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   FLAMES and FORCES MAP

           of SAGO MINE No.1

                                Upshur County, West Virginia

                          Following explosion of January 2, 2006

--PRELIMINARY--

      NOT FINAL

                   UPDATE 11-18-06

1394

Direction of secondary explosion forces

Dominant direction: but order is uncertain

Areas not bottom-mined showing only 
minor roof-plate damage

Major damage to pans / plates: may be
indicative of "pressure piling"

Locations of water pools at time of explosion

Roof falls that occured after      seals built

Locations where steel roof mesh was

traced visually for continuity

Seals: as-built locations (pre-explosion)

Areas bottom-mined on retreat

NOTE: Most bottom mined areas show 

relatively little roof plate / pan damage

WORKMAP LEGEND

       -- fell after    seals were built but before re-entry
Black-- fell after re-entry
Red

Basemap Legend

Roof falls that occurred prior 

to Omega Seal completion

Sumps

Ventilation stopping (red circle
indicates it was knocked before

explosion)

Ventilation overcast

Bottom contours in feet above 

sea level. (Survey by Alpha Eng.- 
contour construction by 

0 50 100 150 200

FEET

CONTRIBUTORS:

Direction of intial explosion forces

Monte Hieb, Chief Engineer
John Collin, Inspector
John Cruse, Engineer
Jeff Bennett, Inspector
Barry Fletcher, Inspector

This map is intended as a generalized depiction of certain 

underground features as mapped underground following the

explosion which occurred a Sago Mine No.1 on Jan. 2, 2006.

This representation is based on direct observations and 

measurements by the WV Office of Miners' Health, Safety,

and Training, and others, is largely INTERPRETIVE, and 

is current to approximately the dated indicated below but is

subject to change with new or revised information without 

notification to any parties who may have recieved this version

or prior version. 
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Sago - 2nd Left

DATE:

SCALE: See Above

6/07/06

Belt Hangers

P.O. BOX 2121, BECKLEY, WV, 25802 PH.(304)255-4131 FX.(304)255-4156

ALPHA ENGINEERING SERVICES, INC.

a

Wolf Run Mining Co.
1 Edmiston Way, Suite 211
Buckhannon, WV  26201
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Note: Surveyed location by Alpha Engineering

Angle bending measurements by Monte Heib

Note: Surveyed location and angle bending

measurements by Alpha Engineering

NOTES

1.  Angle measurements made using a Swanson angle finder and
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APPENDIX 5 
The Investigation 

 

(5.4-2) Origin of Explosion 
• Evaluation of Roof Anomaly – Letter 

• Description of Pump Cable Lengths and Associations 

(5.4-4) Methane Concentrations 
• Methane Liberation Study 

• Mass Balance Calculations  

• Pre-explosion Airflow 

(5.4-5) Coking Test - MSHA 
• Coking and Rock Dust Survey  (Map and Data) 

 

 

 

 

 

















































SAGO MINE NO. 1--  JAN. 2, 2006

ESTIMATE OF THE VOLUME AND CONCENTRATION ATOMIC WEIGHTS
OF METHANE BEHIND THE SEALS AT OLD 2ND LEFT, C 12.011 CO= 0.0280104 kg/mole
AT TIME OF EXPLOSION H 1.0079 CO2= 0.0440098 kg/mole

O 15.9994 CH4= 0.0160426 kg/mole
DETERMINED BY MASS BALANCE OF PRINCPLE
COMBUSTION PRODUCTS (CO AND CO2) FROM A DENSITY OF CH4 0.68 kg/m^3 @ 1.013 bar, 59 deg. F
COMPOSITE OF AVAILABLE DATA SOURCES.

m^3 / ft^3 = 0.02832
DATE: 10/31/2006

POSSIBLE VALUES FOR Q-- MAIN RETURN Q
104,644 CFM Jim & John readings 1-2-06 at 18:35
131,495 CFM Rhyan & Doug readings 1-2-06 at 19:45
120,445 CFM Rhyan & Doug readings 1-2-06 at 20:15
122,655 CFM Rhyan & Doug readings 1-2-06 at 20:50
106,080 CFM Fred Radebaugh & Jim Paul readings 1-2-06 at 21:37
219,840 CFM Roger & Rhyan readings 1-2-06 at 14:27
101,058 CFM From Weekly Examination Log 12-28-05

93,204 CFM Jeff Bennett readings 1-2-06 at 8:40
111,369 CFM Use this value for MAIN RETURN Q

POSSIBLE VALUES FOR Q-- MAIN INTAKE Q
146,566 CFM MAIN INTAKE: 12-28-05 Weekly Exam Log
172,000 CFM INTAKE FAN:  MSHA/ Alpha Eng. Vent. Simulation
185,000 CFM ALPHA ESTIMATE for POST EXPLOSION
291,519 CFM ALL EXHAUSTS:  MSHA 1-2-06 @ 2:29 pm
185,000 CFM Use this value for MAIN INTAKE Q

CALCULATED VALUE OF Q FOR THE REMAINING EXHAUSTS

73,631 CFM REMAINING EXHAUSTS

TOTAL COMBUSTION PRODUCTS EXITING MAIN RETURN
CARBON MONOXIDE (CO) GENERATED 210,136.40 moles

+
CARBON DIOXIDE (CO2) GENERATED 241,546.62 moles

ORIGINAL QUANTITY OF CH4 451,683.02 moles

CONVERT CH4 FROM MOLES TO WEIGHT 7,246.17 kg

CONVERT CH4 FROM WEIGHT TO VOLUME 10,656.13 m^3

CONVERT CH4 VOLUME TO CU. FT. 376,275.86 ft^3

MAIN RETURN (#1 Entry) AS % OF ALL EXHAUSTS 85% BY CONCENTRATION
MAIN RETURN (#1 Entry) AS % OF ALL EXHAUSTS 39.80% BY EXHAUST QUANTITIES (Q)

APPROX. VOLUME REMAINING EXHAUSTS 22,463.97 ft^3

TOTAL ESTIMATED CH4 VOLUME CONSUMED IN EXPLOSION 398,739.83 ft^3

AVERAGE OF TWO VOLUME ESTIMATES ( Alpha, OMHS&T) 3,033,818 ft^3

ORIGINAL CH4 CONCENTRATIONS (Est. by Mass Balance) 13.14%

(1)   Volume estimate by OMHS&T is 3,033,818 ft^3
(2)  A-E recommendation 180,000 - 190,000

Mass Balance Calculations











































  

APPENDIX 5 
The Investigation 

 

(5.5) Cause of Explosion 

 

(5.5-2) Lightning: Linkage to the Explosion 

 
• Lightning Detection – STRIKEnet Report LA15034 

• Forensic Survey of Poplar Tree 

• CO Monitoring Correlation  

o Time Differential in CO Monitor’s Computer at Sago 

Mine 

o Pyott Boone Data 

• Results From Analysis of Seismic Data for the Jan. 2, 2006       

event near Sago, WV 

• Map of Resident Interviews 

• Lightning Detection  Networks – Krider                

(Attachment A, B, C, D, E and F) 





















































 

Attachment A.  

 

List of All NLDN Stroke Locations Within 30 km of the Point-of Origin 

of the Sago Explosion in the Interval from 06:00 to 06:30 AM EST 

on January 2, 2006 
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ATTACHMENT B 
 
Sago Mine Incident Summary 
 
01/25/06 
 
            On 2 January 2006, an explosion occurred at Sago Mine. Seismic 
recordings from the region suggest a blast time of approximately 06:26:38 EST 
(11:26:38Z). The NLDN recorded two large positive cloud-to-ground (CG) strokes 
about 2 seconds before this time. These two events were within 2 km of the 
position of the mine provided to us by the Charleston Gazette which received the 
latitude and longitude from the West Virginia Department of Environmental 
Protection.  
              
            The first stroke occurred at 11:26:35.523Z and had an estimated peak 
current of about +39 kA. Twenty-one (21) NLDN sensors within a range of 1000 
km were in very close agreement about the time, location, and peak current of 
this stroke (Chi-square value of 0.9, with a normal range of (0.5 – 5) – smaller is 
better). The estimated location uncertainty (50% confidence) was better than 400 
meters, and the 99% location uncertainty was better than 1.1 km. The second 
event occurred at 11:26:35.680, with a peak current of about +101 kA, with the 
same location uncertainty as the first strokes and a chi-square of 1.2. Twenty-
three (23) NLDN sensors were in very close agreement about this stroke.  
 
            The time interval between these two strokes was 157 milliseconds, 
clearly showing that these are two separate events. Both events’ waveform 
characteristics and peak current values are consistent with CG strokes. 
Investigation of all detected discharges from the closest 3 sensors indicates that 
there were no other CG strokes associated with this incident. . The closest 
sensor was about 95 km away.  Of the twelve (12) sensors within 500 km, all 
were operational during this period. Only 2 of the 32 sensors within 1000 km 
were not reporting data during this time.  
 
          The map below was provided to the customer. Images showing the 
consistency of the sensor data for each stroke are also provided. For each 
reporting sensor, the timing data are represented as yellow circles intersecting at 
the strike location, and azimuth data are represented as red lines from sensors to 
strike location.  
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ATTACHMENT C  MEMO 
TO:  Doug Conaway 
FROM:  Monte Hieb 
DATE:  January 12, 2006 
SUBJECT:  Timing of explosion corresponds to lightning strike 
 
 
Yesterday with the help of John Scott, Marshall Robinson (Allegheny Land 
Surveying), and Kevin Hedrick (MSHA) it was determined that the time of 
the explosion January 2, 2006 at Sago Mine occurred at 6:26:35 am. 
 
This determination was made by comparing the time on the CO monitoring 
computer at Sago to a GPS clock (precise actual time).  The Sago CO 
computer clock was determined to be running 4 minutes 56 seconds 
(00:04:56) ahead of the GPS clock. 
 
John Scott advised that the first spike on the CO computer log for January 2, 
2006 was 51 ppm which occurred at 6:31:31 am.  Subtracting the time 
correction places the actual time of this event at 06:26:35 am. 
 
This corresponds precisely with the timing of two nearly simultaneous 
lightning strikes approx. 2 miles apart, located on the attached map.  The 
strongest of these, recorded by Vaisala (StrikeNet), was reported to be a  
+101.0 kA hit at LAT 38.926, LONG -80.233 at 06:26:35.680 am on January 
2, 2006.  This is the location where Sago engineer Kermit Melvin and myself 
found the lightning-struck tree last Friday (see Photo 1). 
 
A second, smaller strike of +38.8 kA occurred nearly simultaneously nearby 
at LAT 38.897, LONG -80.231 at 06:26:35.522 am.  This one left no obvious 
physical damage on the ground or treetops, but prevalent minor tree damage 
from prior early snows last fall may have obscured evidence of a minor strike. 
 
The 06:26:35 am timeframe for the explosion also seems to be corroborated 
by a subtle seismic event recorded by a USGS seismic station located at 
WVGES at Mont Chateau and detected by Martin Chapman, a geophysicist at 
the University of Virginia.  He places the time at approximately 06:26:38 am  
+/- 3 sec.  The proof for this has not yet been independently verified. 

 
Unless evidence is uncovered in the future which casts doubt on the facts as 
stated above, there is convincing circumstantial evidence that the explosion at 
Sago Mine on January 2, 2006 was directly related to one or both of the 
lightning strikes recorded at 06:26:35 am, both of which occurred on the 
opposite side of the Buckhannon River from Sago Mine. 
 
 



ATTACHMENT C 
Notably, a 12 kvA powerline passes within about 500 feet of the +110 kA 
lightning strike location (see map, attached).  This line begins at the 
Allegheny Power substation on French Creek and supplies the power to the 
Sago preparation plant and Sago Mine.  

 
Because of these findings, it is suggested that we begin taking a look at the 
conductive and grounding systems of the 12 kvA transmission line to explore 
the possibility that a power surge may have entered Sago Mine by such 
means.  Pipelines, phone communication lines, and other similar structures at 
this location should also be examined. 

 
Photo 1.  Poplar tree very recently hit by lightning 
and in close proximity to +110 kA hit recorded by  
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Vaisala (StrikeNet)  at LAT 38.926, LONG -80.233 
at 06:26:35.680 am on January 2, 2006,    Photo by 
Kermit Melvin, January 6, 2006. 
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Sensor 

Range 
(km) 

95% 
Angle 
Error  

(degrees) 
Spencer, WV 95 2
Charlottesville, VA 177 4
Orville, OH 250 2
Pikeville, KY 255 3
Danville,VA 272 2
New Buffalo, PA 327 3
Lenior, NC 361 4
Lexington, KY 383 2
Wallops Island, VA 428 3
Windsor (Canadian) 

440
Timing 
Only 

Egg Harbor, NJ 485 2
Sanborn, NY 488 4

Table 3: Angle Error by Sensor 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2705 E Medina Rd     Tucson AZ 85706-7155       Telephone  520.806.7300             Fax 520.741.2848       Toll Free  800.283.4557 



Vaisala  Faultfinder ® 
 

 
 

ATTACHMENT D 
 

Detection Efficiency Performance Analysis 
Sago Mine 01/02/06 

 
     Detection efficiency and location accuracy were examined for an area centered on 
38.9128 -80.2242 for January 2, 2006. Lightning events within 50 kilometers were 
examined to verify network performance.  The numerical results are summarized in Table 
1 below. Detection Efficiency and Location Accuracy projections were examined for this 
region. Median location accuracy is projected to be 0.5 kilometers, and the flash detection 
efficiency is expected to be at least 90 percent. Average stroke detection efficiency 
should have been at least 70 percent, with higher values for high peak current strokes. 
Sensors within 500 kilometers of the point of interest were checked to ensure they were 
operating normally.  Reported network-relative detection efficiency values for each 
sensor are provided in Table 2. Table 3 provides the 95% angle error in degrees for each 
sensor that provided angle information. Based on this analysis, the network appears to 
have been functioning normally.    
 

ANSR Avg Ip- Avg Ip+ Avg 
Chi* 

Avg SM* Median 
SM* 

Count Positive 
count 

Neg 
count 

Small Pos 
count 

8 -18.8 36.0 1.0 0.95 0.4 391 89 302 13 
Table 1: QC Information  

(* Note that small postive events are excluded from Chi Squared and SM statistics) 
 
 
 

Sensor Range 
(km) 

D.E  

Spencer, WV 95 53.8
Charlottesville, VA 177 71.7
Orville, OH 250 73.1
Pikeville, KY 255 73.3
Danville,VA 272 64.5
New Buffalo, PA 327 49.1
Lenior, NC 361 46.4
Lexington, KY 383 58.4
Wallops Island, VA 428 30.7
Windsor (Canadian) 440 38.7
Egg Harbor, NJ 485 25.5
Sanborn, NY 488 32.1

Table 2: Detection Efficiency by Sensor 
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ATTACHMENT D 
Glossary of Terms 

 
ANSR   -  Average Number of Sensors Reporting - this provides an estimate of           
detection efficiency 
 
Avg Ip- - Average negative peak current. 
 
Avg Ip+ - Average positive peak current. 
 
Avg Chi - Average Chi-squared value. Chi-squared values are calculated for each        
event, and provide a measure of the level of agreement among the sensors          
participating in a lightning event. The average of this parameter provides an  
       overall estimate of how well the network is performing. Values of less than        
one (1.0) suggest that random error is less than assumed; very large values  
       indicate that errors are larger than expected. 
 
Avg SM - Average Semi-major axis - This statistic provides an overall estimate of        
location accuracy. However, this statistic can be significantly affected by a 
                  few very large values. See Median SM. 
 
Median SM - Median Semi-major axis - It  is the value at which half of the semi-major  
 axis values are above, and half below. This statistic provides a better 
            estimate of location accuracy than Avg SM because it is less sensitive to a 
  small number of events with large values. 
 
Small Pos Count - Number of positive events with peak current value of less than 
         10 kA. 
 
95% Angle Error  - 95% of “eligible” events seen by a sensor will had an angle error that 
was smaller than this value. Eligibility is based on an event being part of a valid location, 
with sufficient signal strength to provide a reasonable azimuth.   
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WDT Report of April 3, 2006, by Mark Sessing 
 
 
 











ATTACHMENT F. 
 
Single Sensor NLDN Reports Near the Time of the Sago Incident 
 
 







  

APPENDIX 5 
The Investigation 

(5.5) Cause of Explosion 

 

(5.5-3) How Lightning May Have Entered The Mine 
 

• Electrical System – Map Showing Conductors and 

Resistivity Test Locations 

• Description of Pump Cable Lengths and Associations 

•  Description of Gas Lines and Wells 

o Summary of Possible Paths 

o Map of Gas Lines and Wells 

• Water Samples Old 2nd Left Section 

• Map of Telephone Lines 

• Geophysical Log to Core Hole SF 52-06 
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