.14 2 0.03 0 0 0 0.93
1/9/2006 20:30 1 20.86 78.04 0.14 1 0.03 0 0 0 0.93
1/10/2006 4:00 1 20.86 78.06 0.12 1 0.02 0 0 0 0.93
1/10/2006 8:17 1 20.81 78.09 0.12 1 0.04 0 0 0 0.93

1/10/2006 11:00 1 20.85 78.10 0.12 2 0.04 0 0 0 0.93
1/10/2006 14:15 1 20.82 78.08 0.13 1 0.04 0 0 0 0.93
1/10/2006 19:00 1 20.84 78.06 0.13 2 0.04 0 0 0 0.93

1/11/2006 4:00 1 20.82 78.07 0.14 2 0.04 0 0 0 0.93
1/11/2006 13:00 1 20.85 78.04 0.14 1 0.04 0 0 0 0.93
1/11/2006 16:15 1 20.84 78.05 0.14 1 0.04 0 0 0 0.93
1/11/2006 18:35 1 20.85 78.05 0.13 1 0.03 0 0 0 0.93
1/11/2006 20:50 1 20.86 78.08 0.13 1 0.00 0 0 0 0.93
1/11/2006 22:35 1 20.85 78.04 0.14 2 0.04 0 0 0 0.93

1/12/2006 0:35 1 20.82 78.06 0.15 1 0.04 0 0 0 0.93
1/12/2006 2:35 1 20.82 78.06 0.15 2 0.04 0 0 0 0.93
1/12/2006 4:30 1 20.83 78.05 0.16 2 0.04 0 0 0 0.93
1/12/2006 6:30 1 20.83 78.05 0.15 1 0.04 0 0 0 0.93
1/12/2006 8:32 1 20.83 78.05 0.15 1 0.04 0 0 0 0.93

1/12/2006 10:45 1 20.85 78.03 0.15 3 0.04 0 0 0 0.93
1/12/2006 12:29 1 20.81 78.06 0.15 1 0.04 0 0 0 0.93
1/12/2006 14:32 1 20.82 78.05 0.16 3 0.04 0 0 0 0.93
1/12/2006 16:25 1 20.82 78.05 0.16 1 0.04 0 0 0 0.93
1/12/2006 18:20 1 20.83 78.02 0.18 1 0.04 0 0 0 0.93
1/12/2006 20:20 1 20.83 78.03 0.17 1 0.04 0 0 0 0.93
1/12/2006 22:20 1 20.84 78.02 0.17 1 0.04 0 0 0 0.93
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Appendix E - Gas Chromatograph Analysis Results

Borehole No. 1

ICG, Inc. 
Sago Mine 46-08791

Borehole No.1 GAS CONCENTRATIONS
Date H2 O2 N2 CH4 CO CO2 C2H2 C2H4 C2H6 Ar

and Time ppm % % % ppm % ppm ppm ppm %

1/13/2006 0:35 1 20.81 78.05 0.16 1 0.04 0 0 0 0.93
1/13/2006 2:40 1 20.77 77.90 0.26 1 0.04 0 0 0 0.93
1/13/2006 4:34 1 20.82 78.04 0.16 1 0.05 0 0 0 0.93
1/13/2006 6:40 1 20.82 78.05 0.16 1 0.04 0 0 0 0.93
1/13/2006 8:38 1 20.85 78.01 0.17 1 0.04 0 0 0 0.93

1/13/2006 10:35 1 20.82 78.04 0.18 2 0.04 0 0 0 0.93
1/13/2006 12:32 1 20.79 78.04 0.20 1 0.04 0 0 0 0.93
1/13/2006 14:30 1 20.83 78.02 0.18 1 0.04 0 0 4 0.93
1/13/2006 16:30 1 20.82 78.02 0.19 2 0.04 0 0 0 0.93
1/13/2006 18:30 1 20.83 78.01 0.20 1 0.04 0 0 0 0.93
1/13/2006 20:30 1 20.86 78.09 0.08 1 0.04 0 0 0 0.93
1/13/2006 22:30 0 20.88 78.09 0.06 4 0.04 0 0 0 0.93

1/14/2006 0:30 0 20.85 78.12 0.05 0 0.04 0 0 0 0.93
1/14/2006 2:30 0 20.86 78.11 0.06 0 0.04 0 0 0 0.93
1/14/2006 4:30 0 20.86 78.11 0.06 1 0.04 0 0 0 0.93
1/14/2006 6:30 1 20.82 78.03 0.18 1 0.04 0 0 0 0.93
1/14/2006 8:30 1 20.82 78.02 0.19 1 0.04 0 0 0 0.93

1/14/2006 10:27 1 20.85 78.02 0.16 1 0.04 0 0 0 0.93
1/14/2006 12:31 1 20.87 77.99 0.17 2 0.04 0 0 0 0.93
1/14/2006 14:37 1 20.87 78.00 0.19 1 0.04 0 0 0 0.93
1/14/2006 16:29 1 20.88 77.98 0.17 1 0.04 0 0 0 0.93
1/14/2006 18:35 0 20.93 78.07 0.04 0 0.04 0 0 0 0.93
1/14/2006 20:28 0 20.93 78.07 0.03 0 0.04 0 0 0 0.93
1/14/2006 22:28 0 20.91 78.07 0.05 0 0.04 0 0 0 0.93

1/15/2006 0:31 1 20.95 78.04 0.04 0 0.04 0 0 0 0.93
1/15/2006 2:33 0 20.88 78.02 0.14 1 0.04 0 0 0 0.93
1/15/2006 4:37 1 20.91 78.09 0.04 0 0.04 0 0 0 0.93
1/15/2006 6:34 1 20.87 77.96 0.20 0 0.04 0 0 0 0.93
1/15/2006 8:31 1 20.88 78.00 0.15 1 0.04 0 0 0 0.93

1/15/2006 10:34 1 20.83 78.05 0.15 1 0.04 0 0 0 0.93
1/15/2006 12:33 1 20.84 78.03 0.16 1 0.04 0 0 0 0.93
1/15/2006 14:49 1 20.85 78.06 0.16 1 0.04 0 0 0 0.93
1/15/2006 16:34 1 20.84 78.03 0.16 1 0.04 0 0 0 0.93
1/15/2006 18:40 0 20.88 78.08 0.07 1 0.04 0 0 0 0.93
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Appendix E - Gas Chromatograph Analysis Results

Borehole No. 1

ICG, Inc. 
Sago Mine 46-08791

Borehole No.1 GAS CONCENTRATIONS
Date H2 O2 N2 CH4 CO CO2 C2H2 C2H4 C2H6 Ar

and Time ppm % % % ppm % ppm ppm ppm %

1/15/2006 20:33 1 20.90 78.09 0.05 0 0.04 0 0 0 0.93
1/15/2006 22:37 1 20.87 78.08 0.08 1 0.04 0 0 0 0.93

1/16/2006 0:40 0 20.88 78.09 0.05 1 0.04 0 0 0 0.93
1/16/2006 2:42 0 20.86 78.08 0.09 1 0.04 0 0 0 0.93
1/16/2006 4:35 1 20.77 77.94 0.31 1 0.04 0 0 4 0.93
1/16/2006 6:40 1 20.82 78.03 0.16 1 0.04 0 0 0 0.93
1/16/2006 8:42 1 20.83 78.03 0.17 1 0.04 0 0 0 0.93

1/16/2006 10:38 1 20.83 78.01 0.18 2 0.04 0 0 4 0.93
1/16/2006 12:40 1 20.81 78.05 0.17 2 0.04 0 0 3 0.93
1/16/2006 14:31 1 20.82 78.05 0.17 1 0.04 0 0 0 0.93
1/16/2006 16:40 1 20.81 78.04 0.17 1 0.04 0 0 0 0.93
1/16/2006 18:30 1 20.82 78.04 0.17 1 0.04 0 0 0 0.93
1/16/2006 20:30 1 20.83 78.04 0.16 1 0.04 0 0 0 0.93
1/16/2006 22:28 1 20.79 77.96 0.28 1 0.04 0 0 4 0.93

1/17/2006 0:35 1 20.81 78.04 0.18 1 0.04 0 0 0 0.93
1/17/2006 2:33 1 20.80 78.05 0.18 1 0.04 0 0 0 0.93
1/17/2006 4:39 1 20.78 78.02 0.23 2 0.04 0 0 0 0.93
1/17/2006 6:35 2 20.80 78.05 0.17 1 0.04 0 0 0 0.93
1/17/2006 8:40 1 20.84 78.01 0.18 1 0.04 0 0 0 0.93

1/17/2006 10:45 1 20.85 78.00 0.18 1 0.04 0 0 0 0.93
1/17/2006 12:40 2 20.84 78.00 0.19 1 0.04 0 0 0 0.93
1/17/2006 14:40 1 20.84 78.00 0.20 2 0.04 0 0 0 0.93
1/17/2006 16:35 1 20.84 77.99 0.19 1 0.04 0 0 0 0.93
1/17/2006 18:40 1 20.84 77.99 0.19 1 0.04 0 0 0 0.93
1/17/2006 20:37 1 20.84 78.00 0.19 1 0.04 0 0 0 0.93
1/17/2006 22:23 1 20.83 78.00 0.19 1 0.04 0 0 0 0.93

1/18/2006 0:35 1 20.82 78.01 0.19 1 0.04 0 0 0 0.93
1/18/2006 2:35 1 20.82 78.01 0.20 1 0.04 0 0 0 0.93
1/18/2006 4:35 1 20.83 78.01 0.18 1 0.04 0 0 0 0.93
1/18/2006 6:35 1 20.84 77.99 0.19 1 0.04 0 0 0 0.93
1/18/2006 8:42 1 20.83 78.01 0.19 1 0.04 0 0 0 0.93

1/18/2006 10:26 1 20.82 78.01 0.20 0 0.04 0 0 0 0.93
1/18/2006 12:25 1 20.82 78.03 0.18 1 0.04 0 0 0 0.93
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Appendix G - Lists of Individuals Who Assisted with the Investigation 
   

International Coal Group, Inc. 
  

Samuel R. Kitts  Senior VP of Operations WV & 
Maryland Region  

John B. Stemple  Assistant Director of Safety and 
Employee Development  

Charles C. Dunbar  General Manager, Buckhannon 
Division 

Timothy A. Martin  Corporate Director of Health and 
Safety 

 
Wolf Run Mining Company 

 
Carl L. Crumrine     Richard Bragg 
Jeffery Toler      Joseph Ryan 
Burlin Wright      Joseph Myers 
Bradley L. Hamrick     Ron Helmic 
James A. Schoonover    William Saltis 
Roger D. Hendrick     Ralph Tanner  
Vaughn Miller      John Travise Jr. 
Kermitt Melvin     Philip R. Clevenger 
Gary D. Carpenter        
            

Sago Miners  
 

Jeremy R.Toler     Travis J. Anderson 
Brian E. Curtis     Craig D. Newson 
Chester Runyon     Mike W. Butcher 
Teddy J. Hickman     Harold Baisden Jr. 
Basil J. Chidester     Kenneth Anderson 
Chris Chisolm      Gary L. Marsh 
Ronnald E. Grall     Roger L. Shiflet 
Joseph Runyon      Francis Johnson  
Roy L. Williams     Denver D. Anderson 
William L. Chisolm     Thomas L. Everson 
Charles R. Wilson     Nathan H. Eye 
Edmund B. Payne     Darrel Lucas  
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Appendix G - Lists of Individuals Who Assisted with the Investigation 
(Cont’d) 
   

United Mine Workers of America 
 

Ron Bowersox     Gary Trout 
Max Kennedy     Butch Oldham 
Ted Hapney      Mark Cochran 
Dennis Bailey      

 
State of West Virginia 

 
Brian Mills      John Hall 
Jeff Bennett      Barry Fletcher 
Mike Rutledge     Phil Atkins 
Jim Hodges      John Collins 
J.D. Higginbotham     John Cruse 
Monte Hieb      Doug Conaway 
 

MSHA - Educational Field Service 
 

Preston T. White      
          

MSHA - District 4 
 

James D. Honaker 
 

MSHA - National Mine Health and Safety Academy 
 

Donald C. Starr     David S. Mandeville 
Theodore G. Farrish     Harold E. Newcomb 
Arthur D. Wooten 

 
MSHA - Pittsburgh Safety and Health Technology Center 

 
Thomas A. Morley     Dennis A. Beiter 
James D. Baca     Gary J. Shemon 
Kim S. Diederich     Mark E. Schroeder 
Scott K. Johnson     C.W. Moore 
Terence M. Taylor     Richard Allwes 
Michael Gauna     John R. Cook 
Mark A. Pompei     George N. Aul 
William J. Francart      Donald A. Sulkowski 
Dean Skorski      William Helfich 
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(Cont’d) 
 

MSHA - Approval and Certification Center 
 

Kevin L. Hedrick      Robert J. Holubeck 
      

Department of Labor, Office of the Solicitor  
 

James B. Crawford     Timothy S. Williams 
Robert S. Wilson 
 
 





















u.s.Department of Labor	 Mine Safety and Health Administ rat ion 
Industri al Park Road 
RR1, Box 251 
Triadelphia, West Virginia 26059 

April 19, 2007 

MEMORANDUM FOR RICH ARD A. GATES
 
District Manager, Coal Mine Safety and Health District 11
 

FROM:	 JOH N P. FAINI c::;y:}
Chief, Approval ~cfCertification Center
 

SUBJECT:	 Executive Summary of Investigation of Pyott-Boone Electr onics 
MineBoss Monitoring and Control System 

A computerized monitoring system manufactured by Pyott-Boone Electronics was in 
use at Wolf Run Mining Company's Sago Mine at the time of an explosion on January 2, 
2006. Portions of the hardware and software associated with this system, called 
'MineBoss Monitoring and Control System,' were evaluated to de termine operational 
status. Additionally, data associated with recordable events stored in the computer was 
extracted and a copy of the computer's hard disk drive was made. 

On January 11 and 30, 2006 and February 1 and 2, 2006, the Pyott-Boone Electronics 
MineBoss Monitoring and Con trol System was inspected, tested, and evaluated to 
determine its operational status. The system was used to measure the carbon monoxide 
(CO) level in the conveyor belt haulage entries and near a battery charging station, in 
the mine and report those levels to a surface location. Certain events, such as CO 
concentrations above pre-defined alarm levels, were recorded by the system via a 
printer and stored on magnetic media. Visual and audible alarms were loca ted 
undergr ound at the 1 Left Section and 2 Left Section conveyor belt tailpieces, and 
mounted to an outside wall of the dispatcher's office trailer located on the surface. 

The system was also used to monitor and control the operation of underground 
conveyor belts. Again, certain events associated with the operation of the conveyor
 
belts were recorded and stored by the system.
 

The stored data, or 'event log,' was used in this evaluation. Additionally, the operation 
of the system was observed, and the CO monitors were inspected and tested by 
application of a known concentration of CO in air. All dates and times were those 
recorded in the event log; they were not revised to reflect the difference between actual 
time and the computer's real-time clock. However, it was reported by Marshall W. 
Robinson of Allegheny Surveys, Inc., that the computer's real-time clock , and therefore 
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the time recorded on the event log, was 4 minu tes and 56 seconds ahead of the actual 
time. 

The follo wing are the significant findings of the investigation. Following these items is 
an approximate reproduction of the map of the underground components of the CO 
monitoring system, wi th graphical reproduction of each device. 

•	 The Pyott-Boone Model805C remote alarm located at the tailpiece of the 1 Left 
Section belt was not operational when tested. It was wired incorrectly, such that 
it would not provide visual or audible signals when manually operated by the 
dispatcher or automatically operated by the adjacent CO monitor. Based on a 
review of the eve nt log, and assuming that the wiring had not been modified 
sinc e the time of the accident, the alarm would not have pro vided audible or 
visual warnings at the time of the accident. 

•	 The Pyott-Boone Model 1700 CO monitor located adjacent to the remote alarm at 
the tailpiece of the 1 Left Section belt did not operate properly when tested. It 
read '26' in clean air and '74' with 50 parts per million (ppm) CO applied to the 
sensor head. Additionally, it was improperly w ired to the aforementioned 
Model 805C remote alarm, so that the alarm unit would no t in itiate. When wired 
properly, this CO monitor would cause the Model805C remote alarm to give 
audible and visual warnings continuously, regardless of the CO reading. The 
data in the event log suggests that this condition existed at the time of the 
explosion. Furthermore, the data suggests that the response of this monitor was 
drifting, or changing without a corresponding change in the carbon monoxide 
content of the mine atmosphere. It appears that some corrective action was 
attempted on several occasions, most notably during the early morning hours of 
December 31, 2005. Also, it appears that the system operator ha d attempted to 
reset the device, by taking it 'off scan' and placing it back'on scan,' at 
approximately 6:09 am on January 2, 2006. 

•	 The CO monitor with address 1.34, located beside the #2 Belt near crosscu t 7, 
was measu ring CO properly on January 30, 2006/ but was not reporting the value 
to the surface. Two fuses located in the 'Data +' and 'Data -' circuits were open
circuited. Review of the event log indicates that communications w ith this CO 
monitor were lost on January 2, 2006, at an indicated time of 6:32 am; this is most 
likely due to open-circu iting of the fuses. The event that caused the fuses to 
operate in the data communications circuitry is unknown. 

•	 Nineteen (19) of the twenty-five (25) CO monitors inspected underground gave 
readings within 10% of the intended value when a test gas containing 50 ppm 
CO w as applied to the sensor heads with the Pyott-Boone calibra tion adapter 
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and flow regulator. Ad ditionally, one (1) of the CO monitors inspected 
underground was damaged, not connected to the system, and could not be tested 
underground . 

•	 The monitors that did not respond properly to the test gas, or were non
functional, were as follows: 

Address Location Zero 
Readino 

Span 
Readinc 

Comments 

1.29 Motor Barn Spur 0 40 

1.39 #3 Belt near Crosscut 38 109 109 
Device failed on January 30, 
2006 

1.40 #4 Belt near Crosscut 8 0 75 

1.46 #4 Belt near Crosscut 57 0 19 
Found face down on mine 
floor , covered in soot 

1.47 
Tail #4 Belt (intended 

location) 
- -

Fragment found on mine floor 
beside # 4 Belt between 
crosscuts 44 and 45, 
Damaged , could not test in 
mine 

1.80 #5 Belt near Crosscut 15 110 110 
Device failed between Jan 2 
and Jan 30, 2006 . 

1.99 
5 Belt tailpiece just outby 

the section feeder 
26 74 

• The event log indicates that, at the time of the explosion, conveyor belts 
identified as #1, #2, #3, and #4 were most likely running. It is not possible to 
determi ne the status of the #6 belt, because of damage in the area of the belt 
drive, but the event log does not include an entry that indicates that it was 
running at the time of the explosion. It's likely that the #5 belt was not running 
at the time of the explosion. The event log includes entries for Belt #7 before the 
time of the explosion and the last entry in the event log for this belt was on 
December 29, 2006. The physical evidence indicates that the equipment 
associated with this belt was in the process of being dismantled. 

• The fragment of a Pyott-Boone CO monitor recovered from the mine was 
determined to be the unit with address 1.47. It is the subject of a separate 
investigation to determine if it contributed to the explosion. 

• With the exception of the unit with address 1.47, Exhibit Number 114P, there was 
no evidence that any of the CO monitors produced cond itions that would have 
provided enough energy to ignite a flammable methane-air mixture. The 
explosion risk of Exhibit Number 114P is the subject of a separate report. 
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•	 The entries in the event log that were recorded on the morning of Jan uary 2, 
2006, were evaluated. Definitions of each entry were provided an d the actions 
that could have caused those entries were described. 

Comprehensive inspection and test results can be obtained from the Chief of the A&CC, 
RR 1, Box 251, Industrial Park Road, Triadelphia, West Virginia 26059. 
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UNDERGROUND CARBON MONOXIDE MONITORING SYSTEM COMPONENTS
SAGO MINE 

KEY:
(Green Rectangle)
Most Likely Functional at Time of Explosion
Responded within Acceptable Limits

(Yellow Triangle)
Most Likely Functional at Time of Explosion
Did Not Respond within Acceptable Limits

(Yellow Oval)
Most Likely Functional at Time of Explosion
Accuracy Unknown

(Yellow Explosion)
Status at Time of Explosion Unknown, Damaged
Accuracy Unknown

(Red Stop Sign)
Not Functioning Properly at Time of Explosion
Did Not Respond within Acceptable Limits

(Speaker Symbol)
Red - Not providing audible or visual warnings at time of explosion
Green - Providing audible and visual warnings at time of explosion
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u .S. Department of Labor Mine Safety and Health Administration
Pittsburgh Safety & Health Technology Center
P.O. Box 18233
Pittsburgh, PA 15236
Roof Control Division

September 7, 2006

MEMORANDUM FOR RICHARD A. GATES
District Manager, CMS&H District 11~Z~

. THROUGH: KELVIN K. WU
Acting Chief, Pittsburgh Safety and Health Technology Center~?~~4'
M. TERRYH9e:~rv~- .
Chief, Roof Control Division

~7yi¡~-:b~~~~ .FROM: MICHAEL GAUNÁ I,/. ,,7
Mining Engieer, Roof Control Division

íLI. .fl U/~'~;~OOK -:
Mining Engineer, Roof Control Division

SUBJECT: Evaluation of the Potential for a Roof Fall to Ignte a Methane-
Air Mixtue at the Wolf Run Mining Company, Sago Mine,
Upshur County, West Virginia, MSHA 1. D. No. 46-08791

An explosion initiated in the sealed 2 Left area in the northern portion of the Sago Mine
on January 2, 2006. Maps indicate that three roof falls occurred in this area prior to seal
construction. Examinations after the explosion ctetermined that additional roof falls
had occurred that were not shown on the mine maps. The precise timing of these falls
relative to the mine explosion is not known.

The Sago Accident Investigation Team requested that Roof Control Division (RCD)
personnel assess the likelihood that these roof falls ignited explosive concentrations of
methane at the Sago Mine. The RCD evaluated the possibilty of a roof fall initiation
through background literature searches and in-mine investigations.
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Background

Roof Control - The primary roof support consisted of %-in. x 6-ft., fully grouted bolts
on approximately 4-ft. centers. The bolts were installed with 8- x 8-in. bearing plates
which were typically supplemented with larger "Spider" or "Pizza Pan" plates for
additional surface control. In some areas, welded wire mesh was installed with the
8- x 8-in. plates for improved roof surface control. Cable bolts also were noted in the
sealed 2 Left area. In the areas investigated by RCD, the cable bolts were only used
occasionally and there was evidence that wood cribs and wood Propsetter standing
supports also had been used on an infrequent basis. Explosive forces had warped and
folded the "Spider" and "Pizza Pan" plates, torn welded wire mesh from the roof in
places, and dislodged wood supports.

Pilar stabilty was evaluated using Analysis of Retreat Mining Pilar Stabilty (ARMPS)
software. For the typical 55- x 80-ft. center pilar, 18-ft. mining width, 15-ft. bench
mining height, and 320-ft. overburden, the pilar stabilty factor (SF) is 2.2. The effective
pilar stabilty is actually higher because the 15-ft. mined height only applies to the
panel entries and not the crosscuts. The crosscut mining height of only 7 to 8 ft. serves
to reinforce and improve the pilar stabilty. In the areas traveled, no evidence of

abnormal pilar stress or pilar dilation was encountered. This observation is consistent
with the satisfactory SF value. The pilar rib conditions in the entries and crosscuts
appeared to be stable.

2 Left Roof Falls

Mining was completed in 2 Left in late October and the seals were completed on
December 11, 2005. Prior to the January 2nd explosion, three pre-sealing roof falls had
been identified on the mine map. Roof Control Division personnel visited the mine on
January 30, 2006, and observed that these three pre-sealing roof falls had extended (see
Drawing 1). Also, four additional roof falls were observed that were not shown on the
mine map prior to seal completion (see Drawing 1 green shaded falls labeled "Before
1/27/06"). It is not known exactly when these four newer roof falls occurred. The roof

fall areas observed were consistent with roof fall information collected by other
investigators during initial exploration on January 27, 2006. Roof Control Division
personnel again observed the 2 Left area on May 11, 2006, and found additional roof
falls that were not present on January 27 or 30 (see Drawing 1 purple shaded falls
labeled" After 1/27/06").

Other investigators have determined that the explosive forces propagated in every
direction from the area near surveying spads 4010, 4011, 4047, and 4048 (see

Drawing 1). The seven roof falls that were observed during the January 30
investigation range in distance from approximately 150 ft. to 470 ft. from this area. The
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rubble and exposed fall cavity of the five closest roof falls (within 440 ft.) were
inspected. Access to the two roof falls beyond 450 ft., was obstructed by deep water in
bench mined entries.

The roof falls extended 7 to 12 ft. above the mining horizon. Gray shale was the
predominant rock type visible in the fall rubble and in the exposed cavity of the roof
falls. However, thinly bedded sandstone beds, interspersed with shale layers were
exposed at the top of the fall rubble, roughly 8 to 12 ft. into the immediate roof in three
locations (see Drawing 1).

The fall rubble consisted of rock slabs of varying thickness and geometry. The falls
encompassed the entire entry width and primarily affected the entries and adjoining
intersection(s) as opposed to crosscuts. Thus, there appears to be a general tendency for
north-south migration of the roof fall areas (see Drawing 1). Roof support in the
vicinity of the roof falls consisted of %-in.-diameter, 6-ft.-Iong, fully grouted resin bolts
installed with 8- x 8-in. roof bearing plates and "Spider" or "Pizza Pan" plates. Cable
bolts were installed near some of these roof falls, wire mesh had been installed near the
perimeter of two of the roof fall cavities, and wire mesh was noted under the fall rubble
of a third roof fall. The fully grouted bolts were the only roof support that could be
observed within the roof fall rubble.

Geology

The Sago Mine is developed in the Middle Kittanning coal seam. The overburden,
measured from the base of the seam to the surface, ranges from 230 to 320 ft. in 2 Left
and the immediate roof consists of gray shale grading upward into sandy shale and
sandstone with shale bedding.

Exploratory Dril Hole SF17-97 is situated immediately adjacent to the sealed area
(Drawing 1). Dril core from this hole was used to assess the stratigraphy above the
Middle Kittanning coal seam (see Table 1). The roof falls noted in the course of the
investigations are within an 800-ft. radius of this hole. It is reasonably likely that the
same sequence of units is present above the coal seam in the vicinity of the roof falls in
the sealed area. Coal measure geology is known to change substantially over short
distances (e.g. due to depositional features such as sand channels). However, the rubble
observed in the falls appeared to be gray shale overlain by bedded sandstone (i.e.
generally consistent with Table 1). Table 1 provides an example of the thickness of
individual lithologic units, the distance from the top of the Middle Kittanning seam,
and the distance from the top of the typical mining horizon to the lithologic units based
on information from Dril Hole SF17-97. In much of 2 Left, 3 to 5 ft. of shale roof (3.6 ft.
average) typically was mined with the coaL.
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Table 1

Dril Hole SF17-97 Lithology

d 40f fR f b M'ddl Ki C isxamp. e 0 mme iate t. 0 00 a ove 1 e ttannng oa eam
Lithologic Description Thickness, Distance to Distance to

ft. Lithologic Lithologic Unit
Unit from Top from Top of
of Coal Seam, Mining Horizon(l),
ft. ft.

Dark Gray Shale 15.70 41.39 37.8
Dark Gray Sandy Shale 9.30 32.09 28.5
Shale 5.30 26.79 23.2
Dark Gray Shale 5.40 21.39 17.8
Sandstone with Shale Streaks 3.30 18.09 14.5
Dark Gray Sandy Shale 7.20 10.89 7.3
Dark Gray Shale 8.30 2.59 Top of Mining

Typically Within
this Unit

Shale 2.59 0 Typically Mined
Bone - top unit of coal seam 0.30
Note (1) = Top of mining at 3.6 ft. average depth into overlying shale

Shale Description - Shale samples from the immediate roof in the vicinity of spad 4010
were studied microscopically for the Sago Mine explosion investigation. The samples
were classified based on grain size and bedding spacing as "laminated siltstone"
according to Potter's 1980 textural classification of shales. They are characterized by
very similar textures having a matrix composed of very fine-grained (0.005-0.2 mm)
muscovite lathes, which are randomly oriented, but arranged in thin bedding layers.
Contacts between adjacent bedding layers are gradational, defined by different grain
sizes or mineral contents. The very fine-grained, muscovite-dominated layers host
approximately 8-12% angular quartz grains, which are approximately 0.01 mm in
diameter and isolated by the surrounding matrix. Coarser-grained layers are
dominated by angular quartz grains, which are approximately 0.1 mm in diameter and
touch along tangential contacts to leave angular interstices that are filed with finer-
grained muscovite. The very finest-grained layers host very fine-grained, clay sized

(0:0.003 mm) muscovite with no quartz, and represent planes of preferential weakness
along which delamination preferentially occurs.

Sandstone Description - Three sandstone samples (RCD-SSA, RCD-SSC, and RCD-SSD)
collected from the fringe of the roof fall rubble are described below. The sample
locations are depicted in Drawing 1.
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Sample RCD-SSA is characterized by Ij16-in. to 1j8-in. crossbedded laminations of
light-colored, fine-grained quartz sandstone that form beds % in. to 1/2 in. thick, and are
bounded by 1j64-in. dark-colored laminations that host abundant muscovite and
biotite flakes. The sandstone laminations are well indurated, although scratch marks
from a knife blade are visible. Sandstone laminations commonly pinch down from
% in. to 1j16 in. over a distance of 3 in., to be bounded by dark-colored micaceous
laminations.

Sample RCD-SSC is characterized by Ij16-in. to 1j32-in.laminations of alternating
light-colored, fine-grained quartz sandstone and dark-colored siltstone. The light-
colored quartz sandstone laminations are well indurated, and alternate with moderately
indurated dark-colored siltstone laminations, which host very fine-grained flakes of
biotite mica. Fine-grained flakes of muscovite mica are commonly distributed within
the light-colored quartz laminations, which may also host microcline or orthoclase
grains, due to a faint pink tint. Very thin (lj64-in.) carbonaceous bedding partings are
distributed at approximate 11/2-in. intervals. Laminations of all compositions can be
easily scratched with a knife blade, indicating that quartz grains are not sutured.

Sample RCD-SSD is characterized by 1jI6-in. to 1j8-in. crossbedded laminations of
light-colored, fine-grained quartz sandstone that alternate with Ij32-in. dark-colored
laminations of very fine-grained siltstone, which hosts abundant 1j16-in. flakes of
muscovite mica. The sample also hosts a %-in.-thick bed of fine-grained, dark-colored,
well indurated siltstone that hosts fine-grained biotite and muscovite mica, and
contains Ij 64-in. stringers of light-colored quartz siltstone. The entire sample is
approximately 2 in. thick, and is bounded by muscovite-rich bedding partings.

Historical Research on Roof Falls and Ignitions

The majority of methane-air ignitions can be attibuted to frictional ignitions by some
form of machine or mechanical action. (d,f) However, within the time frame from 1960 to
present, four instances were found where the most likely source for the ignition was a
roof fall (c, d, k, 1). One instance involved a roof fall on a mining section and three instances
referred to falls of ground within the extracted area of a longwall paneL. The precise
ignition mechanisms could not be determined conclusively. However, the most likely
scenario from these cases was determined to be ignition through rock-on-rock frictional
forces.

The factors involving ignition from roof falls have been studied with laboratory testing
where the ignition capabilty (incendivity) of both mine roof rock and steel roof support
materials were investigated. In addition, the igntion potential from compression of
methane-air-coal dust mixtures has been studied in the laboratory.
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Steel Roof Support Incendivity - Tests have been performed in which roof bolts and
cable bolts were broken in tension and roof bolt heads were pulled through plates in an
explosive methane-air mixture. Tests on roof bolts and plates produced no sparks or
ignitions (c). However, sparking was observed in tests on cable bolts. In fact, sparking
had been observed from breaking cable bolts in underground coal mines in the U. S. in
the early 1990's. In response to these observations, laboratory testing was conducted to
assess cable bolt failure incendivity. The test results indicated that although sparks are
produced by breaking cable bolts these sparks are not hot enough, not large enough
and are not of sufficient duration to ignite an explosive methane-air mixture (a, b).

Tests have also been performed to try to determine the possibilty of igniting an
explosive methane-air mixture by impact friction. These tests evaluated the incendivity
of various combinations of materials when impacted together (i.e. by dropping one
from a fixed height onto another). Samples included sandstone, shale, roof bolt steel
and aluminum. Several combinations produced sparks, but the only ignitions were
initiated by dropping aluminum on a rusty steel plate (c). Despite these findings,
however, the researchers determined that sparks from failng steel roof supports cannot
be conclusively ruled-out as an ignition source because of the limitations of laboratory
testing simulating the actual underground environment.

Rock-on-Rock Frictional Incendivity - Laboratory work indicates that specific rock types

(e.g. sandstones) do have an incendivity potential (c,d,f). Studies have attempted to
determine whether or not an ignition could occur due to heat andj or sparks produced
by the friction of rocks rubbing together during a roof fall. In laboratory settings, two
rock specimens have been rubbed together by pressing a rock against another rotating
rock wheeL. Ignitions have been produced in these experiments with varying rock types
under varying test conditions. Video records of these experiments indicate that the
ignitions appeared to be from the heat trail behind the hot spot on the rocks and not the
sparks that are produced (d). Rocks high in quartz content appear to be most susceptible
to producing the friction required for heating but, rock composition is also a large
factor (d). The study indicated that the rock composition, (ie. the overall proportion of
quartz, feldspar and rock fragments in the grain framework) was a better indicator than
quartz content alone of the incendivity of a particular rock (d).

It has been noted that quartz-rich rock types (sandstones and quartzites) can produce a
voltage when minutely deformed by applied mechanical stress. The mechanism known
as piezoelectricity was discovered in 1880 by Pierre and Paul-Jacques Curie. They
found that when certain types of crystals including quartz, tourmaline, and Rochelle
salt, were compressed along certain axes, a voltage was produced on the surface of the
crystal. In a piezoelectric crystal, the positive and negative electrical charges are
separated, but symmetrically distributed, so that the crystal overall is electrically
neutral. When a mechanical stress is applied, this symmetry is disturbed and the
crystals are polarized, and the charge asymmetry generates a voltage across the
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materiaL. The charge separation may be described as a resultant electric field and may
be detected by a voltmeter as a voltage between the opposite crystal faces. The
phenomenon of piezoelectricity is widely used in a variety of electronic devices,
including igniters. Currently, synthetic material such as carefully prepared ceramics
are used as igniters since they exhibit the most efficient piezoelectric properties (g,i).

As a geologic phenomenon, piezoelectricity has been invoked to explain certain effects
associated with earthquakes, such as "earthquake lights", the lightnng or fireballs that
have been reported in the vicinity of earthquake epicenters. Piezoelectricity also has
received some attention in the field of earthquake prediction, where some suggest that
the mechanical stress imparted by shifting tectonic plates my induce voltages in rocks,
which might be recorded as a precursor to earthquakes. Although it is thought that in
rock types where crystals are randomly oriented the piezoelectric effect is self canceling,
it may be that in rock types with preferentially oriented quartz crystals (such as gneiss
or quartzite), such voltages may be generated (j.

Methane-Air and Coal Dust Compression - Computer simulations have predicted that
air temperature could increase rapidly to the point of igniting methane or coal dust
during a roof falL. Subsequently, laboratory tests simulated air compression from a
confined fallng object and verified that ignitions could occur with certain methane and
coal dust mixtures. The laboratory tests had no ignitions with any methane-air mixture
in the absence of coal dust. Also, the numerical simulation for a full-scale mine scenario
indicated that ignition could only be achieved with a fallng block of at least 65- x 65-ft.
planar area fallng simultaneously (e).

Summary

It is difficult to definitively exclude a roof fall as a potential ignition source for the
explosion at Sago Mine. However, it appears to be an unlikely source for the following
reasons:

. Shale is the predominant rock type visible in the roof fall rubble. Specifically, the

material referred to as shale is classified as "laminated siltstone" with low quartz
content in a soft matrix that inhibits quartz grain-to-grain contact. This rock type
is not as conducive to frictional heating or piezoelectric sparking as sandstones
that have been suspected as ignition sources in roof falls (d). An exploration dril
hole in the vicinity indicates that rock classified by core logging as sandstone
exists above the mining horizon. Three roof fall cavities had sandstone beds
exposed at the top of the fall rubble roughly 8 to 12 ft. into the immediate roof
above the underlying shale. The samples collected from the roof fall rubble are a
variety of sandstone that is micaceous, and characterized by thin, alternating
laminations of fine sand, silt, and mica partings. In contrast, the sandstones
associated with piezoelectric sparking and rock-on-rock frictional heating are
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commonly considered to be dominated by quartz, exhibit stronger cementing or
even quartz grain fusing (i.e. the metamorphic rock" quartzite"), and occur in
more massive beds. Furthermore, the roof falls observed are outside the area
where the explosion is inferred to have originated. Thus, rock-on-rock or
piezoelectric ignitions are unlikely ignition sources.

. The only metal roof supports noted in the fall rubble were fully grouted bolts

and the wire mesh noted under the rubble of one fall. These steel roof support
materials have not been associated with ignitions in experiments or in
documented observations of gob ignitions. It was not possible to determine
whether cable bolts noted near the roof falls could be hidden in the fall rubble.
However, previous laboratory testing of the sparks from cable bolt failure did
not ignite methane-air explosive mixtures.

. All of the roof falls observed in the 2 Left seal area that were not noted on the

mine maps prior to sealing, encompassed a much smaller area than the
65- x 65-ft. highly confined area required in computer simulations to ignite
methane by compression.

Attachment
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U.S. Department of labor Mine Safety and Health Administration
Pittsburgh Safety & Health Technology Center
P.O. Box 1 B233
Pittsburgh. PA 15236
Roof Control Division

(

August 31, 2006

MEMORANDUM FOR RICHARD A. GATES
District Manager, CMS&H District 11d" /:¿J

. THROUGH: Kf~ K. WU
Acting Chief, Pittsburg~ty/ and Health Technology Center/7~Æ ~M. TERR~
Chief, Roof Control Division.A r:' 0i" l./ . C ~l. . í'~~l ,~, ~ /!
l't1?it1..L4L. . I' _. '/L-jr'"- /IYU!..f

FROM: SANDIN E. PHILLIPSON; i J
Geologist, Roof Control Division

(
SUBJECT: Evaluation of Features at Wolf Run Coal Company, Sago Mine,

MSHA 1. D. No. 46-08791

Observations

As requested by the MSHA Accident Investigation Team (Sago), observations of
geologic features were performed in the formerly sealed 2nd Left Mains, in the vicinity
of spad 4010 on February 21, 2006. The purpose of the observations was to evaluate and
document two linear features in the mine roof in the vicinity of spad 4010.
Observations were restricted to the #5, #6, and #7 Entries, between the 1st and 3rd
Crosscut from the #1 Entry of the Main. The 2nd Left Mains are developed at an
approximate 60° angle from the left side of the Mains, such that the first crosscut in the
2nd Left Main in the #6 Entry is actually the third crosscut in the #1 Entry.

l(

Observations began just inby spad 4010, in the #6 Entry, and proceeded down-grade
into the next, benched intersection at spad 4047. The observation traverse proceeded
east from spad 4010 into the #7 Entry through the intersection with spad 4011, and then
inby along the benched #7 Entry for two crosscuts to the spad 4063 intersection.
Observations continued in the unbenched crosscut between spads 4045 and 4047.
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Detailed observations concluded just inby the spad 4010 intersection, where the two
linear roof features were scrutinize. A similar feature was briefly examined in the
neighboring #5 Entr, just inby the spad 4028 intersection.

The observation area is characterized by a variety of abundant structural geologic
features and stress-related features. Abundant, very well developed joints were
observed in the roof (Figure 1). The dominant joint set is oriented with a strke of
N 85°E, and is characterize by nearly vertical joints that are spaced approximately
12-20 inches apart. Joints of ths set were preent across the entire observation area,
from the spad 4010 intersection to the spad 4063 intersection, a distance of two
crosscuts. Two minor, irregularly spaced sets of joints, oriented respectively at N 57°W
and N 300E, are aligned parallel to the trend of slickenside planes. A prominent
slickenside plane that controlled a zone of buckled roof strata was oriente N 300E, with
a dip of 35° toward the southeast: and is located in the southeast corner of the spad 4047
intersection. A pair of slickenside planes, oriented N 67°W and dipping 50° NE, formed
a linear, coffn-shaped roof cavity that trended through the spad 4045 intersection,
crosscuttng a wide, deep horizontal stress pot-out.

r
t

l
i
I

-
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or ~ ll.. -:: g

/ .~

Fi~ 1. Very well developed joint set, characteri by N 85°E-strg joints spaced 12-20 inches apar.

Photo taken in the croscut between spads 4010 and 401.
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Horizontal stress pot-outs were common in the observed area, and were consistently
oriented with a long axis aligned along a bearig of approximately N 5-7"E (Figure 2).
Long-running cuttrs, localized at the intersection between the roof and rib, were
consistently located along the west rib of the observed entres. In the #7 Entr, a long-
running cutter left the rib and crossed though the spad 4063 intersection along a
bearing of N 100E.

. ,
, '.,', .,.,'.,

i . . . ~ ' pi '",.. l'&'; ~.' .J',
~;V. "~~~~';~:~:~.1,' .

Fip,e 2. Downward-bucked zone of thinly laminted shale represnts a stress pot-out tht follows a
trnd of approxiately N 5-7"E. Other liear buckled zones of shale are aligned a1onr. the same bearing

throur.hout the observed area.

Ground conditions were partcularly degraded in the observed portion of the #7 Entr,
with abundant stress pot-outs and cutters developed at the projected intersection of the
mutually perpendicular slickenside planes.

Detailed observations concluded just inby the spad 4010 intersection, where a small
scaffold was constructed to reach the roof and observe two linear features that were
present (Figure 3). Each linear feature was characterized by a pair of parallel ridges that
trended across the exposed flat plane of the roof. One pair of parallel ridges was
oriented along a bearing of N 43°E, while the other pair of parallel ridges was oriented
along a bearing of N 700E. The parallel ridges were spaced approximately 2-3 inches
apart, and protrded approximately % inch below the flat roof horizon. The roof
horizon is characterize by thinly laminated, muscovite-rich gray shale that in the
immediate vicinity of the area hosts oval-shaped, downward-buckled stress pot-outs.
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The parallel ridges are characterid by an irrgular, rough texture, but are bounded by
immediately adjacent patchy areas of approxiately 5-10 cm2 that represent a flat:
smooth, slickenside plane that follows the base of the muscoviterich gray shale
(Figure 4). No part of the linear ridges appeared to extend upward into the thn shale
layers of the roof, as indicated by a thin brow that intersected the edge of the linear
features along the trnd of a prominent strs cuttr. The collection of a piece of the
protrding ridge was attempte with a knfe blade, but the ridge repreents only a very
thin (-01 mm) coating of slickensided shale, and scratching with the knfe blade
immediately expose the overlying muscoviterich gray shale above the thn coating.
This resulte in the whitish straks shown in Figure 5.

Fi~ 3. Two pair of pael ridr.es expod on the underside of the shae roof, and disrupted wher a

shallow strs pot has broken out of th roof. No eviden of the liear feature was foun in th thin

brow of the str pot along the trnd of the liear feature, indicatir. tht it doe not extend upward into
the ro
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Fir,re 4. Two pair of linear, parallel ridges exposed on the bottom surface of the way shale. Center
feature lies alonr. a trnd of N 70oE, forinr. an acute anr.le with the featu at 

left which is oriented
alonr. a trnd of N 43°E. There is no indication of the linear feature extendinr. above the thinly
lamated imediate layer of the roof, as exposed in the th brow formed by the str pot-Qul.

Appendix P - An Evaluation of Features & Description of Features Observed Inby Spad 4010

Appendix P - Page 5 of 28



..

.

r

~

~

.

6

..

OJ i;, /l,,-".'" ~ "~ ...~~ 'P '!.l.' ~ -, ,
,

4'
ft.~ ~~',J'

li. ~ .. .... ~"- ... .JFI
. )0 .....

:: - "

I)

:: ~~.~
ia ~ ..

Fir,re 5. Ught brown linear straks along the trnd of the parallel liear ridges represent kne scatch
marks from an aUemptto collect fossil materiL. Location is the viánty just inby the spad 4010
intersection. Twin parallel ridges pass beneath the embossed, square skin control plate.

Discussion

The purpose of the February 21" mine visit was to observe and identify two pairs of
linear features located in the vicinity of spad 4010, in the 2nd Left Mains. Although there
are abundant structural geologic discontinuities in the surrounding area, including
joints and slickensided faults, the pair of linear features in question is not structural
geologic features. Instead, the linear features observed just inby spad 4010 in the
#6 Entr, and portayed in Figures 3-5, represent the remnants of a pair of fossilized
trees, with each linear feature representing the top, tangential edge of a single tr. The

rough texture of the linear feature represents the trace fossil impression of the tree bark
as preserved against the bottom layer of the overlying muscoviterich gray shale, and
the pair of parallel ridges represents compaction of the muscoviterich gray shale
downward around the formerly circular boundary of the tree trunk. Although the fossil
tree was removed by mining the immediate shale roof, the linear features represent the
expression of the top edge of the tree where it tangentially contacted the bottom of the
bedding plane exposed in the shale roof.

If you should have any questions regarding this report, or if we can be of furter
assistance, please contact Sandin Philipson at 304-547-2015.
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U.S. Department of Labor Mine Safety and Health Administration
Pittsburgh Safety & Health Technology Center
P.O. Box 1 B233
Pittsburgh, PA 15236
Roof Control Division

September 1, 2006

MEMORANDUM FOR RICHARD A. GATES
Distr:ct Manager, CMS&H i¿trict 11

d. riAf/
KELVIN K. WU
Acting Chief, P~~afety and Health Technology Center~7~
M. ~RRY Horn
Chief, Roof Control Division

If f". E jJli ~1¡J. J .11"pa'n eU/'v . r::-" _?A jrLVI
SANDIN E: PHILLIPSON f2 . 'J
Geologist, Roof Control Division

. THROUGH:

FROM:

SUBJECT: Description of Features Observed in the Roof Inby Spad 4010,
2 Left Mains, in Wolf Run Mining Company, Sago Mine, MSHA

_j.D.NoA6~0879L_ _. ___ _ ______ __________h.___________ _ n _

Background-

As requested by the Sago Accident Investigation Team, the author witnessed the
extraction of a mine roof sample on March 1,2006 by personnel from R. J. Lee
consultants. The sample extraction area is located just inby spad 4010 (Figure 1) where
two prominent features are located in the roof (Figure 2). The features generated
interest because they are located in the area where the explosion in 2nd Left Mains is
believed to have originated. Because the features were not recognized as being
widespread, they were quickly referred to as "anomalies." Due to their location in the
area interpreted as the explosion site, some parties speculated that the linear
"anomalies" might represent the effects of lightning arcing across the mine roof.
Although initial observations conducted by Roof Control Division (RCD) personnel on
February 21, 2006 (RCD February 27, 2006 Draft Memo) indicate that the linear features
represent compaction along the length of a tree fossil, consultants retained by the mine
collected samples of the features in order to document any possible effects of lightning.

\
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Fiinre 1. Map of ¡ieologic feature in a portion of the 2n Left Mai, showi¡i reults of mappin¡i from
Februar 21 and March 20, 200. Sample collecon ara is centered on dark jnn featur just inby spad

4010. Dashed purle line indicates Februar 21, 200 observation trvers.
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Fiinre 2. Two sets of paired, liear rid¡ies define an acute an¡ile in the roof horion just inby spad 400.
R. l. Le sample collecon effort on Mar 1, 20 extracted saples of this feature. In th photo, the
linear feature is trcated by a shallow str pot-out.

The effects of lightnng have ben documented in unconsolidated soil, loose sand, and
solid rock. The preserved effects of lightning on rock and soil can form silica glass
known as "fulgurite". Fulgurite has ben found in soil and sand dunes, forming a small
tunnel with walls of silca glass, presumably formed by high temperature melting and
fusing of quartz sand grains (Figure 3). Other experiments documented on various
websites indicate that fulgurite can be formed in any rock composition with suffcient
voltage. The longest fulgurite tunnel was reportedly approximately 20 feet long, and a
search of available literature suggests that the fulgurite tunnels are 2-3 inches in
diameter. Photos available on websites indicate that the cylindrical, glass-walled
tunnels undulate, twst, and turn, commonly branching or bifurcating though the
unconsolidated soil materiaL. Although lightnng can afect solid rock, available
observations indicate that fulgurites in rock are restrcted to the top several feet of
mountain peaks, and seldom penetrate more than a few inches into the rock. Lightning
can magnetize iron minerals in rock outcrop, as observed by the author at a location in
the Colorado Rocky Mountains.
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Fiinre 3. Sample of fu¡nrite for sale on internet website, showin¡i branchin¡i texture of bubbled silca

¡ilass.
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Thus, visible effects of lightnng on a rock would be expected to include the formation
of silica glass or quart grains that showed sign of partial melting or fusing. Glass, of
which volcanic obsidian is an example, is very distinctive in the geological
environment Most geologically formed glass is associated with volcanism, in which
high-temperature molten rock is frozen before crystals can nucleate and grow.

Methodology

The mine's consultants obtained four rectangular samples from the roof and retained
thee for testing. Samples were obtained using a battery operated "ripsaw" to define a

rectangular cut sequence to delineate the sample. Aftr a notch was cut to provide
working room, a wide, flat chisel was used to force separation along a delamination
plane along bedding to remove the sample from the roof (Figure 4).
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Fi¡iur 4. Show reinlar box remain where samples of th linear" anomaly' were retreved on

Apri 6, 20 (renter). Saples wer collecd frm the sae "anomaly" on Mar 1, 20 by R l. Le as
indicated by shallow box locted at ri¡iht of photo. Samples 305477 and 3075 were retreved from the
box on the ri¡iht side of the field of view.

Splits of the thre samples obtained by R J. Le were passe to MSHA on March 13,
2006, and obtained by the author on March 16, 2006. Two of the samples were cut with
a water-cooled, diamond blade rock saw at the Approval and Certfication Center
(A&Cq to obtain a cross section though the area where the linear feature appears
(Figure 4). The cross setion slice was annotated with five retangular blocks to be
prepared for thn setions. Loations of the rectangular blocks were marke on the
mating surface of the original sample split (Figure 5). Each outlned block was then
sawed from the cross setion slice to define an individual sample (Figure 6). The chips
were then sent via FedEx to Spectrm Petrographics in Vancouver, Washington, to
prepare thin sections of the samples. Thin setions are slices of the rock that are ground
so thin that light can pass through the sample, while glued to a microscope slide so that
microscopic textures and details can be documented. The complete thn sections were
received on April 7, 2006 (Figure 7).
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Fiinre 5. Split of Saple 305477 obtaed by R l. Le on Mar 1, 20 at A&C, showin¡i cros seon
across the liear feature obsered inby spad 400, 2nd Left Mai. The work shown was peformed at the
Approval and Cercation Center.
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Fi¡ie 6. Cross section slice from Saple 3045477 (top pair) and Sample 305475 (bottom pair) furter
separated into individual chps ready to be made into thn sections for detailed study. The work shown
was peformed at the Approval and Cercation Center.
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Fi¡iure 7. Completed th sectons (¡ilass microscope slides) and ori¡iinal sample chips prepard at A&CC
retured by Spe Petro¡iaphics laboratory on Apri 7, 200.

Summar of Rock Textue Observations

Subsequent to sample preparation at A&CC, the chip from Sample 3045475 was
observed to exhibit a striking texture. The sample hosts a very thin layer of black, coal-
like material that appears to represent carbonized (coalified) plant bark, as indicated by
a series of parallel lines that are similar to the cellulose of plant fibers (Figure 8). The
carbonized, fossilze plant material is located at the core of the twin, parallel linear
ridges that trend across the roof of the area inby spad 4010 in 2nd Left Mains.

The thin sections of Samples 3045477 and 3045475 were studied with a Meiji 9400 Series
polarizing light microscope at viewing scales of 40X to 100X.

The samples of shale are classified based on grains size and bedding spacing as
"laminated siltstone" according to Pottr's 1980 textural classification of shales.
Because all six samples were collected from the same sedimentary horizon, within
approximately 2 inches from the mine roof, they are characterized by very similar
textures. Each of the six samples is characterid by a matrx composed of very fine-
grained (0.005-0.2 mm) muscovite lathes, which are randomly oriented but arranged in
thin bedding layers. Contacts between adjacent bedding layers are gradational, defined
by different grain sizes or mineral contents. The very fine-grained, muscovite-
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dominated layers host approximately 8-12% angular quartz grains, which are
approximately 0.01 mm in diameter and isolated by the surrounding matrix. Coarser-
grained layers are dominated by angular quartz grains, which are approximately
0.1 mm in diameter and touch along tangential contacts to leave angular interstices that
are filed with finer-grained muscovite. The very finest-grained layers host very fine-
grained, clay sized (':0.003 mm) muscovite with no quartz, and represent planes of
preferential weakness along which delamination preferentially occurs.

I

Textures in all samples are very similar, characterized by muscovite-dominated layers
corresponding to alternating grain sizes of "fine silt" and "medium silt". This material
represents approximately 80% of the layers in each small, rectangular thin section. The
remaining approximately 20% of layers are represented by "very fine quartz sand".
Bedding layers are generally of uniform thickness, remaining parallel in relation to the
bedding parting that represented the mine roof horizon. One notable exception to this
is represented by Sample 3045477-4, which hosts a series of thin, discontinuous iron
hydroxide stringers that suddenly ramp up away from the mine roof horizon, such that
the stringers become closer together as they rise into the roof. This texture is
characteristic of compaction of unconsolidated sediments around obdurate objects, and
is referred to as draping. The parallel bands of "very fine sand" quartz, located
approximately 5 mm higher in the section, exhibit the same rising at the same point on
the traverse. The area defined by the compaction texture is at the margin of one of the
two protruding ridges, which define the "linear anomaly" observed in the mine roof
just inby spad 4010. The presence of the compaction texture, combined with the thin
layer of carbonized plant materiaL, suggest that the twin linear ridges observed in the
mine roof represent local compaction of the muscovite-rich laminated siltstone
immediate roof around a linear tree trunk. No silica glass or magnetite was observed in
any of the thin sections, and no textural evidence was observed to indicate that grains.
have been fused together.
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Fi¡iure 8. Enlrp,ed view of a small reangular sample chip prior to bein¡i sent for thin secon
preparation. Th piece of Sample 3045475 exhbits a black area tht repreents carbonized fossil plant

bark. Paralel lies are interreted to reprent cellulose plant fiber. The pair of linear features obseed
inby spad 4010 in 200 Left Mai is cored by th carbonid fossil materiaL. The sample is approxiately

7/8 inch wide x 13J inches lon¡i.
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Appendix of Thin Section Descriptions

Sample 3045477-1 (Figures 9 and 10)

The sample is composed of fine laminations of randomly oriented, fine-grained, ragged
muscovite lathes. Although muscovite lathes appear randomly oriented in detaiL,
partings between some laminations are sharp and distinct. Most micaceous bedding
layers host isolated grains of angular quartz that are diffusely scattered parallel to
bedding laminations. Individual quartz grains are commonly surrounded by a thin,
diffuse halo of very fine-grained muscovite that may represent diagenetic sericitization.
Locally, angular quartz grains occur in suffcient quantity to define quartz-dominated
interbeds that are parallel to bedding laminations. Quartz grains in the discontinuous
interbeds touch along tangential contacts, and individual grains remain partially
surrounded by a matrix of fine-grained muscovite lathes that are randomly oriented.
Laminations defined by very fine-grained muscovite commonly represent preferential
delamination horizons.

The sample contains approximately 15% quartz, which ranges in size from 0.01 mm

("fine silt") to 0.1 mm ("very fine sand"). The remaining approximately 85% of rock
volume is represented by muscovite, which ranges in size from 0.005 mm ("fine silt") to
0.04 mm ("medium silt"). Based on the size of grains, thickness and nature of bedding
layers, and content of clay-sized materiaL, the shale sample is classified as a muscovite-
rich laminated siltstone.

Textures suggest a low degree of compaction because individual mineral grain long
axes are not strongly aligned with bedding planes. Long axes of angular quartz grains
commonly form an obtuse angle with bedding laminations, indicating that grains were
not forced to rotate. Although bedding textures are commonly diffuse, thin,
discontinuous stringers of iron hydroxide are aligned parallel to bedding and highlight
laminations. Despite the presence of iron hydroxide, no magnetism is present, as tested
with a small, powerful magnet that is weakly attracted to samples with as little as ':: %
magnetite.

Appendix P - An Evaluation of Features & Description of Features Observed Inby Spad 4010

Appendix P - Page 17 of 28



12

p

r

.A:-.~,.".;~...(.;.. '.:;J',.,~,..,~.~ 1¡'~. ¡~*'~"'.;.'~.'~~~: "~~.': '.,l. . ~~;
.j .. ~'" ,~"'.i" .~' ..~ ~ ~JI. '4.:""~'''''''' ,'..~~:.!R"if'~ "~.. . ~,:.."

...~.-.~~". ,.._.:!,....,~~ "'Ji.'~,~,,, '" .i..;.~\J."r.... f ,",,, .~'lI ..#.
'..,~"t:).:;!;...;~r...l~'r :.~ .-:ir:i~~.~r.~ ";t'Ol;:H~. \"~:Â'

.... .' .. t?.. ...~,,'i:../:o(tl.'~ "-'),,;l.... .~.~~;~. .~, .,' 'i-..'~'?",.;, ..-A."..~.'..W:l:.;ir..~...'! ~.-!.~
~\ .......rfl,..,.'"(C.. '(, - i: '':...,.. , '..1 ....,.. ,ol 'i~""~_"''' . '\~ .," '-~"'."'~ ......... .- 'l;':4"'\.~.. '~-""""'" .:-'1i.-:..~. ".".:r:. ," -.:.',

..:. . - ,. .."l'.._'~~~'" ".h." .l"., ."..--. .ji'-~lc!'.~'.-".. 'l-~~~-:'r'.:-. .... ~at-l ""."4It..~~.. l "iO ~..;J'~~",g h' . ..~,:i....f--... "'\. '~\.,~"'-.:." .1-i- ,
.. ..~'" \.; V_'4.t"""~~- \:,~.ll: ._... . ,-.~. ,.................- '. ,:'..~. ,,~..; "..~'_...,"';~~"'..\~...~-..' ,&1",''" .1'-._ y.~',¡I~'a.~"tr,~.:v 9-.l-~.."~"J.¡"',," .r-l
",-.- ¡'~... 'to .. '''f\.. ~'s'iT'''.'Ñ:'.~~~.J''..' -i..:. ~";r'~' ..~ ~~. .... .,.... ,'... ':,;..-~~~ _~.¡\~~,.\~tt~_.1i-.~l.~i.; '~, ..,,lt."A: .i'.!'~A....~.C"~~'j~,~ ...-:.,.
. .;. ~:i;';.~~ ...:.... t~~,..~r~.._ l:'~ .~~~l~t~~~~(:t!!\.".t.i..." ~.~;r-"".~I'~~:'I~T~_,!.;.: ',.
. . '~. .J ";,.I..':'!.. "_'Ij~ -...... .~.-r."ti'i)-- -~.......~I~..,-i ..~-.,..ri.J~.. ",,!.~.,.....,..,.'.,.t..~f'¡....,..~..~4::"'. ~.r.-'..".......,,"l¡~..( ':'.' \." .:'",',li .....,_..~1'.. ....:-~.~....~".:~1.-~!-~~~:r., :~_.. i~~- '\ -... "i:~~."':"..-c.'l..t. 'toO

"'".l" ..~f _:-'J- --~ø:~::~....U.~.',.:.:.,._.V.r.._ J ~~.t, .'" -.~",' ~. 'I. ¡,~",...,.' '...~.... ' ..~"';;.."'. .,~.-.."......r."i'!..~~.~...:J.~.,. -r,;.~~¡:~ ;"'.t.........~.... ..... .l.~...'l.~'l1f._,."'~~-~llJl..~.::~.,!'~- l_."'..ß-!....-o..-~..t. ..~~ . ':' ~..
... :.. ~~~.:~t,t.¡-.. ..~;" .1~~'..~..~.,. ~l;l~~ir:l''',l.i-,::~r\~.)I'~'''.~~. '~._~;: N..;~.~~:..~.,... _ . ~-...l.'~....~~N I.-_--r-~- 't'7"-~.~/".\~.';- '.,- ....of" -. .
~'! ..t(:. It,,~,\ ;;.......-,..; .:-~..I:~..:.~...Ci:~~~ .l .~~,k..~¡~:ttì~"\~i-".~.,--l-":"~.:. l-:¿ .~.... .'i.c.~!,,/....1.1.~ :!~1 .#¡"..~.~J\.~.......-,~~.:;..;,.i.~...;t.i:~.'.~."t.....' ...Al'~V: ";:.i.
: ~/ \:~. lo ,t,':.h '" ..g)~", .ic7i ~";"'i+..-R.., --.~..oitl-:".f~"i.. "...k',...~....~llt~."'..\ ..~ ~". ~_~. '.. -l"¡ , - :. l.:,..¡ i..1:'\..~,.._....;'_.,'!.1.., ,It¡.,...~:i'l.:. ;i'\\,-'( 1"." "'~,~, - ,-,~'."" :,:" ".
. / I. ...,.l. .~', .:~/""il'\l ¿""."~"''¿ ;'~ "';~#~l:\'\-jt'..S:i..\.. ~;_~-.-;."t:-:. ""~.~''' .~.....,':.. . .-~'. . ._....'. ..:-(,.!....- ..;;L;_.......~~~.~-..~.. .~. ,l~"..' J-";' . ....
.. ... ~ ,-K .,~'" .,,, .--1... . . _ ~ JI ..~--. _- "-- '-';' '..."! ", l. . .. ... ~ ..
, ;... ..''' .", ~.._ i~./i ~'~. ..,.r...-' ,~o. _, ;'.'. ~ "'.-i- '.. If '....... \ . ... ... \. .. ,'" .-i" : .1,- .. ' ..,J . '. . .. ~¡... ..

'.

I

Fiinre 9. Lowest layer of shale imediate roof expos at mie roof horion, showi¡i an¡ilar quart
¡irain (bri¡iht white) scattered in a matr of very fine-waied lathes of muscovite (recn¡iular, bri¡ihUy
colore yellow/pink/blue). Brown repreents patchy iron stainin¡i. Field of view 2.4 mm at 40X, taken
under crossed polars.
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Fi¡nre 10. Laation of aninlar quart ¡irai of "ver fine sand" size. An¡iuI ¡irai touch alon¡i

tan¡iential contact. Lon¡i axes of quarz ¡i and recn¡iular muscovite lathes are not stron¡ily
oriented parallel to beddil~ indicatin¡i that burial compaction was not intense enou¡ih to foræ ¡irain
rotation. Field of view 2.4 mm at 40X, taken under crosd polar.
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Sample 3045477-2 (Figures 11 and 12)

This sample is characterized by a matrix of fine-grained, randomly oriented muscovite
lathes that are arranged in diffuse bedding laminations. Two beds are dominated by
angular quartz grains that are sporadically distributed within a very fine sand-sized
band. In the muscovite-dominated portion of the rock, angular quartz grains are
sporadically distributed, with individual grains isolated by the muscovite-dominated
matrix. In the quartz-dominated bed, angular quartz grains touch along tangential
boundaries, and are intermixed with coarser-grained, randomly oriented, thin
muscovite lathes, The finest-grained portions of the muscovite-dominated matrix host
bedding-parallel delamination zones that are planes of preferential weakness,
Discontinuous stringers of iron hydroxide, which may represent alteration of original
biotite, are aligned parallel along diffuse bedding laminations, Despite the abundance
of the discontinuous, bedding-parallel iron hydroxide stringers, a powerful magnet is
not attracted to the sample.

The sample contains approximately 19% quartz, which ranges in size from 0.01 mm

("fine silt") to 0.1 mm ("very fine sand"). The remaining approximately 81 % of the rock
volume is dominated by muscovite, which ranges in size from 0.005 mm ("fine silt") to
0.04 mm ("medium silt"). Based on the size of grains, thickness and nature of bedding
layers, and the content of clay-sized materiaL, the shale sample is classified as
muscovite-rich laminated siltstone.

In coarser-grained interbeds, the long axes of quartz grains are not strongly aligned
with bedding laminations, forming obtuse angles, which indicates a low degree of
compaction, In the fine-grained matrix, muscovite lathes are randomly oriented.
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Fi¡nre 11. Lowest layer of shale imediate roof exposd at mine roof horion, showin¡i an¡iul quar
¡irains (bri¡iht white) scattered thou¡ihout a matr of very fie-waied muscovite (bri¡ihUy colored
pink/yellow). The muscovite-domiated matrx hosts patchy iron stain¡i (brown) that is oriented alon¡i
beddin¡i laations, and may repreent leached original biotite flakes. Field of view2.4 mm at 4OX,
taken under croso; polars.
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Fi¡nre 12. Same area as previous photo, showi¡i individual, an¡nlar quart wain (white and p,y)

isolated by suroundinll randomly oriented ra¡i¡ied fles of muscovite (yellow/pin). Brown patcy
areas repn.'5nt iron stainin¡i. Field of view 1 mm at 100X, taken under crossed pola.
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Sample 3045477-3 (Figures 13 and 14)

This sample is characterized by a matrix of fine-grained, randomly oriented muscovite
lathes that are arranged in diffuse bedding laminations. Contacts between laminations
are generally gradational, characterized by a changing grain size or mineral content.
Several thin laminations are dominated by grains of angular quartz that are coarser-
grained than those found in the muscovite-dominated portions of the rock. In the fine-
grained, muscovite-dominated portion, angular quartz grains are sporadically
scattered, with individual grains isolated by the surrounding muscovite matrix. In
coarse-grained layers, quartz grains touch along angular, tangential boundaries or are
more commonly slightly separated by a rim of very fine-grained muscovite. This
sample exhibits more quartz-dominated laminations that are more sharply defined with
respect to alternating muscovite layers, compared to the other samples. Thin,
discontinuous stringers of iron hydroxide are abundantly distributed, aligned parallel
to the bedding laminations that are defined by grains size and mineral content. The
stringers may represent diagenetically altered biotite flakes, Despite the abundance of
the stringers, a powerful magnet is not attracted to the sample. Very fine-grained
laminations represent delamination horizons that are planes of preferential weakness.

The sample contains approximately 23% quartz, which ranges in size from 0.02 mm

("medium silt") to 0.2 mm ("fine sand"). The remaining 73% of the rock is dominated
by muscovite, which ranges in size from 0.005 mm ("fine silt") to 0,2 mm ("fine sand"),

The matrix of randomly oriented muscovite lathes, and the poorly aligned long axes of
individual quartz grains in coarser-grained laminations indicates that the sample was
not strongly compacted enough to force grain rotation.
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Fi¡n 13. Lowest layer of shae imediate roof exposd at mie roof horiolL showi¡i wadationa
contact between ver fine-wained, musovite-domiated layer and overlyi¡i coarsr layer that hosts
¡ireater quart content and lar¡ier wain siz. Lower, very fie-wained layer loc delaination zones
(parallel black lies reprent ¡ilass of microsope slide where roc separated).
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Fi¡iure 14. View of a coarer-¡iraied, quartz.rich lamination, showi¡i an¡iar quar wain (white and
¡iray) islated by the sUIOundi¡i matr of fine-¡irained muscovite lathes (pin/blue/ yellow / ¡iren).
Brown areas represent patchy iron stainin¡i. Field of view 1 mm at 100X, taken under crosd polar,
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Sample 3045477-4 (Figures 15 and 16)

I
This sample is characterized by a matrix composed of very fine-grained, randomly
oriented muscovite lathes that are arranged in diffuse bedding laminations. Contacts
between laminations are generally diffuse, characterized by a gradational change in
grain size and mineral content. In general, the very finest laminations host only
muscovite, with increasing grain size associated with increasing quartz content, until
some laminations are dominated by quartz. In fine-grained layers, angular quartz
grains are sporadically distributed, with individual grains isolated by the surrounding
matrix of fine-grained, randomly oriented muscovite. In coarser-grained layers,
angular quartz grains dominate and touch along angular, tangential boundaries, or may
be slightly separated by a rim of very fine-grained muscovite. The very finest layers
host bedding-parallel delamination horizons that are planes of preferential weakness.
Thin, discontinuous stringers of iron hydroxide are abundantly distributed, aligned
parallel to bedding laminations. The stringers may represent diagenetically altered
biotite flakes. Despite the presence of abundant stringers, a powerful magnet is not
attracted to the sample, At the mine roof horizon, several of the thin stringers abruptly
change their distance from each other along traverse, defining a compaction zone. This
sample was collected from a portion of the R, J, Lee sample along which one of the pair
of linear ridges ("anomalies") is located. A quartz-dominated lamination located 5 mm
higher than the mine roof horizon also mirrors the iron hydroxide stringer-defined
compaction zone. Although these textures suggest draping around an obdurate object,
the matrix of randomly oriented muscovite lathes and layers of moderately aligned
quartz grains indicate that the rock was not subjected to burial compaction significant
enough to force grains to rotate into parallelism,

The sample hosts approximately 13% quartz, which ranges in size from 0,01 mm ("fine
silt") to 0.09 mm ("very fine sand"). The remaining 87% of the rock volume is
dominated by muscovite, which ranges in size from 0.005 mm ("fine silt") to 0.2 mm

("ine sand").
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Fiinre 15. Lon¡i str¡iers of iron hydroxide (black very dark brown) defie beddin¡i laminations in a
compaction zone locted near the margi of one of the liear rid¡ies in Sample 30477. Anii quartz
wains (bri¡iht white) are scttered throu¡ihout the matr of fine-wained musovite (spekled
pin/ yellow with brown iron stairJ Field of view 24 mm at 40X, taen under crse pola.
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Fi¡iure 16. Field of view approxiately 5 mm above the area in Fi¡nre 15, showin¡i interbeds of quar
that ¡ienUy rie from ri¡iht to left above the compacton zone. Althou¡ih loclly a compacton zone, the
lon¡i axes of quart wains and muscovite lathes ar not stron¡ily oriented parallel to beddin¡i indicati¡i
that buri compaction was not suffcient to force ¡¡rain rotation. Field of view 2.4 mm at 4OX, taen
under crssed polar.
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Sample 3045477-5 (Figures 17 and 18)

This sample is characterized by a matrx of very fine-grained, randomly oriented
muscovite lathes that are arranged in diffse beding laminations that exhbit
gradational contacts based on changes in grain size and mineral content The fine-
grained laminations host scattered, fine-grained, angular quart grains, with individual
grains isolated by the surrounding muscovite matrix. Coarser-grained layers are
dominate by angular quartz grains that touch along angular, tangential boundaries
that are parallel to bedding contacts. Abundant, thin stringers of iron hydroxide are
aligned parallel to beding laminations and my represent diagenetic alteration of
original biotite flakes. Despite the presence of abundant iron hydroxide, a powerful
magnet is not attacted to the sample. In this sample, beding contacts are particularly
continuous and paralleL. The finest-grained layers host delamination horizons that are
planes of preferential weakness. Although beding layers maintain constant thickness,
the randomly oriented muscovite lathes and moderately aligned long axes of quartz
grains indicate that the rock was not subjected to signifcant burial compaction.

The sample contains approximately 16% quart, which ranges in size from 0.01 mm
("fine silt') to 0.2 mm ("very fine sand"). The remaining approximately 84 % of the rock
volume is dominated by muscovite, which ranges in size from 0.005 mm ("fine silt') to
0.2 mm ("fine sand").
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Fi¡iure 17. Lowest level of shale imediate roof expos at mie roof horion, showi¡i an¡ir quartz
grais (white) scattered and isolated in the very fine-wained, muscovite-dominated matr. Field of view
2.4 mm at 40X, taken under crosed polar.
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Fiinre 18. Very reiiar, contiuous bedi¡i contact between lower, fie.wained lamination

characterd by scattered, aninlar quarz wain (bri¡iht white) in a very fie-waied matr of
muscovite (speckled yellow/pin), gmding upward into lamination with abundant, aniiar quar

wain. Some quarz wain touch alon¡i tangential contacts, whie most ar isolated by suroundig
muscovite. Discontinuous str¡iers of iron hydroxide (black to very dark brown), which may represent
dia¡ienetic alteration of origi biotite fles, are ali¡ied parallel to defie beddin¡i. Field of view

2.4 mm at 40X, taen under crossed polars.

Sample 3045475 (Fiiiures 19 and 20)

This sample is characterized by a matrx composed of very fine-grained, randomly
oriented muscovite lathes that are arranged in diffse beding laminations that are
gradational, based on changes in grain size and mineral content Finer-grained layers
host scattered grains of angular quart, which are isolated by the surrounding,
muscovite-dominated matrix. Coarser-grained layers are dominated by angular quartz
grains, which touch along angular, tangential contacts. Thin stringers of iron hydroxide
are abundantly distributed and aligned parallel to beding laminations. The stringers
have a crystal habit similar to mica suggesting that they represent diagenetic alteration
of original biotite. Other strngers are very continuous and follow beding laminations
and pre-xisting micro fractures, representing precipitation of iron along open-aperture
planes. Despite the presence of abundant iron hydroxide, a powerful magnet is not
attacted to the sample.
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The sample contains approximately 17% quart, which ranges in size from 0.01 mm
("fine silt') to 0.1 mm ("very fine sand"). The remaining approximately 83% of the
rock's volume is dominated by muscovite, which ranges in size from 0.003 mm ("clay")
to 0.1 mm ("very fine sand").
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Fi¡ne 19. Lowest level of shale imedite roof exposed at mine roof horion, showi¡i aniiar quar

wain (bri¡iht while) scattered thou¡ihout a matr composed of fine-waied musovite lathes (speckled
yellow /blue/ pin/ ween). Wispy strn¡iers of irn hydroxide (black to very dark brown) are ali¡ied
along beddin¡i laminations, and may reprent di¡ienetic alteration of origial biotite flakes. Field of
view 2.4 mm at 40X, taken under crossed polars.
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Fi¡i 20. An¡iular quar wain (white and way) touch alon¡i ta¡iential contact nearly isolated in a
matr of randomly oriented musovite lathes (yellow). Field of view 1 mm at 100X, taken under crosed
polar.

-
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Lab No. Bag No. Sample Type Location in Mine Dust Analysis Coke Content
681608 1A21 Floor 0 + 5326 79.1 Trace
681609 1A21 Floor 0 + 5326    1/2" Sample 79.0 Trace
681610 1A22 Floor 0 + 5400 78.3 Trace
681611 1A22 Floor 0 + 5400    1/2" Sample 80.2 Trace
681612 1A23 Band 0 + 5500    2/02/06    GI 80.2 Trace
681613 1A23 Band 0 + 5500    2/02/06    GI    1/2" Sample 79.9 Small
681614 1A24 Rib/Floor 0 + 5625    2/03/06    GI 76.9 Trace
681615 1A25 Floor 0 + 5728    1" Sample 77.7 Small
681616 1A25 Floor 0 + 5728    1/2" Sample 76.8 Small
681617 1A26X Floor 0 + 5852    2/01/06    GI 70.2 Small
681618 1A26X Floor 0 + 5852    2/01/06    GI    1/2" Sample 68.3 Small
681619 1B1 Band 0 + 00    1" Band 45.2 None
681620 1B1 Band 0 + 00    1/2" Band 45.6 None
681621 1B2 Band 0 + 520    1" Band 69.3 None
681622 1B2 Band 0 + 520    1/2" Band 71.4 None
681623 1B10 Band 0 + 4186    1" Band 74.1 None
681624 1B10 Band 0 + 4186    1/2" Band 77.8 None
681625 1B11 Band 0 + 4426    1" Band 72.0 None
681626 1B11 Band 0 + 4426    1/2" Band 73.8 None
681627 1B13 Band 0 + 4700    2/02/06    GI 78.0 None
681628 1B13 Band 0 + 4700    2/02/06    GI    1/2" Band 76.5 None
681629 1B20X Rib/Floor 0 + 5285 73.5 Trace
681630 1B20X Rib/Floor 0 + 5285    1/2" Sample 77.1 Trace
681631 1B21 Floor 0 + 5326 73.2 Trace
681632 1B21X Floor 0 + 5368 74.2 Trace

Appendix Q - Mine Dust Survey Sago Mine Explosion Investigation
Sago Mine - Wolf Run Mining Company - Mine ID# 4608791

SURVEY #1(a):   Sampling Area:   Mains       Collected 1/30/06 - 2/03/06 by Clay         Rec. 2/17/06 from Cook/Hicks
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Lab No. Bag No. Sample Type Location in Mine Dust Analysis Coke Content

Appendix Q - Mine Dust Survey Sago Mine Explosion Investigation
Sago Mine - Wolf Run Mining Company - Mine ID# 4608791

SURVEY #1(a):   Sampling Area:   Mains       Collected 1/30/06 - 2/03/06 by Clay         Rec. 2/17/06 from Cook/Hicks

681633 1B21X Floor 0 + 5368    1/2" 72.4 Trace
681634 1B22 Floor 0 + 5400 73.0 Trace
681635 1B22 Floor 0 + 5400    1/2" 71.1 Trace
681636 1B22X Roof/Rib 0 + 5430    2/02/06    GI 69.7 Trace
681637 1B22X Roof/Rib 0 + 5430    2/02/06    GI    1/2" 71.5 Trace
681638 1B23 Rib/Floor 0 + 5500    2/02/06    GI 76.6 Trace
681639 1B23 Rib/Floor 0 + 5500    2/02/06    GI    1/2" 73.2 Trace
681640 1B24 Floor 0 + 5625    2/03/06    GI 74.6 Trace
681641 1B24 Floor 0 + 5625    2/03/06    GI    1/2" 74.8 Trace
681642 1B24X Band 0 + 5660 68.8 Trace
681867 S1B24X Band 0 + 5660    1/2" 73.5 Small
681643 1B25 Floor 0 + 5728    1" Sample 71.4 Trace
681644 1B25 Floor 0 + 5728    1/2" Sample 72.1 Small
681645 1B26 Floor 0 + 5822    1" Sample 66.6 Large
681646 1B26 Floor 0 + 5822    1" Sample 66.8 Large
681647 1B26 Floor 0 + 5822    1/2" Sample 66.7 Large
681648 1B26X Floor 0 + 5852 59.4 Large
681649 1B26X Floor 0 + 5852    1/2" 58.9 Large
681650 1C1 Band 0 + 00    1" Band 47.2 None
681651 1C1 Band 0 + 00    1/2" Band 42.9 None
681652 1C2 Band 0 + 520    1" Band 57.9 None
681653 1C2 Band 0 + 520    1/2" Band 60.8 None
681654 1C5 Band 0 + 2000    1" Band 62.4 None
681655 1C5 Band 0 + 2000    1/2" Band 45.1 None
681656 1C9 Band 0 + 3946    1" Band 88.8 None
681657 1C9 Band 0 + 3946    1/2" Band 88.3 None
681658 1C11 Band 0 + 4426    1" Band 62.0 None
681659 1C11 Band 0 + 4426    1/2" Band 60.4 None
681660 1C22 Rib/Floor 0 + 5400 70.5 Trace
681661 1C22 Rib/Floor 0 + 5400    1/2" 71.6 Trace
681662 1C23 Roof/Rib 0 + 5500    2/02/06    GI 72.5 Trace
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Lab No. Bag No. Sample Type Location in Mine Dust Analysis Coke Content

Appendix Q - Mine Dust Survey Sago Mine Explosion Investigation
Sago Mine - Wolf Run Mining Company - Mine ID# 4608791

SURVEY #1(a):   Sampling Area:   Mains       Collected 1/30/06 - 2/03/06 by Clay         Rec. 2/17/06 from Cook/Hicks

681663 1C23 Roof/Rib 0 + 5500    2/02/06    GI    1/2" 70.7 Trace
681664 1C24 Rib/Floor 0 + 5625    2/03/06    GI 65.8 Trace
681665 1C24X Band 0 + 5657 74.2 Small
681868 S1C24X Band 0 + 5657    1/2" 74.6 Trace
681666 1C25 Floor 0 + 5728    1" Sample 56.9 Small
681667 1C25 Floor 0 + 5728    1/2" Sample 60.4 Small
681668 1D1 Band 0 + 00    1" Band 51.6 None
681669 1D1 Band 0 + 00    1/2" Band 49.9 None
681670 1D2 Band 0 + 520    1" Band 74.1 None
681671 1D2 Band 0 + 520    1/2" Band 75.7 None
681672 1D5 Band 0 + 2000    1" Band 58.9 None
681673 1D5 Band 0 + 2000    1/2" Band 64.3 None
681674 1D7 Band 0 + 2982    1" Band 49.9 None
681675 1D7 Band 0 + 2982    1/2" Band 57.7 None
681676 1D8 Band 0 + 3464    1" Band 85.1 None
681677 1D8 Band 0 + 3464    1/2" Band 78.3 None
681678 1D20 Band 0 + 5255 73.0 Trace
681679 1D20 Band 0 + 5255    1/2" 69.5 Trace
681680 1D21 Rib/Floor 0 + 5326 74.3 Trace
681681 1D21 Rib/Floor 0 + 5326    1/2" 73.6 Trace
681682 1D22 Rib/Floor 0 + 5400 72.4 Trace
681683 1D22 Rib/Floor 0 + 5400    1/2" 70.2 Trace
681684 1D23 Rib/Floor 0 + 5500    2/02/06    GI 67.9 Trace
681685 1D23 Rib/Floor 0 + 5500    2/02/06    GI    1/2" 66.1 Trace
681686 1D24 Rib/Floor 0 + 5625 64.6 Trace
681687 1D24 Rib/Floor 0 + 5625    1/2" 64.8 Small
681688 1D24X Band 0 + 5658 74.0 Small
681869 S1D24X Band 0 + 5658    1/2" 74.1 Small
681689 1D25 Floor 0 + 5728    1" Sample 60.1 Small
681690 1D25 Floor 0 + 5728    1/2" Sample 59.4 Small
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Lab No. Bag No. Sample Type Location in Mine Dust Analysis Coke Content

Appendix Q - Mine Dust Survey Sago Mine Explosion Investigation
Sago Mine - Wolf Run Mining Company - Mine ID# 4608791

SURVEY #1(a):   Sampling Area:   Mains       Collected 1/30/06 - 2/03/06 by Clay         Rec. 2/17/06 from Cook/Hicks

681691 1D25X Rib/Floor 0 + 5770    1" Sample 51.6 Large
681692 1D25X Rib/Floor 0 + 5770    1/2" Sample 53.1 Large
681693 1E1 Band 0 + 00    1" Band 96.3 None
681694 1E1 Band 0 + 00    1/2" Band 97.0 None
681695 1E2 Band 0 + 520    1" Band 55.4 None
681696 1E2 Band 0 + 520    1/2" Band 64.8 None
681697 1E3 Band 0 + 1050    1" Band 84.4 None
681698 1E3 Band 0 + 1050    1/2" Band 72.1 Trace
681699 1E5 Band 0 + 2000    1" Band 87.7 None
681700 1E5 Band 0 + 2000    1/2" Band 86.9 None
681701 1E6 Band 0 + 2522    1" Band 87.1 None
681702 1E6 Band 0 + 2522    1/2" Band 91.2 None
681703 1E8 Band 0 + 3464    1" Band 80.5 None
681704 1E8 Band 0 + 3464    1/2" Band 88.8 None
681705 1E10 Band 0 + 4186    1" Band 87.0 None
681706 1E10 Band 0 + 4186    1/2" Band 81.2 None
681707 1E20 Rib/Floor 0 + 5255    2/02/06    GI 83.0 Trace
681708 1E20 Rib/Floor 0 + 5255    2/02/06    GI    1/2" 80.4 Trace
681709 1E22 Rib/Floor 0 + 5400 65.4 Trace
681710 1E22 Rib/Floor 0 + 5400    1/2" 63.0 Trace
681711 1E23 Rib/Floor 0 + 5500    2/02/06    GI 69.2 Small
681712 1E23 Rib/Floor 0 + 5500    2/02/06    GI    1/2" 65.7 Small
681713 1E24 Rib/Floor 0 + 5625 65.1 Small
681714 1E24 Rib/Floor 0 + 5625    1/2" 64.1 Small
681715 1E24X Band 0 + 5665 78.7 Small
681870 S1E24X Band 0 + 5665    1/2" 81.7 Small
681716 1E25 Floor 0 + 5728    1" Sample 57.4 Large
681717 1E25 Floor 0 + 5728    1/2" Sample 57.4 Large
681718 1E25X Floor 0 + 5768    1" Sample 52.5 Large
681719 1E25X Floor 0 + 5768    1/2" Sample 54.2 Large
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Lab No. Bag No. Sample Type Location in Mine Dust Analysis Coke Content

Appendix Q - Mine Dust Survey Sago Mine Explosion Investigation
Sago Mine - Wolf Run Mining Company - Mine ID# 4608791

SURVEY #1(a):   Sampling Area:   Mains       Collected 1/30/06 - 2/03/06 by Clay         Rec. 2/17/06 from Cook/Hicks

681720 1F1 Band 0 + 00    1" Band 90.4 None
681721 1F1 Band 0 + 00    1/2" Band 90.3 None
681722 1F2 Band 0 + 520    1" Band 70.7 None
681723 1F2 Band 0 + 520    1/2" Band 72.7 None
681724 1F3 Band 0 + 1050    1" Band 89.9 None
681725 1F3 Band 0 + 1050    1/2" Band 85.5 None
681726 1F4 Band 0 + 1474    1" Band 86.0 None
681727 1F4 Band 0 + 1474    1/2" Band 87.5 None
681728 1F5 Band 0 + 2000    1" Band 76.1 None
681729 1F5 Band 0 + 2000    1/2" Band 81.2 None
681730 1F6 Band 0 + 2522    1" Band 86.8 None
681731 1F6 Band 0 + 2522    1/2" Band 84.3 None
681732 1F7 Band 0 + 2982    1" Band 80.9 None
681733 1F7 Band 0 + 2982    1/2" Band 66.9 None
681734 1F8 Band 0 + 3464    1" Band 88.7 None
681735 1F8 Band 0 + 3464    1/2" Band 88.3 None
681736 1F10 Band 0 + 4186    1" Band 86.3 None
681737 1F10 Band 0 + 4186    1/2" Band 86.8 None
681738 1F13 Band 0 + 4700    1" Band 79.6 Trace
681739 1F13 Band 0 + 4700    1/2" Band 77.9 Trace
681740 1F14 Band 0 + 4780    1" Band 83.5 Trace
681741 1F14 Band 0 + 4780    1/2" Band 80.3 Trace
681742 1F15 Band 0 + 4851    1" Band 71.6 Trace
681743 1F15 Band 0 + 4851    1/2" Band 78.4 Trace
681744 1F16 Band 0 + 4934    1" Band 79.6 Trace
681745 1F16 Band 0 + 4934    1/2" Band 81.6 Trace
681746 1F17 Band 0 + 5011    1" Band 74.8 Trace
681747 1F17 Band 0 + 5011    1/2" Band 78.1 Trace
681748 1F18 Band 0 + 5100    1" Band 73.4 Trace
681749 1F18 Band 0 + 5100    1/2" Band 76.4 Trace
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Lab No. Bag No. Sample Type Location in Mine Dust Analysis Coke Content

Appendix Q - Mine Dust Survey Sago Mine Explosion Investigation
Sago Mine - Wolf Run Mining Company - Mine ID# 4608791

SURVEY #1(a):   Sampling Area:   Mains       Collected 1/30/06 - 2/03/06 by Clay         Rec. 2/17/06 from Cook/Hicks

681750 1F19 Band 0 + 5176    1" Band 76.5 Trace
681751 1F19 Band 0 + 5176    1/2" Band 76.1 Trace
681752 1F20 Band 0 + 5255    1" Band 73.6 Trace
681753 1F20 Band 0 + 5255    1/2" Band 73.9 Trace
681754 1F21 Band 0 + 5326    1" Band 77.5 Small
681755 1F21 Band 0 + 5326    1/2" Band 70.9 Trace
681756 1F22 Band 0 + 5400    1" Band 72.1 Small
681757 1F22 Band 0 + 5400    1/2" Band 73.8 Trace
681758 1F23 Band 0 + 5500    1" Band 67.2 Trace
681759 1F23 Band 0 + 5500    1/2" Band 68.0 Small
681760 1F24 Band 0 + 5625    1" Band 72.8 Small
681761 1F24 Band 0 + 5625    1/2" Band 73.7 Small
681762 1F24X Band 0 + 5658    1" Band 76.3 Small
681763 1F24X Floor 0 + 5658    2/03/06    GI    1/2" 77.7 Small
681764 1F25 Band 0 + 5728    1" Band 64.9 Small
681765 1F25 Band 0 + 5728    1/2" Band 66.9 Small
681766 1F25X Floor 0 + 5771    1" Sample 52.5 Small
681767 1F25X Floor 0 + 5771    1/2" Sample 53.2 None
681768 1G1 Band 0 + 00    1" Band 58.4 None
681769 1G1 Band 0 + 00    1/2" Band 59.8 None
681770 1G2 Band 0 + 520    1" Band 75.6 None
681771 1G2 Band 0 + 520    1/2" Band 76.0 None
681772 1G3 Band 0 + 1050    1" Band 56.4 None
681773 1G3 Band 0 + 1050    1/2" Band 60.4 None
681774 1G4 Band 0 + 1474    1" Band 61.8 None
681775 1G4 Band 0 + 1474    1/2" Band 54.7 None
681776 1G5 Band 0 + 2000    1" Band 66.4 None
681777 1G5 Band 0 + 2000    1/2" Band 66.6 None
681778 1G6 Band 0 + 2522    1" Band 76.2 None
681779 1G6 Band 0 + 2522    1/2" Band 75.7 None
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Lab No. Bag No. Sample Type Location in Mine Dust Analysis Coke Content

Appendix Q - Mine Dust Survey Sago Mine Explosion Investigation
Sago Mine - Wolf Run Mining Company - Mine ID# 4608791

SURVEY #1(a):   Sampling Area:   Mains       Collected 1/30/06 - 2/03/06 by Clay         Rec. 2/17/06 from Cook/Hicks

681780 1G8 Band 0 + 3464    1" Band 51.8 None
681781 1G8 Band 0 + 3464    1/2" Band 61.8 None
681782 1G9 Band 0 + 3946    1" Band 61.8 None
681783 1G9 Band 0 + 3946    1/2" Band 65.1 None
681784 1G10 Band 0 + 4186    1" Band 72.3 None
681785 1G10 Band 0 + 4186    1/2" Band 67.6 None
681871 S1G14 Band 0 + 4780    1/2" 75.6 None
681786 1G14X Band 0 + 4813 72.6 Trace
681872 S1G14X Band 0 + 4813    1/2" 68.4 None
681787 1G15 Band 0 + 4851 75.5 Trace
681873 S1G15 Band 0 + 4851    1/2" 75.0 Trace
681788 1G15X Band 0 + 4886 69.6 Trace
681874 S1G15X Band 0 + 4886    1/2" 70.8 Trace
681789 1G16 Band 0 + 4934 75.5 Trace
681875 S1G16 Band 0 + 4934    1/2" 75.2 Trace
681790 1G16X Band 0 + 4974 64.7 Trace
681876 S1G16X Band 0 + 4974    1/2" 63.9 Trace
681791 1G17 Band 0 + 5011 76.2 Trace
681877 S1G17 Band 0 + 5011    1/2" 72.8 Trace
681792 1G17X Band 0 + 5046 73.6 Trace
681878 S1G17X Band 0 + 5046    1/2" 71.7 Trace
681793 1G18 Band 0 + 5100 74.4 Trace
681879 S1G18 Band 0 + 5100    1/2" 74.1 Trace
681794 1G18X Band 0 + 5130 63.0 Trace
681880 S1G18X Band 0 + 5130    1/2" 69.1 Trace
681795 1G19 Band 0 + 5176 72.3 Trace
681881 S1G19 Band 0 + 5176    1/2" 74.8 Trace
681796 1G19X Band 0 + 5208 66.9 Trace
681882 S1619X Band 0 + 5208    1/2" 63.2 Trace
681797 1G20 Band 0 + 5255 72.1 Trace
681883 S1G20 Band 0 + 5255    1/2" 72.2 Trace
681798 1G20X Band 0 + 5287 68.1 Small
681884 S1G20X Band 0 + 5287    1/2" 67.5 Small
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Lab No. Bag No. Sample Type Location in Mine Dust Analysis Coke Content

Appendix Q - Mine Dust Survey Sago Mine Explosion Investigation
Sago Mine - Wolf Run Mining Company - Mine ID# 4608791

SURVEY #1(a):   Sampling Area:   Mains       Collected 1/30/06 - 2/03/06 by Clay         Rec. 2/17/06 from Cook/Hicks

681799 1G21 Band 0 + 5326 67.5 Small
681800 1G21 Band 0 + 5326 67.3 Small
681801 1G21X Band 0 + 5361 67.4 Small
681802 1G21X Band 0 + 5361    1/2" 66.3 Small
681803 1G22 Band 0 + 5400 66.3 Small
681885 S1G22 Band 0 + 5400    1/2" 66.6 Small
681804 1G23 Band 0 + 5500 59.4 Large
681886 S1G23 Band 0 + 5500    1/2" 61.8 Small
681805 1G24X Rib/Floor 0 + 5658 72.3 Large
681806 1G24X Rib/Floor 0 + 5658    1/2" 74.1 Large
681807 1G25X Floor 0 + 5768    1" Sample 56.9 Large
681808 1G25X Floor 0 + 5768    1/2" Sample 5 4.4 Large
681809 1H1 Band 0 + 00    1" Band 64.0 None
681810 1H1 Band 0 + 00    1/2" Band 66.0 None
681811 1H2 Band 0 + 520    1" Band 46.3 None
681812 1H2 Band 0 + 520    1/2" Band 55.4 None
681813 1H3 Band 0 + 1050    1" Band 70.8 None
681814 1H3 Band 0 + 1050    1/2" Band 67.9 None
681815 1H4 Band 0 + 1474    1" Band 54.1 None
681816 1H4 Band 0 + 1474    1/2" Band 45.2 None
681817 1H5 Band 0 + 2000    1" Band 62.9 None
681818 1H5 Band 0 + 2000    1/2" Band 45.6 None
681819 1H6 Band 0 + 2522    1" Band 68.4 None
681820 1H6 Band 0 + 2522    1/2" Band 68.0 None
681821 1H7 Band 0 + 2982    1" Band 70.4 None
681822 1H7 Band 0 + 2982    1/2" Band 85.7 None
681823 1H9 Band 0 + 3946    1" Band 78.4 None
681824 1H9 Band 0 + 3946    1/2" Band 74.1 None
681825 1H10 Band 0 + 4186    1" Band 52.8 None
681826 1H10 Band 0 + 4186    1/2" Band 64.3 None
681827 1H15 Band 0 + 4851    1" Band 77.4 None
681828 1H15 Band 0 + 4851    1/2" Band 76.9 Trace
681887 S1H15X Band 0 + 4891    1/2" 77.6 Trace
681829 1H18 Band 0 + 5100    1" Sample 75.4 Trace
681830 1H18 Band 0 + 5100    1/2" Sample 74.5 Trace
681831 1H19 Band 0 + 5176    1" Sample 75.8 Small
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Lab No. Bag No. Sample Type Location in Mine Dust Analysis Coke Content

Appendix Q - Mine Dust Survey Sago Mine Explosion Investigation
Sago Mine - Wolf Run Mining Company - Mine ID# 4608791

SURVEY #1(a):   Sampling Area:   Mains       Collected 1/30/06 - 2/03/06 by Clay         Rec. 2/17/06 from Cook/Hicks

681832 1H19 Band 0 + 5176    1/2" Sample 76.1 Trace
681833 1H20 Band 0 + 5255    1" Sample 72.6 Small
681834 1H20 Band 0 + 5255    1/2" Sample 71.9 Trace
681835 1H21 Rib/Floor 0 + 5326    1" Sample 77.1 Small
681836 1H24 Floor 0 + 5625    2/02/06    GI 75.6 Small
681837 1H24 Floor 0 + 5625    2/02/06    GI    1/2" 74.4 Small
681838 1H24X Floor 0 + 5655 86.1 Small
681839 1H24X Floor 0 + 5655    1/2" 82.3 Small
681840 1H25 Floor 0 + 5728    2/02/06    GI 64.8 Large
681841 1H25 Floor 0 + 5728    2/02/06    GI    1/2 " 66.3 Large
681842 1H25X Floor 0 + 5760    1" Sample 66.3 Large
681843 1H25X Floor 0 + 5760    1/2" Sample 66.4 Large
681844 1I2 Band 0 + 520    1" Band 63.0 None
681845 1I2 Band 0 + 520    1/2" Band 59.9 None
681846 1I3 Band 0 + 1050    1" Band 56.4 None
681847 1I3 Band 0 + 1050    1/2" Band 59.5 None
681848 1I4 Band 0 + 1474    1" Band 55.9 None
681849 1I4 Band 0 + 1474    1/2" Band 46.5 None
681850 1I5 Band 0 + 2000    1" Band 44.9 None
681851 1I5 Band 0 + 2000    1/2" Band 48.5 None
681852 1I6 Band 0 + 2522    1" Band 69.3 None
681853 1I6 Band 0 + 2522    1/2" Band 67.4 None
681854 1I18 Band 0 + 5100    1" Band 74.4 Trace
681855 1I18 Rib/Floor 0 + 5100    1/2" Sample 73.6 Trace
681856 1I19 Rib/Floor 0 + 5176    1" Sample 75.4 Trace
681857 1I19 Rib/Floor 0 + 5176    1/2" Sample 75.0 Trace
681858 1I20 Rib/Floor 0 + 5255    1" Sample 72.7 Trace
681859 1I20 Rib/Floor 0 + 5255    1/2" Sample 73.2 Trace
681860 1I21 Rib/Floor 0 + 5326    1" Sample 78.2 Trace
681861 1I21 Rib/Floor 0 + 5326    1/2" Sample 77.9 Trace
681862 1I22 Rib/Floor 0 + 5400    1" Sample 77.8 Trace
681863 1I24 Floor 0 + 5625 79.3 Trace
681864 1I24 Floor 0 + 5625    1/2" 77.0 Trace
681865 1I25 Floor 0 + 5728 65.5 Small
681866 1I25 Floor 0 + 5728    1/2" 64.1 Small
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Lab No. Bag No. Sample Type Location in Mine Dust Analysis Coke Content
681888 1A25X Band 0 + 5748    JC 92.0 Trace
681889 1A26 Band 0 + 5822    JC 70.0 Large
681890 1A27 Band 0 + 5880    JC 69.1 Large
681891 1A28 Band 0 + 5980    JC 62.4 X-Large
681892 1A29 Band 0 + 6043    JC 60.6 X-Large
681893 1A30 Band 0 + 6135    JC 56.3 X-Large
681894 1B25X Band 0 + 5748    JC 66.3 Small
681895 1B27 Band 0 + 5880 58.7 X-Large
681896 1B28 Band 0 + 5980    JC 58.5 X-Large
681897 1B29 Band 0 + 6043    JC 54.0 X-Large
681898 1B30 Band 0 + 6135    JC 60.0 X-Large
681899 1C25X Band 0 + 5748    JC 63.4 Large
681900 1C27 Band 0 + 5880    JC 50.9 X-Large
681901 1C28 Band 0 + 5980    JC 51.3 X-Large
681902 1C29 Band 0 + 6043    JC 58.1 X-Large
681903 1C30 Band 0 + 6135    JC 54.6 X-Large
681904 1D26 Band 0 + 5822 50.1 Large
681905 1D27 Band 0 + 5880 56.3 X-Large
681906 1D28 Band 0 + 5980 57.2 X-Large
681907 1E26 Band 0 + 5822 59.2 Large
681908 1E27 Band 0 + 5880 59.3 X-Large
681909 1F26 Band 0 + 5822    JC 54.3 X-Large
681910 1F27 Band 0 + 5880 54.6 X-Large
681911 1F28 Band 0 + 5980 56.9 X-Large
681912 1G26 Band 0 + 5822 56.9 X-Large
681913 1G27 Band 0 + 5880 50.8 X-Large
681914 1G28 Band 0 + 5980 53.3 X-Large
681915 1H26 Band 0 + 5822    JC 59.3 X-Large
681916 1H28 Band 0 + 5980    JC 45.0 Large

Sago Mine - Wolf Run Mining Company - Mine ID# 4608791

SURVEY #1(b):   Sampling Area:   Mains        Collected 2/16/06 by Cook/Hicks           Rec. 2/17/06 from Cook/Hicks
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Lab No. Bag No. Sample Type Location in Mine Dust Analysis Coke Content
681917 2F1 Roof & Ribs 0 + 00 87.3 None
681918 2F1 Roof & Ribs 0 + 00    1/2" Sample 93.6 None
681919 2G2 Ribs & Floor 0 + 474 89.8 None
681920 2G2 Ribs & Floor 0 + 474    1/2" Sample 86.0 None
681921 2H4 Band 0 + 1424 58.5 None
681922 2H4 Band 0 + 1424    1/2" Sample 66.4 None
681923 2H5 Ribs & Floor 0 + 1898 47.7 None
681924 2H5 Ribs & Floor 0 + 1898    1/2" Sample 36.8 None

Appendix Q - Mine Dust Survey Sago Mine Explosion Investigation
Sago Mine - Wolf Run Mining Company - Mine ID# 4608791

SURVEY #2:    Sampling Area:   1st Left           Collected 1/30/06 by Sparks                 Rec. 2/17/06 from Cook/Hicks
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Lab No. Bag No. Sample Type Location in Mine Dust Analysis Coke Content
681925 3A1X Floor 0 + 40 85.7 Trace
681926 3A1X Floor 0 + 40    1/2" 85.8 Trace
681927 3A6X Floor 0 + 408    0" to 1/4" deep 71.4 Trace
681928 3A6X Floor 0 + 408    0" to 1/4" deep 70.1 None
681929 3A13X Floor 0 + 908    0" to 1/4" deep off floor 65.9 None
681930 3A13X Floor 0 + 908    0" to 1/4" deep off floor 65.6 None
681931 3A14 Floor 0 + 945    0" to 3/8" deep 64.7 None
681932 3A14 Floor 0 + 945    1/2" 66.2 None
681933 3A14X Floor 0 + 973    0" to 1/4" deep on mine floor 64.6 None
681934 3A14X Floor 0 + 973    1/2" 61.8 None
681935 3A15 Floor 0 + 1030    0" to 1/4" deep on mine floor 59.7 None
681936 3A15 Floor 0 + 1030 61.1 None
681937 3A15X Floor 0 + 1045    0" to 1/4" deep on mine floor 59.8 None
681938 3A15X Floor 0 + 1045    0" to 1/4" deep on mine floor 59.4 None
681939 3A16X Floor 0 + 1125    0" to 3/8" deep on mine floor 89.1 Trace
681940 3A16X Floor 0 + 1125    0" to 3/8" deep on mine floor 89.4 None
681941 3B8 Floor 0 + 526    0" to 1/4" deep 81.7 None
681942 3B8 Floor 0 + 526    1/2" 83.1 None
681943 3B13 Roof & Floor 0 + 877    0' to 1/3" off mine floor 71.9 None
681944 3B13 Roof & Floor 0 + 877    0" to 1/3' deep off bottom 71.6 None
681945 3B14 Floor 0 + 945    0" to 1/3" deep off mine floor 83.9 None
681946 3B14 Floor 0 + 945    1/2" 75.1 None
681947 3B15 Floor 0 + 1013    0" to 1/4" deep on mine floor 91.5 None
681948 3B15 Floor 0 + 1013 91.7 None
681949 3B16 Floor 0 + 1083    0" to 3/8" deep on mine floor 66.3 None

Appendix Q - Mine Dust Survey Sago Mine Explosion Investigation
Sago Mine - Wolf Run Mining Company - Mine ID# 4608791

SURVEY #3:  Sampling Area:   2nd Left   Collected 1/30/06 - 2/03/06 by Ison/Sturgill  Rec. 2/17/06 from Cook/Hicks

Page 1 of 3Appendix Q - Page 12 of 15



Lab No. Bag No. Sample Type Location in Mine Dust Analysis Coke Content

Appendix Q - Mine Dust Survey Sago Mine Explosion Investigation
Sago Mine - Wolf Run Mining Company - Mine ID# 4608791

SURVEY #3:  Sampling Area:   2nd Left   Collected 1/30/06 - 2/03/06 by Ison/Sturgill  Rec. 2/17/06 from Cook/Hicks

681950 3B16 Floor 0 + 1083    1/2" 55.2 None
681951 3C6 Floor 0 + 378 70.1 None
681952 3C6 Floor 0 + 378    1/2" 73.5 None
681953 3C7 Floor 0 + 453 69.0 None
681954 3C7 Floor 0 + 453    1/2" 65.8 None
681955 3C8 Floor 0 + 526 68.7 None
681956 3C8 Floor 0 + 526    1/2" 70.6 None
681957 3C13 Floor 0 + 877 71.6 None
681958 3C13 Floor 0 + 877    1/2" 68.4 None
681959 3C15 Floor 0 + 1013 75.0 None
681960 3C15 Floor 0 + 1013    1/2" 73.9 None
681961 3C16 Roof & Floor 0 + 1083 73.7 None
681962 3C16 Roof & Floor 0 + 1083    1/2" 73.7 None
681963 3C16X Roof & Floor 0 + 1125 50.7 None
681964 3C16X Roof & Floor 0 + 1125    1/2" 51.0 None
681965 3C17 Floor 0 + 1152 69.3 None
681966 3C17 Floor 0 + 1152    1/2" 75.2 None
681967 3D1 Ribs & Floor 0 + 00 82.5 Trace
681968 3D1 Ribs & Floor 0 + 00    1/2" 82.7 Trace
681969 3D12X Ribs & Floor 0 + 845    2/01/06    GI 67.8 None
681970 3D12X Ribs & Floor 0 + 845    2/01/06    GI    1/2" 60.0 None
681971 3D13X Floor 0 + 908    1/31/06 74.6 None
681972 3D13X Floor 0 + 908    1/31/06    GI    1/2" 71.3 None
681973 3E17 Floor 0 + 1152    1/31/06    GI 75.5 None
681974 3E17 Floor 0 + 1152    1/31/06    GI    1/2" 75.5 None
681975 3G1 Ribs 0 + 00    1/30/06    Intake    GI 78.0 None
681976 3G1 Ribs 0 + 00    1/30/06    Intake    GI    1/2" 78.7 None
681977 3G1X Ribs & Floor 0 + 40    1/30/06    Intake    GI 71.2 Trace
681978 3G1X Ribs & Floor 0 + 40    1/30/06    Intake    GI    1/2" 72.4 None
681979 3G2 Ribs & Floor 0 + 80    1/30/06    Intake    GI 71.7 None
681980 3G2 Ribs & Floor 0 + 80    1/30/06    Intake    GI    1/2" 70.2 Trace
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Lab No. Bag No. Sample Type Location in Mine Dust Analysis Coke Content

Appendix Q - Mine Dust Survey Sago Mine Explosion Investigation
Sago Mine - Wolf Run Mining Company - Mine ID# 4608791

SURVEY #3:  Sampling Area:   2nd Left   Collected 1/30/06 - 2/03/06 by Ison/Sturgill  Rec. 2/17/06 from Cook/Hicks

681981 3G2X Ribs & Floor 0 + 110    1/30/06    Intake    GI 76.3 None
681982 3G2X Ribs & Floor 0 + 110    1/30/06    Intake    GI    1/2" 76.4 None
681983 3G3 Ribs & Floor 0 + 150    1/30/06    Intake    GI 72.0 None
681984 3G3 Ribs & Floor 0 + 150    1/30/06    Intake    GI    1/2" 74.8 None
681985 3G3X Ribs & Floor 0 + 180    1/30/06    Intake    GI 85.9 None
681986 3G4 Ribs & Floor 0 + 215    1/30/06    Intake    GI 69.4 None
681987 3G4 Floor 0 + 215    1/30/06    Intake    GI    1/2" 71.5 None
681988 3G4X Floor 0 + 265    1/30/06    Intake    GI 76.5 None
681989 3G4X Floor 0 + 265    1/30/06    Intake    GI 76.0 None
681990 3G5 Floor 0 + 293    1/30/06    Intake    GI 69.7 None
681991 3G5 Ribs & Floor 0 + 293    1/30/06    Intake    GI    1/2" 72.7 None
681992 3G5X Ribs & Floor 0 + 343    1/30/06    Intake    GI 64.4 None
681993 3G5X Ribs & Floor 0 + 343    1/30/06    Intake    GI    1/2" 66.1 None
681994 3G6X Floor 0 + 408    1/30/06    Intake    GI 61.6 None
681995 3G6X Floor 0 + 408    1/30/06    Intake    GI    1/2" 70.7 Trace
681996 3H1 Ribs & Floor 0 + 00    1/30/06    Intake    GI 74.7 Trace
681997 3H1 Ribs & Floor 0 + 00    1/30/06    Intake    GI    1/2" 73.1 None
681998 3H2 Ribs & Floor 0 + 80    1/30/06    Intake    GI 64.7 None
681999 3H2 Ribs & Floor 0 + 80    1/30/06    Intake    GI    1/2" 71.7 Trace
682000 3H3 Ribs & Floor 0 + 150    1/30/06    Intake    GI 66.8 None
682001 3H3 Ribs & Floor 0 + 150    1/30/06    Intake    GI    1/2" 67.1 None
682002 3H4 Floor 0 + 215    1/30/06    Intake    GI 67.2 None
682003 3H4 Floor 0 + 215    1/30/06    Intake    GI    1/2" 68.1 None
682004 3H5 Ribs & Floor 0 + 293    1/30/06    Intake    GI 69.9 None
682005 3H5 Ribs & Floor 0 + 293    1/30/06    Intake    GI    1/2" 68.5 None
682006 3H6 Ribs & Floor 0 + 378    1/31/06    Intake    GI 59.4 None
682007 3H6 Ribs & Floor 0 + 378    1/31/06    Intake    GI    1/2" 60.2 None
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Lab No. Bag No. Sample Type Location in Mine Dust Analysis Coke Content
682008 4B1 Ribs & Floor 0 + 00    1" Sample 73.3 X-Large
682009 4B1 Ribs & Floor 0 + 00    1/2" Sample 74.1 X-Large
682010 4B2 Floor 0 + 83 71.8 Large
682011 4B2 Floor 0 + 83    1/2" 75.5 X-Large
682012 4B4 Floor 0 + 242    2/01/06    GI 71.0 X-Large
682013 4B4 Floor 0 + 242    2/01/06    GI    1/2" 76.7 X-Large
682014 4C1 Floor 0 + 00    1" Sample 73.7 Large
682015 4C1 Floor 0 + 00    1/2" Sample 72.8 Large
682016 4C2 Floor 0 + 83    1" Sample 70.5 Large
682017 4C2 Floor 0 + 83    1/2" Sample 71.5 Large
682018 4C5 Floor 0 + 324 73.1 Large
682019 4C5 Floor 0 + 324    1/2" 72.4 Large
682020 4C6 Floor 0 + 401 76.6 Large
682021 4C6 Floor 0 + 401    1/2" 71.8 Large
682022 4D2 Band 0 + 83 52.1 Large
682023 4E1 Band 0 + 00 55.7 X-Large
682024 4E2 Band 0 + 83 55.8 X-Large
682025 4G2 Band 0 + 83 53.2 X-Large

SURVEY #4: Sampling Area:  2nd Left Mains  Collected 2/01-16/06 by Sparks/Hicks   Rec. 2/17/06 from Cook/Hicks

Appendix Q - Mine Dust Survey Sago Mine Explosion Investigation
Sago Mine - Wolf Run Mining Company - Mine ID# 4608791
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Department of Labor	 Mine Safety and Health Administration 
Industrial Park Road 
RR1, Box 251 
Triadelphia, West Virginia 26059 

December 21, 2006 

MEMORANDUM FOR RICHARD A. GATES 
Manager, Coal Mine Safety and Health, District 11 

FROM:	 JOHN P. FAINICW 
Chief, Approval and Certification Center 

SUBJECT:	 Executive Summary of Inspection of Sago Mine Voice 
Communications Equipment 

Coal Mine Safety and Health, through Robert 1. Phillips, requested that (a) the mine 
phones at Wolf Run Mining Company's Sago Mine, J.D. No. 46-08791, be identified by 
model and (b) a brief description of how they were interconnected with each other be 
prepared. Table 1 describing the telephones is attached as is Table 2 showing unused 
pager connections, and a diagram of their locations. 

Multiple communications systems were in place at Sago Mine at the time of inspection. 
These included: 

•	 paging loudspeaking telephones located in various areas, both underground and 
on the surface; 

•	 a distributed antenna radio system allowing for communications between the 
surface and mobile underground equipment (trolleyphones); 

•	 a commercial telephone system on the surface; and 
•	 portable two-way radios. 

These systems were interconnected on the surface. Hardware used for connection of 
the paging system to an extension of the mine's telephone system were provided. An 
additional interface was used to connect the paging system to a radio transceiver, which 
allowed for two-way communication with portable VHF radios used on the surface. 
Portable two-way VHF radios were apparently used for point-to-point communications 
underground, but this was not observed during the post-accident investigation. 
Portions of the hardware associated with these systems were evaluated and inspected 
to determine operational status. It was determined that: 

•	 When inspected between January 27, 2006, and February 4, 2006, the 
underground portion of the paging telephone system featured eighteen (18) 
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individual telephones. Three (3) of these were not connected to the system; two 
of these were in the area of damage caused by the explosion and the third was 
found on top of a piece of mobile equipment. As detailed in attached Table I, the 
functionality of the units varied from normal to non-functional. The two units 
found in the area of explosion damage were not tested. 

The pager line was found to be intact except in the area of explosion damage. 
Leading from the surface, the most inby end of the undamaged line was located 
near the 1 Left Section track switch in the 2 North Main track entry. 
Additionally, the pager line was not damaged from a point near the #4 crosscut 
of the No.6 belt on the 2 Left Section, and leading inby. 

In the damaged areas, the cable was found to be cut or pulled apart, especially 
where it traversed crosscuts, exposing it to the apparent forces from the 
explosion. Repairs had been affected to these areas by splices or replacement of 
the cable with twisted-pair wiring. 

Additionally, at least nine (9) unused facilities for connection to the underground 
pager line were found. It is not known, for specific locations, if telephones were 
present at the time of the explosion, if they were moved during the mine rescue, 
or if telephones were ever connected. 

Not all of the paging telephones found connected to the system were permissible. 
The only devices found in areas where permissibility was required were 
assumed to have been installed during mine rescue. 

•	 The underground trolleyphone system consisted of the signal line, the track as a 
return line, a repeater, terminating resistors, and trolleyphones carried on the 
track-mounted mobile equipment. The repeater did not function when 
inspected; laboratory testing of the unit is the subject of another report titled 
"Gai-Tronics Corporation Trolleyphone Carrier Repeater, Exhibit No. GH-91P." 

The signal line was severely damaged in the area affected by the explosion. It 
had apparently been repaired to allow for communications before the inspection 
occurred. The repair consisted of termination of the line to the track 
approximately 20 feet inby spad 3854, at the 50 block of the No.4 belt. This was 
the most outby undamaged area. 

The trolleyphones found on the #6 and #8 mantrips were found with depleted 
batteries, and were not tested for function. They appeared to be complete, and 
with minimal damage. It should be noted that, if the signal cable had been 
damaged and the line was not terminated, the trolleyphones would most likely 
not have been able to provide communications with the surface. 
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•	 None of the conductors associated with the trolleyphone system or the paging 
telephone systems showed any signs of burning or charring associated with 
excessive current. However, it should be noted that ignition-capable sparking 
can occur without leaving marks on conductive elements such as these. 

Comprehensive test results can be obtained from the Chief of the A&CC, RR 1, Box 251, 
Industrial Park Road, Triadelphia, West Virginia 26059. 
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TABLE 1. SAGO MINE UNDERGROUND PAGING TELEPHONES INSPECTED, PAGE 1 of 3 

Location Identifying Marking I Approval Receive Provide Talk to Listen to Battery Voltage Comments 
I Marking Page? Page? surface? surface, 

handset? I 
#1 Belt, #1 Case: None None Yes Yes Yes Yes Top: 12.93 Case is green and yellow 
Block PCB: WBA ISOlA Bottom: 9.95 
#1 Belt, 13 Femco Telephone, None No Yes Yes Yes Top: 11.1 Stainless steel case 
Block PCB: WBA3422A Bottom: 11.1 
#2 Bclt, Femco Telephone, 9B-155-1 Yes Yes Yes Yes Top: 10.4 
22 Block Model 821301, 

PIN AM7021, 
SIN 307003 

I 
I Bottom: 10.45 

#3 Belt head PCB: WBA 1598 None Yes Yes Yes Yes Inside: 10.47 Stain less steel case 
Outside: 10.47 

#3 Belt drive Pyatt-Boone Page 9B-I02-2 Yes Yes Yes Yes 9.47 
starter Boss, Model I 12 

PCB: 005-0077-003 
#3 Belt, Pyatt-Boone No No No Yes 9.51 Audible hum from handset 
9 Break PageBoss 

PCB: 005-0077-003 
RevQ 

#3 Belt, Pyatt-Boone 9B-I02-2 Yes Yes Yes Yes 8.82 
17 Break PageBoss, (muffled) (muffled) 

Model 112, SIN 
12927, I I 
PCB: 005-0077-003 
RevQ 

#4 Belt, PCB: WBA3422A Yes Yes Yes Yes Top: 11.31 Yellow and black case 
I Block Bottom: 11,31 
'Supply hole,' Gulton Femco 9B-155-0 Yes Yes Yes Yes 11.61 
#4 Belt, 9 Division, Permissible 

I Block Paging Telephone, 
Model 821301, pin 
AM7011, 
SIN 045291 

#4 Belt, 'Spruce', AEI Paging No No No Yes Top: 7.88 Yellow and black case, Page 
40 Block Phone, PIN 755-1 Bottom: 10.17 Speaker missing 
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TABLE 1. SAGO MINE UNDERGROUND PAGING TELEPHONES INSPECTED, PAGE 2 of 3 

Location Identifying Marking Approval 
Marking 

Receive 
Page? 

Provide 
Page? 

Talk to 
surface? 

Listen to 
surface, 
handset? 

Battery Voltage Comments 

#4 Bclt, 49 'Sago', pcb 
Block, near WBA3422 
spad 3845 
#4 Belt, 49 "A687JK", pcb 
Block, near WBA3422 
snad 3845 
#4 Belt, 57 Femco Model 
Break 741301/402 

Pcb 3422 

Crosscut near Calibration sticker 
#6 Belt drive "Date 10-5-05 by 

RH"; 
Pcb WBA3422A 

I Left Section, Femco Model No 
at Power Center (illegible); Serial No. 

23(illegible); Two 
Battery Telephone 
Permissible: pcb 
WBA4097 
Repair Job 35867 
Date Rec'd 10-10-05; 
Date repaired 10-12
05; Hughes Supply 

I Co. 

9B
34(illegible)5 

I 
I 

I 
I Illegible 

I 

No 

Yes 

N/A 

I 

N/A 

Yes 

I 

I 

No 

Yes 

N/A 

N/A 

I 

Yes 

No 

Yes 

N/A 

N/A 

Yes 

No 

Yes 

N/A 

N/A 

Yes 

11.84 

11.22 

11.12 

12.27 

Top: 11.99 
Bottom: 11.96 

~ 

Stainless steel case, dirty 
(earpiece and mie holes are filled 
with dirt) 
Yellow and black case, clean, 
installed in close proximity to 
unit detailed above 
Unit not tested for voice function 
because pager line was 

I 
disconnected, but remnants of I 
wiring presumed to be associated I 
with pager line found in 
terminals; audible click heard 
when page switch operated. 
Unit covered in soot and found 
in rubble; not connected to pager 
line; Handset was missing; 
handset cord was flexible and 
appeared to have been 
mechanically separated from 

Ihandset; an audible click heard 
when page switch operated; 
interior of unit elean and 
apparently undamaged. 
When first inspected, voice 
communications with this unit 
were not possible. After a break 
in the pager line at 21 Block of 
#5 belt was located and repaired, 
the unit worked. 
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TABLE 1. SAGO MINE UNDERGROUND PAGING TELEPHONES INSPECTED, PAGE 3 of 3 

Location Identifying Marking Approval 
Marking 

Receive 
Page? 

Provide 
Page? 

Talk to 
surface? 

Listen to 
surface, 
handset? 

Battery Voltage Comments 

I Left Section, 
#3 entry, 
Near old #7 
belt drive 

2 Left Section, 
Entry #4, near 
spad 4276 

On top of 
shuttle car 
canopy near 2 
Left power 
center 

Gulton, Fernco 
Division, National 
Mine Service, Gulton 
Permissible Paging 
Telephone, Model 
821301, PIN 
AM7020, 
SIN 028020, 
2 battery permissible 
phone, 
PCB: WBA4097 Rev 
B 
PCB: WBA4097, 
'Spruce' 

PCB: WBA 3422A, 
'Sago' 

I 

Illegible 

I 

No 

I 

Yes 

Yes 

Noisy 

Yes 

Yes 

No 

Yes (low 
volume) 

Yes (low 
volume) 

No 

Yes 

Yes 

Top: 8.90 
Bottom: 10.59 

Top: 10.54 
Bottom: 10.38 

Top: 11.45 
Bottom: 11.47 

I 

Phone was located at end of 
twisted pair cable that was 
apparently added by rescue 
teams from end of mine phonc 
cable at Dower center 
Phone was not connected, but 
was believed to have been the 
phone connected at the power 
center before the explosion and 
subsequent rescue. Phone was 
connected to line for testing 
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TABLE 2. UNUSED PAGER CONNECTIONS, SAGO MINE, FEBRUARY 4, 2006
 

Location Comments 
#3 Belt, 12 Break, Belt entry 6 inches long 
#3 Belt, 18 Break, Belt entry 
#3 Belt, 27 Break, Track entry Branch line drop. Ends appeared to be 

cut out of the jacket. 
#3 Belt, 28 Break, Track entry Cable spliced into main cable. The ends 

of the cable had been stripped of 
insulation and covered with black tape. 

#3 Belt, 31 Break, Track entry Pigtail connector for branch line. 
#3 Belt, 37 Break, Track entry Pigtail connector for branch line, 

covered with black tape. 
#4 Belt, 13 Break, Belt entry Cable splice in track entry was clean, 

appearing to have been new. Bare ends 
of branch line in belt entry. 

#4 Belt, Between 21 and 22 Break, 
Track entry 

Wires covered by tape. 

#4 Belt, 25 Break, Track entry Branch line drop with bare ends. Mr. 
Denver Wilfong indicated that he 
thought he used phone at this location 
on morning of accident. 
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Pager locations as defined InaID 

<D
 

Table 1
 

Unused pager connections as
 
defined in Table 2
 

Scale: 1" = 800' 
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U.S. Department of Labor	 Mine Safety and Health Adm in istrat ion 
Indust rial Park Road 
RR 1, Box 251 
Triadelph ia. West Virginia 26059 

March 30,2007 

MEMORANDUM FOR RICHARD A. GATES
 
District Manager, Coal Mine Safety and Health, District 11
 

FROM:	 JOHN P. FAINIc:.z;i-·
 
Chief, Approval and Certification Center
 

SUBJECT:	 Executive Summary of Investigation of Cai-Tronics Corporation 
Trolleyphone Carrier Repeater 

A trolleyphone communicat ions system utilizing components manufactured by Cai
Tronics Corporation was installed at Wolf Run Mining Company' s Sago Mine at the 
time of an explosion on January 2, 2006. One of the components, a Trolleyphone Carrier 
Repeater, was found to be nonfunctional during underground inspection on January 28, 
2006. The device was recovered, and inspected and tested in the Electrical Safety 
Division laboratory to (a) determine the operational status of the repea tel', and, if 
appropriate, (b) determine the cause of the failure. 

In the laboratory, the Trolleyphone Carrier Repeater, Exhibit Number GH-91P, did not 
repeat the behavior observed at the Sago Mine on January 28, 2006. It was able to 
receive and re-transmit signals in the laboratory, although the measured signal voltage 
was sub-optimal. The reduced measured carrier voltage level is most likely due to the 
method of testing in the laboratory, specifically the impedance mismatch between the 
external load resistor, 25 ohms, and the measured internal terminating resistance of 46.3 
ohms. Inspection and testing revealed no damaged components; all fuses were intact, 
suggesting that the carrier repeater was not subject to high voltage surges at the power 
su pply terminals . 

The definitive cause of the malfunction observed in the underground mining 
environment could not be determined by laboratory testing of the trolleyphone carrier 
repeater . 

Comprehensive test results can be obtained from the Chief of the A&CC, RR 1, Box 251, 
Industrial Park Road, Triadelphia, West Virginia 26059. 
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Experimental Study of the Effect of LLEM Explosions 
on Various Seals and Other Structures and Objects1 

 
 

Kenneth L. Cashdollar, Eric S. Weiss, Samuel P. Harteis, and Michael J. Sapko  
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Experimental Study of the Effect of LLEM Explosions 
on Various Seals and Other Structures and Objects2 

 
by Kenneth L. Cashdollar, Eric S. Weiss, Samuel P. Harteis, and Michael J. Sapko3  

National Institute for Occupational Safety and Health, 
Pittsburgh Research Laboratory, Pittsburgh, PA 

 
 

Executive Summary 
The Mine Safety and Health Administration (MSHA) and the West Virginia 

Office of Miners’ Health, Safety, and Training (WVOMHS&T) have been investigating 
the January 2006  Sago coal mine explosion in West Virginia, which resulted in 12 
fatalities.  In early Spring 2006 the MSHA and the WVOMHS&T requested the 
Pittsburgh Research Laboratory (PRL) of the National Institute for Occupational Safety 
and Health (NIOSH) to evaluate the effects of explosions on specific mine ventilation 
seals and other structures and objects at the NIOSH Lake Lynn Experimental Mine 
(LLEM) to help answer questions that arose during their investigations of the Sago coal 
mine explosion.  Six large-scale explosion tests were conducted in the LLEM from April 
to October 2006.  The protocols for these tests, and in particular the procedures for 
constructing the various Omega block seals, were primarily developed by MSHA and 
WVOMHS&T.  NIOSH developed the experimental procedures at the LLEM that would 
provide the required range of explosion pressures against the seals.  Three 40-inch thick 
seal designs using Omega 384 low-density block were constructed at the LLEM and 
exposed to various explosion pressures.  These seal designs are identified in the report as 
the 2001 design, the “hybrid” design, and the “Sago” design.   

The 2001 design Omega block seal (80 inches high) located in crosscut 2 survived 
all six LLEM explosions, with maximum pressures up to 51 psi.  The 2001 design Omega 
block seal (88 inches high) in C-drift was destroyed during Test 2, which had a maximum 
explosion pressure of 51 psi.  The difference in heights between these two seals was a 
contributing factor to the fact that the crosscut 2 seal survived an explosion at 51 psi and 
the C-drift seal was destroyed during Test 2 at 51 psi.  The higher seal would be weaker 
for the same seal thickness.  The “hybrid” Omega block seal in crosscut 3 survived an 
explosion at a pressure of 25 psi and failed during another explosion at a maximum 
pressure of 39 psi at the seal.  Based on these LLEM tests, it appears that the hybrid seal 
design is weaker than the 2001 seal design.  The “Sago Omega block seals” were 
constructed in crosscut 3 and C-drift before Test 3.  The crosscut 3 seal survived an 
explosion pressure of 18 psi and was destroyed during an explosion with a maximum 
pressure of 35 psi at the seal.  The C-drift seal survived an explosion pressure of 21 psi 
and was destroyed during an explosion with a maximum pressure of 57 psi at the seal.  

                                                 
2 This report details work performed at the request of the Mine Safety and Health Administration and the 
West Virginia Office of Miners’ Health, Safety, and Training in support of their investigations into the 
Sago mine explosion.  This report has not undergone external peer review. 
3 Retired from NIOSH in January 2007. 
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Based on these LLEM tests, it appears that the “Sago” seal design is weaker than the 
2001 seal design, yet it still complies with the requirements of 30 CFR 75.335(a)(2). 

 
 
During these LLEM explosion tests, the distance of seal debris travel was also 

measured.  In Test 5, the C-drift seal was destroyed during an explosion with a maximum 
pressure of 57 psi, and the seal debris was thrown over 500 ft.  In Test 6, the C-drift seal 
was destroyed during an explosion with a maximum pressure of 93 psi, and the Omega 
block debris was thrown over 900 ft.  During these LLEM tests, the explosion pressure 
effects on other structures and objects were also documented, as described in the text.   

The information in this report will be used as supporting data for the MSHA and 
WVOMHS&T investigation reports of the Sago coal mine explosion.  
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Summary and Conclusions 
Several seal designs using Omega 384 block were constructed at the LLEM 

during 2006 and exposed to various explosion pressures.  All of the seals were 
constructed of Omega low-density blocks with nominal dimensions of 8-in by 16-in by 
24-in.  The blocks were alternated to stagger the joints.  In the 2001 design, properly 
mixed BlocBond mortar was applied to all of the block-to-block interfaces and all the 
block-to-strata interfaces, including the floor.  There were some differences between the 
2001 design and the “hybrid” and “Sago” designs.  The main differences between the 
"hybrid" design and the 2001 design were that the "hybrid" design was installed on a ¼-
in thick layer of dry BlocBond and that the entire first course of block was put into 
position prior to any mortar being applied to the block.  For all subsequent courses with 
the "hybrid" design, the mortar was applied by gloved hand to the block joints prior to 
placement of each block.  The main differences between the "Sago" design and the 2001 
design were that the "Sago" design was installed on a 1½-in thick layer of dry BlocBond 
and that the mortar was forced into the vertical joints after the blocks were positioned for 
all courses of blocks.  Comprehensive details of the three seal construction procedures are 
in Appendix B.   

 A summary of the results of the explosions against the three seal designs is listed 
in table 13.  The first two columns list the type of seal design and the location in a 
crosscut or in C-drift at the LLEM.  The next two columns list the seal height and width.  
All the seals were nominally 40 in thick.  When the coating thickness on the faces of the 
seal and the mortar thickness are included, the total seal thickness was about 41 in.  The 
next column lists the highest explosion pressure at which a particular seal survived.  The 
final column lists the explosion pressure at which a particular seal was destroyed.  This 
value is the maximum pressure measured during a particular explosion at the middle front 
of the seal.  If a particular design of seal was destroyed during more than one explosion, 
the lower explosion pressure is listed.  For example, a “Sago” seal in C-drift was 
destroyed at 57 psi during Test 5 and at 93 psi during Test 6, so only the lower pressure 
of 57 psi is listed in Table 13.  The ultimate strength of a particular seal would be 
somewhere between the values in columns five and six.  For example, the 81-in high 
“hybrid” seal survived an explosion pressure of 25 psi and was destroyed during a later 
explosion at 39 psi.  Therefore, its ultimate strength is greater than 25 psi but less than 39 
psi.  

 
Table 13 – Summary of explosion pressures on various seals  

Seal 
Design Location Height, 

in Width, in 

Highest 
Pressure 

at which seal 
survived 

Explosion 
Pressure 

at which seal was 
destroyed 

X-2 80 226 51 n/a 
2001 

C-drift 88 224 n/a 51 

“hybrid” X-3 81 226 25 39 

“Sago” X-3 80 226 18 35 
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 C-drift 88 224 21 57 
Note:  n/a means that no data were available for this scenario. 

 
The 2001 design Omega block seal (see Appendix B1 for construction details) 

located in X-2 survived all six LLEM explosions, with maximum side-on pressures of 13, 
15, 22, 23, and 51 psi.  Note that all the explosion pressure values were smoothed data 
that were averaged over 10 ms.  The pressure data here are all from transducers near the 
geometric center in front the seals.  The 2001 design Omega block seal (Appendix B3) in 
C-drift was destroyed during Test 2, which had a maximum head-on explosion pressure 
of 51 psi.  The difference in heights between these two seals was a contributing factor to 
the fact that the X-2 seal survived Test 6 at 51 psi and the C-drift seal was destroyed 
during Test 2 at 51 psi.  The C-drift seal was ~88 in high and the X-3 seal was ~80 in 
high.  The higher seal would be weaker for the same seal thickness [Anderson 1984].  
The “hybrid” Omega block seal (Appendix B2) in X-3 survived Test 1 at an explosion 
pressure of 25 psi and failed during Test 2 at an explosion pressure of 39 psi.  Based on 
these LLEM tests, it appears that the hybrid seal design is weaker than the 2001 seal 
design. 

The “Sago Omega block seals” were constructed in X-3 and C-drift before Test 3, 
as described in Appendixes B4 and B5.  The X-3 seal survived Tests 3 and 4 at explosion 
pressures of 16 and 18 psi, respectively.  It was destroyed during Test 5 at an explosion 
pressure of 35 psi.  The C-drift seal survived Tests 3 and 4 at explosion pressures of 17 
and 21 psi, respectively.  It was destroyed during Test 5 at an explosion pressure of 57 
psi.  During these three tests, the X-3 seal experienced the side-on explosion pressure and 
the C-drift seal experienced the head-on explosion pressure.  The X-3 and C-drift “Sago 
Omega block seals” both survived Test 4 at explosion pressures of 18 and 21 psi, 
respectively.  The X-3 and C-drift seals both were destroyed during Test 5 at higher 
explosion pressures of 35 and 57 psi, respectively.  This indicates that the magnitude of 
the explosion pressure is more important than the direction of the explosion propagation 
in regard to seal survival or failure.  Another “Sago Omega block seal” was constructed 
in C-drift for Test 6, and it was destroyed at an explosion pressure of 93 psi, as expected.  
Based on these LLEM tests, it appears that the “Sago” seal design is weaker than the 
2001 seal design. 

During these LLEM explosion tests, the distance of seal debris travel was also 
measured.  The C-drift seal was exposed to an explosion pressure of 51 psi in Test 2 and 
the seal debris was thrown over 800 ft.  In Test 2, there was no significant obstacle 
beyond the C-drift seal that would restrict the debris travel.  In Tests 5 and 6, there were 
two wood cribs and a block stopping beyond the C-drift seal.  Even though the cribs and 
stopping were destroyed in both tests, they would absorb blast energy and therefore limit 
the debris travel distance.  In Test 5, the C-drift seal was exposed to an explosion 
pressure of 57 psi and the seal debris was thrown over 500 ft.  In Test 6, the C-drift seal 
was exposed to an explosion pressure of 93 psi and the Omega block debris was thrown 
over 900 ft.  During these LLEM tests, the explosion pressure effects on other structures 
and objects were also documented, as described in the text. 

The purpose of these LLEM explosion tests in 2006 was to assist the Mine Safety 
and Health Administration (MSHA) and the West Virginia Office of Miners’ Health, 
Safety, and Training (WVOMHS&T) in determining the explosion pressures at which 
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various 40-in thick Omega block seal designs would fail and studying the explosion 
effects on various mine items, including the debris fields resulting from the destroyed 
seals.  The information in this report will be used as supporting data for the MSHA and 
WVOMHS&T investigation reports of the Sago coal mine explosion.   
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Aug 11 2006 6:46:06 PM

Nicole Ferro

Thank you for using Vaisala's STRIKEnet® to validate the referenced claim. Your report
was generated using data from Vaisala's National Lightning Detection Network®, the
most comprehensive archive database in North America.

STRIKEnet Report 168384

Claim Number:
Insured/Claimant Name:
Approx. Claim/Loss Value:
Items Damaged/Loss Type:
Claim Address:

Search Period: Jan 1 2006 10:00:00 PM US/Eastern
Jan 2 2006 10:00:00 PM US/Eastern

Search Center Point: 38.940940° N (Latitude), 80.202310° W (Longitude)
Search Radius: 15 mi/25 km around the given location.

Comments: 162 strikes were detected by the National Lightning Detection Network for the
given time period and location.

Thank you again for selecting STRIKEnet. If you have any questions please contact us at
1 800 283 4557 or thunderstorm.support@vaisala.com.

Best Regards,
The Vaisala STRIKEnet Team

Vaisala Inc.
Tucson Operations
2705 E. Medina Road
Tucson, AZ 85706, USA
thunderstorm.vaisala.com
Tel. +1 520 806 7300
Fax +1 520 741 2848
thunderstorm.sales@vaisala.com
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STRIKEnet Report 168384
Report Title: 60-06MR-308
Total Lightning Strokes Detected: 162
Lightning Strokes Detected within 15 mi/25 km radius: 128
Lightning Strokes Detected beyond 15 mi/25 km whose confidence ellipse overlaps the radius: 34
Search Radius: 15 mi/25 km
Time Span: Jan 1 2006 10:00:00 PM US/Eastern to Jan 2 2006 10:00:00 PM US/Eastern

Location Points For Lightning Strokes

Lightning data provided by Vaisala's NLDN® and/or Environment Canada's CLDN.

Vaisala Inc.
Tucson Operations
2705 E. Medina Road
Tucson, AZ 85706, USA
thunderstorm.vaisala.com
Tel. +1 520 806 7300
Fax +1 520 741 2848
thunderstorm.sales@vaisala.com
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STRIKEnet Report 168384
Report Title: 60-06MR-308
Total Lightning Strokes Detected: 162
Lightning Strokes Detected within 15 mi/25 km radius: 128
Lightning Strokes Detected beyond 15 mi/25 km whose confidence ellipse overlaps the radius: 34
Search Radius: 15 mi/25 km
Time Span: Jan 1 2006 10:00:00 PM US/Eastern to Jan 2 2006 10:00:00 PM US/Eastern

Confidence Ellipses For Lightning Strokes

Lightning data provided by Vaisala's NLDN® and/or Environment Canada's CLDN. Note: These ellipses indicate a 99%
certainty that the recorded lightning event contacted the ground within the bounds of the ellipse.

Vaisala Inc.
Tucson Operations
2705 E. Medina Road
Tucson, AZ 85706, USA
thunderstorm.vaisala.com
Tel. +1 520 806 7300
Fax +1 520 741 2848
thunderstorm.sales@vaisala.com
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Area Of Study With Center Point

Vaisala Inc.
Tucson Operations
2705 E. Medina Road
Tucson, AZ 85706, USA
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STRIKEnet Report 168384
Report Title: 60-06MR-308
Total Lightning Strokes Detected: 162
Lightning Strokes Detected within 15 mi/25 km radius: 128
Lightning Strokes Detected beyond 15 mi/25 km whose confidence ellipse overlaps the radius: 34
Search Radius: 15 mi/25 km
Time Span: Jan 1 2006 10:00:00 PM US/Eastern to Jan 2 2006 10:00:00 PM US/Eastern

Lightning Stroke Table (Note: Earliest 50 events shown. Events ordered by time.)
Peak Distance From

Date Time Current (kA) Center (mi/km) Latitude Longitude

Jan 2, 2006 4:14:03 AM -5.3 22.1/35.7 38.6437 -80.3571
Jan 2, 2006 5:33:58 AM 26.5 15.4/24.8 38.7260 -80.2798
Jan 2, 2006 5:35:41 AM -29.1 15.7/25.3 38.7178 -80.1439
Jan 2, 2006 5:35:41 AM -16.7 15.7/25.3 38.7181 -80.1427
Jan 2, 2006 5:36:14 AM -61.8 14.3/23.0 38.7462 -80.2931
Jan 2, 2006 5:36:14 AM -12.1 13.0/21.0 38.7684 -80.3012
Jan 2, 2006 5:36:14 AM -8.3 13.4/21.6 38.7619 -80.2993
Jan 2, 2006 5:43:55 AM -5.7 15.8/25.6 38.7334 -80.0757
Jan 2, 2006 5:43:55 AM -4.0 15.7/25.4 38.7347 -80.0765
Jan 2, 2006 5:51:33 AM 12.6 12.9/20.8 38.9451 -80.4429
Jan 2, 2006 5:55:25 AM -5.8 15.3/24.7 38.7407 -80.3269
Jan 2, 2006 5:57:41 AM -7.8 20.1/32.4 38.7366 -79.9362
Jan 2, 2006 5:57:48 AM 25.1 6.5/10.6 38.8487 -80.2310
Jan 2, 2006 6:00:09 AM 12.5 10.0/16.2 38.8131 -80.2920
Jan 2, 2006 6:04:01 AM -60.5 15.9/25.6 38.7107 -80.2097
Jan 2, 2006 6:04:01 AM -11.9 16.0/25.8 38.7090 -80.2116
Jan 2, 2006 6:04:01 AM -15.8 15.6/25.2 38.7150 -80.2163
Jan 2, 2006 6:04:12 AM 23.9 13.4/21.6 38.9601 -80.4506
Jan 2, 2006 6:04:12 AM -33.9 14.1/22.7 38.9427 -80.4652
Jan 2, 2006 6:05:30 AM -6.0 14.6/23.5 38.7303 -80.1803
Jan 2, 2006 6:06:16 AM -7.5 17.1/27.5 38.6943 -80.1740
Jan 2, 2006 6:06:16 AM -9.3 15.2/24.6 38.7200 -80.2049
Jan 2, 2006 6:07:26 AM -48.8 15.9/25.6 38.7122 -80.1721
Jan 2, 2006 6:08:29 AM -88.7 9.9/16.0 38.9486 -80.3875
Jan 2, 2006 6:08:29 AM -15.3 9.5/15.3 38.9408 -80.3788
Jan 2, 2006 6:09:23 AM -23.7 16.1/25.9 38.7083 -80.1837
Jan 2, 2006 6:09:23 AM -7.1 16.3/26.4 38.7045 -80.1816
Jan 2, 2006 6:09:23 AM -15.3 14.0/22.5 38.7388 -80.2225
Jan 2, 2006 6:10:32 AM -12.7 15.7/25.4 38.7151 -80.2443
Jan 2, 2006 6:10:32 AM -5.9 15.4/24.9 38.7177 -80.1791
Jan 2, 2006 6:10:32 AM -8.9 15.4/24.8 38.7190 -80.1787
Jan 2, 2006 6:10:32 AM -8.6 13.8/22.3 38.7413 -80.1827

Vaisala Inc.
Tucson Operations
2705 E. Medina Road
Tucson, AZ 85706, USA
thunderstorm.vaisala.com
Tel. +1 520 806 7300
Fax +1 520 741 2848
thunderstorm.sales@vaisala.com
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Peak Distance From

Date Time Current (kA) Center (mi/km) Latitude Longitude

Jan 2, 2006 6:10:32 AM -15.6 12.3/19.8 38.7698 -80.1395
Jan 2, 2006 6:12:16 AM 14.0 11.8/19.1 38.8615 -80.3974
Jan 2, 2006 6:12:16 AM -27.8 13.0/21.0 38.8467 -80.4129
Jan 2, 2006 6:12:16 AM -8.3 13.0/20.9 38.8431 -80.4086
Jan 2, 2006 6:13:08 AM -19.1 13.7/22.0 38.7436 -80.1817
Jan 2, 2006 6:13:08 AM -17.6 13.7/22.1 38.7427 -80.1775
Jan 2, 2006 6:13:08 AM -16.0 6.3/10.2 38.9792 -80.3097
Jan 2, 2006 6:13:08 AM -10.8 7.2/11.6 38.9956 -80.3168
Jan 2, 2006 6:14:27 AM -35.8 9.7/15.7 38.8361 -80.0813
Jan 2, 2006 6:14:27 AM 6.3 14.2/23.0 38.7359 -80.1713
Jan 2, 2006 6:15:13 AM 20.5 9.4/15.2 38.8770 -80.3572
Jan 2, 2006 6:15:13 AM -133.9 9.4/15.2 38.8775 -80.3573
Jan 2, 2006 6:15:13 AM -35.9 9.4/15.2 38.8751 -80.3565
Jan 2, 2006 6:15:13 AM -5.4 10.6/17.2 38.8620 -80.3729
Jan 2, 2006 6:15:14 AM -8.1 11.2/18.1 38.8588 -80.3835
Jan 2, 2006 6:15:22 AM -34.8 13.6/21.9 38.7465 -80.1619
Jan 2, 2006 6:15:23 AM -11.1 13.5/21.8 38.7469 -80.1628
Jan 2, 2006 6:17:13 AM -14.2 12.1/19.5 38.8164 -80.0430

Vaisala Inc.
Tucson Operations
2705 E. Medina Road
Tucson, AZ 85706, USA
thunderstorm.vaisala.com
Tel. +1 520 806 7300
Fax +1 520 741 2848
thunderstorm.sales@vaisala.com

Aug 11 2006 6:46:06 PM GMT Page 6 of 18
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STRIKEnet Report 168384
Report Title: 60-06MR-308
Total Lightning Strokes Detected: 162
Lightning Strokes Detected within 15 mi/25 km radius: 128
Lightning Strokes Detected beyond 15 mi/25 km whose confidence ellipse overlaps the radius: 34
Search Radius: 15 mi/25 km
Time Span: Jan 1 2006 10:00:00 PM US/Eastern to Jan 2 2006 10:00:00 PM US/Eastern

Lightning Stroke Table (Note: Closest 50 events shown. Events ordered by distance.)
Peak Distance From

Date Time Current (kA) Center (mi/km) Latitude Longitude

Jan 2, 2006 6:26:35 AM 101.0 1.9/3.1 38.9260 -80.2331
Jan 2, 2006 6:26:35 AM 38.8 3.4/5.5 38.8968 -80.2313
Jan 2, 2006 9:30:44 AM 27.5 3.6/5.7 38.9003 -80.2431
Jan 2, 2006 6:38:51 AM 85.7 4.4/7.1 38.9805 -80.1380
Jan 2, 2006 6:38:51 AM -12.6 4.9/7.8 38.9748 -80.1227
Jan 2, 2006 8:30:44 PM 18.1 5.4/8.7 38.9289 -80.3014
Jan 2, 2006 7:36:46 AM -5.7 5.8/9.3 39.0048 -80.2719
Jan 2, 2006 6:38:51 AM -86.0 6.2/9.9 38.9954 -80.1113
Jan 2, 2006 6:13:08 AM -16.0 6.3/10.2 38.9792 -80.3097
Jan 2, 2006 5:57:48 AM 25.1 6.5/10.6 38.8487 -80.2310
Jan 2, 2006 7:22:01 AM 23.7 6.6/10.7 38.8570 -80.1420
Jan 2, 2006 7:22:01 AM -19.4 7.0/11.2 38.8500 -80.1457
Jan 2, 2006 6:13:08 AM -10.8 7.2/11.6 38.9956 -80.3168
Jan 2, 2006 6:29:42 AM 19.3 7.5/12.1 38.8782 -80.0886
Jan 2, 2006 7:11:49 AM 87.8 7.9/12.8 38.8344 -80.2577
Jan 2, 2006 7:03:33 AM -20.9 8.3/13.3 38.8292 -80.2578
Jan 2, 2006 7:52:21 AM 47.4 8.3/13.4 38.8949 -80.0595
Jan 2, 2006 6:15:13 AM -133.9 9.4/15.2 38.8775 -80.3573
Jan 2, 2006 6:15:13 AM 20.5 9.4/15.2 38.8770 -80.3572
Jan 2, 2006 6:15:13 AM -35.9 9.4/15.2 38.8751 -80.3565
Jan 2, 2006 6:08:29 AM -15.3 9.5/15.3 38.9408 -80.3788
Jan 2, 2006 6:14:27 AM -35.8 9.7/15.7 38.8361 -80.0813
Jan 2, 2006 7:09:31 AM 178.8 9.8/15.8 38.8130 -80.2805
Jan 2, 2006 6:08:29 AM -88.7 9.9/16.0 38.9486 -80.3875
Jan 2, 2006 6:00:09 AM 12.5 10.0/16.2 38.8131 -80.2920
Jan 2, 2006 10:52:47 AM -5.4 10.4/16.8 38.8012 -80.1279
Jan 2, 2006 6:15:13 AM -5.4 10.6/17.2 38.8620 -80.3729
Jan 2, 2006 6:57:04 AM -9.3 10.7/17.3 38.8845 -80.0159
Jan 2, 2006 7:35:11 PM -6.0 10.9/17.5 39.0867 -80.1257
Jan 2, 2006 7:03:33 AM 77.4 10.9/17.5 38.8354 -80.3530
Jan 2, 2006 7:33:54 PM -14.6 10.9/17.6 38.9679 -80.0018
Jan 2, 2006 10:56:18 AM 32.5 11.1/17.8 38.8218 -80.0641
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Peak Distance From

Date Time Current (kA) Center (mi/km) Latitude Longitude

Jan 2, 2006 6:15:14 AM -8.1 11.2/18.1 38.8588 -80.3835
Jan 2, 2006 7:07:03 AM -198.4 11.3/18.2 38.7912 -80.2878
Jan 2, 2006 7:03:33 AM -35.7 11.3/18.2 38.8191 -80.3433
Jan 2, 2006 7:54:44 AM -9.0 11.6/18.7 38.7732 -80.2165
Jan 2, 2006 7:35:55 PM -8.6 11.7/18.8 38.9710 -79.9878
Jan 2, 2006 7:54:44 AM -23.3 11.7/18.9 38.7714 -80.2190
Jan 2, 2006 7:54:44 AM -17.8 11.7/18.9 38.7714 -80.2191
Jan 2, 2006 6:57:04 AM -20.7 11.7/18.9 38.8925 -79.9923
Jan 2, 2006 10:57:53 AM -51.1 11.8/19.0 38.8009 -80.0760
Jan 2, 2006 6:12:16 AM 14.0 11.8/19.1 38.8615 -80.3974
Jan 2, 2006 6:17:13 AM -10.9 11.9/19.2 38.8195 -80.0443
Jan 2, 2006 10:56:18 AM -47.4 12.0/19.4 38.7952 -80.0790
Jan 2, 2006 6:17:13 AM -9.3 12.0/19.4 38.8183 -80.0427
Jan 2, 2006 6:17:13 AM -7.5 12.1/19.5 38.8170 -80.0436
Jan 2, 2006 6:37:59 AM -27.8 12.1/19.5 38.9342 -79.9771
Jan 2, 2006 10:56:18 AM 18.1 12.1/19.5 38.7945 -80.0782
Jan 2, 2006 6:17:13 AM -14.2 12.1/19.5 38.8164 -80.0430
Jan 2, 2006 7:37:00 PM -8.4 12.2/19.6 38.9826 -79.9816

Vaisala Inc.
Tucson Operations
2705 E. Medina Road
Tucson, AZ 85706, USA
thunderstorm.vaisala.com
Tel. +1 520 806 7300
Fax +1 520 741 2848
thunderstorm.sales@vaisala.com

Aug 11 2006 6:46:06 PM GMT Page 8 of 18

Appendix AA - Vaisala Group and AWS Convergence Technologies, Inc. Reports 

Appendix AA - Page 8 of 31

http://thunderstorm.vaisala.com
mailto:thunderstorm.sales@vaisala.com


STRIKEnet Report 168384
Report Title: 60-06MR-308
Total Lightning Strokes Detected: 162
Lightning Strokes Detected within 15 mi/25 km radius: 128
Lightning Strokes Detected beyond 15 mi/25 km whose confidence ellipse overlaps the radius: 34
Search Radius: 15 mi/25 km
Time Span: Jan 1 2006 10:00:00 PM US/Eastern to Jan 2 2006 10:00:00 PM US/Eastern

Lightning Stroke Table (Note: All events shown. Events ordered by time.)
Peak Distance From

Date Time Current (kA) Center (mi/km) Latitude Longitude

Jan 2, 2006 4:14:03 AM -5.3 22.1/35.7 38.6437 -80.3571
Jan 2, 2006 5:33:58 AM 26.5 15.4/24.8 38.7260 -80.2798
Jan 2, 2006 5:35:41 AM -29.1 15.7/25.3 38.7178 -80.1439
Jan 2, 2006 5:35:41 AM -16.7 15.7/25.3 38.7181 -80.1427
Jan 2, 2006 5:36:14 AM -61.8 14.3/23.0 38.7462 -80.2931
Jan 2, 2006 5:36:14 AM -12.1 13.0/21.0 38.7684 -80.3012
Jan 2, 2006 5:36:14 AM -8.3 13.4/21.6 38.7619 -80.2993
Jan 2, 2006 5:43:55 AM -5.7 15.8/25.6 38.7334 -80.0757
Jan 2, 2006 5:43:55 AM -4.0 15.7/25.4 38.7347 -80.0765
Jan 2, 2006 5:51:33 AM 12.6 12.9/20.8 38.9451 -80.4429
Jan 2, 2006 5:55:25 AM -5.8 15.3/24.7 38.7407 -80.3269
Jan 2, 2006 5:57:41 AM -7.8 20.1/32.4 38.7366 -79.9362
Jan 2, 2006 5:57:48 AM 25.1 6.5/10.6 38.8487 -80.2310
Jan 2, 2006 6:00:09 AM 12.5 10.0/16.2 38.8131 -80.2920
Jan 2, 2006 6:04:01 AM -60.5 15.9/25.6 38.7107 -80.2097
Jan 2, 2006 6:04:01 AM -11.9 16.0/25.8 38.7090 -80.2116
Jan 2, 2006 6:04:01 AM -15.8 15.6/25.2 38.7150 -80.2163
Jan 2, 2006 6:04:12 AM 23.9 13.4/21.6 38.9601 -80.4506
Jan 2, 2006 6:04:12 AM -33.9 14.1/22.7 38.9427 -80.4652
Jan 2, 2006 6:05:30 AM -6.0 14.6/23.5 38.7303 -80.1803
Jan 2, 2006 6:06:16 AM -7.5 17.1/27.5 38.6943 -80.1740
Jan 2, 2006 6:06:16 AM -9.3 15.2/24.6 38.7200 -80.2049
Jan 2, 2006 6:07:26 AM -48.8 15.9/25.6 38.7122 -80.1721
Jan 2, 2006 6:08:29 AM -88.7 9.9/16.0 38.9486 -80.3875
Jan 2, 2006 6:08:29 AM -15.3 9.5/15.3 38.9408 -80.3788
Jan 2, 2006 6:09:23 AM -23.7 16.1/25.9 38.7083 -80.1837
Jan 2, 2006 6:09:23 AM -7.1 16.3/26.4 38.7045 -80.1816
Jan 2, 2006 6:09:23 AM -15.3 14.0/22.5 38.7388 -80.2225
Jan 2, 2006 6:10:32 AM -12.7 15.7/25.4 38.7151 -80.2443
Jan 2, 2006 6:10:32 AM -5.9 15.4/24.9 38.7177 -80.1791
Jan 2, 2006 6:10:32 AM -8.9 15.4/24.8 38.7190 -80.1787
Jan 2, 2006 6:10:32 AM -8.6 13.8/22.3 38.7413 -80.1827
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Peak Distance From

Date Time Current (kA) Center (mi/km) Latitude Longitude

Jan 2, 2006 6:10:32 AM -15.6 12.3/19.8 38.7698 -80.1395
Jan 2, 2006 6:12:16 AM 14.0 11.8/19.1 38.8615 -80.3974
Jan 2, 2006 6:12:16 AM -27.8 13.0/21.0 38.8467 -80.4129
Jan 2, 2006 6:12:16 AM -8.3 13.0/20.9 38.8431 -80.4086
Jan 2, 2006 6:13:08 AM -19.1 13.7/22.0 38.7436 -80.1817
Jan 2, 2006 6:13:08 AM -17.6 13.7/22.1 38.7427 -80.1775
Jan 2, 2006 6:13:08 AM -16.0 6.3/10.2 38.9792 -80.3097
Jan 2, 2006 6:13:08 AM -10.8 7.2/11.6 38.9956 -80.3168
Jan 2, 2006 6:14:27 AM -35.8 9.7/15.7 38.8361 -80.0813
Jan 2, 2006 6:14:27 AM 6.3 14.2/23.0 38.7359 -80.1713
Jan 2, 2006 6:15:13 AM 20.5 9.4/15.2 38.8770 -80.3572
Jan 2, 2006 6:15:13 AM -133.9 9.4/15.2 38.8775 -80.3573
Jan 2, 2006 6:15:13 AM -35.9 9.4/15.2 38.8751 -80.3565
Jan 2, 2006 6:15:13 AM -5.4 10.6/17.2 38.8620 -80.3729
Jan 2, 2006 6:15:14 AM -8.1 11.2/18.1 38.8588 -80.3835
Jan 2, 2006 6:15:22 AM -34.8 13.6/21.9 38.7465 -80.1619
Jan 2, 2006 6:15:23 AM -11.1 13.5/21.8 38.7469 -80.1628
Jan 2, 2006 6:17:13 AM -14.2 12.1/19.5 38.8164 -80.0430
Jan 2, 2006 6:17:13 AM -9.3 12.0/19.4 38.8183 -80.0427
Jan 2, 2006 6:17:13 AM -7.5 12.1/19.5 38.8170 -80.0436
Jan 2, 2006 6:17:13 AM -10.9 11.9/19.2 38.8195 -80.0443
Jan 2, 2006 6:17:14 AM -9.1 12.9/20.8 38.7586 -80.1463
Jan 2, 2006 6:18:11 AM -17.9 13.9/22.5 38.7477 -80.1268
Jan 2, 2006 6:18:11 AM -14.9 14.0/22.6 38.7492 -80.1164
Jan 2, 2006 6:18:11 AM -4.8 13.4/21.7 38.7555 -80.1257
Jan 2, 2006 6:19:55 AM -7.9 13.4/21.6 38.7612 -80.1087
Jan 2, 2006 6:21:23 AM 8.8 13.7/22.1 38.7715 -80.0681
Jan 2, 2006 6:22:15 AM -9.4 12.9/20.8 38.7832 -80.0733
Jan 2, 2006 6:22:15 AM -19.5 13.1/21.1 38.7797 -80.0738
Jan 2, 2006 6:22:15 AM 8.3 12.9/20.9 38.7808 -80.0763
Jan 2, 2006 6:26:35 AM 38.8 3.4/5.5 38.8968 -80.2313
Jan 2, 2006 6:26:35 AM 101.0 1.9/3.1 38.9260 -80.2331
Jan 2, 2006 6:29:42 AM 19.3 7.5/12.1 38.8782 -80.0886
Jan 2, 2006 6:34:55 AM -116.3 15.6/25.2 38.8325 -79.9468
Jan 2, 2006 6:37:59 AM -27.8 12.1/19.5 38.9342 -79.9771
Jan 2, 2006 6:38:51 AM -12.6 4.9/7.8 38.9748 -80.1227
Jan 2, 2006 6:38:51 AM 85.7 4.4/7.1 38.9805 -80.1380
Jan 2, 2006 6:38:51 AM -86.0 6.2/9.9 38.9954 -80.1113
Jan 2, 2006 6:49:31 AM -13.4 14.9/24.0 38.8643 -79.9435
Jan 2, 2006 6:49:31 AM -23.4 14.8/23.9 38.8650 -79.9439
Jan 2, 2006 6:51:41 AM -5.9 14.3/23.1 38.8741 -79.9501
Jan 2, 2006 6:51:41 AM -8.0 14.8/24.0 38.8539 -79.9492
Jan 2, 2006 6:53:39 AM -12.7 14.9/24.0 38.8956 -79.9316
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Peak Distance From

Date Time Current (kA) Center (mi/km) Latitude Longitude

Jan 2, 2006 6:55:33 AM -57.6 14.3/23.1 38.8105 -80.4102
Jan 2, 2006 6:55:33 AM -8.0 13.7/22.1 38.8093 -80.3942
Jan 2, 2006 6:55:33 AM 81.5 15.8/25.4 38.7927 -80.4256
Jan 2, 2006 6:57:04 AM -20.7 11.7/18.9 38.8925 -79.9923
Jan 2, 2006 6:57:04 AM -9.3 10.7/17.3 38.8845 -80.0159
Jan 2, 2006 6:57:04 AM -12.8 12.8/20.6 38.8824 -79.9765
Jan 2, 2006 7:02:39 AM -10.5 18.7/30.2 38.6788 -80.1120
Jan 2, 2006 7:03:33 AM -20.9 8.3/13.3 38.8292 -80.2578
Jan 2, 2006 7:03:33 AM 77.4 10.9/17.5 38.8354 -80.3530
Jan 2, 2006 7:03:33 AM -35.7 11.3/18.2 38.8191 -80.3433
Jan 2, 2006 7:07:03 AM -198.4 11.3/18.2 38.7912 -80.2878
Jan 2, 2006 7:09:31 AM 178.8 9.8/15.8 38.8130 -80.2805
Jan 2, 2006 7:11:49 AM 87.8 7.9/12.8 38.8344 -80.2577
Jan 2, 2006 7:22:01 AM -19.4 7.0/11.2 38.8500 -80.1457
Jan 2, 2006 7:22:01 AM 23.7 6.6/10.7 38.8570 -80.1420
Jan 2, 2006 7:25:06 AM -11.3 13.4/21.6 38.7715 -80.0796
Jan 2, 2006 7:25:35 AM -9.9 14.8/23.9 38.8894 -79.9337
Jan 2, 2006 7:34:50 AM -8.6 14.1/22.8 38.8245 -79.9853
Jan 2, 2006 7:35:26 AM -4.9 18.0/29.0 38.7189 -80.3784
Jan 2, 2006 7:36:15 AM -16.7 14.9/24.0 38.8337 -79.9613
Jan 2, 2006 7:36:15 AM -14.9 15.0/24.2 38.8287 -79.9632
Jan 2, 2006 7:36:46 AM -5.7 5.8/9.3 39.0048 -80.2719
Jan 2, 2006 7:41:00 AM -8.5 15.3/24.7 38.7197 -80.2313
Jan 2, 2006 7:42:35 AM -5.6 13.3/21.4 38.7489 -80.2137
Jan 2, 2006 7:42:35 AM -8.7 14.9/24.0 38.7257 -80.2184
Jan 2, 2006 7:42:35 AM -9.8 15.6/25.2 38.7148 -80.2158
Jan 2, 2006 7:42:35 AM -12.0 15.6/25.2 38.7145 -80.2161
Jan 2, 2006 7:42:35 AM -21.5 15.7/25.3 38.7133 -80.2154
Jan 2, 2006 7:42:35 AM -9.1 12.7/20.5 38.7567 -80.2043
Jan 2, 2006 7:42:35 AM 10.6 13.7/22.1 38.7425 -80.2052
Jan 2, 2006 7:50:24 AM -9.1 17.5/28.2 38.6882 -80.1707
Jan 2, 2006 7:52:21 AM 47.4 8.3/13.4 38.8949 -80.0595
Jan 2, 2006 7:54:44 AM -17.8 11.7/18.9 38.7714 -80.2191
Jan 2, 2006 7:54:44 AM -23.3 11.7/18.9 38.7714 -80.2190
Jan 2, 2006 7:54:44 AM -9.0 11.6/18.7 38.7732 -80.2165
Jan 2, 2006 7:56:59 AM 35.3 15.1/24.4 38.7267 -80.1431
Jan 2, 2006 8:03:36 AM 69.4 14.9/24.1 38.8919 -79.9315
Jan 2, 2006 9:16:58 AM -12.5 13.7/22.0 38.7963 -80.0283
Jan 2, 2006 9:19:08 AM -30.1 13.9/22.5 38.8256 -79.9888
Jan 2, 2006 9:30:44 AM 27.5 3.6/5.7 38.9003 -80.2431
Jan 2, 2006 9:32:24 AM -10.5 15.8/25.4 38.8046 -79.9663
Jan 2, 2006 9:45:50 AM -11.4 30.4/49.0 38.8504 -79.6481
Jan 2, 2006 10:43:53 AM -18.1 13.1/21.1 38.7571 -80.1397
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Peak Distance From

Date Time Current (kA) Center (mi/km) Latitude Longitude

Jan 2, 2006 10:46:01 AM 58.3 14.7/23.7 38.7283 -80.1940
Jan 2, 2006 10:46:01 AM -23.3 13.5/21.7 38.7464 -80.2287
Jan 2, 2006 10:46:01 AM 19.0 14.8/23.9 38.7261 -80.1922
Jan 2, 2006 10:46:02 AM -26.7 14.6/23.6 38.7287 -80.1995
Jan 2, 2006 10:46:02 AM -8.0 14.5/23.5 38.7300 -80.1976
Jan 2, 2006 10:50:58 AM -6.0 14.3/23.1 38.7415 -80.1264
Jan 2, 2006 10:51:58 AM -6.6 13.1/21.1 38.7591 -80.1325
Jan 2, 2006 10:51:58 AM -13.2 13.1/21.1 38.7585 -80.1346
Jan 2, 2006 10:51:58 AM -7.3 13.2/21.3 38.7568 -80.1335
Jan 2, 2006 10:51:58 AM -8.0 13.5/21.7 38.7511 -80.1430
Jan 2, 2006 10:52:47 AM -5.4 10.4/16.8 38.8012 -80.1279
Jan 2, 2006 10:54:41 AM -31.1 13.5/21.8 38.7668 -80.0861
Jan 2, 2006 10:54:41 AM -7.2 14.3/23.0 38.7557 -80.0844
Jan 2, 2006 10:56:18 AM -47.4 12.0/19.4 38.7952 -80.0790
Jan 2, 2006 10:56:18 AM 18.1 12.1/19.5 38.7945 -80.0782
Jan 2, 2006 10:56:18 AM -12.5 12.7/20.4 38.7894 -80.0693
Jan 2, 2006 10:56:18 AM 32.5 11.1/17.8 38.8218 -80.0641
Jan 2, 2006 10:57:53 AM -51.1 11.8/19.0 38.8009 -80.0760
Jan 2, 2006 10:57:53 AM -9.7 14.3/23.1 38.7766 -80.0399
Jan 2, 2006 11:33:33 AM 34.0 16.1/25.9 38.7174 -80.1189
Jan 2, 2006 7:22:07 PM -10.6 15.7/25.3 39.1332 -80.3585
Jan 2, 2006 7:24:01 PM -20.7 16.0/25.7 39.1406 -80.3531
Jan 2, 2006 7:26:41 PM -34.0 14.6/23.6 39.1298 -80.3258
Jan 2, 2006 7:30:10 PM -9.9 17.0/27.5 39.1779 -80.2922
Jan 2, 2006 7:33:54 PM -14.6 10.9/17.6 38.9679 -80.0018
Jan 2, 2006 7:35:11 PM -6.0 10.9/17.5 39.0867 -80.1257
Jan 2, 2006 7:35:55 PM -8.6 11.7/18.8 38.9710 -79.9878
Jan 2, 2006 7:37:00 PM -8.4 12.2/19.6 38.9826 -79.9816
Jan 2, 2006 7:37:00 PM -4.2 12.3/19.8 38.9890 -79.9819
Jan 2, 2006 7:38:14 PM -20.4 12.5/20.1 39.1042 -80.1014
Jan 2, 2006 7:38:37 PM -6.2 13.8/22.3 38.9805 -79.9491
Jan 2, 2006 7:43:10 PM -6.4 14.6/23.5 39.1090 -80.0371
Jan 2, 2006 7:43:10 PM -5.7 14.5/23.5 39.1083 -80.0370
Jan 2, 2006 7:43:10 PM -8.3 15.0/24.1 39.1151 -80.0359
Jan 2, 2006 7:45:43 PM -14.1 15.6/25.2 39.1224 -80.0278
Jan 2, 2006 7:51:16 PM -8.3 14.8/23.8 39.1187 -80.0490
Jan 2, 2006 7:53:38 PM -22.7 15.0/24.2 39.1313 -80.0657
Jan 2, 2006 7:53:38 PM -15.1 16.1/25.9 39.1319 -80.0306
Jan 2, 2006 7:55:27 PM 18.0 24.6/39.6 38.7418 -80.5816
Jan 2, 2006 7:56:00 PM -51.1 15.9/25.6 39.1394 -80.0525
Jan 2, 2006 7:56:00 PM -13.4 15.9/25.6 39.1434 -80.0613
Jan 2, 2006 7:56:00 PM -6.9 16.0/25.8 39.1445 -80.0597
Jan 2, 2006 8:00:54 PM 22.7 13.8/22.3 39.1238 -80.0953
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Peak Distance From

Date Time Current (kA) Center (mi/km) Latitude Longitude

Jan 2, 2006 8:30:44 PM 18.1 5.4/8.7 38.9289 -80.3014
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STRIKEnet Report 168384
Report Title: 60-06MR-308
Total Lightning Strokes Detected: 162
Lightning Strokes Detected within 15 mi/25 km radius: 128
Lightning Strokes Detected beyond 15 mi/25 km whose confidence ellipse overlaps the radius: 34
Search Radius: 15 mi/25 km
Time Span: Jan 1 2006 10:00:00 PM US/Eastern to Jan 2 2006 10:00:00 PM US/Eastern

Lightning Stroke Table (Note: All events shown. Events ordered by distance.)
Peak Distance From

Date Time Current (kA) Center (mi/km) Latitude Longitude

Jan 2, 2006 6:26:35 AM 101.0 1.9/3.1 38.9260 -80.2331
Jan 2, 2006 6:26:35 AM 38.8 3.4/5.5 38.8968 -80.2313
Jan 2, 2006 9:30:44 AM 27.5 3.6/5.7 38.9003 -80.2431
Jan 2, 2006 6:38:51 AM 85.7 4.4/7.1 38.9805 -80.1380
Jan 2, 2006 6:38:51 AM -12.6 4.9/7.8 38.9748 -80.1227
Jan 2, 2006 8:30:44 PM 18.1 5.4/8.7 38.9289 -80.3014
Jan 2, 2006 7:36:46 AM -5.7 5.8/9.3 39.0048 -80.2719
Jan 2, 2006 6:38:51 AM -86.0 6.2/9.9 38.9954 -80.1113
Jan 2, 2006 6:13:08 AM -16.0 6.3/10.2 38.9792 -80.3097
Jan 2, 2006 5:57:48 AM 25.1 6.5/10.6 38.8487 -80.2310
Jan 2, 2006 7:22:01 AM 23.7 6.6/10.7 38.8570 -80.1420
Jan 2, 2006 7:22:01 AM -19.4 7.0/11.2 38.8500 -80.1457
Jan 2, 2006 6:13:08 AM -10.8 7.2/11.6 38.9956 -80.3168
Jan 2, 2006 6:29:42 AM 19.3 7.5/12.1 38.8782 -80.0886
Jan 2, 2006 7:11:49 AM 87.8 7.9/12.8 38.8344 -80.2577
Jan 2, 2006 7:03:33 AM -20.9 8.3/13.3 38.8292 -80.2578
Jan 2, 2006 7:52:21 AM 47.4 8.3/13.4 38.8949 -80.0595
Jan 2, 2006 6:15:13 AM -133.9 9.4/15.2 38.8775 -80.3573
Jan 2, 2006 6:15:13 AM 20.5 9.4/15.2 38.8770 -80.3572
Jan 2, 2006 6:15:13 AM -35.9 9.4/15.2 38.8751 -80.3565
Jan 2, 2006 6:08:29 AM -15.3 9.5/15.3 38.9408 -80.3788
Jan 2, 2006 6:14:27 AM -35.8 9.7/15.7 38.8361 -80.0813
Jan 2, 2006 7:09:31 AM 178.8 9.8/15.8 38.8130 -80.2805
Jan 2, 2006 6:08:29 AM -88.7 9.9/16.0 38.9486 -80.3875
Jan 2, 2006 6:00:09 AM 12.5 10.0/16.2 38.8131 -80.2920
Jan 2, 2006 10:52:47 AM -5.4 10.4/16.8 38.8012 -80.1279
Jan 2, 2006 6:15:13 AM -5.4 10.6/17.2 38.8620 -80.3729
Jan 2, 2006 6:57:04 AM -9.3 10.7/17.3 38.8845 -80.0159
Jan 2, 2006 7:35:11 PM -6.0 10.9/17.5 39.0867 -80.1257
Jan 2, 2006 7:03:33 AM 77.4 10.9/17.5 38.8354 -80.3530
Jan 2, 2006 7:33:54 PM -14.6 10.9/17.6 38.9679 -80.0018
Jan 2, 2006 10:56:18 AM 32.5 11.1/17.8 38.8218 -80.0641

Vaisala Inc.
Tucson Operations
2705 E. Medina Road
Tucson, AZ 85706, USA
thunderstorm.vaisala.com
Tel. +1 520 806 7300
Fax +1 520 741 2848
thunderstorm.sales@vaisala.com

Aug 11 2006 6:46:06 PM GMT Page 14 of 18

Appendix AA - Vaisala Group and AWS Convergence Technologies, Inc. Reports 

Appendix AA - Page 14 of 31

http://thunderstorm.vaisala.com
mailto:thunderstorm.sales@vaisala.com


Peak Distance From

Date Time Current (kA) Center (mi/km) Latitude Longitude

Jan 2, 2006 6:15:14 AM -8.1 11.2/18.1 38.8588 -80.3835
Jan 2, 2006 7:07:03 AM -198.4 11.3/18.2 38.7912 -80.2878
Jan 2, 2006 7:03:33 AM -35.7 11.3/18.2 38.8191 -80.3433
Jan 2, 2006 7:54:44 AM -9.0 11.6/18.7 38.7732 -80.2165
Jan 2, 2006 7:35:55 PM -8.6 11.7/18.8 38.9710 -79.9878
Jan 2, 2006 7:54:44 AM -23.3 11.7/18.9 38.7714 -80.2190
Jan 2, 2006 7:54:44 AM -17.8 11.7/18.9 38.7714 -80.2191
Jan 2, 2006 6:57:04 AM -20.7 11.7/18.9 38.8925 -79.9923
Jan 2, 2006 10:57:53 AM -51.1 11.8/19.0 38.8009 -80.0760
Jan 2, 2006 6:12:16 AM 14.0 11.8/19.1 38.8615 -80.3974
Jan 2, 2006 6:17:13 AM -10.9 11.9/19.2 38.8195 -80.0443
Jan 2, 2006 10:56:18 AM -47.4 12.0/19.4 38.7952 -80.0790
Jan 2, 2006 6:17:13 AM -9.3 12.0/19.4 38.8183 -80.0427
Jan 2, 2006 6:17:13 AM -7.5 12.1/19.5 38.8170 -80.0436
Jan 2, 2006 6:37:59 AM -27.8 12.1/19.5 38.9342 -79.9771
Jan 2, 2006 10:56:18 AM 18.1 12.1/19.5 38.7945 -80.0782
Jan 2, 2006 6:17:13 AM -14.2 12.1/19.5 38.8164 -80.0430
Jan 2, 2006 7:37:00 PM -8.4 12.2/19.6 38.9826 -79.9816
Jan 2, 2006 7:37:00 PM -4.2 12.3/19.8 38.9890 -79.9819
Jan 2, 2006 6:10:32 AM -15.6 12.3/19.8 38.7698 -80.1395
Jan 2, 2006 7:38:14 PM -20.4 12.5/20.1 39.1042 -80.1014
Jan 2, 2006 10:56:18 AM -12.5 12.7/20.4 38.7894 -80.0693
Jan 2, 2006 7:42:35 AM -9.1 12.7/20.5 38.7567 -80.2043
Jan 2, 2006 6:57:04 AM -12.8 12.8/20.6 38.8824 -79.9765
Jan 2, 2006 6:22:15 AM -9.4 12.9/20.8 38.7832 -80.0733
Jan 2, 2006 5:51:33 AM 12.6 12.9/20.8 38.9451 -80.4429
Jan 2, 2006 6:17:14 AM -9.1 12.9/20.8 38.7586 -80.1463
Jan 2, 2006 6:22:15 AM 8.3 12.9/20.9 38.7808 -80.0763
Jan 2, 2006 6:12:16 AM -8.3 13.0/20.9 38.8431 -80.4086
Jan 2, 2006 5:36:14 AM -12.1 13.0/21.0 38.7684 -80.3012
Jan 2, 2006 6:12:16 AM -27.8 13.0/21.0 38.8467 -80.4129
Jan 2, 2006 6:22:15 AM -19.5 13.1/21.1 38.7797 -80.0738
Jan 2, 2006 10:51:58 AM -6.6 13.1/21.1 38.7591 -80.1325
Jan 2, 2006 10:51:58 AM -13.2 13.1/21.1 38.7585 -80.1346
Jan 2, 2006 10:43:53 AM -18.1 13.1/21.1 38.7571 -80.1397
Jan 2, 2006 10:51:58 AM -7.3 13.2/21.3 38.7568 -80.1335
Jan 2, 2006 7:42:35 AM -5.6 13.3/21.4 38.7489 -80.2137
Jan 2, 2006 6:19:55 AM -7.9 13.4/21.6 38.7612 -80.1087
Jan 2, 2006 6:04:12 AM 23.9 13.4/21.6 38.9601 -80.4506
Jan 2, 2006 5:36:14 AM -8.3 13.4/21.6 38.7619 -80.2993
Jan 2, 2006 7:25:06 AM -11.3 13.4/21.6 38.7715 -80.0796
Jan 2, 2006 6:18:11 AM -4.8 13.4/21.7 38.7555 -80.1257
Jan 2, 2006 10:51:58 AM -8.0 13.5/21.7 38.7511 -80.1430
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Peak Distance From

Date Time Current (kA) Center (mi/km) Latitude Longitude

Jan 2, 2006 10:46:01 AM -23.3 13.5/21.7 38.7464 -80.2287
Jan 2, 2006 10:54:41 AM -31.1 13.5/21.8 38.7668 -80.0861
Jan 2, 2006 6:15:23 AM -11.1 13.5/21.8 38.7469 -80.1628
Jan 2, 2006 6:15:22 AM -34.8 13.6/21.9 38.7465 -80.1619
Jan 2, 2006 6:13:08 AM -19.1 13.7/22.0 38.7436 -80.1817
Jan 2, 2006 9:16:58 AM -12.5 13.7/22.0 38.7963 -80.0283
Jan 2, 2006 7:42:35 AM 10.6 13.7/22.1 38.7425 -80.2052
Jan 2, 2006 6:21:23 AM 8.8 13.7/22.1 38.7715 -80.0681
Jan 2, 2006 6:55:33 AM -8.0 13.7/22.1 38.8093 -80.3942
Jan 2, 2006 6:13:08 AM -17.6 13.7/22.1 38.7427 -80.1775
Jan 2, 2006 6:10:32 AM -8.6 13.8/22.3 38.7413 -80.1827
Jan 2, 2006 8:00:54 PM 22.7 13.8/22.3 39.1238 -80.0953
Jan 2, 2006 7:38:37 PM -6.2 13.8/22.3 38.9805 -79.9491
Jan 2, 2006 6:18:11 AM -17.9 13.9/22.5 38.7477 -80.1268
Jan 2, 2006 9:19:08 AM -30.1 13.9/22.5 38.8256 -79.9888
Jan 2, 2006 6:09:23 AM -15.3 14.0/22.5 38.7388 -80.2225
Jan 2, 2006 6:18:11 AM -14.9 14.0/22.6 38.7492 -80.1164
Jan 2, 2006 6:04:12 AM -33.9 14.1/22.7 38.9427 -80.4652
Jan 2, 2006 7:34:50 AM -8.6 14.1/22.8 38.8245 -79.9853
Jan 2, 2006 6:14:27 AM 6.3 14.2/23.0 38.7359 -80.1713
Jan 2, 2006 10:54:41 AM -7.2 14.3/23.0 38.7557 -80.0844
Jan 2, 2006 5:36:14 AM -61.8 14.3/23.0 38.7462 -80.2931
Jan 2, 2006 6:51:41 AM -5.9 14.3/23.1 38.8741 -79.9501
Jan 2, 2006 10:57:53 AM -9.7 14.3/23.1 38.7766 -80.0399
Jan 2, 2006 6:55:33 AM -57.6 14.3/23.1 38.8105 -80.4102
Jan 2, 2006 10:50:58 AM -6.0 14.3/23.1 38.7415 -80.1264
Jan 2, 2006 7:43:10 PM -5.7 14.5/23.5 39.1083 -80.0370
Jan 2, 2006 10:46:02 AM -8.0 14.5/23.5 38.7300 -80.1976
Jan 2, 2006 6:05:30 AM -6.0 14.6/23.5 38.7303 -80.1803
Jan 2, 2006 7:43:10 PM -6.4 14.6/23.5 39.1090 -80.0371
Jan 2, 2006 7:26:41 PM -34.0 14.6/23.6 39.1298 -80.3258
Jan 2, 2006 10:46:02 AM -26.7 14.6/23.6 38.7287 -80.1995
Jan 2, 2006 10:46:01 AM 58.3 14.7/23.7 38.7283 -80.1940
Jan 2, 2006 7:51:16 PM -8.3 14.8/23.8 39.1187 -80.0490
Jan 2, 2006 6:49:31 AM -23.4 14.8/23.9 38.8650 -79.9439
Jan 2, 2006 10:46:01 AM 19.0 14.8/23.9 38.7261 -80.1922
Jan 2, 2006 7:25:35 AM -9.9 14.8/23.9 38.8894 -79.9337
Jan 2, 2006 6:51:41 AM -8.0 14.8/24.0 38.8539 -79.9492
Jan 2, 2006 6:53:39 AM -12.7 14.9/24.0 38.8956 -79.9316
Jan 2, 2006 6:49:31 AM -13.4 14.9/24.0 38.8643 -79.9435
Jan 2, 2006 7:42:35 AM -8.7 14.9/24.0 38.7257 -80.2184
Jan 2, 2006 7:36:15 AM -16.7 14.9/24.0 38.8337 -79.9613
Jan 2, 2006 8:03:36 AM 69.4 14.9/24.1 38.8919 -79.9315
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Peak Distance From

Date Time Current (kA) Center (mi/km) Latitude Longitude

Jan 2, 2006 7:43:10 PM -8.3 15.0/24.1 39.1151 -80.0359
Jan 2, 2006 7:36:15 AM -14.9 15.0/24.2 38.8287 -79.9632
Jan 2, 2006 7:53:38 PM -22.7 15.0/24.2 39.1313 -80.0657
Jan 2, 2006 7:56:59 AM 35.3 15.1/24.4 38.7267 -80.1431
Jan 2, 2006 6:06:16 AM -9.3 15.2/24.6 38.7200 -80.2049
Jan 2, 2006 7:41:00 AM -8.5 15.3/24.7 38.7197 -80.2313
Jan 2, 2006 5:55:25 AM -5.8 15.3/24.7 38.7407 -80.3269
Jan 2, 2006 6:10:32 AM -8.9 15.4/24.8 38.7190 -80.1787
Jan 2, 2006 5:33:58 AM 26.5 15.4/24.8 38.7260 -80.2798
Jan 2, 2006 6:10:32 AM -5.9 15.4/24.9 38.7177 -80.1791
Jan 2, 2006 6:04:01 AM -15.8 15.6/25.2 38.7150 -80.2163
Jan 2, 2006 7:42:35 AM -9.8 15.6/25.2 38.7148 -80.2158
Jan 2, 2006 7:45:43 PM -14.1 15.6/25.2 39.1224 -80.0278
Jan 2, 2006 6:34:55 AM -116.3 15.6/25.2 38.8325 -79.9468
Jan 2, 2006 7:42:35 AM -12.0 15.6/25.2 38.7145 -80.2161
Jan 2, 2006 7:22:07 PM -10.6 15.7/25.3 39.1332 -80.3585
Jan 2, 2006 5:35:41 AM -16.7 15.7/25.3 38.7181 -80.1427
Jan 2, 2006 5:35:41 AM -29.1 15.7/25.3 38.7178 -80.1439
Jan 2, 2006 7:42:35 AM -21.5 15.7/25.3 38.7133 -80.2154
Jan 2, 2006 6:10:32 AM -12.7 15.7/25.4 38.7151 -80.2443
Jan 2, 2006 5:43:55 AM -4.0 15.7/25.4 38.7347 -80.0765
Jan 2, 2006 6:55:33 AM 81.5 15.8/25.4 38.7927 -80.4256
Jan 2, 2006 9:32:24 AM -10.5 15.8/25.4 38.8046 -79.9663
Jan 2, 2006 5:43:55 AM -5.7 15.8/25.6 38.7334 -80.0757
Jan 2, 2006 6:07:26 AM -48.8 15.9/25.6 38.7122 -80.1721
Jan 2, 2006 7:56:00 PM -51.1 15.9/25.6 39.1394 -80.0525
Jan 2, 2006 7:56:00 PM -13.4 15.9/25.6 39.1434 -80.0613
Jan 2, 2006 6:04:01 AM -60.5 15.9/25.6 38.7107 -80.2097
Jan 2, 2006 7:24:01 PM -20.7 16.0/25.7 39.1406 -80.3531
Jan 2, 2006 7:56:00 PM -6.9 16.0/25.8 39.1445 -80.0597
Jan 2, 2006 6:04:01 AM -11.9 16.0/25.8 38.7090 -80.2116
Jan 2, 2006 11:33:33 AM 34.0 16.1/25.9 38.7174 -80.1189
Jan 2, 2006 7:53:38 PM -15.1 16.1/25.9 39.1319 -80.0306
Jan 2, 2006 6:09:23 AM -23.7 16.1/25.9 38.7083 -80.1837
Jan 2, 2006 6:09:23 AM -7.1 16.3/26.4 38.7045 -80.1816
Jan 2, 2006 7:30:10 PM -9.9 17.0/27.5 39.1779 -80.2922
Jan 2, 2006 6:06:16 AM -7.5 17.1/27.5 38.6943 -80.1740
Jan 2, 2006 7:50:24 AM -9.1 17.5/28.2 38.6882 -80.1707
Jan 2, 2006 7:35:26 AM -4.9 18.0/29.0 38.7189 -80.3784
Jan 2, 2006 7:02:39 AM -10.5 18.7/30.2 38.6788 -80.1120
Jan 2, 2006 5:57:41 AM -7.8 20.1/32.4 38.7366 -79.9362
Jan 2, 2006 4:14:03 AM -5.3 22.1/35.7 38.6437 -80.3571
Jan 2, 2006 7:55:27 PM 18.0 24.6/39.6 38.7418 -80.5816
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Peak Distance From

Date Time Current (kA) Center (mi/km) Latitude Longitude

Jan 2, 2006 9:45:50 AM -11.4 30.4/49.0 38.8504 -79.6481
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AWS Convergence Technologies, Inc.  CONFIDENTIAL 

 1

 
 
 
 
 
 
 
 
 
 

SAGO MINE EXPLOSION 
January 2, 2006 

 
Investigative Review, Research & Findings 

 
 
 

Contacts: 
 
Jim Anderson – Director Professional Services 
janderson@aws.com 
c: 202-302-7008 
o: 301-250-4016 
 
Shawn Cook – Manager Professional Services 
scook@aws.com 
c: 301-943-8666 
o: 301-250-4040 
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Overview 
 
On January 2, 2006 at approximately 6:30am, an explosion at the Sago 
coal mine in Tallmansville, West Virginia filled a mine shaft with poisonous 
gas, killing 12 miners and leaving another in critical condition.  Although, 
the cause of the explosion has not yet been determined, it has been 
widely reported that lightning near the mine could be one of the 
contributing causes of the incident.  Lightning in the area could have 
detonated elevated methane levels in the mine caused by changes in 
the barometric pressure that are more common in the winter months or 
other factors.   

The United States Precision Lightning Network (USPLN) detected a single, 
powerful lightning stroke at or near the mouth of the Sago mine at 6:26:36 
(6:26am and 36 seconds).  Through additional research initiated by 
WeatherBug it was discovered that Dr. Martin Chapman, PhD, a research 
assistant professor from Virginia Tech, analyzed the seismic data and 
found that two independent seismic sensors read a minor seismic event, 
possibly from the explosion, two seconds after that stroke at 6:26:38 
(6:26am and 38 seconds).  The lightning stroke held a particularly strong 
positive charge of 35 kAmps, compared to a typical stroke of 20 kAmps.  
Overall, the USPLN detected 100 lightning strokes in the region within a 
two hour time period around the explosion (6:30am plus or minus one 
hour).  The USPLN network has a verified accuracy of 250 meters on 
average.   

The documents and findings in this report represent our data and analysis 
of the Sago Mine Explosion.  It is our hope that this information will help 
your investigation into this matter and that WeatherBug can serve as a 
resource for determining the cause of this accident and for any 
preventive measures that may prevent future incidents of this nature to 
protect lives and property. 
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United States Precision Lightning Network (USPLN)  
 
About the Lightning Detected and the Lightning Network 
• The USPLN, which is owned and operated by TOA Systems and 

Weather Decision Technologies, consists of 100 sensors deployed 
throughout the U.S.  

 
o These sensors are antennas that detect the radio wave pulse 

generated by lightning strokes 
 
o On average 9 sensors detect an individual lightning stroke, and 

only 3 are needed to accurately determine the location of a 
stroke – providing redundancy and excess capacity 

 
• The USPLN uses a Time of Arrival technology similar to GPS (used for 

OnStar or other navigation systems) and advanced signal processing 
to determine the time, location, strength and charge of the lightning 
strokes. 

o The USPLN utilizes a fully redundant and fault tolerant IT 
infrastructure 

o USPLN uses newer and more advanced technology than that 
used by the competing lightning detection network 

o The USPLN is capable of differentiating between cloud-to-cloud 
lightning and cloud-to-ground lightning 

o Individual lightning “Flashes” often contain multiple branches 
called “Strokes”.  The USPLN can detect these strokes in real-time 

 
• The USPLN has a verified accuracy of 250 meters on average (RMS), 

the competing network is reported to have accuracy of 500 meters.  
 
• The USPLN detected 100 strokes within 1 hour before and after the 

explosion within a 35 mile radius of the mine. 
 

o The flash/stroke that struck closest to the mine is estimated to 
have hit 450 meters from the mine entrance.  It carried a charge 
of +35 kAmps.  Positive strokes are often more destructive than 
negative strokes.  This was a very powerful stroke.  The average 
stroke is about 20 kAmps.  It takes about 100 Amps to run all the 
appliances in an average home, so this would be over 200 times 
more powerful than that and all the energy is delivered in a 
millisecond.   
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o Individual storms have different ratios of positive and negative 
strokes, but typically only 10% of strokes are positive.  The stroke 
closest to the mine was an unusual positive stroke.   

 
The image below shows the location of the lightning stroke in relation to 
the mine as reported by the USPLN. 
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Within a 10 mile radius in the 2 hour period around the explosion, the 
USPLN detected 59 lightning strokes.  It should be noted that only the 
USPLN detects strokes in real-time.  The NLDN Network detects Flashes and 
can count the number of strokes but not locate them in real-time; they 
provide stroke data to their clients only after further signal processing and 
usually delayed by a day.   
 
There is some uncertainty on our part about where the exact entrance of 
the mine is, so in the Table below distances from the mine entrance are 
calculated to three locations (A, B, C) where the latitude of each are: A 
(38.941N,  80.202W), B ( 38.906N, 80.219W), and C (38.851N, 80.159W).  The 
Table includes all lightning STROKES detected by the USPLN within a 10 
mile radius of either A, B or C. 
 
USPLN Strokes Detected Within 10 miles of locations A, B, or C for 2 hour Period 

Centered on Time of Explosion 

      
Distance (miles) 
from 

Date 
Time 
(UTC) ms Latitude Longitude kAmps A B C 

                  
1/2/2006 10:35:41 308 38.7256813 -80.1397018 -29.2 15.2 13.1 8.7 
1/2/2006 10:35:41 333 38.7263298 -80.137291 -17 15.2 13.1 8.7 
1/2/2006 10:36:14 404 38.7643547 -80.2599258 -49.8 12.6 10 8.1 
1/2/2006 10:36:14 504 38.7682266 -80.30616 33.4 13.2 10.6 9.8 
1/2/2006 10:36:14 581 38.7627296 -80.2898941 -7.8 13.2 10.6 9.3 
1/2/2006 10:57:48 353 38.8658638 -80.2489243 0 5.8 3.2 4.9 
1/2/2006 10:57:48 375 38.8514175 -80.2336044 24.6 6.4 3.8 4 
1/2/2006 11:00:09 219 38.8187141 -80.2847443 13.7 9.5 7 7.1 
1/2/2006 11:04:01 373 38.7195168 -80.199173 -55 15.3 12.9 9.3 
1/2/2006 11:04:01 415 38.7145233 -80.2081985 -10.3 15.6 13.2 9.8 
1/2/2006 11:04:01 455 38.7198029 -80.2114258 -14.9 15.3 12.8 9.5 
1/2/2006 11:06:16 272 38.8094749 -80.2173615 8.2 9.1 6.6 4.2 
1/2/2006 11:07:26 446 38.7319336 -80.1406555 -42.1 14.8 12.7 8.3 
1/2/2006 11:07:26 465 38.7228661 -80.1519928 -11.6 15.3 13.1 8.9 
1/2/2006 11:07:26 493 38.7229614 -80.1611481 -16.6 15.2 13 8.8 
1/2/2006 11:08:29 431 38.9610901 -80.3887711 -70.7 10.2 9.9 14.5 
1/2/2006 11:08:29 445 38.9581146 -80.3610382 -13.7 8.6 8.4 13.1 
1/2/2006 11:09:22 982 38.7323303 -80.1612625 -88.9 14.5 12.4 8.2 
1/2/2006 11:09:23 3 38.7115021 -80.1793137 -20.5 15.9 13.6 9.7 
1/2/2006 11:09:23 67 38.7313423 -80.2371216 27.6 14.6 12.1 9.3 
1/2/2006 11:09:23 72 38.7474098 -80.215271 15.6 13.4 10.9 7.8 
1/2/2006 11:09:23 247 38.7327232 -80.1151581 0 15.1 13.2 8.5 
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USPLN Strokes Detected Within 10 miles of locations A, B, or C for 2 hour Period 

Centered on Time of Explosion 

      
Distance (miles) 
from 

Date 
Time 
(UTC) ms Latitude Longitude kAmps A B C 

                  
1/2/2006 11:10:32 102 38.708683 -80.1775665 12.6 16.1 13.8 9.9 
1/2/2006 11:10:32 428 38.7793159 -80.1447983 -14.3 11.6 9.6 5 
1/2/2006 11:13:08 30 38.7285919 -80.1767654 28 14.7 12.4 8.5 
1/2/2006 11:13:08 243 38.9870758 -80.3248367 0 7.3 8 12.9 
1/2/2006 11:14:27 704 38.7603951 -80.1751938 0 12.5 10.3 6.3 
1/2/2006 11:14:27 763 38.7609596 -80.1472244 7.8 12.8 10.7 6.3 
1/2/2006 11:15:13 768 38.887516 -80.3489304 0 8.7 7.1 10.5 
1/2/2006 11:15:13 783 38.8016663 -80.0149536 63.7 13.9 13.2 8.5 
1/2/2006 11:15:14 106 38.866375 -80.3815384 -6.9 11 9.2 12 
1/2/2006 11:15:22 844 38.757637 -80.1463165 -32.1 13 11 6.5 
1/2/2006 11:15:23 106 38.7530136 -80.1476288 -10.2 13.3 11.2 6.8 
1/2/2006 11:17:13 30 38.8184853 -80.0413284 -12.3 12.1 11.3 6.8 
1/2/2006 11:17:13 81 38.8194199 -80.0407715 -8.8 12.1 11.3 6.8 
1/2/2006 11:17:13 92 38.8250198 -80.0415115 -6.2 11.8 11.1 6.6 
1/2/2006 11:17:13 119 38.8213539 -80.0394287 -10.1 12 11.3 6.8 
1/2/2006 11:17:14 728 38.7708473 -80.1356812 -8.1 12.3 10.3 5.7 
1/2/2006 11:18:11 419 38.756115 -80.1195526 -16.6 13.5 11.6 6.9 
1/2/2006 11:18:11 443 38.7548027 -80.1096191 -12.5 13.8 12 7.2 
1/2/2006 11:19:55 468 38.7682266 -80.1063004 -7 13 11.3 6.4 
1/2/2006 11:22:15 388 38.7882881 -80.0673065 -8.7 12.8 11.5 6.6 
1/2/2006 11:22:15 425 38.7905159 -80.0675964 -16.7 12.7 11.4 6.5 
1/2/2006 11:22:15 580 38.7889099 -80.0668335 9.2 12.8 11.5 6.6 
1/2/2006 11:26:35 522 38.9071693 -80.220871 35 2.5 0.1 5.1 
1/2/2006 11:29:42 454 38.8838577 -80.0839996 20 7.5 7.4 4.7 
1/2/2006 11:29:42 938 39.0450668 -80.0777817 -15.8 9.8 12.3 14.1 
1/2/2006 11:38:51 846 38.9996719 -80.042984 93 9.5 11.5 12 
1/2/2006 11:57:04 758 38.8792191 -79.9833374 -11.6 12.5 12.9 9.7 
1/2/2006 12:03:33 399 38.8381348 -80.2485428 0 7.5 4.9 4.9 
1/2/2006 12:03:33 441 38.8451958 -80.2446899 12.8 7 4.4 4.6 
1/2/2006 12:03:33 445 38.8097878 -80.3446274 6.3 11.9 9.5 10.4 
1/2/2006 12:09:31 753 38.8004189 -80.0074463 -73.4 14.3 13.5 8.9 
1/2/2006 12:11:49 823 38.8285065 -80.2458344 0 8.1 5.5 4.9 
1/2/2006 12:13:49 886 38.8299713 -80.250267 -22.3 8.1 5.5 5.1 
1/2/2006 12:17:56 482 38.8618698 -80.1765823 0 5.6 3.8 1.2 
1/2/2006 12:17:56 498 38.8562851 -80.1635132 -9.8 6.2 4.6 0.4 
1/2/2006 12:22:01 325 38.8690491 -80.1388321 -15.3 6 5 1.7 
1/2/2006 12:22:01 364 38.8736839 -80.1124039 22.7 6.7 6.2 3 
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Seismic Data 

Coincident with the reported lightning strokes, WeatherBug brought in expertise 
from the Virginia Tech Department of Geosciences to examine whether there 
was seismic activity in the mine region at 6:26:38 that may have been caused by 
the explosion.  The seismic readings have a timing error of plus or minus 3 
seconds.  The evidence suggests that the lightning stroke could have caused the 
explosion due to the correlation between the timing and location of the lightning 
stroke and seismic activity. 

 
 
USPLN versus Vaisala’s NLDN Network 
 
It is important to note that two separate lightning networks reported 
lightning data related to the Sago Mine Explosion – The USPLN and 
Vaisala’s NLDN Network.  These networks are different, based on different 
technologies, and do not have the same accuracy.  Since lightning is a 
potential cause of the explosion, it is important to note the differences 
between these networks and evaluate their validity.   
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It was reported in the Charleston Gazette that, Vaisala, a federal 
government contractor, reported lightning strikes within 1.5 miles of the 
mine.   
 
“Three lightning strikes hit within five miles of the Sago Mine within a half-
hour of Monday morning’s deadly explosion, according to a federal 
government contractor that monitors thunderstorms. 
 
Two of the strikes, including one that was four to 10 times stronger than 
average, hit within 1 1/2 miles of the center of the Upshur County mine, 
according to the contractor.” 
 
http://www.wvgazette.com/section/News/2006010439 
 
• The USPLN can detect both the Flash from the main bolt of lightning, 

and the individual Strokes, all the little forks in the lightning bolt, some of 
which can strike the ground many miles from the main Flash.  

 
• Visalia’s published accuracy of 500 meters on average for the National 

Lightning Data Network (NLDN) versus 250 meters for the USPLN. 
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About WeatherBug 
• WeatherBug’s mission is to protect lives and property by providing the 

most precise weather available 
 
• WeatherBug owns and manages the largest and most advanced 

weather network in the U.S. --- totaling 8,000  
 
• WeatherBug technology can provide advance warning of all types of 

weather threats, including lightning 
 
• Only WeatherBug offers live, neighborhood level weather – vs. hourly 

weather reports from area airports 
 
• WeatherBug partners with local TV broadcasters, the National Weather 

Service, government agencies and private organizations  
 
 
APENDIX 
 
Dow Jones Article - 
http://www.aws.com/aws_2005/releases/2006/release_01062006.asp 
 
 
WeatherBug Press Release 
http://www.aws.com/aws_2005/releases/2006/release_01062006b.asp 
 
Pittsburgh Tribune Article 
http://pittsburghlive.com/x/tribune-review/trib/regional/s_412305.html 
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INTRODUCTION 
 
This report describes the identified cloud-to-ground and cloud-to-cloud lightning activity 
within a 10 mile radius centered on the location of interest in West Virginia (Lat: 
30.2002997, Lon: -85.6244055).  Expert meteorologists at Weather Decision 
Technologies, Inc. (WDT) have carefully examined the archived record of cloud-to-
ground and cloud-to-cloud lightning strikes within this area of interest for the time period 
5:00 AM EST January 2, 2006 to 5:00 AM EST January 3, 2006.  This report describes 
the results of our investigation. 
 
LIGHTNING ANALYSIS/CONCLUSION 
 
The purpose of this investigation is to determine the closest lightning strike to the 
location of interest.  The source of lightning data for this investigation is the United 
States Precision Lightning Network (USPLN) which is maintained and operated by WDT 
and TOA systems Inc.  The USPLN lightning data archive consists of identified cloud-to-
ground lightning strikes since May 28, 2004, and the location accuracy of cloud-to-
ground lightning data detected by USPLN is 250 meters (.076 miles). 
 
An examination of the lightning strikes during the 24 hour period of interest reveals that 
seventeen cloud-to-ground lightning strikes and six cloud-to-cloud lightning strikes 
occurred within the 10 mile radius centered on the address of interest (Figure 1).  In 
addition, the closest cloud-to-ground lightning strike occurred 2.5 miles south-southwest 
of the address of interest at 6:26 EST on January 2, 2006.  All other identified lightning 
strikes are shown in Figure 1 as well as in Table 1. 
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Figure 1.   Map centered on the location of interest.  The identified cloud-to-ground lightning strikes are 
depicted with red “bolts”.  The identified cloud-to-cloud lightning strikes are depicted with a blue “X”.  
The light blue star depicts the location of interest.  The areal extent is 2 miles by 20 miles (400 mi2).  
(Lightning data source: USPLN) 
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Appendix 1.  Cloud-to-ground and cloud-to-cloud lightning strikes for the period of 5:00 AM EST January 
2, 2006 to 5:00 AM EST January 3, 2006 and within 10 miles of the address of interest.  Time is in 24-hour 
Eastern Standard Time (EST) format.  Bearing is relative to due north from the location of interest.  For 
example, 90 degrees = east, 180 degrees = south, 270 degrees = west, 0 degrees = north. (Lightning data 
source: USPLN) 
 

Date-Time (EST) Amplitude Latitude Longitude Bearging (°) Distance (mi.) 
1/2/2006 5:57 24600 38.851 -80.234 195 6.4
1/2/2006 5:57 0 38.866 -80.249 206 5.7
1/2/2006 6:00 13700 38.819 -80.285 208 9.5
1/2/2006 6:06 8200 38.809 -80.217 185 9.1
1/2/2006 6:08 -13700 38.958 -80.361 278 8.6
1/2/2006 6:13 0 38.987 -80.325 296 7.3
1/2/2006 6:15 0 38.888 -80.349 245 8.7
1/2/2006 6:15 -125100 38.889 -80.368 248 9.6
1/2/2006 6:26 35000 38.907 -80.221 203 2.5
1/2/2006 6:29 20000 38.884 -80.084 122 7.5
1/2/2006 6:29 -15800 39.045 -80.078 43 9.9
1/2/2006 6:38 93000 39 -80.043 65 9.5
1/2/2006 6:38 -35800 39.007 -80.288 315 6.5
1/2/2006 7:03 0 38.838 -80.249 199 7.5
1/2/2006 7:03 12800 38.845 -80.245 199 7
1/2/2006 7:11 0 38.829 -80.246 197 8.1
1/2/2006 7:13 -22300 38.83 -80.25 198 8.1
1/2/2006 7:13 -22700 38.838 -80.222 188 7.2
1/2/2006 7:17 -9800 38.856 -80.164 160 6.2
1/2/2006 7:17 0 38.862 -80.177 165 5.6
1/2/2006 7:22 -15300 38.869 -80.139 145 6
1/2/2006 7:22 22700 38.874 -80.112 134 6.7
1/2/2006 7:52 43500 38.898 -80.057 111 8.4
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Results from Analysis of Seismic Data for the January 2, 2006 event near 
Sago, WV 

 
Martin Chapman 

Department of Geosciences 
VPI&SU 

Blacksburg, VA 
ph: 540-231-5036 

email: mcc@vt.edu 
 

Introduction 
 

The author examined regional seismic network recordings for the time interval around 6:30 AM, EST 
January 2, 2006 to determine if the event at the Sago mine was seismically recorded. 
 
A small amplitude signal was identified on records at broadband station MCWV, near Mont Chateau, 
WV, the nearest seismic station to the mine.  This station is part of the U.S. Geological Survey 
Advanced National Seismic System (ANSS) which is designed to record world-wide seismic activity as 
well as to monitor shocks in all regions of the U.S.  The signal was also recorded at larger distances by 
three stations to the south: FWV, ELN and BLA.  These more distant stations use short period sensors 
and are operated by Virginia Tech as part of the ANSS. 
 
The following is a summary of the results pertaining to the location and time of the event that generated 
the seismic signals. 
 

Data 
 

Figures 1 through 4 show the data recorded at stations MCWV, FWV, ELN and BLA respectively.  The 
signals have been bandpass-filtered using a 3 pole Butterworth prototype with corner frequencies 1.0 
and 5.0 Hz.  The signal/noise ratios of these data are small, however, measurement of arrival times for P 
and S waves was possible.  The estimated arrival times are given below in Table 1, in Eastern Standard 
Time. 
 
The coordinates of the recording stations are as follows: 
 

BLA:   37.2113 deg N   80.4202 deg W 
ELN:   37.2805 deg N   80.7517 deg W 
FWV:   37.5810 deg N  80.8118 deg W 
MCWV: 39.6582 deg N  79.8457 deg W 
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Results 
 

Figure 5 shows the epicenter estimated using the arrival time data in Table 1.  The locations were 
determined using the velocity model  in Table 2, in conjunction with the computer program 
Hypoellipse.  Table 3 gives hypocenter and origin time estimates for 3 cases.  
 
The first case assumes that the focal depth of the source is near the ground surface, consistent with a 
mining-related source, but not necessarily located near the Sago mine.  Latitude, longitude and origin 
time are treated as unknowns to be determined from the arrival time data. The origin time estimate in 
this case is 06:26:38.29 EST with standard error 1.65 seconds. The 68% confidence ellipse for the 
epicenter determined from the seismic data includes the Sago mine location (Figure 5). A 68% 
confidence interval for the origin time is 06:26:36.60 to 06:26:39.94 EST, assuming no systematic bias 
due to uncertainty associated with the velocity model in Table 2 or in phase arrival time measurement. 
 
The second case is a completely un-constrained location, in which the latitude, longitude, focal depth 
and origin time are treated as unknowns to be determined. The computed epicenter is very near the Sago 
Mine location in this case (figure 5). The estimated focal depth is shallow (2.5 km) but very poorly 
determined (68% confidence: 0 to 34 km). The 68% confidence interval for the origin time is 
06:26:35.35 - 06:26:41.21 EST.  
 
The third case assumes that the source occurred at the Sago mine, (Latitude 38.9407°N; Longitude 
80.2030°W) with zero focal depth. The only free parameter to be determined is the origin time.  The 
68% confidence interval for the origin time is 06:26:36.46 - 06:26:40.00 EST. 
 

Conclusions 
 
The seismic signal recorded on January 2, 2006 at approximately 06:26 EST was caused by an 
underground disturbance at or near the Sago mine.  Assuming that the source was at the Sago mine, a 
68% confidence interval for the origin time is 06:26:36.46 - 06:26:40.00 EST.  Simply put, the event 
most likely occurred within a 4 second interval centered at 06:26:38.2 AM. This estimate assumes no 
systematic error in phase arrival time determination, and/or bias in the seismic wave velocity model used 
for analysis.  It is possible that the origin time estimate is slightly late, due to the very emergent nature 
of the P and S wave arrivals because of low signal/noise ratios at all the recording stations.  
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Table 1 
P arrival* S arrival* Station 

Hour Minute Second Hour Minute Second 
MCWV 06 26 52.6 06 27 3.5 
FWV 06 27 5.1 06 27 24.1 
ELN 06 27 9.0 06 27 32.7 
BLA 06 27 9.7 06 27 32.2 

* All times are Eastern Standard Time. 
 

Table 2 
P wave velocity (km/sec) S wave velocity (km/sec) Layer thickness (km) 

5.63 3.43 5.7 
6.05 3.52 9.0 
6.53 3.84 36.0 
8.18 4.78 -  

 
Table 3 

 Latitude  Longitude  Focal Depth 
Origin 
Time* 

Standard 
Error of 
Origin 
Time 

Azimuth 
of Error 
Ellipse 
Semi-
Major 
Axis 

Major 
Axis 

Length 

Minor 
Axis 

Length 

Depth 
constrained 

38.9243°N 80.1169°W 0 km 
(fixed) 

06:26:38.29 1.65 s 286° 23 km 4.4 km 

Depth 
unconstrained 38.9465°N 80.1920°W 2.45 km 06:26:38.28 2.93 s 289° 23 km 4.0 km 

Depth and 
location 

constrained 

38.9407°N 
(fixed) 

80.2030°W 
(fixed) 

0 km 
(fixed) 

06:26:38.23 1.77 s    

* All times are Eastern Standard Time. 
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Figure 1. Waveforms recorded at station MCWV, 85.4 km from the assumed epicenter at 38.94065 degrees N, 80.20295 degrees W. 
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Figure 2. Waveforms recorded at station FWV, 160.1  km from the assumed epicenter at 38.94065 degrees N, 80.20295 degrees W. 
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Figure 3. Waveforms recorded at station ELN, 190.5  km from the assumed epicenter at 38.94065 degrees N, 80.20295 degrees W. 
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Figure 4. Waveforms recorded at station BLA, 192.9  km from the assumed epicenter at 38.94065 degrees N, 80.20295 degrees W. 
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Figure 5. Map showing as a black diamond the assumed location of the Sago mine event (38.94065 degrees N, 80.20295 degrees W). 
The red diamond shows the epicenter determined using the arriva l time data in Table 1 with focal depth fixed at the ground surface. 
The red line indicates 68% confidence ellipse for the epicenter location.  The blue diamond is the epicenter estimated with the depth 
unconstrained. The blue line shows the corresponding 68% confidence ellipse. Seismic stations used in the location are indicated by 
the red triangles. 
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Abstract 
 

This report documents measurements and analytical modeling of electromagnetic transfer functions to 
quantify the ability of cloud-to-ground lightning strokes (including horizontal arc-channel components) to 
couple electromagnetic energy into the Sago mine located near Buckhannon, WV.  Two coupling 
mechanisms were measured: direct and indirect drive.  These transfer functions are then used to predict 
electric fields within the mine and induced voltages on conductors that were left abandoned in the sealed 
area of the Sago mine.   
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Executive Summary  
This report documents measurements and analytical modeling of electromagnetic transfer functions to 
quantify the ability of cloud-to-ground lightning strokes (including horizontal arc-channel components) to 
couple electromagnetic energy into the Sago mine located near Buckhannon, WV.  These transfer 
functions, coupled with mathematical representations of lightning strokes, are then used to predict electric 
fields within the mine and induced voltages on a cable that was left abandoned in the sealed area of the 
Sago mine.  If voltages reach high enough levels, electrical arcing could occur from the abandoned cable.  
Electrical arcing is known to be an effective ignition source for explosive gas mixtures, and corona 
discharge has been postulated to be so as well.  However, given the time scale of lightning (~100 μs), it is 
unlikely that corona would develop before an electrical arc.  Corona is due to ionization of surrounding 
air and usually a precursor to arcing, given sufficient voltage. 
 
Two coupling mechanisms were measured: direct and indirect drive.  Direct coupling results from the 
injection or induction of lightning current onto metallic conductors such as the conveyors, rails, trolley 
communications cable, and AC power shields that connect from the outside of the mine to locations deep 
within the mine.  Indirect coupling results from electromagnetic field propagation through the earth as a 
result of a cloud-to-ground lightning stroke or a long, low-altitude horizontal current channel from a 
cloud-to-ground stroke.  Unlike direct coupling, indirect coupling does not require metallic conductors in 
a continuous path from the surface to areas internal to the mine.   
 
Based on the direct coupling measurements, lightning currents attenuate rapidly on the conductors as a 
function of distance into the mine.  It is highly unlikely that a worst-case lightning stroke could generate 
sufficient voltage on a cable within the sealed area to cause concern – even if the lightning stroke directly 
attached to physical conductors at the entrance to the mine.   
 
Results from the indirect coupling measurements and analysis are of great concern.  The field 
measurements and analysis indicate that significant energy can be coupled directly into the sealed area of 
the mine.  Due to the relatively low frequency content of lightning (< 100 kHz), electromagnetic energy 
can readily propagate through hundreds of feet of earth.   Indirect transfer function measurements 
compare extremely well with analytical models developed for the Sago site which take into account 
measured soil properties.  Lightning stroke data recorded by the National Lightning Detection Network 
and the United States Precision Lightning Network at the time of the explosion does not support the 
conclusion that high enough voltage to provide a source of ignition could be generated in the sealed area. 
However, analyses of credible hypothetical scenarios (an undetected stroke closer to the sealed area or a 
horizontal arc channel of a recorded stroke above the sealed area) indicate voltages large enough on the 
abandoned cable in the sealed area to be of concern for electrical arcing.  Eyewitness accounts of 
simultaneous lightning and thunder above the sealed area at the time of the explosion lends further 
credence to these hypotheses.   
 
This work was sponsored by the Mine Safety and Health Administration.  Due to the complexity of 
lightning interactions with large multi-path structures and the limited duration of this project, it was not 
possible to address the full intricacies of potential lightning interactions at the Sago mine.  However, 
results cited in this report can be considered as a significant indicator of the potential for lightning to 
couple energy into underground mining structures.  Significant follow-on research would be required to 
address the complexity of mining structures to an extent to fully characterize these energy coupling 
mechanisms.  Once achieved, it is reasonable to expect that mitigation techniques and safety standards 
could be developed to secure mining structures from future lightning threats.   
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ABBREVIATIONS, ACRONYMS AND INITIALIZATIONS 
 
CW Continuous Wave 
dB deciBel 
DOE Department of Energy 
FFT Fast Fourier Transform 
IFFT Inverse Fast Fourier Transform  
NLDN National Lightning Detection Network 
USPLN United States Precision Lightning Network 
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Measurement and Modeling of Electrical Transfer Functions for Lightning 
Coupling into the Sago Mine 

 

1 Introduction 
On January 2, 2006, an explosion was initiated in a methane-air mixture within a sealed area at the Sago 
underground coal mine near Buckhannon, WV that resulted in the deaths of twelve miners.  The 
approximate location of the initiation of the explosion is shown in Figure 1-1.   
 

 
Figure 1-1 Approximate Location of Initiation of Explosion in Sealed Area of Sago Mine. 

 
Because of the fraction of a second simultaneity of the explosion and nearby lightning strokes recorded by 
the National Lightning Detection Network (NLDN) and the United States Precision Lightning Network 
(USPLN), lightning is strongly suspected to have caused the explosion.  Additional eyewitness reports of 
other lightning not recorded by NLDN and USPLN further these suspicions [21].  If the timing of the 
recorded lightning strokes and the underground mine explosion are considered independent statistical 
events, then the probability that such a combined event would occur at random in a given year is 
extremely low.  When this highly improbable event is coupled with the fact that at least eleven 
underground coal mine explosions have occurred since 1990 (see Appendix D) in which lightning is 
suspected of being the cause, it further supports the need to understand the potential role of lightning in 
the Sago disaster [1-4].  The coupling mechanisms that may have brought lightning energy into the sealed 
area at Sago were unclear and complicated by the fact that there were no known metallic penetrations into 
the sealed area of the Sago mine, unlike other sealed area explosions.  Prior to 1990, lightning location 
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and timing data was unavailable, leaving the possibility that many earlier mine explosions would also be 
correlated to lightning events.   
 
The goal of this project was to perform field measurements at the Sago site and to develop analytical 
models to quantify potential lightning coupling mechanisms that are capable of delivering significant 
energy into the sealed area of the Sago mine.   
 

1.1 Motivation for Research and Measurements 
Over the last decade, Sandia National Laboratories (Sandia) has developed unique capabilities to 
characterize and mitigate lightning effects on high value assets within the Department of Energy (DOE) 
and other agencies as part of a national security mission in nuclear weapons stockpile stewardship.  
Additionally, the history of potential lightning induced mine explosions suggested that a program using 
modern electromagnetic measurement techniques and analysis could be valuable during the investigation 
at the Sago mine.  These modern lightning coupling measurement techniques were developed by 
DOE/NNSA specifically for the evaluation of the performance of lightning protection systems on buried, 
explosive storage structures, nuclear weapons assembly and dismantlement facilities, and at tunneling 
systems at the DOE Nevada Test Site.  These Sandia developed techniques have been compared and 
validated using rocket-triggered lightning measurements [5-7] and have undergone significant technical 
review within the DOE and by the Defense Nuclear Facility Safety Board, an independent federal agency 
established by Congress in 1988. 
 

1.2 Objectives of Measurements  
The principal objectives of this program were to identify, characterize, and quantify the electromagnetic 
paths of lightning electrical energy into the sealed area of the Sago underground coal mine.  These paths 
include direct coupling through metallic penetrations into the operating area of the mine and indirect 
coupling through the earth overburden to conductors in the sealed area.  Measurement results are 
compared with basic analytical models to confirm the validity of proposed lightning coupling 
mechanisms.  The measured transfer functions were then used to predict the voltages generated on a cable 
left abandoned within the sealed area from the lightning stroke locations and amplitudes determined by 
the NLDN and the USPLN.  In addition, the raw lightning event data from the NLDN and USPLN was 
analyzed to ascertain if there were any instances of data at the correct time that did not meet all of the 
criteria to be recorded as a lightning stroke.  
 

1.3 Previous Work on Lightning Induced Mine Explosions  
Recent previous works by Novak and others [8,9] have utilized commercial, numerical electromagnetic 
codes to calculate the voltages on metal-cased boreholes connecting the surface with the sealed areas in 
mines.  They have postulated corona discharge as an initiating mechanism based on experimental work by 
combustion researchers [10,11].  Berger, Geldenhuys, Golledge, Zeh, and others have analyzed the 
specific situation of lightning-caused explosions in shallow South African underground coal mines [12-
16].  The Australian, German, and Chinese literature on lightning initiated underground coal mine 
explosions has not been thoroughly explored. 
 

1.4 Measurement Method and Analysis  
The coupling mechanisms of lightning energy into the Sago mine have been divided into (1) direct 
coupling via metallic penetrations from the outside of the mine that are terminated immediately outside 
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the sealed area, and (2) indirect coupling through the soil and rock overburden above the sealed area.  The 
metallic penetrations analyzed and measured were the AC power shields, the coal conveyer system, the 
transportation rail system, and the mine trolley communication cable.  The primary focus of this study 
was to determine electric fields within the mine and the resulting induced voltage on a cable within the 
sealed area due to both the direct and indirect coupling mechanisms.  Electrical arcing is known to be an 
effective ignition source for explosive gas mixtures, and corona discharge has been postulated to be so as 
well.  However, given the timescale of lightning (~100 μs) it is unlikely that corona would develop before 
an electrical arc.  Corona is due to ionization of surrounding air and usually a precursor to arcing, given 
sufficient voltage.   
 
Lightning coupling mechanisms were characterized by driving potential pathways with low-level, 
continuous sinusoidal signals and measuring the resultant signals at distant locations.  The resultant data 
when divided by the input signal produces a transfer function that can be coupled with a mathematical 
representation of lightning strokes to calculate a resultant signal at points inside the mine.  The 
advantages of using this technique are as follows: 
 

• Measurements can be made without waiting for a natural or triggered lightning in the vicinity. 
• Safety is not compromised due to use of low-level signals and interference with ongoing mine 

operations is minimized. 
• The frequency content of the low-level drive signal can be tailored to that of natural lightning.  
• Many data points can be taken with this method which enhances the precision of the transfer 

functions.  
 
The disadvantage is that the nonlinear effects of high-voltage arcing cannot be taken into account.  
 

1.4.1 Direct Coupling Transfer Function Measurements and Analysis  
Because all metallic conductors into the Sago mine were terminated outside the sealed area of the mine, 
current cannot be injected from outside the sealed area directly into the sealed area.  However, currents 
flowing on conductors inside the mine, but outside of the sealed area, may be able to induce voltage on a 
cable inside the sealed area through electromagnetic coupling.  To determine the amplitude of these 
currents, attenuation on each conductor entering the mine was measured using transfer function 
techniques.  Low-level direct coupling transfer function measurements were made by injecting current 
onto metallic penetrations at the entrance to the mine and then measuring the voltage and current levels 
on these penetrations at various points within the mine, up to immediately outside the sealed area.  The 
voltage induced on conductors inside the sealed area could then be calculated based on the projected 
current level on conductors outside the sealed area and an analytical estimate of the electromagnetic 
coupling between this current and the conductors inside the sealed area.  The measurements were made 
over a frequency range from 10 Hz to 100 kHz, corresponding to wavelengths in air of 3x107 meters to 
3000 meters respectively.  We are able to use very small signals because our instrumentation is very 
sensitive and has a large dynamic range.  We demonstrated that we could measure input currents and at 
some distance and from the source even with significant attenuation. 
 
Because the direct-drive measurements are taken as a function of frequency, the mathematical 
representation of a lightning stroke is transformed as a function of frequency.  To use the data, the direct-
drive transfer functions were multiplied by the frequency representation of a lightning stroke. The product 
was inverse Fourier transformed to represent the resultant signals inside the mine from a lightning event 
outside the mine, as a function of time.  To represent the worst-case scenario input for the purpose of 
these calculations, an assumption was made that the lightning stroke attached to the metallic penetrations 
at the entrance of the mine.   
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1.4.2 Indirect Coupling Transfer Function Measurements and Analysis 
The large currents in a lightning stroke have an associated magnetic field.  When a lightning stroke 
attaches to the earth, this creates a magnetic field tangential to the ground.  For a fully developed 
lightning stroke, it is reasonable to approximate this magnetic field as  

( )
2

IH r
rπ

=  

over a distance of 30 m – 1000 m, where I = lightning current and r = distance from stroke attachment.  
For distances within 30 m of the attachment, magnetic field calculations are more complex and this 
approximation is incomplete.  To a first order of approximation and as a bound, the magnetic field is 
calculated above a perfectly conducting ground plane, as above.  This approximate tangential magnetic 
field is used as a drive to generate current in the finitely conducting earth.  The calculations in this report 
do not deal with magnetic fields generated in the immediate vicinity of lightning strokes; therefore, these 
interactions will not be evaluated here.  For distances greater than 1000 m from the attachment, the 
approximation for the magnetic field at the surface may be an overestimation, but can be considered a 
reasonable upper bound.   
 
When lightning attaches to the ground, the magnetic field tangential to the ground creates currents not 
only on the surface, but deeper in the earth as well.  It is a fundamental principle of electromagnetics that 
magnetic fields on the surface of a conductor can generate currents within the conductor of some depth.  
For frequencies sufficiently low that displacement currents can be neglected, this is called the skin effect 
and is dependent upon the resistivity of the conductor.  When displacement currents are neglected, the 
electromagnetic coupling phenomena are called diffusion coupling or, equivalently, eddy current 
coupling.  The skin depth characterizes the exponential decay of these currents in planar geometries.  
Resistivity measurements have shown the soil in the vicinity of the sealed area of the Sago mine to be a 
fairly good conductor; therefore, it is reasonable to assume that some electromagnetic energy can 
propagate from the surface of the earth into the sealed area of the mine.  This effect is similar to 
propagating radio waves through seawater, also a fairly good conductor, and communicating with 
submarines. 
 
The methodology used to measure the electromagnetic coupling through the earth is to simulate magnetic 
fields in the earth by connecting a frequency variable voltage source via straight wires on the surface 
between ground rods at either end of the wires.  The ground rods are placed a significant distance from 
each other, approximately 100 m on either side of the region where the electric fields are measured, or 
where voltage is induced on an insulated wire.  The electric field and the voltage on a cable are measured 
over a frequency range from 10 Hz to 100 kHz.  At this point we have the electric field and voltage 
response on the pump cable in the sealed area from a known linear current distribution on the surface.   
 
Two steps are involved in calculating the response of a lightning stroke attachment at a distance from the 
sealed area.  The first step involves estimating the magnetic field (or surface current) above the sealed 
area from a lightning attachment to the ground at a distance from the sealed area.  The second step 
involves calculating the electric field in the sealed area of the mine due to the uniform magnetic field (or 
surface current) on the surface using the parameters determined from the coupling measurements.  Once 
these connections are made with data in the frequency domain, then the Fourier transform of the lightning 
stroke can be multiplied by the transfer function.  The inverse Fourier transform of the product can be 
taken to determine the peak electric field and peak voltages that would be caused by a lightning 
attachment of a given amplitude at a given location with respect to the sealed area.  If the peak induced 
voltages are significant, arcing between conductors could occur.  A few tenths of a milliJoule of energy in 
the arc would be a sufficient ignition source for a combustible methane-air mixture [17].  This amount of 
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energy is readily available from almost any arcing process envisioned in a lightning induced event.  Bulk 
air breakdown in small gaps (several millimeters) occurs at average electric field values of approximately 
10 kV/cm with standard lightning waveforms [18].  Surface arcing can occur at electric field values in the 
5 kV/cm range.   
 

1.5 Soil and Rock Site Data 
The soil and rock resistivity play a major role in determining the amplitude and frequency dependence of 
indirect coupling into the sealed mine area.  Several studies provide resistivities measured with different 
techniques and equipment.  The resistivities determined by the different measurements appear to be 
somewhat inconsistent.  However, resistivities in [19] match the numbers that give us the best fit for our 
analysis of electromagnetic coupling through the ground.  The resistivities in [19], using a best fit to 
electromagnetic sounding data, are 100 Ohm-m from 0 to 40 feet, 10 Ohm-m from 40 to 120 feet, and 100 
Ohm-m from 120 to 350 feet deep, yielding an average of 77.3 Ohm-m above the sealed area at the 
borehole. In this study an average resistivity of 80 Ohm-m is used to characterize the soil and rock 
overburden atop the sealed area of the Sago mine. 
 

1.6 Lightning Event Information 
Three positive polarity lightning strokes were identified by the NLDN and the USPLN that were 
coincident with the Sago underground coal mine sealed area explosion.  Their location, polarity, and 
amplitude are shown in Figure 1-2.   

 
Figure 1-2  Location of Lightning Strokes at Sago Mine Contemporaneous with Sealed Area Explosion. 
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Table 1-1 gives the location, polarity, and amplitude of the identified strokes.  Also provided in the table 
are the distances from the stroke locations to the sealed area, and the angle that a line between the stroke 
location and the borehole above the sealed area makes with the pump cable in the sealed area.  It should 
be noted that physical evidence of only stroke number 3 was found after several searches of each 
attachment area.  An analysis of the USPLN and NLDN data strongly suggest that stroke number 1 and 2 
in Table 1-1 represent a single stroke, and not two separate events [20,21]. 
 

Table 1-1  Lightning Detection Network Data, January 2, 2006 
Stroke 

No. 
Time Longitude/ 

Latitude 
Polarity Amplitude

 
 

(kA) 

Distance 
to 

Borehole 
(km) 

Angle 
with 

Cable 
(Degrees) 

Detection 
System 

1 6:26:35.522am N38.897/ 
W80.231 Positive 38.8 5.44 52.8 NLDN 

2 6:26:35.522am N38.9071693/ 
W80.2201 Positive 35 4.02 49.3 USPLN 

3 6:26:35.680am N38.926/ 
W80.233 Positive 101 2.91 85.5 NLDN 

 
 
The accuracy of the NLDN is shown in general by the confidence ellipses drawn around the most 
probable locations. The ellipses give the probability that the lightning is actually inside the ellipse. The 
estimated 99% location uncertainty for both strokes detected by NLDN was better than 1.1 km (0.7 
miles). The fact that the tree was found damaged approximately 197 feet (59 m) from the most probable 
location of the 101 kA stroke further demonstrates the NLDN location accuracy near the Sago mine [20, 
21, 35].  Recent validation experiments on the NLDN have shown stroke detection efficiencies between 
70 – 85% and flash detection efficiencies of 90 – 95% [34].  (Lightning flashes are typically comprised of 
multiple strokes.)  It is believed that the two strokes (1 and 3 from Table 1-1) at Sago were part of the 
same flash [35].    
 
Several other possibilities exist that were not, or could not, be confirmed by the lightning detection 
network data.  Although quite reliable and accurate, the possibility exists of strokes not being detected. 
Simultaneous thunder and flash were reported by residents living on top of or nearby the sealed area [21].  
In addition, the lightning detection networks are designed to locate the ground strike points of cloud-to-
ground strokes and do not provide information about the channel geometry above those points, such as if 
a stroke had a long, low horizontal component that could be important in radiating fields into the mine. 
Also, upward discharges that are initiated by tall vertical structures will not be detected by the systems 
unless the initial continuous current phase is followed by at least one leader-return stroke sequence [20, 
35].  There were several tall communication towers (the tallest being ~ 200 ft.) within a mile of the sealed 
area, the closest being approximately 0.5 miles. 
 

1.7 Other Site Information 
Measurements discussed in this report were made on the most likely coupling paths into the sealed area.  
Other potential conduits of lightning energy are mentioned in this section, but were not characterized due 
to the limited budget and schedule of this project.  While they are mentioned here for completeness, the 
lack of measured data on them does not change the conclusions in this report.  If it is desired to develop 
an overall lightning protection scheme specific to the Sago mine, it would be useful to characterize these 
potential conduits in the future. 
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All vertical pipes in the vicinity of the sealed area are shown in Figure 1-3.  The vertical pipe closest to 
the sealed area of the mine is the gas well pointed out in Figure 1-3.  It is unlikely that any field 
enhancements due to the vertical pipes would induce a significant amount of voltage onto the pump cable 
in the sealed area because the cable is orthogonal to the pipes.  However, as potential conduits for 
lightning energy, they are mentioned here for completeness. 
 
The horizontal gas pipes that are in the vicinity of the sealed area are also shown in Figure 1-3.  These 
pipes are in general buried at a depth of 2 feet from the surface.  The response on the pump cable, or 
electric fields in the sealed area, due to the current drive of the horizontal gas pipes was not characterized 
because it was not planned for and was not characterized because of liability issues.  The gas pipes, if 
driven locally to the sealed area, would have similar coupling characteristics to the pump cable as that of 
the indirect drive experimental setup.  If the gas pipes were driven remotely, the amount of attenuation 
from one point on the pipes to another point is mostly dependent upon the resistivity of the soil 
surrounding the pipes.  If the soil surrounding the pipes has low resistivity, a majority of current injected 
onto the pipes would attenuate in a short distance.  However, if the pipes are either not in contact with the 
soil or the resistivity of the soil is large, then the pipes would act as insulated conductors.  Attenuation on 
the pipes in this case would be much less.   
 

 
Figure 1-3  Vertical Pipes in Vicinity of Sealed Area of Sago Mine. 

 
Both telephone wires and AC power lines were in the vicinity of the 101 kA positive stroke and could 
have provided metallic conduction paths into the Sago mine AC power system, or the telephone 
communication system, or to other metallic penetrations into the mine.  The location and routing of this 
wiring with respect to the stroke are shown in Figure 1-4.  The direct-drive measurements discussed in 

Closest Gas Well 
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Section 3.1 lead to the conclusion that even if the power and telephone lines were conduits of the 
lightning energy, they would not be a plausible source of energy to cause high voltage in the sealed area.   
 

 
Figure 1-4  AC Power Distribution Lines and Telephone Lines near Positive 101 kA Stroke. 

 
The presence of metallic roof mesh and pump cabling and its relationship to the approximate location of 
initiation of the explosion are shown in Figure 1-5.  The pump cable is shown as the red line and the green 
shaded area depicts the metallic mesh.  The pump cable is noted because indirect coupling measurements 
are made on it.  With these measurements, the voltages induced on the pump cable due to lightning 
strokes on the surface are calculated in this report.   
 
The metallic mesh is noted because it is used in some of the measurements for grounding purposes.  It 
was not considered a plausible receiver or antenna of the electromagnetic energy that propagates 
underground because it appears to be well grounded at regular intervals to the roof of the sealed area, and, 
therefore, would not support a large voltage potential. 
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Figure 1-5  Roof Mesh and Cable in Sealed Area Where Explosion Was Initiated.  The red line represents a 

cable from a water pump located at the top of the figure.  The green lines represent metallic roof mesh. 
 

1.8 Fidelity Issues of Study 
To have confidence in the measured results, several fidelity issues were addressed to ensure that the 
measurements could be used to calculate a realistic natural lightning response.   
 

1.8.1 Current Flow on the Surface from a Real Lightning Stroke and the 
Indirect-drive Test Setup  

Consideration was given here to two issues that could limit the applicability of the indirect measurements.  
The first consideration is whether the current flow pattern in the earth is sufficiently similar to lightning.  
The electric and magnetic fields near rocket-triggered lightning have been measured, and the current flow 
in the soil out to 30 m distance from the attachment can be inferred [22,23].  Nonlinearities at the 
lightning attachment point often cause arcing either on the surface of the soil or into the soil that are not 
duplicated by the low-level drive current measurement method.  Because these arcs are limited to the 
attachment area, they do not affect the overall current flow at large distances to a significant degree.  We 
are not modeling the stroke attachment region, as stated previously.   
 
A second, more significant consideration is that the near-surface current flow pattern produced by these 
measurement techniques may not accurately represent natural lightning current flow patterns.  This is 
possible because either the current flow at large distances from the attachment point is not duplicated due 
to the use of ground rods as a return current path during the measurement, or because resistive 
inhomogeneities in the soil and rock overburden can perturb the flow pattern.  However, good correlation 
between the measured results and the homogeneous earth models suggest these deviations are negligible 
for this particular project. 
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1.8.2 Physical Changes to the Sago Site after the Accident 
Physical changes were made at the site after the explosion occurred and before Sandia researchers arrived 
at Sago.  These changes do not impact the validity of these measurements, but they are included here for 
completeness.  A three-inch borehole was drilled into the sealed area of the mine immediately above 
where the explosion is likely to have been initiated.  The borehole has only fourteen feet of steel casing 
from the surface downward, which should not affect the measurements significantly.  Also, two eighteen-
inch steel casings were added to connect water pumps in the north end of the sealed area to the surface.  
Because these pipes are a large distance from the region of the sealed area where the explosion originated 
and are orthogonal to the pump cable, they are not expected to affect the measurements significantly.  The 
pump cable in the sealed area was modified for the indirect drive measurements.  The pump cable was 
spliced with 12-gauge wire to recreate the length of pump cable believed to have been there during the 
explosion1.  For the measurements, the pump cable was connected with 12-gauge wire to the ceiling mesh 
and the exposed conductors were placed underwater approximately four crosscuts from the back of the 
sealed area.  The approximate total length of the recreated cable was 300 m (984 ft). 
 

1.9 Potential Further Areas of Study 
The following items are potential areas for further study.  Their effects on the coupling mechanisms 
characterized in this report are unknown, but believed to be of minimal effect.  Evaluating these areas will 
not change the basic conclusions in this report.   
 

1.9.1 Nonlinearities 
Surface arcing and arcing through soil and rock are well-known phenomena that can propagate lightning 
energy over a distance of a hundred feet or less.  Because these phenomena occur only at the full 
amplitudes of natural or triggered lightning strokes, their behavior and effect on coupling could not be 
studied using the low-amplitude transfer function measurement techniques of this study.  There is no 
evidence an arc can travel a distance of 300 feet through soil and rock, therefore, it is unlikely this would 
have any effect on this analysis. 
 

1.9.2 Coupling from Vertical Pipes near Sealed Areas 
The effect on the coupled electromagnetic field caused by direct drive of the vertical gas well that passed 
near the sealed area was not measured or modeled in this study.  Because we could not guarantee that 
damage to cathodic protection systems or other instrumentation would not be caused by our drive system, 
the owners of the system would not allow attachment to the pipe without indemnification.  Direct drive of 
the vertical pipe could have caused some enhancement of the coupled electric fields in the sealed area, but 
would not change the conclusions of this report. 
 

1.9.3 Distributed Drives for Metallic Penetrations 
Although the localized drive at the entrance to the mine of all metallic penetrations to the mine was 
studied (except pager communication line), the propagation of voltages and currents on these penetrations 

                                                      
1 As a note, there is some disagreement as to the length and positioning of the pump cable at the time of the 
explosion.  The test team used information provided at the time of the measurements, which was that the pump cable 
was intact and the cable shield was grounded to the submerged pump.  
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can be enhanced by current flow on the surface of the earth above the penetrations.  Simple considerations 
indicate that the voltage and current amplitudes are not enhanced significantly.  The measurement that 
could have elucidated this phenomenon was cancelled because of the physical and political impracticality 
of stringing a wire from the entrance of the mine through dense forests and livestock-occupied 
pastureland to a location above the sealed area. 
 

1.9.4 Amplification Effects of Wiring Resonances 
Several coupling resonances were identified on the mine trolley communication and power wiring that 
could enhance lightning coupled voltages in sealed and unsealed areas of the mine.  The characteristics of 
the resonances were so small that the enhancement would not be significant; however, the maximum 
extent to which this factor could amplify voltages in sealed areas was not studied. 
 

1.9.5 Effect of Grounded Roof Meshes 
Voltages induced between sections of roof meshes in the sealed area were not measured because the 
substantial grounding of these meshes via rods driven every three feet or so to provide roof support was 
thought to prevent buildup of voltages.  We found at the site that the use of nonconductive epoxies may 
prevent good contact between the epoxy bolts and the rock.  The voltage buildup between sections of roof 
mesh and the effect of the roof mesh on electric fields and voltages within the sealed area was not studied 
in this project.  [36] 
 

1.9.6 Coupling Paths Not Present in Sago Mine 
Lightning coupling paths into sealed areas that are common in other underground coal mines but are 
absent from the Sago mine, such as coupling along metal-cased boreholes that extend from the surface 
into the sealed area and coupling through other metallic penetrations used for monitoring or other 
instrumentation were not studied in this project. 
 

1.9.7 Geologic Irregularities Affecting Coupling 
The extent to which geologic irregularities such as faults and mineral deposits that affect the coupling of 
lightning energy into underground coals was not quantified in this study. 
 

1.9.8 Lightning Current Return Path Assumptions 
The analysis used in this report assumes that lightning current is uniform in the radial direction.  The 
extent to which large-scale inhomogenieties affect the current paths, and the extent to which the variation 
with depth affects the coupling, were not quantified in this study. 
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2 Electromagnetic Coupling Phenomenology Models 
Modeling was included in this project to compare the measurements with theoretical calculations.  The 
results for mathematical modeling of coupling of electromagnetic energy into the mine by direct coupling 
and by indirect coupling are now given.  The details of the derivations and derivations of more 
complicated models are given in Appendix A. 

2.1 Direct Coupling via Metallic Penetrations into Mine  
The conductive penetrations into the mine can be modeled as transmission lines, or lines of distributed 
impedance (i.e., the combination of resistance, capacitance, and inductance).  It is helpful to model the 
penetrations as transmission lines, because then their behavior over a wide frequency range, such as the 
measurements made here, can be analyzed.  The classic theory of transmission lines is detailed by King in 
[24].  Useful formulas for calculating the transmission-line parameters in situations similar to those at the 
Sago mine are given by Warne and Chen in [25].   
 

2.1.1 Localized Drive Transmission-line Theory  
Using the differential circuit representation in Figure 2-1, the equations of transmission-line theory can be 
developed [24].  

 
Figure 2-1  Equivalent Circuit of a Section of Transmission Line. 

 
The transmission-line equations are given by  
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These equations along with current or voltage source terms corresponding to localized current or voltage 
drives and appropriate loads have been used to develop a formal theory of transmission lines [24], which, 
along with properly determined transmission line parameters, is appropriate to the study of the 
propagation of lightning currents along direct coupling paths on metallic conductors into the Sago mine.  
Note that the variable z is used both as the distance along the transmission line and as the impedance 
parameter for the transmission line. 
 

2.1.2 Distributed Drive Transmission-line Theory  
In many situations the current and voltage sources driving the transmission line of Figure 2-1 are not 
localized to a small volume but are distributed incremental current and/or voltage sources generated along 
the length of the transmission-line.  An appropriate theory for this type of drive has also been developed 
in [24].  This type of transmission-line treatment is appropriate if the stroke does not directly attach to or 
is not conducted via metallic connections to the transmission-line. 
 

2.2 Indirect Electromagnetic Coupling via Soil and Rock  
To calculate the electric fields in the earth induced by a current on the surface, the problem is simplified 
by representing the earth as a homogeneous material with a constant resistivity.  Section 2.2.1 calculates 
the simplest case given a finite-length, DC current drive.  The calculations become more complex in 
Sections 2.2.2 and 2.2.3 as the current drive is assumed to be of infinite length and time-varying, as more 
appropriate for lightning currents on the surface.  These results are used to compare to the indirect 
measurements of the electric field in the sealed area as a function of the drive current on the surface. 
 

2.2.1 Static Coupling Model for Current Injected into Homogeneous Half-
Space  

The geometry for the simplest model for DC current coupling is shown in Figure 2-2 and is analyzed in 
[26].  
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Figure 2-2  DC Current Drive with Homogeneous Conducting Half-Space. 
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Current I is driven into the conductive half-space at Cartesian coordinate (-b,0,0) and the current is 
extracted at Cartesian coordinate (b,0,0).  The upper half-space, region-0, has infinite resistivity and the 
lower half-space, region-1 has resistivity, 1τ .  From simple considerations, V(x,y,z), the potential at 
Cartesian coordinate (x,y,z) with respect to infinity  is given by 
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The next coupling models to be considered are generalizations where the current is time varying say as 
with i te ω  and the displacement currents are neglected because region-1 is assumed to be a good conductor.  
This generalization turns out to be more difficult than one might expect because the current in the earth 
depends on the geometry of the current path above the earth.  A simpler model that corresponds to the 
electromagnetic coupling below an infinitely long, horizontal wire grounded at a large distance away and 
driven by a voltage source is, however, developed in the next section. 
 

2.2.2 Infinite Line Source above Homogeneous Half-Space 
The current drive geometry of an infinitely long, horizontal wire placed a distance, h, above a conductive 
half-space is shown on the left side of Figure 2-3.  A side view is shown on the right side of Figure 2-3.  
Similar configurations are analyzed in [27-31]. 
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Figure 2-3  Infinite Length, Harmonically Time Varying Horizontal Current Drive over a Conductive Half-

Space. 
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The current drive is harmonically time-varying and is directed along the positive x-axis at height, h, above 
it.  The upper half-space has infinite resistivity and the lower half-space has resistivity, τ1.  If one neglects 
displacement current and relates current density, ix(x,y,z) and electric field, Ex(x,y,z), in region-1 through, 
Ex(x,y,z)=τ1ix(x,y,z), then the current density in the lower half-space, region-1, can be determined to be  
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Numerical calculations of this integral are carried out in Appendix A. 
 
Note that the skin depth, δ, plays an important role as a parameter in all diffusion coupling calculations.  
For convenience it is plotted for resistivities of 10, 100, and 1000 Ohm-m in Figure 2-4.  At a given 
frequency, the lower the resistivity the smaller the skin depth, meaning a majority of the current is 
contained closer to the surface.  Hence, there will be better coupling deeper underground for ground with 
resistivity of 100 Ohm-m than for ground with resistivity of 10 Ohm-m.   
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Figure 2-4  Skin Depth, δ1, as a Function of Frequency for Resistivities of 10, 100, and 1000 Ohm-m. 
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2.2.3 Infinite Line Source at Surface of Homogeneous Half-Space  
If the line current source is brought to the surface of the conducting homogeneous half-space, where h=0, 
integrating this result for y=0 to get the horizontal electric field immediately below the current source 
yields 
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where K0 and K1 are modified Bessel functions.  Note that we are now using positive z in the downward 
direction in the formula.  A plot of the electric field at z=100 m depth for resistivities of 10, 100, and 
1000 Ohm-m is shown in Figure 2-5. 
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Figure 2-5  Amplitude and Phase of Electric Field as a Function of Frequency at Depth of 100m with 
Resistivities of 10, 100 and 1000 Ohm-m. 
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2.2.4 Uniform Magnetic Field at Surface above Homogeneous Half-Space 
Assume that a uniform y-directed magnetic field of intensity, H0, is instantaneously applied above a 
conducting half-space, as shown in Figure 2-6. 
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Figure 2-6  Harmonically Time-Varying Magnetic Field Drive over Conductive Half-Space. 

 
If displacement current is neglected, the horizontal electric field below the surface of the conductive half-
space is given by 
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Note that positive z is used in the downward direction in the formula.  Also note that this formulation 
describes the electric field due to the uniform surface current produced by a cloud-to-ground lightning 
stroke.   
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3 Measurement Methods 

3.1 Direct Drive 
The goal of direct drive is to characterize the attenuation or decrease in signal from the entrance of the 
mine to various distances into the mine.  This is accomplished by directly injecting a current on various 
conductive lines going into the mine and measuring the current at points further in the mine. 
 
Ideally, the transfer functions of each conductive line going into the mine would be measured in the same 
configuration as it was during the time of the explosion.  However, the grounding at the entrance of the 
mine was changed following the explosion.  Changing back to the old grounding state required the power 
to the mine be removed, thus stopping all mining operations.  A small set of measurements were made 
while power was disconnected on Sunday, November 5th.  It was not possible to conduct all 
measurements in the one day when the power was disconnected, and stopping mine operations for three 
days was not feasible.  Therefore, the rail, trolley communication line, and conveyor belt structure were 
measured at six locations at a later time (November 8th and 9th), with the mine grounding system in its 
current state.  The transfer function of the shield on the power cables could not be measured while power 
was energized. 
 

3.1.1 The Differences and Similarities between Conductive Penetrations 
The four conductive penetrations going into the entrance of the mine that were measured were 1) the 
shield on the power cable, 2) the rail, 3) the trolley communication line, and 4) the metallic structure of 
the belt conveyor.  The conveyor structure and the rail both appeared to be grounded frequently (the rail 
by surface contact with the ground and periodic bolts), and the conveyor structure by periodic legs bolted 
to the ground.  The shield on the power conductor appeared to be grounded at each power center.  The 
trolley communication cable was an isolated wire running the length of the mine and was only grounded 
at the entrance.  Because of this, at low frequencies the attenuation on the trolley communication line is 
quite small.   
 

3.1.2 Setup/Equipment Layout with Photos 
The principal measurement method used to characterize the coupling through metallic penetrations into 
the mine is shown in Figure 3-1.  Current is driven onto the metallic penetration with an audio amplifier 
and is returned through either a local ground or a "fence" ground.  The local ground consisted of three 18-
inch long conductive ground rods driven into the top soil.  Each rod was approximately five feet from the 
other rods and 20 feet away from the driving point.  The "fence" ground was long wire attached to the 
chain link fence that runs along the hillside above the entrance of the mine.   
 
The reasoning for the two grounding techniques was to help show the difference between a local point 
source drive and a distributed current source drive.  A lightning stroke drive could be a distributed current 
source.  The fence drive provided a distributed source for at least several hundred meters.  The fence 
ground also provided a lower ground resistance, which in turn allowed more current to be driven on the 
lines.  By driving more current on the line, the dynamic range of the measurement system was increased.  
The resistance of the local ground with respect to the rail was 90.2 Ω and the resistance of the fence 
ground with respect to the rail was 3.68 Ω.  It is easy to see from this DC measurement that 20 to 30 times 
the amount of current could be driven on the fence ground than the local ground.  The resistance of the 
local ground with respect to the conveyor structure was 97.5 Ω, and the resistance of the fence ground 
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with respect to the conveyor structure was 10.08 Ω.  All DC ground measurements were made with a 
Megger DET 5/2 Earth Tester.   
 
The direct-drive system is broken into two parts, the drive end and the measurement end.  The drive end 
consists of a 12 V marine battery and a 120 VAC inverter to provide isolated power for the measurement 
equipment, a fiber optic receiver, an audio amplifier driven by a network analyzer, connecting wires to 
the conductor being driven, and wires to a ground (local or fence).  The drive signal produced by the 
network analyzer is optically coupled to the audio amplifier allowing the signals to be phase-locked to 
increase the sensitivity of the measurements and allow for phase measurements.  The technique of phase-
locked detection allows measurement of voltages as low as 10s of nanoVolts. The measurement end 
consists of a 12 V battery and a 120 VAC inverter for isolated power for the measurement equipment, a 
fiber optic transmitter, a network analyzer, and current and voltage measurement probes.  The voltage 
measurements on the rail, power, and conveyor were made with respect to the roof mesh.  Voltage 
measurements were not made on the trolley communication line because it was isolated without an 
exposed conductor.   
 

 
Figure 3-1  Direct Drive Conceptual Drawing. 

 
The measurements were conducted at seven locations along the left rail, trolley communication line, and 
the conveyor belt structure as they proceeded into the mine.  Measurements were conducted at the first 
three locations for the power cable shield.  The power cable shield measurements were completed on 
Sunday, November 5th while the power was turned off.  The power cable shield was not measured during 
regular mine operation due to safety concerns.  Table 3-1 lists mine features at each measurement 
location, the approximate distance to the entrance (drive location), and the conductors measured.  The 
measurement locations are also shown on the map of the mine in Figure 3-2. 
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Table 3-1  Direct Drive Measurement Locations 
    Conductors Measured: Voltage (V) & Current (I) 

Location Mine 
Feature 

Break 
Number 

Approximate 
Distance from 

Entrance 

Grounding System in 
Configuration 12 

Grounding System in 
Configuration 23 

1 #1 Power 
Center 

Belt 1, 
Break 1 

30 m  
(98 ft.) 

Power Cable Shield (V&I) 
 

 
Trolley Comm Line (I) 

Rail (V&I) 
Conveyor (V&I) 

2 #2 Power 
Center 

Belt 2, 
Break 1 

459 m  
(1506 ft.) 

Power Cable Shield (V&I) 
Trolley Comm Line (I) 

Rail (V&I) 

 
Trolley Comm Line (I) 

Rail (V&I) 
Conveyor (V&I) 

3 #3 Power 
Center 

Belt 3, 
Break 1 

669 m  
(2195 ft.) 

Power Cable (V&I) 
Trolley Comm Line (I) 

Rail (V&I) 

 
Trolley Comm Line (I) 

Rail (V&I) 
Conveyor (V&I) 

4 1st Right 
Spur 

Belt 3, 
Break 16 

1076 m  
(3530 ft.) 

 Trolley Comm Line (I) 
Rail (V&I) 

Conveyor (V&I) 

5 2nd Right 
Spur 

Belt 4, 
Break 11 

2178 m  
(1.35 miles) 

 Trolley Comm Line (I) 
Rail (V&I) 

Conveyor (V&I) 

6 1st Left 
Switch 

Belt 4, 
Break 50 

3255 m  
(2.02 miles) 

 Trolley Comm Line (I) 
Rail (V&I) 

Conveyor (V&I) 

7 2nd Left 
Switch 

Belt 4, 
Break 59 

3491 m  
(2.17 miles) 

 Trolley Comm Line (I) 
Rail (V&I) 

Conveyor (V&I) 
 
 

 
Figure 3-2  Direct Drive Measurement Locations. 

 

                                                      
2 Mine grounding system similar to the grounding scheme in place during explosion. 
3 Mine grounding system in current state. 
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Three current probes were used for the various measurements:  a Pearson model 110A; a Pearson model 
4688; and a LEM-flex model RR3035 current probe.  The voltage was measured with a high-impedance 
voltage probe model P601 made by Nanofast.  The current and voltage probes are shown on the various 
conductive penetrations in Figure 3-3.The calibration curves for each probe versus frequency are located 
in Appendix B. 
 

 
Figure 3-3  (A.) Current probe on trolley communication cable.  (B.) Current probe and voltage connection 
on conveyor belt structure.  (C.) Voltage probe on power cable.  (D.) Current probe and voltage connection 

on rail. 

(A.) (B.) 

(C.) (D.) 
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3.1.3 Results 
The results from the direct drive measurements were consistent with expectations.  All of the processed 
spectral, or frequency-domain, voltage, and current transfer functions for each conductive penetration at 
each location can be found in Appendix C.  For clarity, only a summary of the results is shown here.  The 
summary tables show the attenuation of the peak amplitude of a positive and negative lightning-like pulse 
attached at the entrance of the mine.  This quantity is calculated by multiplying the spectral representation 
of the current of a positive/negative lightning pulse by the current transfer function measured of a given 
conductor at a given location (that was measured in the mine).  This product is then transformed to the 
time-domain by an inverse fast Fourier transform (IFFT).  The attenuation listed in the tables is then 
simply the peak output divided by the peak input.   
 
The peak current output to peak current input attenuation, for the various conductors at the measured 
locations, given a positive lightning waveform, are shown in Table 3-2 and Table 3-3 and, given a 
negative lightning waveform, are shown in Table 3-4 and Table 3-5.  Table 3-2 and Table 3-4 show the 
attenuation with the mine grounding system in its current state, while Table 3-3 and Table 3-5 show the 
attenuation with the mine grounding system like it was during the explosion.  The darkened cells of the 
tables indicate no measurements were recorded in the given locations. 
 

Table 3-2  Summary of current transfer functions, using positive lightning waveform, for conductive 
penetrations with current mine grounding 

 Trolley Comm Line Conveyor Rail Power Cable 
Shield 

Location Local 
Gnd 

Fence 
Gnd 

Local 
Gnd 

Fence 
Gnd 

Local 
Gnd 

Fence 
Gnd 

Local 
Gnd 

Fence 
Gnd 

1 1.7x10-3 2.9x10-3 2.2x10-2 2.9x10-2 8.9x10-2 1.4x10-1   
2         
3 1.8x10-3 2.8x10-3 3.2x10-3 4.9x10-3 3.6x10-4 9.2x10-5   
4 1.7x10-3 2.8x10-3 5.6x10-4 1.1x10-4 3.8x10-4 9.4x10-5   
5 1.4x10-3 2.2x10-3 7.2x10-4 2.7x10-4 3.9x10-4 3.0x10-4   
6 1.2x10-3 1.9x10-3 4.0x10-4 1.1x10-4 5.5x10-4 4.2x10-4   
7 1.2x10-3 2.0x10-3 3.0x10-4 9.3x10-5 2.3x10-4 3.5x10-4   

 
 

Table 3-3  Summary of current transfer functions, using positive lightning waveform, for conductive 
penetrations with former mine grounding 

 Trolley Comm Line Conveyor Rail Power Cable 
Shield 

Location Local 
Gnd 

Fence 
Gnd 

Local 
Gnd 

Fence 
Gnd 

Local 
Gnd 

Fence 
Gnd 

Local 
Gnd 

Fence 
Gnd 

1       4.6x10-2 6.2x10-2

2 1.3x10-3 1.6x10-3   2.6x10-4 3.7x10-4 1.8x10-2 2.8x10-2

3 1.3x10-3 1.5x10-3   1.4x10-4 1.7x10-4 1.6x10-2 2.5x10-2

4         
5         
6         
7         
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Table 3-4  Summary of current transfer functions, using negative lightning waveform, for conductive 
penetrations with current mine grounding 

 Trolley Comm Line Conveyor Rail 
Power Cable 

Shield 

Location 
Local 
Gnd 

Fence 
Gnd 

Local 
Gnd 

Fence 
Gnd 

Local 
Gnd 

Fence 
Gnd 

Local 
Gnd 

Fence 
Gnd 

1 2.4x10-3 4.3x10-3 2.2x10-2 2.9x10-2 8.4x10-2 1.4x10-1   
2         
3 2.7x10-3 4.7x10-3 3.7x10-3 5.2x10-3 3.2x10-4 1.3x10-4   
4 2.4x10-3 4.2x10-3 5.7x10-4 1.4x10-4 3.1x10-4 1.7x10-4   
5 2.0x10-3 3.4x10-3 8.1x10-4 3.1x10-4 4.3x10-4 3.4x10-4   
6 1.8x10-3 3.2x10-3 4.4x10-4 2.9x10-4 5.3x10-4 5.4x10-4   
7 1.7x10-3 3.0x10-3 2.9x10-4 8.7x10-5 2.6x10-4 1.9x10-4   

 
 

Table 3-5  Summary of current transfer functions, using negative lightning waveform, for conductive 
penetrations with former mine grounding 

 Trolley Comm Line Conveyor Rail 
Power Cable 

Shield 

Location 
Local 
Gnd 

Fence 
Gnd 

Local 
Gnd 

Fence 
Gnd 

Local 
Gnd 

Fence 
Gnd 

Local 
Gnd 

Fence 
Gnd 

1       4.7x10-2 6.2x10-2

2 2.2x10-3 3.0x10-3   4.0x10-4 6.0x10-4 1.8x10-2 2.7x10-2

3 2.2x10-3 2.8x10-3   1.6x10-4 2.2x10-4 1.6x10-2 2.4x10-2

4         
5         
6         
7         
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3.2 Indirect Drive 

3.2.1 Setup/Equipment Layout with Photos 
The method used to characterize indirect electromagnetic coupling into the sealed area is shown in Figure 
3-4 and Figure 3-5.  The current from the audio amplifier (which is driven by the output from the network 
analyzer) is driven on to a long wire above the ground which is terminated at each end with ground rods.  
The ground rods are placed so as to produce a current distribution in the ground that simulates a linear 
current drive.   
 
Two configurations were used for the indirect drive measurements.  One configuration was through 
ground rods placed so as to drive the current parallel to the sealed area of the mine and over the area 
where the explosion occurred as shown in Figure 3-5A.  The surface drive wire was approximately 500 m 
long.  A second configuration was through ground rods placed so as to drive the current perpendicular to 
the sealed area of the mine and over the area where the explosion occurred as shown in Figure 3-5B.  In 
this case the surface drive wire was only 200 m long.   
 
Two types of measurements were made to characterize the indirect coupling into the sealed area.  The 
more time consuming of the two was the electric field mapping measurements made in the vicinity of the 
explosion ignition area, where the core hole is located.  The other measurement was the induced voltage 
on a spliced intact pump cable going from the back of the sealed area to the location of the core hole.  The 
pump cable was spliced with 12-gauge wire to recreate the length of pump cable believed to have been 
there during the explosion4.  The end of the pump cable at the back of the mine was originally attached to 
the pump which was submerged underwater and chained to the ceiling mesh.  For the measurements, the 
pump cable was connected with 12-gauge wire to the ceiling mesh and the exposed conductors were 
placed under water approximately four crosscuts from the back of the sealed area5.  The approximate total 
length of the recreated cable was 300 m (984 ft).   
 
The electric field at various locations in the sealed area of the mine was measured with an active dipole 
antenna connected to a receiver via fiber optics.  The fiber-optic receiver is connected to the network 
analyzer measurement port so that the signals are phase-locked in order to measure very small signals in 
the microVolt/meter range.  The three polarizations of the electric field were measured at a total of 15 
locations for both the parallel and perpendicular wire current drives.  The three polarizations measured 
were the vertical, P-directed (parallel to the length of the sealed area), and X-directed (transverse to the 
length of the sealed area).  A photo of the dipole antenna in horizontal and vertical polarization is shown 
in Figure 3-7.  The exact locations of the measured electric field are shown in Figure 3-6 where the 
distance between locations was approximately 10 m.  The figure shows 17 total locations; however, 
positions P1 and P9 were not measured due to water hazards.  Because of the amount of data taken and 
the spacing between measurement points, the lack of these two points does not impact the results.  
 
The induced voltage measurements were taken on the pump cable with both a parallel and perpendicular 
surface wire drive.  These measurements were also conducted using the instrumentation system shown in 
Figure 3-4.  The induced cable voltage was measured with a Nanofast high-impedance probe in the 
vicinity of the core hole, and transmitted to the surface with fiber optics. 
 
                                                      
4 As a note, there is some disagreement as to the length and positioning of the pump cable at the time of the 
explosion.  The test team used information provided at the time of the measurements, which was that the pump cable 
was intact and the cable shield was grounded to the submerged pump.  
5 Test team was unable to reach the back of the sealed area where the pump would have been (it was removed after 
the explosion) due to water.   
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Figure 3-4 Indirect Drive Conceptual Drawing. 

 

 
Figure 3-5  Parallel (A.) and perpendicular (B.) surface current drive for indirect drive measurements. 

 

(A.) (B.) 

Earth Overburden
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Figure 3-6  Electric field measurement locations. 

 

 
Figure 3-7  Sandia dipole antenna in horizontal and vertical polarizations inside previously sealed area. 
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3.2.2 Results 
The purpose of the electric field mapping of the explosion area was to first look for any field 
inhomogeneities due to geological features, and second to compare to the analytical model.  An added 
benefit was the ability to verify the induced voltage on the pump cable by integrating the parallel 
component of the electric field across it.  The electric field measurements are shown first and then the 
induced cable voltage is plotted.  The electric field results did show an enhanced electric field at the P5 
and the X7 locations (this is noted for general interest,) but do not impact the cable results.  The cable 
integrates or averages the fields over the cable length to build-up a potential difference or voltage. 
 
The data collected for the indirect drive tests from the dipole antenna was only usable above 100 Hz.  
This was due to a very large 60 Hz clutter signal from surrounding power lines and the high noise level 
from the network analyzer below 40 Hz.  Both of these factors were overcome for the long wire voltage 
measurement by reducing the IF bandwidth of the network analyzer from 10 Hz to 2 Hz.  The reduction 
of the IF bandwidth lowered the noise floor considerably and reduced the sensitivity of the transfer 
function to the 60 Hz clutter; however, the time for a single swept measurement increased from ~1.5 
minutes to ~10 minutes.  With the large number of measurements desired for characterizing the electric 
field in the sealed area, the higher IF bandwidth was used for the majority of the data collected.  The 
overall effect on the data was minimal.  As a result, only data from frequencies above 100 Hz are plotted 
for the dipole measurements in the body of this report.  The full spectrum of the data collected can be 
found in Appendix C. 
 
The normalized composite electric fields from the dipole antenna at various locations are plotted in this 
section.  The composite electric field is simply the root-sum-square or amplitude of the electric field 
vector.  The measured electric field is normalized by the current in the drive wire on the surface, so that 
the units are V/m/A. 
 
The normalized electric fields due to the wire current drive parallel to the P-direction, measured at 
locations P2 through P8 and X1 through X9, are shown in Figure 3-8 and Figure 3-9, respectively.  
Similarly, the fields due to the wire current drive perpendicular to the P-direction, measured at locations 
P2 through P8 and X1 through X9, are shown in Figure 3-10 and Figure 3-11, respectively.  This 
information is summarized in Table 3-6. 
 

Table 3-6  Summary of figures for drive configurations 
Drive Configuration Electric Field at P locations Electric Field at X locations 
P-directed Current Drive 
(Parallel) Figure 3-8 Figure 3-9 

X-directed Current Drive 
(Perpendicular) Figure 3-10 Figure 3-11 

 
Referring to Figure 3-8, note that the composite electric fields measured in a path parallel to and 
immediately below the drive are about the same amplitude.  The presence of metal objects near the 
antenna affects the local fields somewhat.  The measurement at P5 was made in the area between 
unconnected sections of roof mesh.  The slight resonance at about 60 kHz in the P5 measurement was 
probably caused by a resonance of the cable that was attached for the voltage measurements.  This cable 
was not removed for the electric field measurements, and high electric fields may have been induced on 
the disconnected end of the cable at resonance. 
 
Referring to Figure 3-9, note that the low-frequency amplitude tended to decrease as the electric field 
antennas were moved away from the center line immediately below the drive line. 
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Referring to Figure 3-10, the composite electric fields measured in a path perpendicular to the drive cable 
are reduced significantly from the field due to a parallel drive cable.  Again, a slight resonance was seen 
at P5. 
 
Referring to Figure 3-11, the fields measured parallel to and below the perpendicular drive are 
comparable in amplitude to those shown in Figure 3-8.  Because of the closer spacing of the ground rods 
on the surface, more variation was shown in the individual measurements. 
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Figure 3-8  Composite Electric Field along P-direction with parallel line drive on surface. 
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Figure 3-9  Composite Electric Field along X-direction with parallel line drive on surface. 
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Figure 3-10  Composite Electric Field along P-direction with perpendicular line drive on surface. 
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Figure 3-11  Composite Electric Field along X-direction with perpendicular line drive on surface. 
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The voltage on the pump cable was measured with a high-impedance voltage probe and the network 
analyzer set to a 2 Hz IF bandwidth.  The normalized results of the voltage amplitude plotted relative to 
the drive current on the surface wire, with units of Volts per Amp (V/A), are shown in Figure 3-12.  There 
is a spike at 60 Hz due to stray signals from power lines.  The data is skewed by noise only below 20 Hz.   
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Figure 3-12  Induced voltage on pump cable (~300 m or 984 ft. long) due to wire current drives on surface. 

 
 
To compare the induced voltage measured on the pump cable with the field measurements, we will look 
only at the parallel surface drive induced fields from P2 to P8.  Furthermore, we will only look at the 
horizontal polarization directed along the P-axis, parallel to the direction of the drift.  The horizontal 
polarized electric fields are shown in Figure 3-13.  The normalized electric fields are in units of Volts per 
meter per Amp (V/m/A) while the normalized induced voltage on the pump cable are in units of Volts per 
Amp (V/A).  If we integrate the electric fields over the length of the pump cable, we should obtain the 
induced voltage from Figure 3-12.  Assuming a simple uniform distribution we can simply multiply the 
electric field by a length.  The effective length of cable (similar to the effective area of an antenna) needed 
to match the electric fields measured with the induced voltage measured was found to be approximately 
120 m (394 ft).  This means that only the 120 m (394 ft) closest to the measurement end of the cable 
contribute to the induced voltage.  The comparison between the measured induced voltage and the electric 
field multiplied by the effective length of 120 m (394 ft) is shown in Figure 3-14.   
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Figure 3-13  P-directed Electric Field along P-direction with parallel line drive on surface. 
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Figure 3-14  P-directed Electric Fields multiplied by an effective cable length of 120 m (394 ft) compared with 

the induced voltage on the pump cable. 
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3.2.3 Results Compared with Diffusion Model 
The model for diffusion coupling from an infinite current source above a homogeneous half-space was 
presented in Section 2.2.3.  This model is compared with the measured electric field and induced voltage 
on the pump cable.  Using an effective soil resistivity of 80 Ω-m, the analytic model plotted in Figure 
3-15 matches very closely the horizontal (P-directed) electric field measured with a parallel current drive.  
The correlation between model and measured data is extremely good from 10 to 100 kHz.  This confirms 
that the major coupling mechanism from the surface to the sealed area is field diffusion coupling.  The 
measured data is contaminated by 60 Hz resonances and clutter below 1 kHz for this polarization.  The 
data deviates from the model of coupling beneath an infinite line at frequencies below 1 kHz.  The 
measured data stays at a constant level of approximately 0.0006 V/m/A, whereas the analytical model 
predicts a downward slope.  Much of this deviation can be attributed to the field caused by the DC 
component from the finite spacing of the ground rods.  An estimate of this component of the electric field 
is shown below 1 kHz, where the skin depth is much larger than the depth to the measurement antennas.  
A comparison of the average of the P-directed electric field measurements from P2 to P8 with the analytic 
diffusion model is shown in Figure 3-16.  The average field is a more meaningful value to compare since 
it has local variations removed.  The amplitude and shape show amazing correlation. 
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Figure 3-15  P-directed Electric Fields compared with the diffusion model with an effective resistivity of  

80 Ω-m. 
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Figure 3-16  Average of P-directed fields from P2 to P8 compared with diffusion model. 

 
To compare the analytic model with the measured induced cable voltage, we simply integrate over the 
effective length of cable discussed in the previous section, 120 m (394 ft).  Again, the model shows 
excellent agreement with the measured voltage from 1 to 100 kHz.  There is a deviation from the model 
of coupling beneath an infinite line at frequencies below 1 kHz, where the measured data stays at a 
constant level of approximately 0.1 V/A.  Much of this deviation is caused by the field caused by the DC 
component from the finite spacing of the ground rods.  An estimate of this component of the electric field 
is shown below 1 kHz where the skin depth is much larger than the depth to the cable.  The measured data 
has been processed to remove the 60 Hz clutter signal and its harmonics.   
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Figure 3-17 Induced voltage on pump cable due to parallel wire current drive on surface (with 60 Hz and 

harmonics removed) compared with analytic diffusion model of 120 m (394 ft) long cable and an effective soil 
resistivity of 80 Ω-m and the DC Resistivity term. 
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4 Results Coupled with Lightning 
The results from the direct drive measurements, and the indirect coupling measurements and analysis are 
coupled with recorded and hypothetical lightning strokes in this section.  The analysis performed in this 
section uses the recorded amplitudes, when appropriate; however, for all other cases, nominal amplitudes 
of 100 kA were used.  The value of 100 kA was used for two reasons: first, there was a cloud-to-ground 
stroke recorded close in time and distance to the explosion area on the order of 100 kA; and second, the 
value of 100 kA is easy to scale.  It should be noted that the voltages presented in Section 4.2 and 4.3 
were calculated using the uniform magnetic field excitation formulation shown in Section 2.2.4.  The 
voltages from a hypothetical long, low altitude horizontal current channel from a cloud-to-ground stroke 
of Section 4.4 were calculated using infinite line current source above a half-space shown in Section 
2.2.2. The basic lightning waveforms used in this section as inputs into the transfer functions are shown in 
Figure 4-1.  The negative lightning waveform was created using a double exponential formula found in 
[32].  There is no analytic or mathematical model for a positive lightning waveform found in published 
literature.  Hence, a positive lightning waveform was created using a 15th order polynomial of the author's 
design and appending a 100 ms tail on the backend.  The positive lightning waveform characteristics were 
tailored from values found in [33,20].  Some pertinent waveform characteristics of the modeled lightning 
waveforms are shown in Table 4-1. 
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Figure 4-1  Basic positive and negative lightning waveforms used as inputs for analysis. 

 
Table 4-1  Characteristics of positive and negative lightning waveforms used in analysis 

Amplitude (kA) Full Width at Half Maximum, FWHM (μs) dI/dt (kA/μs) 
-100 68 16.7 
+100 69 6.5 
+30 69 2.0 
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4.1 Direct Drive Transfer Functions Coupled with Lightning Strokes 
If we assume that lightning directly coupled onto the conductive penetrations into the entrance of the 
Sago mine with either a positive or negative 100 kA stroke, then peak voltages and currents can be 
calculated.  Only the direct drive transfer functions measured with the fence ground are used in this 
analysis because the fence ground is more representative of a current distribution due to a real lightning 
stroke. 
 
The peak currents and voltages on the trolley communication line, conveyor, rail, and power cable shield 
were calculated using the following procedure.  First, the lightning waveforms shown in Figure 4-1 were 
transformed into the frequency domain with a fast Fourier transform (FFT). Then the lightning data was 
multiplied by the complex transfer function of a given conductor to a given location.  The resulting 
frequency waveform was then transformed back into the time domain with an inverse fast Fourier 
transform (IFFT).  The peak voltage or current was recorded for each waveform.  This was then repeated 
for each conductor at each location measured.  Voltage was not measured on the trolley communication 
line because it was an insulated cable.  The measurement locations cross-referenced to break number and 
approximate distance from the entrance are summarized in Table 4-2 for convenience. 
 
Since the transfer function of the shield of the power cable was only measured out to the #3 power center, 
an extrapolation was performed to estimate the voltage and current at location 7 (at the 2nd Left Switch).  
The extrapolated values of voltage and current on the shield of the power cable are shown in the green 
highlighted cells of the “Power Cable Shield” columns of Table 4-3 and Table 4-5.  The voltage was 
extrapolated using an exponential curve fit, while the current was extrapolated using a simple logarithmic 
curve fit.  These extrapolations were matched with the trend of the first three points, and are a best-guess 
speculation.  The peak current and voltage from a positive 100 kA lightning stroke attached directly to the 
entrance of the mine for each conductor at each location are shown in Table 4-3 and Table 4-4.  The peak 
currents and voltages due to a negative 100 kA stroke are shown in Table 4-5 and Table 4-6.   
 

Table 4-2  Direct Drive Measurement Locations 
Location Mine Feature Break Number Approximate Distance 

from Entrance 
1 #1 Power Center Belt 1, Break 1 30 m (98 ft.) 
2 #2 Power Center Belt 2, Break 1 459 m (1506 ft.) 
3 #3 Power Center Belt 3, Break 1 669 m (2195 ft.) 
4 1st Right Spur Belt 3, Break 16 1076 m (3530 ft.) 
5 2nd Right Spur Belt 4, Break 11 2178 m (1.35 miles) 
6 1st Left Switch Belt 4, Break 50 3255 m (2.02 miles) 
7 2nd Left Switch Belt 4, Break 59 3491 m (2.17 miles) 

 
Table 4-3  Peak currents and voltages from a positive 100 kA lightning stroke, for conductive penetrations 

with old mine grounding 

 
Trolley 
Comm 
Line 

Conveyor Conveyor Rail Rail 
Power 
Cable 
Shield 

Power 
Cable 
Shield 

Location Imax (A) Imax (A) Vmax (V) Imax (A) Vmax (V) Imax (A) Vmax (V) 
1      6213 8369
2 162   37 643 2841 3229
3 154   17 233 2547 1582
4        
5        
6        
7      480* 1*

* Extrapolated values. 
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Table 4-4  Peak currents and voltages from a positive 100 kA lightning stroke, for conductive penetrations 

with current mine grounding 

 
Trolley 
Comm 
Line 

Conveyor Conveyor Rail Rail 
Power 
Cable 
Shield 

Power 
Cable 
Shield 

Location Imax (A) Imax (A) Vmax (V) Imax (A) Vmax (V) Imax (A) Vmax (V) 
1 293 2884 10931 14087 136693   
2        
3 279 495 881 9 996   
4 279 11 62 9 436   
5 220 27 11 30 1079   
6 190 11 2 42 321   
7 198 9 1 35 106   

 
Table 4-5  Peak currents and voltages from a negative 100 kA lightning stroke, for conductive penetrations 

with old mine grounding 

 
Trolley 
Comm 
Line 

Conveyor Conveyor Rail Rail 
Power 
Cable 
Shield 

Power 
Cable 
Shield 

Location Imax (A) Imax (A) Vmax (V) Imax (A) Vmax (V) Imax (A) Vmax (V) 
1      6193 7989
2 295   60 668 2711 3078
3 279   22 218 2417 1438
4        
5        
6        
7      280* 1*

* Extrapolated values. 
 

Table 4-6  Peak currents and voltages from a negative 100 kA lightning stroke, for conductive penetrations 
with current mine grounding 

 
Trolley 
Comm 
Line 

Conveyor Conveyor Rail Rail 
Power 
Cable 
Shield 

Power 
Cable 
Shield 

Location Imax (A) Imax (A) Vmax (V) Imax (A) Vmax (V) Imax (A) Vmax (V) 
1 434 2926 11279 13606 143340   
2        
3 467 515 1052 13 1615   
4 417 14 77 17 934   
5 343 31 13 34 1367   
6 320 29 3 54 650   
7 301 9 1 19 62   

 
An item of interest is the relatively high current on the shield of the power cable (480 A) at the 2nd left 
switch (location 7) in Table 4-3.  The power cable does not stop at the 2nd left switch, but turns 
approximately 90 degrees to the left and travels down the 2nd Left Main and onto the 2 Left Power Center.  
This presents a similar coupling mechanism as the indirect case where a long line current drive on the 
surface produces electromagnetic fields that propagate through earth.  Only in this case, instead of the 
lightning currents on the surface being the drive, the induced current on the shield of the power cable 
inside the mine provides the drive mechanism for coupling onto the pump cable.  Assuming a direct 100 
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kA positive stroke onto the shield of the power cable at the entrance to the mine, an analysis of this 
scenario results in <50 V peak induced on the pump cable, too low to be of concern.   
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4.2 Indirect Drive from NLDN and USPLN Positive Stroke 1-3 
The locations of the three recorded lightning strokes, on the NLDN and USPLN, are shown in Figure 4-2 
with the calculated distances and angles.  Note that it is highly probable that the 38.8 kA and 35 kA 
strokes represent a single stroke with a location discrepancy, as discussed in Section 1.6.  The angles 
shown are the angles between the line made up from the lightning stroke to the center of the pump cable, 
and the line formed by the direction where the pump cable lay.  The first stroke analyzed is the 38.8 kA 
positive lightning stroke, 5.44 km (3.4 miles) away from the sealed area and an angle of 52.8 degrees.  
The second stroke has an amplitude of 35 kA at a distance of 4.02 km (2.5 miles) away from the sealed 
area and an angle of 49.3 degrees.  The last stroke has an amplitude of 101 kA, a distance of 2.91 km (1.8 
miles), and an angle of 85.5 degrees.  The resulting induced voltage pulses on the pump cable (at the end 
of the cable nearest the explosion area) are shown in Figure 4-3, with peak amplitudes of 25.7 V, 33.8 V, 
and 16.2 V for the three strokes, respectively.  The effective length of 120 m (394 ft.) was used for the 
length of the pump cable in Figure 4-3.  Since there is concern about the actual length of intact pump 
cable present at the time of the explosion, analysis was performed on a pump cable with a length of 61 m 
(200 ft.) to account for the length of the cable piece found closest to the explosion area.  The resulting 
induced voltage pulses on the 61 m (200 ft.) length of pump cable are shown in Figure 4-4.  None of the 
induced voltages from these recorded strokes have the necessary amplitude to cause an arc inside the 
sealed area.  It should be noted that taking the indirect coupling model approximation out to 3 km and 
beyond represents an upper bound on the coupling.   
 

 
Figure 4-2  Locations of recorded lightning strokes with respect to the sealed area, with distances and angles. 
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Figure 4-3  Voltage induced on pump cable (using an effective length of 120 m or 394 ft.) due to the three 

positive lightning strokes recorded on the NLDN and USPLN. 
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Figure 4-4  Voltage induced on pump cable (length of 61 m or 200 ft.) due to the three positive lightning 

strokes recorded on the NLDN and USPLN. 
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4.3 Indirect Drive from Hypothetical Stroke Directly over Sealed Area 
If we assume a 100 kA negative or positive lightning stroke attached within 100 m (328 ft.) from directly 
over the center of the pump cable in the sealed area on the surface, it could induce a sufficiently high 
voltage in conductors in the sealed area to cause an electrical arc.  This effect would be maximized if the 
stroke were directly inline with the pump cable direction at an angle of zero degrees.  The induced voltage 
on the pump cable (with an effective length of 120 m or 394 ft.) from a 100 kA positive and negative 
cloud-to-ground stroke is shown in Figure 4-5.  The maximum voltages are 23.8 kV from the positive 
pulse and 22.3 kV from the negative lightning pulse.  Again, since there is concern about the actual length 
of intact pump cable present at the time of the explosion, analysis was performed on a pump cable with a 
length of 61 m (200 ft.) to account for the cable piece found closest to the explosion area.  The resulting 
induced voltage pulses on the 61 m (200 ft.) length of pump cable are shown in Figure 4-6.  The 
maximum voltages expected on the shorter cable length are 20.5 kV from the positive pulse and 19.1 kV 
from the negative lightning pulse.   
 
Lightning currents as low as 20 kA (either positive or negative), which is closer to the statistical average 
peak current of cloud-to-ground lightning strokes, can produce thousands of Volts on the pump cable.  
This level of voltage is more than capable of initiating an electrical arc under the right conditions.  The 
peak voltage amplitude expected on the pump cable scales linearly with the peak current amplitude of the 
driving lightning stroke.  The results from the 100 kA case shown in Figure 4-5 can be scaled to the 20 
kA case by dividing the peak amplitude of the voltage on the cable by a factor of five.   
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Figure 4-5  Induced voltage pulse on pump cable (using an effective length of 120 m or 394 ft.) due to a 

hypothetical positive and negative 100 kA cloud-to-ground lightning stroke 100 m from 
 directly above sealed area. 
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Figure 4-6  Induced voltage pulse on pump cable (length of 61 m or 200 ft.) due to a hypothetical positive and 

negative 100 kA cloud-to-ground lightning stroke 100 m from directly above sealed area. 
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4.4 Indirect Drive from a Hypothetical Cloud-to-Ground Stroke with a 
Current Channel over Sealed Area 

If we assume a 100 kA positive cloud-to-ground stroke with a long, low altitude horizontal current 
channel directly over the sealed area and inline with the pump cable direction at an angle of zero degrees, 
it could be capable of inducing voltages on the pump cable sufficient to produce electrical arcing.  Pump 
cable (with an effective length of 120 m or 394 ft.) voltages are shown for a positive cloud-to-ground 
stroke with horizontal current channel at heights (H) of 0, 100 m (328 ft.), 200 m (656 ft.), 500 m (1640 
ft.), and 1000 m (3281 ft.) above the surface in Figure 4-7.  The maximum voltages from the positive 
current channel at the heights given are 15.3 kV, 7.2 kV, 4.6 kV, 2.1 kV, and 1.1 kV, respectively.  
Induced voltages for a negative cloud-to-ground stroke with a current channel directly over the sealed 
area are shown in Figure 4-9.  The maximum voltages from the negative current channel at the heights 
given are 14.3 kV, 6.7 kV, 4.3 kV, 2 kV, and 1.1 kV, respectively.   
 
Again, since there is concern about the actual length of intact pump cable present at the time of the 
explosion, analysis was performed on a pump cable with a length of 61 m (200 ft.) to account for the 
cable piece found closest to the explosion area.  The resulting induced voltage pulses on the 61 m (200 ft.) 
length of pump cable are shown for a positive cloud-to-ground stroke with horizontal current channel at 
heights (H) of 0, 100 m (328 ft.), 200 m (656 ft.), 500 m (1640 ft.), and 1000 m (3281 ft.) above the 
surface in Figure 4-8.  The maximum voltages from the positive current channel at the heights given are 
7.8 kV, 3.7 kV, 2.3 kV, 1.1 kV, and 0.6 kV, respectively.  Induced voltages for a negative cloud-to-
ground stroke with a current channel directly over the sealed area are shown in Figure 4-10.  The 
maximum voltages from the negative current channel at the heights given are 7.3 kV, 3.4 kV, 2.2 kV, 1 
kV, and 0.5 kV, respectively. 
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Figure 4-7  Induced Voltage Pulse on Pump Cable (with an effective length of 120 m or 394 ft.) from 

Hypothetical Horizontal Current Channel from a Cloud-to-Ground +100 kA Stroke, H is distance of the 
Current Channel above the Ground. 
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Figure 4-8  Induced Voltage Pulse on Pump Cable (length of 61 m or 200 ft.) from Hypothetical Horizontal 
Current Channel from a Cloud-to-Ground +100 kA Stroke, H is distance of the Current Channel above the 

Ground. 
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Figure 4-9  Induced Voltage Pulse on Pump Cable (with an effective length of 120 m or 394 ft.) from 

Hypothetical Horizontal Current Channel from a Cloud-to-Ground -100 kA Stroke, H is distance of the 
Current Channel above the Ground. 

Appendix DD - Measurements and Modeling of Transfer Functions for Lightning Coupling into the Sago Mine

Appendix DD - Page 57 of 104



PAGE 58 OF 104 

0 50 100 150 200 250 300 350 400 450 500
-5

0

5

10

Time (μs)

A
m

pl
itu

de
 (k

V
)

 

 

H =     0 m, Vmax=7.3 kV

H =  100 m, Vmax=3.4 kV

H =  200 m, Vmax=2.2 kV

H =  500 m, Vmax=1 kV

H = 1000 m, Vmax=0.5 kV

 
Figure 4-10  Induced Voltage Pulse on Pump Cable (length of 61 m or 200 ft.) from Hypothetical Horizontal 
Current Channel from a Cloud-to-Ground -100 kA Stroke, H is distance of the Current Channel above the 

Ground. 
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5 Conclusions 
The conclusions made in this report are specific to the geometry of the Sago mine site where 
measurements were taken.  The results cannot and should not be generalized to any other mining systems.   
 

5.1 Direct Coupling 
The current and voltage on metallic penetrations into the mine were calculated given the direct drive 
transfer functions and a mathematical representation of a positive-polarity, 100 kA peak cloud-to-ground 
lightning stroke.  This calculation assumes that the lightning stroke attaches directly onto the metallic 
penetration at the entrance to the mine.  While there is no evidence that lightning struck the entrance of 
the mine, this assumption represents the worst-case placement of an attachment for this analysis.   
 
The farthest point into the mine that the direct drive measurements were made was at the entrance to the 
2nd Left Parallel, 3,491 m (or 2.17 miles) into the mine, as close to the seal that was breached by the 
explosion as possible.  At this location, the peak currents and voltages calculated at this location given the 
input of a positive 100 kA peak lightning stroke attaching at the mine entrance are shown in Table 5-1. 
The voltage was not measured for the trolley communication line because it was insulated and not an 
exposed conductor.   
 
Table 5-1  Current and voltage at the 2nd Left Switch due to a 100 kA peak, positive cloud-to-ground lightning 

stroke at the entrance of the mine 
Metallic penetration Current Voltage 

Trolley Communication line 198 A Not measured 
Conveyor Structure 9 A 1 V 

Rail 35 A 106 V 
Shield of Power Cable6 480 A 1 V 

 
 
The voltages and currents on the conveyor, rail, and shield of the power cable outside the sealed area are 
incapable of coupling sufficient energy into the sealed area to cause an electrical arc in the sealed area. 
The voltage on the trolley communication line is not anticipated to be significantly larger than those of 
the conveyor, rail, and power cable shield.    
 

• It is highly unlikely that direct drive coupling, even under a worst-case scenario, could have 
initiated electrical arcing on the cable in the sealed area. 

 
Because of the substantial initial grounding of metallic penetrations that enter the mine, and because of 
the multiplicity of grounding points of these systems as they penetrate into the mine, the lightning current 
is divided sufficiently so that only a relatively small amount of current is injected into the mine near the 
sealed area.  All metallic penetrations were intentionally terminated outside the sealed area.  
Consequently, the amplitude of current flowing on conductors outside the sealed area is insufficient to 
generate adequate voltage on the cable inside the sealed area to cause arcing.  At low frequencies, the 
parallel nature of the multiplicity of grounding points is sufficient to divide the lightning current.  At 
higher frequencies, the metallic penetrations can be treated as non-ideal (lossy) transmission lines with 
periodic grounding that attenuates the high-frequency components of the current even more than lower 
frequencies.  Although this coupling mechanism is likely insufficient to cause arcing, the voltage and 
                                                      
6 The current and voltage for the shield of the power cable were extrapolated from measurements made at the Power 
Centers 1, 2, and 3. 
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current is sufficient to cause electrical shocks to personnel contacting these metallic penetrations, even 
miles back into the mine. 
 

5.2 Indirect Coupling 
Three things are needed to conclude that indirect coupling of lightning energy into the sealed area 
produced high voltage and an electrical arc that could have been the initiation source of a methane-air 
explosion in the sealed area of the Sago mine on the morning of January 2, 2006.  They are: 
 

• lightning energy propagating from the surface through the overburden into the sealed area; 
• an antenna, or receiver (such as a cable), of this energy present in the sealed area; and 
• lightning of sufficient magnitude and proximity to the sealed area at the time of the explosion.  

 
The indirect measurements coupled with analytical models discussed in this report confirm that 
electromagnetic energy with the frequency content of lightning driven on the surface penetrates the 
ground into the sealed area.  Measurements and analyses also confirm that the pump cable acts as a 
receiver of this energy and is the most likely coupling agent in the sealed area.   
 
Two cloud-to-ground lightning strokes were recorded in the vicinity of the Sago mine within one second 
of the explosion in the sealed area.  Based on the results in this report, these lightning strokes were too far 
away to have generated enough voltage on the pump cable to create an electrical arc in the sealed area.  A 
thorough, expert analysis of the raw data provided by several lightning detection databases did not 
uncover evidence to support the detection of another cloud-to-ground stroke in the correct timeframe.   
 

• It is unlikely that indirect drive from the vertical components of the recorded lightning strokes 
(recorded amplitude and location) around the Sago mine could have initiated electrical arcing on 
the cable present in the sealed area. 

 
The simultaneous events of recorded lightning strokes and the explosion in the sealed area of the mine; 
the multiple personal accounts above the sealed area describing simultaneous flash and thunder [21] 
(indicating extremely close lightning); the lack of data from the lightning detection networks from upward 
positive lightning initiated from tall structures [20, 35]; the inability of the lightning detection networks to 
resolve the presence of horizontal lightning arc channels [20, 35]; and the unlikely, but possible, scenario 
of an undetected cloud-to-ground lightning flash [34] of sufficient magnitude and proximity to the sealed 
area at the time of the explosion led to the investigation of various hypothetical lightning stroke events.  
The expected voltage on the abandoned cable was calculated for each scenario using the indirect coupling 
models developed in this report. 
 
The first hypothetical case explores the possibility of the presence of a horizontal lightning arc channel 
acting as a source of energy.  For this scenario, a 100 kA-peak horizontal arc channel is assumed to be 
parallel to the pump cable in the sealed area at distances of 100 m (328 ft), 200 m (656 ft), 500 m (1,640 
ft), and 1000 m (3,281 ft) above the ground above the sealed area.  For a positive-polarity flash, the 
resultant voltages on the pump cable were 7.2 kV, 4.6 kV, 2.1 kV, and 1.1 kV, respectively.  For a 
negative-polarity flash, the resultant voltages on the pump cable were 6.7 kV, 4.3 kV, 2 kV, and 1.1 kV, 
respectively.  While these calculations use favorable coupling circumstances (high peak arc-channel 
current and parallel orientation of the arc channel to the pump cable and 120 m cable effective length), 
this hypothetical scenario presents a reasonable case for high-voltage electrical arcing. 
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• It is reasonable to assume that if a horizontal, low-altitude arc channel occurred from one of the 
lightning strokes recorded by the NLDN (or USPLN) or from an unrecorded lightning stroke, it 
could have initiated electrical arcing on the cable in the sealed area.   

 
The second hypothetical case explores the possibility of an undetected cloud-to-ground stroke of 
sufficient magnitude and proximity to the sealed area.  Applying a 100 kA-peak, cloud-to-ground stroke 
of optimum orientation to the pump cable (61 m length) within 100 m (328 ft) of the sealed area, the 
results are peak voltages on the pump cable of 19.1 kV for a negative-polarity flash, and 20.5 kV for a 
positive-polarity flash.  For the same conditions, the induced voltage decreases as distance of a lightning 
stroke from the sealed area increases.   
 

• It is reasonable to assume that if an average or above average cloud-to-ground lightning stroke 
occurred above the sealed area at Sago, that it could initiate electrical arcing on the cable in the 
sealed area. 

 
Recent discussions led to a third hypothetical case, which is not examined in detail in the report, of 
upward-going positive lightning initiating from tall structures.  Four tall communication towers (heights 
of approximately 200 ft or less) are within approximately 1 mile of the sealed area, the closest being 
about 0.5 miles.  If we hypothesize an upward-going positive lightning stroke from the closest tower, 
(recalling that these type of events are not typically captured by the current lightning detection networks), 
the induced voltage on the pump cable would be 763 V.   
 
The conclusions of this report are that lightning of sufficient magnitude and proximity to the sealed area 
would create high voltage on the pump cable to create an electrical arc.  The simultaneity in time of 
recorded lightning strokes and the explosion occurring is very strong evidence of cause and effect.  
Furthermore, eyewitness accounts of simultaneous lightning and thunder at the time of the explosion, plus 
the analysis of credible hypothetical scenarios which cannot be confirmed by lightning detection 
networks, lend credibility to the idea that lightning-induced electrical arcing was not only plausible, but 
highly likely. 
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6  Recommendations 
The results of this short-term project demonstrate the usefulness of transfer function measurement 
techniques and analytical modeling to evaluate lightning effects in mining environments.  The effects 
described in this report are significant.  A more comprehensive research and development program should 
be conducted to expand on this work to extend this research for use in other underground coal mining 
operations.  The research program would be conducted using similar transfer function measurement 
techniques, experiments at other sites with rocket-triggered and natural lightning, and analytical and 
computational modeling using validated state-of-the-art codes adapted for this application.  Once 
completed, it is reasonable to expect that mitigation techniques and safety standards could be developed 
to secure coal mining systems from future lightning threats.   
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8 Appendix A — Analytical and Numerical Models for 
Voltage and Current Used to Determine Electromagnetic 
Coupling into the Sago Mine 
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Consultant, Sandia National Laboratories, Department 1652 
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Abstract  
 
The purpose of this appendix is to document the relevant analytical models to be used to predict the 
voltages and currents produced in the Sago mine by current drive sources used to simulate the effects of a 
lightning stroke attachment near the mine or on the surface of the earth above the mine. Also considered 
are horizontal arcs above the surface of the mine.  
 

8.1 Introduction 
 
The purpose of this appendix is to document the relevant analytical models to be used to predict the 
voltages and currents produced in the Sago mine by current drive sources used to simulate the effects of a 
lightning stroke attachment near the mine or on the surface of the earth above the mine. Subsequent 
measurements corresponding to these models will be used to identify coupling paths and quantify 
coupling amplitudes of the lightning energy into the sealed area of the mine where the explosion was 
thought to have been initiated. The initial section of the appendix documents the DC drive current models 
for both a homogeneous half-space and for a two layer half-space. The next section of the appendix 
documents the eddy current models for an infinite length horizontal drive wire over both a homogeneous 
half-space and a two layer half-space. The next section documents the eddy current coupling into a 
homogeneous half-space from a uniform magnetic field at the surface. The final section of the appendix 
references the literature for eddy current models for an infinitesimal length and a finite length horizontal 
wire over both a homogeneous half-space and a two layer half-space. Computer codes have been 
implemented in Fortran and Mathematica to calculate the resulting potentials and fields and the resulting 
voltages generated within the earth.  
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Figure 8-1  DC Current Drive with Homogeneous Half-Space Geometry. 

 

8.2 Static Current Drive Models 
 
The simplest model for current coupling into a conductive earth is the DC conduction of current into a 
conductive half-space. The models for this are well known.  
 

8.2.1 Homogeneous Half-Space 
 
The DC or very low-frequency situation to be modeled is shown in Figure 8-1.  
 
Current I is driven into the conductive half-space at Cartesian coordinate (-b, 0, 0) and the current is 
removed at Cartesian coordinate (b, 0, 0). The upper half-space, region-0, has infinite resistivity τ0 and 
the lower half-space, region-1, has resistivity τ1. From simple considerations, V (x, y, z), the potential at 
Cartesian coordinate (x, y, z) with respect to infinity, is given by  
 

( )
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The difference in potential between two points can be calculated by taking the difference of the potentials 
at the two points calculated with the above formula.  
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The electric field at point (x, y, z) is easily calculated from  
 

( ) ( ), , , ,E x y z V x y z= −∇  
 
and calculating the x-component of interest  
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8.2.2 Two Layer Half-Space 
 
Because there is often a less resistive layer of topsoil above the more resistive layer, which includes the 
mine, it is necessary to generalize the above homogenous half-space model to a two layer half-space 
model. The DC or very low-frequency situation to be modeled is shown in Figure 8-2.  
 
Current I is driven into the conductive half-space at Cartesian coordinate (-b, 0, 0) and the current is 
removed at Cartesian coordinate (b, 0, 0). The upper half-space, region-0 has infinite resistivity τ0 and 
region-1, the layer of thickness, a, has resistivity τ1. The infinitely thick layer region-2 has resistivity τ2. 
From more complicated considerations, V (x, y, z), the potential at Cartesian coordinate (x, y, z) with 
respect to infinity, is given by  
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in region-2.  
 
The difference in potential between two points can be calculated by taking the difference of the potentials 
at the two points calculated with the above formula.  
 
The electric field at point (x, y, z)is easily calculated from  
 

( ) ( ), , , ,E x y z V x y z= −∇  
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Figure 8-2  DC Current Drive with Two Layer Half-Space Geometry. 

 
and calculating the x-component of interest  
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8.3 Eddy Current, Infinite Horizontal Drive Wire Models 
 
The next obvious generalization of the above model is to make the current injected into the earth time 
varying, say 0 ˆi tI I e xω=  and to neglect displacement current. This generalization turns out to be more 
difficult than one might think because the current in the earth depends on the geometry of the current path 
above the earth. A simpler model that corresponds the electromagnetic coupling below a long, horizontal 
wire grounded at both ends and driven by a voltage source can, however, be developed.  
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8.3.1 Homogeneous Half-Space 
 
The current drive geometry of an infinitely long, horizontal wire placed a distance, h, above a conductive 
half-space is shown on the left side of Figure 8-3. A side view is shown on the right side of Figure 8-3.  
 
The current drive is harmonically time-varying and directed along the x - axis at height, h, above it. The 
upper half-space has permittivity ε0and infinite resistivity and the lower half-space has permittivity ε1 and 
resistivity, τ1. Both regions have free space permeability, μ0.  
 
If one neglects displacement current and relates current density, ix(y, z), and electric field, Ex(y, z), in 
region-1 through, ( ) ( )1, ,x xE y z i y zτ= , then the current density in the lower half-space, region-1, can be 
determined to be  
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Figure 8-3  Infinite Horizontal Current Drive, Eddy Current Coupling Geometry. 
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This or similar expressions are given in [A1-A3].  
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Note that the skin depth, 1
1

0

2τ
δ

ωμ
= , plays an important role as a parameter in all diffusion coupling 

calculations. For convenience it is plotted for various values of resistivity.  
 
Integrating this result for y =0 and for h =0 yields the closed form result:  
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where K0 and K1 are modified Bessel Functions.  
 

 
Figure 8-4  Skin Depth as a Function of Frequency for Resisitivities, τ1 = 10, 100, 1000 Ω-m. 

 

 
Figure 8-5  Amplitude of Electric Field from a Line Source Placed at Heights, h = 0m, 100m, 200m, 500m, 

and 1000m, at z = 100m with τ1 = 80 Ω-m. 
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Figure 8-6  Phase of Electric Field from a Line Source Placed at Heights, h = 0m, 100m, 200m, 500m, and 

1000m, at z = 100m with τ1 = 80 Ω-m. 

 
Figure 8-7  Amplitude of the Electric Field at z = 100m from a Line Source Placed the Surface of a 

Homogeneous Half-Space with τ1 = 10, 100, 1000 Ω-m. 
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Figure 8-8  Phase of the Electric Field at z = 100m from a Line Source Placed the Surface of a Homogeneous 

Half-Space with τ1 =10, 100, 1000 Ω-m 
 

8.3.2 Two Layer Half-Space 
 
The current drive geometry of an infinitely long, horizontal wire placed a distance, h, above a conductive 
half-space is shown on the left side of Figure 8-9. A side view is shown on the right side of Figure 8-9.  
 
The current drive is harmonically time varying and directed along the x - axis at height, h, above it. The 
upper half-space has permittivity ε0and infinite resistivity, the layer of thickness h1 has permittivity ε1and 
resistivity, τ1, and the lower region has permittivity ε2and resistivity, τ2. All regions have free space 
permeability, μ0.  
 
If one neglects displacement current and relates current density, ix(y, z), and electric field, Ex(y, z), in 
region-2 through, Ex(y, z) = τ2ix(y, z), then the current density in the lower half-space, region-2, then for  
h =0 and y =0 can be determined to be  
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Figure 8-9  Infinite Horizontal Current Drive, Two-Layered, Eddy Current Coupling Geometry. 
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Similar expressions are developed in [A1-A3], but I am aware of no closed form expression for the above 
integral. The formula must be integrated numerically to obtain results. Note that the variable of 
integration is on the positive real axis and that no singularities are present on the positive real axis. As the 
skin depths get longer and longer, the branch cuts get closer to the real axis. If we consider the asymptotic 
behavior of the integrand as u ∞, then  
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Figure 8-10  Amplitude of the Electric Field at z = 100m from a Line Source at the Surface of a Two-Layered 

Half-Space. 
 

 
Figure 8-11  Phase of the Electric Field at z = 100m from a Line Source at the Surface of a Two-Layered Half-

Space. 
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8.4 Eddy Current Coupling into Homogeneous Half-Space from 
Uniform Magnetic Field at Surface 

 
If we consider the geometry shown in Figure 8-12,  
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Figure 8-12  Geometry for Eddy Current Field Calculations in Homogenous Half-Space Driven by Uniform 

Magnetic Field at the Surface. 
 
with uniform harmonic magnetic field with time harmonic variation 0 ˆ,i t

ye H H yω = , in the y-direction, 
then the electromagnetic field equations, neglecting displacement current can be developed directly from 
Maxwell’s equations.  
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where jx(z) is the current density in region-1 and Hy(z) is the magnetic field in region-1. The second 
equation is given by  
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Substituting one equation into the other yields  
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where δ1 is the skin depth in region-1. The general solution of the above equation is  
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Choosing the properly decaying solution as z  -∞, and using the boundary condition at the surface of 
Hy(0)=H0y  
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Because  
 

( ) ( )1x xE z j zτ=  
 
where  
 

1
1

1τ
σ
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( ) 1 0

z
x yE z H eατ α=  

 
is the only component of the electric field in region-1.  
 
Because a surface current density is related to the magnetic field immediately below a perfect conductor 
by the relationship  
 

0 0ˆ2x yj n H= − ×  
 
the above solution could also be considered to be the electric field of a homogeneous half-space excited 
by a uniform x-directed current flowing on the bottom surface of a perfectly conducting sheet on the 
surface of the homogeneous half-space, but electrically isolated from it. The exciting current on the sheet 
to produce the field in the equations would be  
 

0 02x yj H= −  
 
in the x-direction, or alternatively  
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0 0
1
2y xH j= −  

 
in the above formulas.  
 

8.5 Eddy Current, Infinitesimal and Finite Length Horizontal Drive 
Wire Models 

 
Eddy current models for infinitesimal and finite length horizontal drive wires over a homogeneous half-
space have been developed in [A4-A7]. The x-directed electric field immediately below the wire can be 
expressed in closed form for the infinitesimal length dipole [A7]. Expressions for the electric field in a 
two-layer half-space excited by an infinitesimal horizontal drive wire have been developed in [A8]. These 
models are quite complicated and were not further developed for this program because of lack of time and 
resources.  
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9 Appendix B –Calibration Documentation of Measurement 
Equipment 
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Fiber Optics Transfer Function

 
Figure 9-1  Calibration Frequency Response of Fiber-optic Transmitter/Receiver Pair. 
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Figure 9-2  Calibration Frequency Response of Current Probes used. 
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Sandia Antenna Calibration

 
Figure 9-3  Calibration Frequency Response of Sandia Dipole Antenna. 
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Figure 9-4  Calibration Frequency Response of Nanofast High-Impedance Probe. 
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Figure 9-5  Certificate of Calibration for 4395A Network Analyzer. 
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10 Appendix C – Compilation of Measured Data 
 
Direct Drive Transfer Function Data:   
 
The following transfer functions were measured with the mine grounding system in current state. 
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Figure 10-1  Direct Drive Current Transfer Function of Trolley Communication Line with a Local Ground. 
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Figure 10-2  Direct Drive Current Transfer Function of Trolley Communication Line with a Fence Ground. 
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Figure 10-3  Direct Drive Voltage Transfer Function of Conveyor Structure with a Local Ground. 
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Figure 10-4  Direct Drive Current Transfer Function of Conveyor Structure with a Local Ground. 
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Figure 10-5  Direct Drive Voltage Transfer Function of Conveyor Structure with a Fence Ground. 
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Figure 10-6  Direct Drive Current Transfer Function of Conveyor Structure with a Fence Ground. 
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Figure 10-7  Direct Drive Voltage Transfer Function of Rail Structure with a Local Ground. 
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Figure 10-8  Direct Drive Current Transfer Function of Rail Structure with a Local Ground. 
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Figure 10-9  Direct Drive Voltage Transfer Function of Rail Structure with a Fence Ground. 
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Figure 10-10  Direct Drive Current Transfer Function of Rail Structure with a Fence Ground. 
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The following transfer functions were measured with the mine grounding system similar to the 
grounding scheme in place during explosion. 
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Figure 10-11  Direct Drive Voltage Transfer Function of Power Cable Shield with a Local Ground. 
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Figure 10-12  Direct Drive Current Transfer Function of Power Cable Shield with a Local Ground. 
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Figure 10-13  Direct Drive Voltage Transfer Function of Power Cable Shield with a Fence Ground. 
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Figure 10-14  Direct Drive Current Transfer Function of Power Cable Shield with a Fence Ground. 
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Figure 10-15  Direct Drive Voltage Transfer Function of Rail Structure with a Local Ground. 
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Figure 10-16  Direct Drive Current Transfer Function of Rail Structure with a Local Ground. 
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Figure 10-17  Direct Drive Voltage Transfer Function of Rail Structure with a Fence Ground. 
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Figure 10-18  Direct Drive Current Transfer Function of Rail Structure with a Fence Ground. 
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Figure 10-19  Direct Drive Current Transfer Function of Trolley Communication Line with a Local Ground. 
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Figure 10-20  Direct Drive Current Transfer Function of Trolley Communication Line with a Fence Ground. 
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Indirect Drive Transfer Function Data:  Surface current drive in the P-direction 
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Figure 10-21  Normalized Composite Electric Field for P-Directed Surface Current Drive at Positions from 

P2 to P8. 
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Figure 10-22  Normalized Composite Electric Field for P-Directed Surface Current Drive at Positions from 

X1 to X9. 
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Figure 10-23  Normalized Vertical Electric Field for P-Directed Surface Current Drive at Positions from P2 

to P8. 
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Figure 10-24  Normalized Vertical Electric Field for P-Directed Surface Current Drive at Positions from X1 

to X9. 
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Figure 10-25  Normalized P-Directed Electric Field for P-Directed Surface Current Drive at Positions from 

P2 to P8. 
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Figure 10-26  Normalized P-Directed Electric Field for P-Directed Surface Current Drive at Positions from 

X1 to X9. 
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Figure 10-27  Normalized X-Directed Electric Field for P-Directed Surface Current Drive at Positions from 

P2 to P8. 
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Figure 10-28  Normalized P-Directed Electric Field for P-Directed Surface Current Drive at Positions from 

X1 to X9. 
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Indirect Drive Transfer Function Data:  Surface current drive in the X-direction 
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Figure 10-29  Normalized Composite Electric Field for X-Directed Surface Current Drive at Positions from 

P2 to P8. 
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Figure 10-30  Normalized Composite Electric Field for X-Directed Surface Current Drive at Positions from 

X1 to X9. 
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Figure 10-31  Normalized Vertical Electric Field for X-Directed Surface Current Drive at Positions from P2 

to P8. 
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Figure 10-32  Normalized Vertical Electric Field for X-Directed Surface Current Drive at Positions from X1 

to X9. 
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Figure 10-33  Normalized P-Directed Electric Field for X-Directed Surface Current Drive at Positions from 

P2 to P8. 
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Figure 10-34  Normalized P-Directed Electric Field for X-Directed Surface Current Drive at Positions from 

X1 to X9. 
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Figure 10-35  Normalized X-Directed Electric Field for X-Directed Surface Current Drive at Positions from 

P2 to P8. 
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Figure 10-36  Normalized X-Directed Electric Field for X-Directed Surface Current Drive at Positions from 

X1 to X9. 
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Figure 10-37  Induced Voltage on Pump Cable (~300 m long) due to Wire Current Drives on Surface. 
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11 Appendix D – List of Underground Sealed Area Coal Mine 
Explosions Suspected of Lightning Initiation 

 
1. Mary Lee #1 – August 22, 1993, Walker County, AL 
2. Oak Grove Mine – April 5, 1994, Jefferson County, AL 
3. Gary 50 – Between June 9 and 16, 1995 
4. Oak Grove Mine – January 29, 1996, Jefferson County, AL 
5. Oasis Contracting Mine # 1 – May 22, 1996, Boone County, WV 
6. Oasis Contracting Mine # 1 – June 15, 1996, Boone County, WV 
7. Oak Grove Mine – July 9, 1997, Jefferson County, AL 
8. Soldier Canyon Mine – July, 2001, Wellington, UT 
9. Pinnacle Mine – September 1, 2003, Wyoming County, WV 
10. Pinnacle Mine – August 30, 2005, WV, Wyoming County, WV 
11. Sago Mine – January 2, 2006, Tallmansville, WV 
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12 Appendix E – Memorandum from Dr. Krider 
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5 MS1152 M. B. Higgins, 1653 
2 MS1152 M. E. Morris, 1652 
2 MS1182 L. X. Schneider, 1650 
3 MS1152 M. Caldwell, 1653 
1 MS1152 D. R. Charley, 1653 
1 MS1152 L. Martinez, 1653 
2 MS9018 Central Technical Files, 08944 
2 MS0899 Technical Library, 04536 
 
External: 
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