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Author’s Notes



The Sunshine Mine Fire Disaster occurred on May 2, 1972.  I wrote nothing about the fire until late spring, 1996, except in response to requests from Sunshine Mining Company legal counsel.  



As memories of the fire began to fade slowly into history, I was often approached by students, referred to me by their teachers as a source of information about the fire.  In the same period of time, I wrote a series of seventeen weekly articles about the fire for the Kellogg News-Press. Motivation to write those articles developed as I read many inaccurate reports about the fire. I assumed their questions reflected what they heard in their homes and from their schoolmates.  The News-Press series was completed in the summer of 1996.  Not long thereafter, I compiled the articles into seventeen “chapters.”  The first publication consisted of 28 pages.        




Three sources of information are included in this document.  Not having written any personal notes from the time of the fire until after a trial that concluded in Boise on July 16, 1978, I could only rely on my memory about things not already recorded in my depositions and those of a few others.  I referred to the latter for information about events on May 2 that I did not witness, but that were germane to fact-finding efforts.  A video titled You Are My Sunshine was another source of information.  It was produced by Elaine Cullen, NIOSH, working out of the former USBM Research Center in Spokane WA.  It was based on filmed interviews of men who survived the fire.  Publications about mining safety, mine rescue training, and fire dangers involving rigid, sprayed-in-place polyurethane foam were another source of valuable information.    




The most startling discovery of my post-fire investigation was finding the main path of heavy smoke from the fire at 3400-09 intersection, through mined sections of the 09 vein, down to 4000 level through 4000-910 manway, and into the 09 crosscut.  Smoke then flowed west on 4000 level about 1,000 feet to No. 5 shaft and up to 3700 level.  Soot covered the floor of the drift near 4000-910 manway to a depth of about three-fourths of an inch.  The walls of the drift were also black with soot.  As I followed the path to No. 5 shaft, the depth of the soot diminished to about one-fourth inch.  That segment of the 4000 level drift was the only place in the mine with a heavy deposit of soot from the fire!   



To my dismay, I was unable to convince Federal or State investigators to go with me to view the evidence on 4000 level, even though I suggested that such evidence could explain how heavy smoke inundated the 3700 level first, but not through openings initially observed on that level.  



Later, I traced the path of a lesser amount of smoke up No. 5 shaft to 3100 level.  A small amount of smoke moved slowly up No. 5 shaft to 3400 level, then through a former ore transfer to 3250 level, then through a ventilation raise to 3100 level.  Entering the main drift on 3100 level, the smoke moved slowly to No. 10 hoistroom and shaft and on down No. 10 shaft, preventing the last men hoisted from escaping.    


I must point out that ventilation airflow from the Jewell shaft via 3100 level turned downward to 3700 level via the same pathway described in the previous paragraph.  In order for smoke coming up No. 5 shaft during the fire to flow upward to 3100 level, it had to overcome the normal downward airflow from 3100.  That explains the time lag between arrival of dense smoke on 3700 level and arrival on 3100 level.  

By chance, on June 25, 2005, I talked with Verne Blalack, the brother of one of the five men whose bodies were brought out of the mine from 3700 level in late afternoon, May 2.  Through reading The Deep Dark, he developed an interest in the role that polyurethane foam might have played in the disaster.  That brought back memories of his experience following notification that his brother’s body had been recovered.  He was asked, when convenient, to pick up his brother’s personnel effects.  He did so quickly, placing a bag containing his brother’s personnel effects in his car and then heading home.  After driving a short distance, the odor clinging to the personnel effects became so strong that he stopped the car and put the bag in the trunk.  At that time, he asked if I knew what the Spunstrand factory at the west end of Wallace smelled like.  I said I did.  He then told me that was what his brother’s clothing and boots smelled like—a pungent odor of plastic material, such as those used in manufacture of fiberglass ventilation pipe.   



His brother’s body and four others were recovered a short distance east of No. 5 shaft on 3700 level, late in the afternoon of May 2.  They died soon after encountering the wall of dense, black smoke flowing up No. 5 shaft.  Based on the results from a similar staged fire in British test mine, performed in October, 1976, I am convinced that all the polyurethane foam at the 3400-09 intersection burned within a few minutes of ignition. 







 
          rel: February 2016
SUNSHINE MINE OVERVIEW

The Sunshine Mine is located about 5 miles southeast of Kellogg, Shoshone County, Idaho.  Access to the mine is by way of I-90, Exit 54.  The mine is 2 miles south of Interstate 90 on the Big Creek Road.  Employment totaled 522 persons, 429 of whom worked underground.  The mine was operated on three 8-hour shifts, 5 days a week.  

Miners gained entrance to the active mine workings by walking along a 200 foot drift (tunnel) to the Jewell Shaft, and were then lowered to the 3100 and 3700 levels by means of a hoist (elevator), then transported by train to the No. 10 shaft and again lowered by means of shaft conveyance to their designated levels.  The No. 10 shaft extends from 3100 to the 6000 feet.  Production was being maintained on the 4000, 4200, 4400, 4600, 4800, 5000, and 5200 levels, with some development work on the 5400, 5600, and 5800 levels. 

Fresh air, as the miners called it, came into the mine through the Jewell shaft.  A small amount of fresh air left the shaft and flowed into 3100 level.  About 95% of the ventilation air for the active mine workings flowed in No. 10 Shaft on the 3700-foot level.  Nearly all the active workings were below the 3700 level.  

Part I - Fire and Recovery Efforts
THE FATEFUL DAY BEGINS

On May 2, 1972, a total of 173 men, making up a normal day shift (7 a.m. to 3 p.m.) crew, entered the mine and proceeded to work up to the time they learned of the fire.  In the morning, miners Custer Keough and William Walty were engaged in enlarging the 3400-foot level ventilation drift to decrease the ventilation resistance in the main exhaust airway.  Their work consisted of drilling and blasting along the back and ribs, mucking, and rock bolting.  An underground mechanic, Homer Benson, also reported to the 3400 level with an oxygen-acetylene cutting torch which was needed to remove old rock bolts along the drift, and transported it to the worksite with a small battery-powered locomotive.  The worksite was west from the 09 vein bulkhead about 500 feet.  Benson completed the cutting of the old rock bolts and arrived back at the 3700 level station with his equipment at 10:35 a.m.  Keough and Walty ate lunch on the 3400 level at an unidentified location. 

Most of the salaried and day's pay personnel who normally ate their lunch from 11 a.m. to 11:30 a.m. did so at their normal locations.  Harvey Dionne, Jim Bush, Bob Bush, Jim Salyer, and Fred (Gene) Johnson, mine supervisors, were in the Blue Room (supervisors' room) near the 3700 level No. 10 Shaft station.  Arnold Anderson, Norman Ulrich, Gary Beckes, and John Williams were in the electric shop also near the 3700 level No. 10 Shaft station to the south.

Leslie Mossburgh, Bill Bennett, Clyde Napier, Homer Benson, and Hap Fowler were in the drill repair shop located to the north of the No. 10 Shaft station on 3700 level.  Greg Dionne, Tony Sabala, and Donald Beehner were in the pipe shop located at No.8 Shaft.  James Lamphere was in the 3700 level warehouse.  Pete Bennett and Kenneth Tucker were in the 08 machine shop in by the pipe shop.  Don Woods was at the No. 10 Shaft Chippy hoistroom.  Marce Story and Jack Harris were also at 3700 level No. 10 Shaft station. 

Bob Launhardt, mine safety engineer, joined Jim Salyer, development supervisor, for an inspection of development work on the 5400-foot and 5600-foot levels, arranged with the understanding that Bob wanted to return to the surface as soon as possible to complete work on a revised Safety Rules Manual.  The revisions were scheduled to be presented to the Joint Safety and Health Committee on Friday of that week.
Floyd Strand, chief electrician; Kenneth Ross, geologist; Larry Hawkins, sampler; and John Reardon, pumpman, completed their morning activities at the No. 10 Shaft area.  At 11:30 a.m., the four men left the No. 10 Shaft station on the 3700 level en route to the Jewell Shaft on a man coach.  Their route took them past the Strand substation, 910-raise, No.5 Shaft, and No.4 Shaft.  They arrived at the Jewell station shortly after 11:40 a.m.  

SMOKE FIRST DETECTED

A fire of an as yet undetermined origin was detected by Sunshine employees at approximately 11:35 a.m. on May 2, 1972.  At that time, smoke and gas was coming through a bulkhead at the bottom of the 910 raise on the 3700 level.  The 910 raise connected to the 09 vein structure on the 3550 level.  As a matter of interest, the 09 vein and 08 vein on 3550 level were connected in a wishbone shape.  The 08 vein was connected to No. 8 Shaft on the 3550 level.    

While the record of the Sunshine Fire Disaster includes reliable information on where smoke was first smelled or observed, no one saw fire or evidence of burning until a mine rescue crew examined the 3400 level exhaust airway during the second week of the fire.  Where the 09 vein intersected the exhaust airway, nothing remained of a 200 foot long polyurethane foam- covered timber and plywood bulkhead, constructed in the early 1960s to isolate the airway from the mined-out 09 vein.  All of the drift timber at and near the intersection was gone.  All the thick plywood that covered the drift timbers to form a smooth airway surface was gone, together with a 2” thick coating of rigid, sprayed-in-place polyurethane foam.  Where drift timber, ladderways, track and ties, and stopes back-filled with gob had been, only a gaping, smoking void remained.  As far as a miner’s light could shine—up, down, or along the walls that were once filled with silver ore—all was a dark emptiness, revealing nothing more than a few wisps of smoke.  

SUPERVISORS’ DILEMMA

The first challenge to the senior mine supervisors at the Blue Room was to try to locate the source of the smoke.  Those familiar with the layout of the mine readily understand that the fire’s location needed to be known, if possible, before deciding whether to evacuate the crew across 3700 level, across 3100 level, or through the Silver Summit escapeway.  It is a tragic irony that the first cage-load of men hoisted in No. 10 shaft was unloaded on 3700 level—the normal way out to the Jewell.  Not one of those men survived.  Subsequent loads of men, hoisted to 3100 level, survived the walk to the Jewell.  Based on statements of survivors, severe smoke conditions that developed quickly on 3700 level did not reach the 3100 level until about twenty-five minutes later.

RESPONSES BY MEN ON 3700 LEVEL
Shortly after lunch, at about 11:35 a.m., Anderson and Ulrich stepped out of the 3700 level electric shop and smelled smoke.  They immediately shouted a warning to supervisors in the Blue Room.  Harvey Dionne and Bob Bush, foremen, joined Anderson and Ulrich.  The four men walked into the smoke, wanting to locate the source.  The smoke was coming down the 910 raise.  Harvey Dionne climbed up onto drift timber below the raise in an effort to spot fire.  He was unable to detect any fire at that location. Jim Bush then arrived on a small battery-powered locomotive.  Harvey Dionne, Jim Bush, and Ulrich proceeded toward the Jewell Shaft.  They met Ronald Stansbury, haulage locomotive operator, who was proceeding from the Jewell Shaft.  Stansbury was instructed to return to the fire door and close that door.  Jim Bush and Harvey Dionne returned toward the 910 raise. Ulrich, who had accompanied Stansbury, manually closed the fire door near the Jewell Shaft and proceeded up the Jewell Shaft to the 3100 level station. 


Based on information from Tony Sabala and others who were in a shop near No. 8 shaft on 3700 level, collapse of the 3400-09 bulkhead was linked to the sudden appearance of thick, black smoke on 3700 level near No. 10 shaft.  Tony’s testimony indicated he heard a big bang and felt a rush of air out of a small man-door leading into the sealed off 3700-08 & 09 vein area.  That door was normally in the closed position.  The smoke “looked like a tornado” as it moved toward Tony and Don Beehner.  As quickly as possible, they made their way to No. 10 shaft station on 3700.  From there, they were quickly hoisted to the 3100 level and made their way out to the Jewell shaft.    
At about 11:40 a.m., Delbert (Dusty) Rhoads and Jim Salyer simultaneously telephoned Pete Bennett in the 08 machine shop.  They notified Bennett of smoke and asked Bennett to check to determine if a fire was burning in the shop area.  Bennett and Tucker, knowing there was no fire in the shop, went from the shop toward the 808 and 820 drifts.  Bennett discovered the 820 crosscut was so full of smoke he could not enter.  Bennett met Bob Bush at the 808 drift. Upon entering that drift they found the smoke was again so thick that they could travel but a few feet.  They retreated and tried to return to the 08 machine shop.  They encountered much heavier smoke than before upon returning to the 820 crosscut.  Travel back to the 08 shop was impossible. 

Bob Bush then instructed Bennett and Tucker to proceed to the Jewell Shaft.  As Bennett and Tucker were walking out the 3700 level toward the Jewell Shaft they met Jim Bush and Harvey Dionne returning toward No. 10 Shaft.  Bennett and Tucker also met Edward Davis at No.4 Shaft and told him to leave the mine. 

As Harvey Dionne and Jim Bush returned toward No. 10 Shaft, they attempted to go into the 08 machine shop area.  They reached the 820 drift and proceeded about 100 feet into the smoke before being driven out.  Harvey Dionne and Jim Bush decided to evacuate the men. Harvey Dionne then went back to make sure the air door was closed and prepare for evacuation at the Jewell Shaft.  Jim Bush then headed back toward the 910 raise where he encountered Bob Bush, Wayne Blalock, and Pat Hobson, who were in a state of near exhaustion. Jim Bush then attempted to remove the three men from the mine.  Jim Bush carried Bob Bush and Hobson under each of their shoulders and pushed Blalock in front of him.  About halfway to the No. 5 Shaft, Jim Bush himself was near exhaustion and had to leave all three men and go toward the Jewell Shaft to try to get assistance.  The heavy smoke was coming out of No. 5 Shaft.  Beyond that point, the air was free of smoke.  Jim Bush rested in the clear air before going on toward the Jewell Shaft.   
Jim encountered other men along the 3700 level and told them that Robert Bush, Blalock, and Hobson, were back in the smoke and needed help.  He, himself, had tried earlier to save them, but was unable to do so.  According to depositions from survivors of the disaster, three men on the 3700 Jewell station, Ronald Stansbury, Roberto Diaz, and another man, started out to bring the men to safety.  They left the station and proceeded along the 3700 level aboard a locomotive and coach.  Bearing in mind a previous warning from Jim Bush to be careful and avoid running over one of the victims last seen by him lying across the track, the three men stopped their locomotive short of the fallen man who was later identified as Blalock.  They then went ahead on foot.  Stansbury went farthest in and located Bob Bush lying on the ground, but he, himself, was fast becoming overcome and therefore started to retreat.  On the way back, as he was stumbling along, he saw one of his fellow would-be-rescuers, Roberto Diaz, down on the ground.  Alternately crawling and stumbling, he reached some fresh air at No.5 Shaft where he ran across Harvey Dionne, Paul Johnson, and Jasper Beare reentering the drift. 

Stansbury informed them that, in addition to the three men that his group had tried to rescue, another man (Diaz) was down, making a total of four, one of whom was lying across the track. 

Johnson and his companions then continued toward No. 10 Shaft.  They boarded the locomotive and car which had been used and abandoned by Stansbury and his colleagues, but had to give it up when it struck a body lying across the track and was derailed.  Realizing they could not help any of the stricken men, they started to walk back toward the Jewell Shaft.  During the trip, Johnson, too, went down, adding to the list of persons who had already died in the disaster. Subsequently, Jim Bush, accompanied by Ulrich, made one more rescue attempt, protected only by self rescuers, but they had to abandon their efforts.   

Harvey Dionne, after returning to the Jewell Shaft, made the decision to remove restrictions over the No. 12 borehole to allow more fresh air to reach the lower levels. 

Immediately afterward, according to the depositions made by survivors, Fred (Gene) Johnson, a shift boss, while at the 3700 level No. 10 Shaft, telephoned the mine maintenance foreman, Tom Harrah, at his office in the surface machine shop at about 12 noon, and requested (1) that the stench warning system be activated and that (2) oxygen breathing apparatus be sent into the mine.  At this time, he also ordered the hoistman to prepare the cage for moving the men up to the 3100 level to get them out of the mine.  Bob Launhardt activated the stench warning system at 12:05 p.m.  At the same time, bull gang carried the oxygen breathing apparatus from the mine rescue room to the top station of the Jewell Shaft.  Bob Launhardt rode with the apparatus to down the Jewell Shaft to the 3100 level station. 

EMPLOYEE ESCAPE ON 3700 LEVEL

Pete Bennett, Jack Harris, Marce Story and Kenneth Tucker made their way across the 3700 level to the Jewell shaft.   

Tony Sabala heard the “explosion” at his work station in No. 8 pipe shop on 3700 level.  Quickly thereafter, a small doorway opening into the worked-out 08 drift blew open.  A cloud of thick, black smoke boiled through the opening “like a tornado.” 

Tony Sabala, Don Beehner, and Greg Dionne walked to No. 10 shaft through an old drift that was isolated from the 3700 level intake airway.  When they passed through an air door into No. 10 shaft station, they found dense, black, acrid smoke.  They were soon hoisted to 3100 level.   
The 08 drift connected to the No. 10 Shaft "Chippy" hoistroom on the 3700 level, separated from the hoistroom by a wooden bulkhead that leaked.  Deadly smoke and gases forced hoistman Don Wood to abandon the hoistroom.  Consequently, the "Chippy" hoist was never used for evacuating men.  Survivors later stated that their signals to the "Chippy" hoistroom went unanswered.  They assumed the signal system was inoperative.
EMPLOYEE ESCAPE ON 3100 LEVEL

There was a significant lapse of time between the arrival of dense smoke at 3700 No. 10 Shaft station and arrival at 3100 No. 10 Shaft station.  During that time, personnel including Don Beehner, Tony Sabala, and Les Mossburgh were able to escape to the Jewell shaft.  Les Mossburgh worked in a repair shop adjacent to 3700 No. 10 shaft station.  He was on one of the first cage loads of men hoisted to the 3100 level.  Some months later, I talked with Les about his exit across the 3100 level.  “What was it like?  What, if anything did you see?”   

Unlike the dense, black smoke on 3700 level, the 3100 level had only a light haze of smoke.  As Les walked across the 3100 level, the drift passed through mined-out segments of the Sunshine vein.  Wisps of smoke were emanating from the gob-filled stopes below the level.  We now know this leakage came from the 3400 exhaust airway.  Les was out of the smoke before the dense short-circuited smoke made its way from the site of the fire to 3100 level.

Mention must now be made of the personnel involved in operating the No. 10 hoist and its conveyances.  Ira Sliger was the hoistman on duty.  Ira was an older hoistman and had some medical problems which interfered with breathing.  Knowing that, Bob Scanlan, also a trained hoistman, ordered Ira to get out of the smoke.  Ira left the mine by way of 3100 Jewell shaft station.  Bob Scanlan stayed on duty until he collapsed.  Doug Wiederrick then took over the hoistman’s duties until he also died.  

Byron Schultz was the No. 10 double drum cager on duty that day.  Greg Dionne, although not working as a cager at the time of the fire, was skilled in such duties and volunteered to help Byron.  Greg, together with Tony Sabala and Don Beehner, had traveled from the 3700 level No. 8 pipe shop to No. 10 shaft and were hoisted to 3100 level.  Tony and Don proceeded to 3100 Jewell shaft station, while Greg stayed behind and teamed up with Byron Schultz to form the usual two-man crew for hoisting personnel.  According to statement from survivors, Byron stayed on the 3100 level, unloading personnel.  Greg traveled on the conveyance to various stations in the lower part of the mine and assisted men onto the cage for hoisting.  He also brought extra self rescuers on the cage and helped personnel put them on.  In doing so, Greg had to remove the self rescuer from his mouth so he could talk to those he was helping, thus exposing himself to deadly carbon monoxide.  Greg stayed on duty until he perished.   

To understand why the 3100 level was free of dense, black smoke for about 20 minutes longer than 3700 level, one must understand a key element of the short-circuited mine fire ventilation system.  While some smoke from the fire at the 3400-09 intersection leaked into the 3700 intake airway, once the bulkhead between the fire and old workings was breached, most of the smoke followed open pathway through numerous manways down to the 4000 level, blew normally closed air doors open and then flowed westward to No. 5 shaft.  From there, it flowed up to the 3700 level where it joined the main intake air supply to No. 10 shaft.  Considering the velocity of airflow induced by the 3400 level fans, it would have taken at least 10 minutes for the smoke to move through the collapsed bulkhead, down to 4000 level, west to No. 5 shaft, and then up to 3700 level.  It was that delayed cloud of smoke that trapped Roberto Diaz as he attempted to return toward the Jewell shaft.     

Prior to the fire, intake air flowed across 3100 to the No. 5 area and down to 3700 level.  After failure of the 3400 level bulkhead, a small amount of the smoke coming up No. 5 shaft had sufficient force to reverse the flow of fresh air down from 3100 level.  Moving slowly, the toxic smoke found its way upward to the 3100 level and then to No. 10 shaft, quickly bringing escape by personnel not wearing self-rescuers to an end.    

According to the hoist log taken from the No. 10 double-drum hoist on the 3100 level, the first load of men was hoisted at 12:13 p.m.   Greg Dionne re-boarded the cage and went down to the 4600 level with short stops on the 3700 level and 4400 level to pick up additional men including Delbert (Dusty) Rhoads, who had ridden the "Chippy" cage down after lunch. 

A full cage-load of men was sent up to the 3100 level from the 4600 level at 12:24 p.m. Greg Dionne remained on the 4600 level station.  Byron Schultz, cager, re-boarded the cage and went back down to 4600, arriving at 12:27 p.m., where another load of men boarded.  Dionne remained at the station and Schulz rode up to the 3100 level, arriving at 12:30 p.m.  Schulz re-boarded at 3100 level and went to the 5000 level with a stop at 4600 to pick up Dionne and additional men.  The cage then traveled back to the 3100 level arriving at 12:35 p.m.  Delbert (Dusty) Rhoads and Arnold Anderson, mechanical and electrical lead men, possibly returned on that trip to the 3400 level.  Another trip was made back to the 5000 level and returned at 12:44 p.m. Schulz and Dionne both returned to the 3100 level on this trip.  The cage went back to the 5000 level and remained 12 minutes.  The cage then went to the 5400 level and made a trip back to 3100 station. 

All hoisting at No. 10 Shaft ceased at 1:02 p.m.  While on the 3400 level, Rhoads and Anderson were standing by and requesting permission to cut off the main exhaust fans on that level.  Several persons listening on the mine telephone heard the request.  A decision was never received.

The men hoisted from the lower levels of the mine were directed by Gene Johnson on the 3100 level to travel to the Jewell Shaft via that level to be hoisted to the surface.  Gene Johnson had remained at the 3100 station to direct the crews to Jewell Shaft instead of the Silver Summit escapeway.

According to the depositions, men obtained self rescuers from storage boxes on the shaft stations.  Some of the men reported they had difficulty in using the self rescuers and they discarded them.  Many men were doubtless quickly overcome by carbon monoxide and smoke, and died before they were able to reach the Jewell Shaft. 

RESCUE ON 3100 LEVEL


I was out from underground, showered and dressed in my street clothes before noon.  I entered my office and opened my dinner bucket, only to be interrupted by a frantic phone call from Tom Harrah, Shop Foreman. 

“Meet me in front of the warehouse right now!” brought me running down a flight of stairs and out into the mine yard.  Tom said, “There’s a fire in the mine and they want you to dump the stench (fire warning system) and bring the helmets (McCaa mine rescue apparatus) to 10 Shaft on 3100 level.”  Tom walked with me to the compressor room where I activated the stench warning system.  I then instructed surface personnel to take the ten McCaa units into the mine while I put on my mine boots, hard hat and other equipment.  As I crossed the mine yard, I looked toward the Sunshine Tunnel where the mine exhaust discharged.  Thick black smoke boiled out of the opening.  A chilling thought went through my mind; “I hope no one is downwind from that fire!”


I arrived at 3100 level Jewell shaft station shortly before Al Smith and his mine train arrived from No. 10 shaft, pulling two muck cars loaded with men.  Some of the men on the station waiting to be hoisted were mine rescue personnel.  One of them asked, “Where are you going with the helmets?”  I told them of the request to deliver the apparatus to No. 10 shaft.  Mine rescue personnel Don Beehner, Larry Hawkins, and Jim Zingler insisted on joining up with me to deliver the equipment to No. 10 shaft.  The four of us formed a makeshift mine rescue crew; I was in charge.  Having been warned about very heavy smoke “back past the timber station,” we put on our breathing apparatus before entering that area.  We proceeded toward No. 10 shaft.  I was in the lead muck car.  Larry Hawkins was operating the locomotive.  Jim Zingler was riding on the back end of the locomotive, while Don Beehner rode on a timber truck pulled behind the locomotive.


As we approached the intersection of the main haulage and the 05 crosscut, we saw very heavy smoke coming out of that crosscut and flowing toward No. 10 Shaft—our destination.  I signaled Larry Hawkins to stop the locomotive, got out of the muck car in which I was riding, and entered the smoke on foot, carrying a flame safety lamp in one hand and a multi-gas detector hanging on a strap around my wrist.  A short distance into the smoke, I encountered Roger Findley, stumbling along and obviously in distress, even though he was wearing a self-rescuer for protection against carbon monoxide.  I helped Roger out of the smoke and asked Jim Zingler to take Roger to safety well away from the fire area.  (It wasn’t until 30 years later that Roger found out who it was that rescued him.  He happened to be talking with Larry Hawkins and told Larry he thought it was he who rescued him.)

Our “team” was now down to three.  Larry put power to the locomotive and our team resumed the trip into the fire zone.  I sampled the carbon monoxide concentration in the mine atmosphere with a Draeger gas detector, while observing a flame safety lamp to determine adequacy of oxygen.  I was amazed to find carbon monoxide far above the range of the test tube.  The tube had a range of 10 to 3,000 ppm, indicated on a scale by a dark stain in the chemical.   The tube turned totally black before one-fourth of the metered sample volume had passed through.  I knew the environment was lethal.  I had to warn the other members of the team.


When I turned toward Larry to give a stop signal with my cap lamp, my face mask moved enough to allow a small amount of smoke into the mask.  That was scary!  I quickly tightened the straps holding the face mask.  Larry stopped the train.  I told him the CO was very high.  I reminded him of the need to make certain his face mask was tight and to “blow off” through the saliva trap valve every fifteen minutes.  Larry passed the information to Don.  We then proceeded slowly into the smoke, ultimately meeting Byron Schultz attempting to make his way out.  I signaled Larry to stop the train.  Byron was gasping for breath through a self-rescuer, and was in a state of near-collapse.  Larry and I decided to “clear” a McCaa and put it on him.  As we prepared the McCaa, Don Beehner removed his face mask, extended it toward Byron and said, “Here, use this.  It’s oxygen.”  In a matter of seconds, Don collapsed.  Larry and I finished putting the McCaa on Byron and loaded him onto the timber truck—not a good place to ride, but there was no alternative.  Then we directed our attention to Don, only to be thwarted by a malfunction to Larry’s McCaa.  Larry said, “I can’t get any air!”  I responded, “Hit your bypass!”  Larry said, “I did; it didn’t work; I have to get out of here!”  


Larry then began walking toward the Jewell shaft station.  I was alone.  With the facepiece of the McCaa in place, Byron was able to talk.  He stated over and over, “They’re all dead back there!” I knew then that I had to abandon the effort to reach No. 10 shaft.  I attempted to lift Don Beehner into the muck car, but was unable to do so.  I had no choice but to leave him.  

Proceeding slowly through the smoke, I made my way out.  After a short time, I saw a halo of light from Larry’s cap lamp and flashed the headlight on the locomotive, signaling him to step aside.  As I passed Larry, I told him to climb onto the end of the muck car.  We proceeded to the Jewell shaft and were hoisted to the surface.  We walked out from the Jewell shaft into a mine yard already starting to fill with people.  

RECONNAISSANCE ON 3700 LEVEL
I was quickly surrounded by mining people, mostly from the Sunshine.  Bombarded with questions, the two most urgent were, “What do we do now?” and “Where do we start?”  I told them we needed to reach No. 10 shaft, but that 3100 level could not be used without mine rescue equipment.  I would check out 3700 level as soon as I got a “fresh” McCaa.  I would get word back to the surface as fast as possible.            

George Clapp, Bill Crouch, Stan Taylor and Ken Tucker, recognizing urgency to respond quickly, insisted on going with me for reconnaissance of the 3700 level.  Each was wearing a McCaa apparatus.  We had clear air until we arrived at No. 5 shaft.  To my horror, black smoke was boiling out of the shaft and contaminating the air flowing to No. 10 shaft.  I took a CO reading and found it beyond measurement with my tester, just as on 3100 level.  I was convinced that no one could survive in that environment without respiratory protection.  Still, hope lived on; miners know how to barricade against fires.  They also know how to use compressed air to keep a work heading ventilated. 


Bill, George, and Ken entered the smoke for a closer look at what was happening.  They located five bodies a short distance into the smoke and returned to fresh air, after which we headed back to the Jewell shaft.  Arriving at the shaft station, we found fifteen or twenty men milling around the station.  Some didn’t even have a hard hat!  All were there because they wanted to help—do something—whatever they were asked to do.  I sent them back to the surface.  

BACK TO 3700 LEVEL

By the time I reached the surface, the Bunker Hill “hot shot” crew was at the mine portal, ready to go into action.  The hot shot team consisted of men hand-picked from men trained in mine rescue.  They were first responders to fires in the Bunker Hill Mine.  Immediately, they asked me to tell them what I knew about conditions in the mine.  I described smoke and CO concentrations on 3100 and 3700 levels and told them about the five bodies found earlier.  They decided to retrieve the bodies as a first order of business.     

 
Acquiring another “fresh” McCaa, I returned to the 3700 level as a guide for the Bunker Hill mine rescue team, all properly equipped and wearing mine rescue apparatus.  Their effort ended with recovery of the five bodies located east of No. 5 shaft.  They brought them to the 

Jewell station and accompanied them to the surface.  About that time, I learned that there was a small amount of smoke coming into the Jewell shaft.  I immediately ordered everybody to the surface.  Gene Covey from the Galena Mine and I were the last to leave the mine before the air leakage was repaired.  

SURVIVORS ON 4800 LEVEL

One more account of assisted escape from the fire, made possible by men who were themselves caught in the fire, remains to be told.  Ron Florey and Tom Wilkinson were working in a stope below the 4800 level on the “west side” of the mine.  They initially made their way to No. 10 shaft but were not able to get a ride up the shaft.  After a short time they decided to go back toward the battery station where they remembered the smoke as being less severe.  Along the way, Tom lost consciousness.  Ron was attempting to help Tom when Richard Allison and Ronald Wilson, drift miners working in the 4800 West Lateral came on the scene.  Recognizing the problem, they assisted Ron and Tom into the 4800 West Lateral where there was smoke-free ventilation air supplied though a borehole that connected the 4800 level to the 3700 level.  Allison and Wilson then returned to the smoke-filled area near No. 10 shaft, advising Florey and Wilkinson they would bring some more men back to the “good air” zone.  They perished in that attempt.
REALITY SETS IN

By late afternoon on May 2, operations personnel faced a shocking reality.  Scarcely half the crew on duty in the mine had been accounted for.  Both routes of access to the No. 10 shaft—3100 and 3700 levels—were filled with smoke and lethal fire gases.  The only way of escape from the fire zone was by way of No. 10 shaft.  The only way rescue personnel could reach personnel trapped in the fire zone was by way of No. 10 shaft.  


There was an air of urgency in the search for survivors.  One could only guess how bad things might be down below the 4000 level where most of the men were working.  Each passing minute of exposure to smoke and gases reduced the likelihood of survival.  Reaching those personnel could only be done by mine rescue personnel.  The mine rescue apparatus allowed a maximum use of two hours.  Judicious use dictated 40 minutes into a rescue attempt before turning back toward the fresh air base.  With the fresh air base on the surface and the No. 10 main hoist 8,000 feet away, time constraints made rescue through No. 10 shaft impossible without a fresh air base closer to No. 10 shaft.  Fresh air ventilation to one of the hoists at No. 10 shaft had to be reestablished!  

Requirements for specialized personnel and rescue equipment were enormous.  Most of the mine rescue personnel from Sunshine Mine were among the missing, together with many key supervisory personnel.  The task was enormous.  True to the traditions of the mining industry, help arrived quickly.  Between May 2 and June 1, 292 men and women arrived at the Sunshine Mine to assist in rescue and fire fighting activities.  That number included 119 from the U. S. Bureau of Mines, 106 mine rescue personnel, 35 mining and support industry officials, and 32 attorneys and other officials taking depositions. In addition to personnel, self-contained breathing apparatus was needed.  Teams from outside the district had to leave enough equipment to protect the mines they represented.  Even the U. S. Air Force played a role, bringing twenty new liquid oxygen apparatus from England.  Rescue attempts could begin; the teams were ready.  Support activities were in place.

Is there another way to get to No. 10 shaft?  Attention quickly turned to the Silver Summit Mine; an adjoining and connected mine that would serve as an emergency escapeway should the Jewell shaft become unusable.  The decision was made to send a mine rescue team through the Silver Summit Mine and, if possible, to the No. 10 hoist on the 3100 level.  The 3000 level of the Silver Summit Mine extended over the Sunshine Mine’s 3100 level.  An 85 foot inclined ladderway connected the two levels.  

Mine rescue personnel took up the task.  Air in the Silver Summit Mine was good until the team reached the Silver Dollar vent raise.  That vent raise was the main exhaust for the Silver Summit Mine.  It also served as a small volume exhaust airway for the Sunshine Mine.  To reach the 3100 level of the Sunshine Mine and the No. 10 hoist would require traveling more than 2,000 feet through an irrespirable environment.  Based on that reality, rescue efforts were refocused on the Sunshine Mine 3100 level.  

Before addressing the 3400 level main exhaust fans, it must be stated that no one knew what was going on in the interior of the Sunshine Mine.  No one knew that the 3400-09 intersection bulkhead had failed.  No one knew of the resultant short circuit in the mine ventilation—the reality that the exhaust fans, instead of pushing the smoke and gases out of the mine, were instead pushing the deadly mixture back into the intake air supply.  

So . . . how did the 3400 level exhaust fans come into consideration?  Mine rescue teams were building seals at various locations along the 3100 level.  The seals were essential to establishing a ventilation air circuit to the No. 10 hoist.  The high ventilation pressure differential induced by the two 150 h.p. fans on the 3400 level made construction of air-tight seals very difficult.  

Engineers advising decisions of operations management identified the problem created by the fans. However, management personnel familiar with basic mine rescue principles were aware of a cardinal rule in mine fires:  you don’t change ventilation unless you know where missing personnel are located and how the change would affect them.  After agonizing over the decision for many hours, the decision was made to stop the 3400 level exhaust fans.  A mine rescue team went to the 3700 level F-19 substation and killed the power to the fans.  This brought dramatic changes to conditions on the 3100 and 3700 levels.  The fans were stopped at 3:06 p.m. on May 7 (USBM Final Report.)  “By 4 p.m., ventilation to the 3100 level …had improved considerably.” (USBM Final Report).  As seals and bulkheads were added, ventilation air quality across the 3100 level continued to improve.  Some of the worst sections of drift were lined with burlap and coated with sprayed-in-place rigid polyurethane foam, forming an air-tight tunnel to carry fresh air to No. 10 shaft.  That use of polyurethane foam will be addressed later.  

On May 9, ventilation was re-established to the No. 10 hoist on the 3100 level.  Electrical and mechanical maintenance was completed.  The search for survivors in the lower reaches of the mine could now begin.  Sadly, that search was limited to finding and recovering bodies.  

The mine rescue personnel all deserve special mention.  Their work was hard and hazardous.  The search for survivors led only to disappointment.  Ultimately they would bring 91 bodies out of the mine.  Two of the mine rescue team members, in my opinion, deserve special recognition.  Hecla’s Art Brown and Bunker Hill’s Harry Cougher worked day after day on their teams, not as management personnel on their way up the ladder, but as team members, doing whatever was assigned to them.  They gladly accepted responsibilities assigned to them by the team captains.  In their regular duties with their employers, they earned the reputation of leading by example.  They are part of today’s top management with Hecla and Sunshine.

A mine rescue team member from the Sullivan Mine in Kimberly, B.C., Jack Walsh, was later hired as Director-In-Charge of the Coeur d’Alene Mining District Central Mine Rescue Unit (CMR).  His experience at the Sullivan Mine proved very valuable for CMR.  The Sullivan mine used timber as part of their ground support.  Fires were common in their mine, most of which resulted from rapid oxidation of ore opened up to atmospheric oxygen levels when blasted loose.  As a Sullivan mine rescue man, Jack gained a lot of experience dealing with hot, gassy fires.        

There were many mining management personnel who worked day after day to keep the mine rescue teams supplied with properly maintained equipment.  Bill Calhoun, then President of Day Mines, took charge of the bench technician’s activities.  When rescue and recovery activities at the Sunshine Mine were finally ended, Bill stayed on with CMR and played a key role in upgrading mine rescue techniques and training to the level it now maintains today. 

NO. 10 MAIN HOIST BACK INTO SERVICE


After establishing a reliable ventilation air supply into the No. 10 hoistroom and shaft at 3100 level, needed maintenance was done on the hoist.  The shaft signal system was then restored so exploration of the mine could begin.

A mine rescue team traveled down No. 10 Shaft to 3400 level, then west (toward the Jewell Shaft) through the mined-out 08 vein to the 09 vein intersection where the fire started.  When they returned a day later, their path was blocked by a total cave-in at 08 intersection.  Later examinations of the 08 and 09 vein locations revealed gaping voids above and below the 3400 level.  Earlier mining used wooden timbers support the walls as ore was removed.  Waste rock called “gob” was placed in the stopes to help support the rock.  The intense heat of the fire fully consumed the timbers in the stopes and manways, burning upward to 3100 level and downward to 4000 level.  I viewed part of the area from the 3550 level during the post-fire investigation. 

A similar cave-in occurred at 910 raise on 3700 level.  At 3:50 p.m., on May 8, a mine rescue team traveled to a substation between 910 raise and No. 10 shaft.  Their mission was to shut off electrical power to the mine exhaust fans on 3400 level.  Accomplishing that task, they moved back toward the Jewell shaft, again passing under 910 raise.  Minutes later, a huge cave-in occurred, completely blocking the drift, breaking the main 12” diameter compressed air line, and severing the 13,800 volt power line supplying the Strand substation—also the power source for the main No. 10 hoist 

FIVE DAYS INTO THE FIRE
At 3:06 p.m. on May 7, in order to eliminate recirculation and facilitate access to No. 10 Shaft, fans on the 3400 level were shut down from the 3700 level switch station. Four more bodies were found at the 3700 cable shop at this time. By 4 p.m., ventilation to the 3100 level No. 10 Shaft station had improved considerably and the air door was opened. 

In preparing to send men to the lower mine levels via the No. 12 borehole as part of its plan to carry out rescue and recovery operations through a fourth front, the U.S. Bureau of Mines had obtained two man-capsules from the AEC Nevada test site together with an engineer, Frank Solaegui, employed by Reynolds Electrical and Engineering Corp., an AEC prime contractor, who supervised use of the man-capsules at the Nevada Test Site, and could provide invaluable help with the rigging and use of the capsules in the Sunshine mine. 

Shortly after 9 o'clock at night on May 8, the first two-man crew was lowered into the No. 12 borehole in the AEC capsule that was selected as most suitable for the operation.  The manned capsule was able to reach the 4800 level shortly after 7 a.m. the following day.  A fresh crew with equipment was then lowered and by noontime began exploring the 4800 level for survivors. 

The last bodies, making a total of 91 victims, were removed from the mine at 3:40 a.m. on May 13. Sunshine mine officials on May 15, 1972, provided Bureau officials with an updated accounting of mine personnel caught up in the disaster. They said 173 employees were underground when the fire was discovered. Of this number, 80 persons escaped, two survived, and 91 perished. 

Part II – Security and Crowd Control
A NEED NEVER FORESEEN – ABSOLUTELY NECESSARY

In order to understand the challenge of crowd control as it relates to the Sunshine Mine fire and the decisions made in that regard, I believe it would be helpful to the reader to be begin by becoming familiar with some of the circumstance that initiated my involvement and the resources available at the time to accomplish this task. Also, it should be understood that I was twenty four years old at the time and was raised in Kellogg.


A few months prior to the fire I was working at Bunker Hill's Computer Lab as a Programmer. Due to numerous layoffs, etc., I was allowed to transfer to the Bunker Hill Mine where I enrolled in the Company's Mechanics Apprentice program and was thus engaged at the time the fire started at the Sunshine Mine. Upon arriving home after work on May 2nd and learning of the fire at the Sunshine Mine I called the Sunshine Main Office and offered my assistance, if they needed it. My best friend Richard Lynch and some of the men from my Army Reserve Unit (Company A, 321st Engineers) in Wallace were reported to be working the shift when the fire broke out and I was worried about them.


Around noon on May 3rd I was taking my lunch break at the Main Station at the Bunker Hill Mine when one of the main line motormen came running into the shop and said that he was sent to fetch me and take me to the surface. I asked him why and he said that he had no idea but the Mine Foreman wanted me on top without delay. This worried me because this was something that just didn't happen. Ore trains were constantly moving in and out of the Mine and to try and interrupt this flow of ore was costly to the company and caused problems with the orderly operation of the Mine. When we came to a stop at the Mine Office on top Martin Brooks met me and asked that I accompany one of the company drivers to see Marvin Chase at the Sunshine Mine. Mr. Chase had called and requested that they allow me to come and help with the rescue, which was immediately endorsed by the company management.


When we arrived at the north gate of the Sunshine Mine I began to comprehend just how bad things were. There were emergency vehicles, private vehicles, motor homes with large transmission dishes on the roof, and people milling around all over the place. It took some time to work our way through all this, across the bridge leading to the main portion of the mine yard and finally to a brick office just off to the north of the guard shack. Once entering the building I was ushered into a room full of business suited men and introduced to Marvin Chase, the Mine Superintendent. Mr. Chase explained that perhaps one hundred men were trapped underground due to the fire and knowing some of my back ground and the fact that I was Executive Officer of the local Reserve Unit he thought that a “Military” presence might help. He went on to explain that they were neither equipped for crowd control nor prepared to accommodate the families of the men still trapped under ground. He did not want the families to feel like they weren't able to be there but was worried for their safety and welfare. He was also concerned that the orderly flow of the rescue effort would be compromised by people other than family members and the sea of reporters looking for a “story” to report. I asked him to be clear to me and others as to the limit of my authority to deal with this and to make it clear to all involved with the rescue. He agreed to this and I asked for the use of a phone. I first called my Company Commander, Captain Verl Durden and asked permission to activate some of the Unit's men and equipment. He agreed to this and told me to do as I saw fit. I then called for volunteers and asked that the following be done:

· All volunteers would dress in Army fatigues and report to me at the Mine immediately and prepared to stay until the situation was over

· A two and a half ton truck would be loaded with an Army Field Kitchen, to include a tent

· Any spare bedding, rain gear and clothing would be included

· I also instructed that an Army Field table, chalk board and folding chairs be brought as well – this was to allow for the equipping of a Command Center and for use by the family members who were gathered in front of Mine's Portal awaiting news of their loved ones

· I also told them to bring two Army Jeeps and any communication equipment we had.


Once I had changed into my own uniform (thanks to my wife's delivery) I began to deal with setting up what we in the military call a “perimeter”. Together with some of the Mine personnel we decided what routes would be used for bringing in rescue equipment and what routes would be used for transporting either rescued miners or deceased miners, whichever the case might be. I recognized right away that an ambulance arriving at the portal and hauling men away caused way too much sensation and was difficult to carry out. So we moved that operation elsewhere. The other huge problem was where to allow reporters to gather and where it was best to be off limits to them. We decided to close the bridge, and main Mine area to all but rescue men and equipment and family members. Once this was done the Media was informed that their place was against the hill immediately to the west and across the parking lot from the bridge. As you can imagine, this was not well accepted by the news media. To help enforce this decision I asked local law enforcement to inform, and if necessary forcefully remove, all “unauthorized” personnel from what is commonly referred to as the “Dump” at the Mine. This took some effort but was finally accomplished and some order began to come to the situation.


While the reporters and other unauthorized personnel were being dealt with my volunteers showed up in our military vehicles and there was a cheer from the crowd when they saw them. The first item of business was to set up the Mess Tent and begin the task of providing for the needs of the family members. Once the kitchen area was set up I called my men together and explained that our mission was to care for the families at the site, help provide security for the rescue operation and to help provide transportation of any rescue equipment or men to the site. I also explained the need for a secure perimeter and the importance of controlling entry and exit points. I also explained that they needed to keep an eye out for any suspicious activity and to keep me informed on a regular basis of how things were progressing and any problems that they might identify. I might mention here that all of the volunteers either had relatives or close friends still unaccounted for in the Mine.  


All that I described so far took the better part of the day to accomplish. Toward evening I noticed some people showing up at the gate with food for the growing crowd of family members and others supporting the rescue. Our kitchen brought a small amount of food with them which had apparently been mostly used up by now and I had no resource to buy any. I visited with Marvin Chase about this and he informed me that the Red Cross and Salvation Army were on their way to us but were still a ways out. Since KWAL was the “Voice of the Valley” at that time, I had someone call them so they could announce the need over the air. Apparently they did a stellar job because food in the form of sandwiches and salads began to arrive within a very short time and this occurred each time there was a need throughout the rescue efforts. I was very proud of our community for stepping up and helping their friends and neighbors each and every time they were asked.


That night and early the next morning the Red Cross and Salvation Army arrived. I began to coordinate with them to help supply food for our kitchen to prepare and for other needs such as transportation of family members to and from the Mine, sanitary needs, clothing and blankets. By mid-day other support personnel arrived. Dr. Dahlberg came to help with medical needs, Verl Durden set up a table of items donated by JC Penny Company and gave away all that he had with him. We began to see Pastors show up and involved them with the spiritual needs of the family and the task of death notification. The Sheriff's Posse came and we enlisted their help with securing the perimeter and other security needs. Of course all of these support personnel were briefed on the procedure of gaining access to the site and the rules of conduct expected while there.


One of the most important items that were needed was the reporting to family and press accurate information about the rescue and the men still missing as well as what would be happening next in the effort. Marvin Chase took on the bulk of this responsibility and often times simply came to the crowd of family members, stood on a chair or pickup bed and talked to them. The press of course wasn't happy with this and I had to deal with angry, frustrated reporters at times while Marvin talked to the families.


After a few days we settled into something of a routine which I believe is a very important element in crowd control. If there is a routine then people will adapt to it and settle down because they know that there is a certain pattern that can be trusted and also is predictable. People do not do well with unknowns, nor do they respond well when they think they are being ignored. Communication and routine are probably two of the most important items needed in these types of situations. There is also somewhat of an “us and them” dynamic that was especially prevalent in this effort. The “us” were the locals, the “them” were the reporters and even some of the support personnel. It is important to establish this fact with the “them” crowd. Resentment at their presence (them) and the irritation of being interfered with gives an avenue for unwanted hostility and adds to the tension of those most upset already with the situation.  Once we were through with the rescue efforts I was informed that I was being sued by the United Press for inferring with the freedom of the press. I had several attorney's volunteer their services to defend me and an assurance from our Governor that I “needn't worry” about it.


One of the hardest things for me personally was having information about the trapped miners and not being able to share it. As a matter of course, especially with news reporters, is being crowded for privileged information. The next group to contend with in this regard is the family members who desperately want to know what is going on. I had information about my best friend, my Latin teachers son (see my story in The Deep Dark) and some of the men from my own Reserve Unit which I kept to myself. I point this out to highlight the fact that the number one thing required of any person in charge, in any emergency situation, is the ability to keep things to yourself and allow the system and the people assigned certain tasks to do their job. A betrayal of this trust can completely compromise your effectiveness. 

CONCLUSIONS


I will conclude with a listing of lessons learned from this experience that might be helpful:

1. If you are put in charge – then take charge.

2. You will make mistakes – correct them and admit them.

3. Communicate both up and down the chain of command – be truthful and take ownership of your decisions.

4. Establish a routine for doing things – be consistent.

5. Don't be afraid to ask for help – the rescue efforts are more important than how you look.

6. Once the rescue is complete review with those involved how things went and what could or should change in the future.


In conclusion I would say that this was the best of times and it was the worst of times. When the chips are down you find out what you're made of as well as what others are made of. We had a horrible tragedy but we also had a community find out what they could do when there was no one else to do it and it was a life and death battle to the finish.

Lee Haynes - June 2010
Part III – Investigation and Analysis of Findings
THE IMPOSSIBLE HAPPENED
The May 2, 2010 Miners’ Memorial service marked the 38th anniversary of the Sunshine Mine Fire Disaster.  To this day, survivors of the disaster, together with family and friends of the 91 men who died, ask the same key questions first raised thirty-five years ago: “How did the fire start;” and, “Why did so many men die?”

Though the fire was more than three decades ago, sadness over the loss of 91 men and its affect on families and friends is at times almost unbearable.  Except for a few new hires, those who died were all personal acquaintances.  Many were long time friends.  Adding to the feeling of sadness is an even greater frustration, at times leading to outbursts of anger, over my inability to communicate to the rest of the mining industry one of the most crucial lessons from the fire—the deadly effects of rigid polyurethane foam as an accelerant to what would otherwise have been another “normal” hardrock mine fire.  Had that reality been recognized through the post-fire investigation and then publicized, the loss of 177 miners in the Kinross gold mine in 1986 might have been prevented.  That disaster also involved polyurethane foam.  I am still haunted by the memory of a taped interview with the Kinross mine manager that I heard during a radio newscast.  Twice during the interview, the mine manager lamented, “They told us it wouldn’t burn!”  That’s the same thing they told us at Sunshine Mine in the early 1960’s when polyurethane foam was applied as a ventilation airway sealant on 3100, 3400, and 3700 levels.

Before moving ahead with the Sunshine fire narrative, I wish to provide information, quoted from published documents that may help the reader understand the pre-May 2, 1972 mind-set of the hardrock mining industry regarding mine fires.  Read the quotations and form your own opinions.  If you are interested in reading more from articles quoted, please contact me.  

From Deep Mining by J. Spaulding - London Mining Publications, 1949:  “Where the atmosphere is saturated and the timber always wet and in mines where the timber decays rapidly, not only is the risk of fire breaking out much less, but also, should a fire occur, its rate of spread is very much slower, so that it is proportionately easier to overcome.” (The Sunshine Mine, together with all the deep mines in the Silver Valley is basically wet.  The atmosphere is saturated.  Exhaust airways are actually super-saturated.  Timbers decay rapidly.)

From Fire Prevention at Noranda Mines by H. C. Bent - 1957 Canadian Mining Journal:  “It is my opinion and the opinion of others familiar with the (Noranda) mine, that we could never have a fire underground where we would meet with a deficiency of oxygen in the air, or a dangerous concentration of carbon monoxide.”   
From KNOCKS FIRE COLD - Mining & Quarrying, August 1962:  “A revolutionary method of insulating and sealing passageways in coal and metal mines by applying sprayed-in-place urethane foam to exposed underground surfaces was demonstrated by the U. S. Bureau of Mines for the American Mining Congress in Pittsburgh on May 10...Since the foam will not support combustion, it can be used to insulate combustible materials in the mine and makes possible the quick erection of emergency, flame-retardant curtain walls to localize an outbreak of fire underground…As a result of this research, rigid urethane foam has been applied on roof, ribs, and stoppings in more than 200 mines to minimize spalling and reduce air leakage through ventilation controls.”    


From an official USBM publication titled FIRE HAZARDS OF URETHANE FOAM IN MINES - RI 6837, published in 1966:  “After 2 years of research on sealants and coatings, the Bureau of Mines published a report on urethane foam.  Fire hazard from foam exists if flame propagates beyond the ignition source or penetrates the foam…Foam on the ribs and adjoining roof presents a fire hazard....Flame propagated in all tests with foam on the ribs and across the roof...Figure 15 shows the dense smoke produced during one of the tests.”

The USBM’s knowledge of fire hazards of polyurethane foam changed considerably between 1962 and 1966. Accordingly, three questions must be asked about the polyurethane foam in the Sunshine Mine.  First, did the USBM know where and how it was used on 3400 level prior to the May, 1972 fire?  Yes! Engineers from Denver Technical Support group completed a ventilation survey in the fall of 1971.  The foamed bulkhead was specifically mentioned in the report, including data on the amount of exhaust air leaking through the bulkhead.  A follow-up survey by USBM was completed on April 16, 1972, two weeks before the fire.


Second, how could the USBM ignore rib and roof applications of polyurethane foam in critical locations within the Sunshine Mine in 1972 when the hazards were well documented six years earlier?  Finally, how could the USBM—119 strong during their first month of control over the mine following the fire, allow installation of hundreds of square feet of polyurethane foam in a continuous rib and roof application, while a raging fire was advancing on the area of installation?  I honestly believe the people in the field had never seen RI 6837.

From POLYURETHANE FOAM FIRE HAZARD IN MINES by D. G. Wilde, B.Sc., SMRI as published in Colliery Guardian, August, 1968:  “The fire resistance of polyurethane foam depends, to some extent, on the proportions of the constituents in the final compound and on the density of the foam.  Fire resistance decreases as density decreases, so that low density foams, such as are used in mines, tend to have a low fire resistance.  The fire resistance can be improved by the use of a flame retarding agent, but the proportion of the agent must be limited if the foam is to be mechanically acceptable so that, despite the agent, polyurethane foam remains a highly flammable material and one with a very low fire resistance.”

From Kinross—An Early Reflection, London, October 3, 1986 as printed in the MINING Journal:  “The underground fire which occurred at the Kinross gold mine in the Evander district of the Transvaal two weeks ago was a tragedy for the 177 victims…an oxy-acetylene cutting torch on a main haulageway ignited a polyurethane based foam which had been used in the haulageway as a water-seal.  The fire itself was extinguished relatively quickly as relatively little other inflammable material was involved.  However, the foam which did catch fire produced toxic fumes…in the main intake airway …carried into the mine workings at the start of the day shift when the maximum number of workers would be underground.”  That short duration fire brought quick death to 177 miners downwind. 

SEARCHING FOR ANSWERS
Quite obviously, the May 2, 1972 Sunshine Mine Fire was no ordinary fire, and would thus require an extraordinary investigation.  The investigation began in earnest when the fire was officially declared extinguished and continued until January of 1978 when a trial over liability began in Boise.  The investigative team included representatives of the USBM, Idaho State Office of Mine Inspector, Sunshine Mining Company, and a representative of USWA Local 5089.  The team was from time to time joined by attorneys representing interested parties.  

TV coverage assessed blame long before on-site investigation began.  As fate would have it, Ralph Nader was in Spokane at the time of the fire, and quickly determined the cause of the disaster—a callous disregard for safety by Sunshine Mining Company.  J. Davitt McAteer, one of “Nader’s Raiders” and now Assistant Secretary of Labor for Mine Safety and Health, was assigned to duty at the mine.  I spent many hours with him, providing detailed information in the hope that facts would bring the investigative reporting closer to reality.  Unfortunately, facts that did not support the main story line got very little press coverage.  It was not until after the fire was out that opinions about the cause of the disaster were based on objective findings.  Those findings provided a framework for developing plans to reopen the mine.  Those findings also resulted in changes in the entire mining industry.  One major change was the mandatory use of self-rescuers in all U. S. mines.  The Mine Safety and Health Act of 1977 was another offspring of the disaster.

To put it mildly, I was very disappointed with the early activities of the investigative team.  The focus was on how the fire started, not on what caused the fire to become a disaster.  Remember the quotes from industry leaders!  The Sunshine Mine Fire was a disaster that could not occur in the hardrock mining industry.  Hardrock fire disasters only occurred when fires burned in shafts or ventilation raises.  By the time the investigation began, the majority of personnel active in rescue and recovery had reached a similar conclusion; this was no ordinary mine fire!  Logic demanded identification of the extra-ordinary factors, but that task would have to wait.  In its own “Final Report” the USBM stated, “…the fire increased in intensity, spread more rapidly, and produced more toxic gases than is considered normal for underground mine fires.”  That undisputed observation should have, in my opinion, driven the investigation.  As it turned out, the USBM’s focus was on how the fire started and how shortcomings in mine design and safety program contributed to the loss of 91 lives.  The phenomena just quoted from the “Final Report” received little attention.

To have a fire, one must have fuel, air (oxygen) and sufficient heat to initiate combustion of the fuel-air mixture.  The investigators quickly reached a consensus that the fire began at or near the 3400-09 ventilation bulkhead.  Combustible material in the fire zone included a bulkhead constructed of timber and plywood and coated with rigid polyurethane foam, located in a mined-out area containing significant amounts of timber used for ground support and passageways.  

What about the air supply?  I inspected the old workings behind the 3400-09 bulkhead in the same way that other old workings were occasionally inspected.  Field tests for oxygen indicated normal and adequate oxygen levels.  Although nominally sealed off from active workings, the fire zone was ventilated by leakage out of the exhaust airway.  The USBM “Final Report” acknowledged 2,000 cfm leaking into the fire zone as measured on April 24, 1972.  Although not a huge volume of air, it was more than adequate to prevent an oxygen deficiency.  With fuel and adequate oxygen, the fire triangle needed only an ignition source.   

It was quickly determined that the initial fire zone did not contain energized electrical conductors.  Thus, that frequent source of ignition in mine fires was ruled out.  Smoking on the 3400 level in the exhaust airway was not only prohibited but next to impossible due to the high velocity of the exhaust airflow.  Consensus ruled out smoking as a source of ignition.  Cutting and welding did take place on the 3400 level on the day of the fire, but it was done about 340 feet downwind of the 3400-09 intersection, so that potential source of ignition was ruled out by the investigating team.

Attention then turned to arson.  Samples of soot and ash and other fire residues were collected from numerous points in the fire zone.  Experts analyzed the samples, searching for residues of substances known to be used in incendiary devices.  The search included residues of explosives used in the mine, since explosives can be ignited and will produce a very hot fire.  Finally, identification of a possible arsonist had to be made.  What follows is admittedly hearsay.  I heard it from attorneys involved in the investigation.  It was shared after law enforcement personnel had concluded their investigation.

Who might have carried a serious grudge against the Company?  There was a miner—I will call him Ben—who had a heated disagreement with senior mine supervisors about gypo earnings.  He openly threatened to “get even” with the Company.  Fellow employees were aware of his threats.  Ben died in the fire, but his widow allegedly raised some questions about his possible involvement.  Ben had an identical twin brother who visited the Silver Valley from time to time.  The widow believes it was the evil twin, “Bad Ben,” who set the fire and then left the area, never to return.  

There were other suspects.  Law enforcement personnel converged on their residence, only to learn that the occupants had moved out during the previous night.  Allegedly, some remnants of possible incendiary devices were found in the basement of the house.  

Well, so much for hearsay!  Why bother with writing about it?  Consider what the USBM required in response to the possibility of arson.  Faced with the possibility that the arsonist may have survived the fire and could be among employees returning to the mine after it reopened, Sunshine Mine was required to prevent access to inactive areas in the mine through use of strong bulkheads or substantial doors secured with heavy chains and padlocks!  Why?  Because of rumors suggesting how the arsonist started the fire.

The arsonist supposedly made his way from No. 10 shaft into the area where the fire started and planted an incendiary device.  Or he may even have climbed one of the manways to the 3400 level, and placed the device, fitted with a timer, near the 3400-09 bulkhead.  A similar deed could be repeated.  Based on that possibility, access to all inactive areas of the mine was rigidly controlled.  Chains and padlocks were in place!

HAZARDS NOT RECOGNIZED 
One of the reasons for writing this story is to share knowledge gained from investigating the Sunshine fire that could, if used wisely, prevent similar mine disasters.  Such knowledge also may be of benefit to the public sector.   Lesson No. 1 involves the disastrous short-circuit in the mine ventilation system, caused by the fire-related failure of the ventilation control bulkhead at 3400-09 that separated the exhaust airway from old workings that were connected to both intake airways.  Proper design of the mine ventilation system would have prevented the May 2 disaster.  To understand the lesson, one must understand the basic design of the system.

Intake (fresh) air entered the mine from the surface through the Jewell shaft, was carried about one mile eastward to No. 10 shaft across the 3100 level and 3700 level, and down the shaft to the working levels.  Ventilation air to each working area was controlled through use of ventilation doors and booster fans.  Most of the intake airflow crossed the 3700 level.

Exhaust (used) air flowed through a series of ventilation raises up to the 3400 level main exhaust airway.  It then moved in a westerly direction until it turned upward into No. 3 shaft to the 1900 level, up the Incline Shaft and out of the mine.  Picture in your mind’s eye 3100 and 3700 level intake airflow moving east to No. 10 shaft and 3400 level exhaust airflow moving west for several thousand feet, half way between the two intake airways.  Envision the exhaust air constantly searching for a way to break through to the lower pressure of the two intake airways where it could then find its way back to the intake side of the fans.  That’s the path of least resistance.  That “picture” will help you understand the following analogy.

The fatal flaw in the ventilation system involved the location of two 150 h.p. ventilation fans upstream from the 09 ventilation control bulkhead.  The two fans, operating in series, developed a tremendous pressure between the exhaust airway and the rest of the mine.  To illustrate the amount of force, no one person could open a standard size door against such pressure.  

The incipient mine fire quickly turned into a holocaust when the 3400-09 bulkhead, weakened by the fire, collapsed.  The full force of 300 h.p. drove wood and polyurethane smoke and gases through the mined-out 09 vein structure, down a series of manways to the 4000 level, west to No. 5 shaft and upward to the main intake airway on 3700 level.  The smoke quickly inundated No. 10 shaft and the production areas of the mine where the majority of the men were working.  The exhaust airflow upward to the 3400 fans was then boosted back through the fire zone.  The deadly short-circuit continued for several days.
A mine ventilation system must be designed to prevent any serious recirculation or short-circuiting of exhaust airflow into intake airways.  This can be achieved through judicious placement of ventilation fans and use of non-combustible ventilation bulkheads.  Had the ventilation fans on the 3400 level been located downstream from the 3400-09 ventilation bulkhead, most of the smoke from the May 2 fire would have been exhausted harmlessly to the surface.  Only the relatively small volume of leakage into the two intake airways would have put smoke into the active areas of the mine.  It’s that simple!  I find it hard to understand how the USBM could fail to include that obvious finding in their listing of “major factors (that) contributed to the severity of the disaster.”  (USBM Final Report).  
For several years prior to the mine fire, Sunshine Mine operators struggled with upgrading the ventilation system to keep up with development work on the lower levels of No. 10 shaft.  USBM offered services of ventilation engineers from their Technical Support Group in Denver, Colorado.  At Sunshine’s request, USBM engineers spent several weeks in the fall of 1971 evaluating the mine ventilation system.  Their written report recommended improvements including enlargement of restricted sections of the 3400 exhaust airway.  That project was in progress on May 2, 1972.  USBM engineers performed a follow-up visit to the mine in April, 1972.  The follow-up evaluation included measurements of air volume and leakage into old workings made on April 24, 1972, less than two weeks before the fire.  The USBM ventilation experts knew all the details of Sunshine’s ventilation system, including the potential for short-circuiting and the presence of polyurethane foam on the 3400-09 ventilation control bulkhead as well as on the 08 bulkhead, scarcely 100 feet upwind from 09.  Had USBM investigators addressed these obvious (by hindsight) hazards, they would have had to implicate their own experts for failure to call attention to the hazards.

There are parallel hazards in the world above the surface of the earth.  During the years following the Sunshine Mine fire, I learned of two fire disasters in hotels, one in Las Vegas and one in San Juan, Puerto Rico that occurred because of recirculation of smoke and gases from a fire.  Both buildings utilized a central heating, ventilation, and air conditioning (HVAC) system.  In both cases, the fire was restricted to one relatively small area.  Deaths occurred when the HVAC return air system carried the smoke to the central unit and then, after either heating it or cooling it, distributed the smoke and gases throughout the entire building.  They didn’t call it a short-circuit since the system was designed to recirculate.  The entire interior of the building was included in a single ventilation loop.  

Such a centralized system is cost-effective but, in my opinion, inherently dangerous.  A fire anywhere in the building will ultimately spread smoke throughout the building unless the central HVAC system is immediately shut down.  For that reason, a hotel or motel with a heating and cooling unit in each room is much safer.  

Fire safety in high rise buildings using central HVAC systems could be dramatically improved if two systems were used, each dedicated to one-half of the building.  Use of a fire door dividing the main corridor on each floor would prevent combustion products contaminating one system from entering the other system.  Building occupants in the HVAC circuit affected by a fire would only have to pass through the fire door on their floor into the other side of the building to escape from smoke and gases.  

FLAWED FINAL REPORT
In my opinion, the USBM “Final Report” failed to properly address the two most important safety deficiencies affecting the Sunshine Mine Fire—the potential for a short-circuit between the exhaust airway and the intake airways, and the fire hazard of using polyurethane foam to seal a critical ventilation control bulkhead.  

 (A copy of the “Final Report” entitled Health And Safety Report - Final Report Of Major Mine Fire Disaster - Sunshine Mine - Sunshine Mining Company - Kellogg, Shoshone County, Idaho - May 2, 1972 by Stanley M. Jarrett, E. Levi Brake, Robert E. Riley, & Roland V. Wilson should be available in local libraries.) 

In combination, the two safety deficiencies turned a fire in an inactive part of the mine into a disaster that killed more than half the crew working at the time.  It is inappropriate to rank the two factors, since either, by itself, would most likely not have resulted in a fire disaster.  Without the short circuit, almost all the combustion products from the polyurethane foam-induced, fuel-rich fire would have gone harmlessly to the surface.  Without the polyurethane foam, there would have been no accelerant to produce rapid combustion and the large volume of deadly smoke and gases.

But what about the high velocity airflow induced by the 3400 level ventilation fans?  In excess of 90,000 cfm of exhaust air rushed through the nominal 6’ x 8’ airway.  Wouldn’t that whip up a big fire, even without the polyurethane foam?  My experience says, “No!”  Wood in the 3400-09 bulkhead included 4’ x 8’ sheets of ¾” plywood, 2” x 4” furring strips, 10” x 10” drift posts and 12” x12” or larger drift caps.  Relative humidity was 100%.  An accidental fire in that location and material ignited by such things as a tossed cigarette or a chunk of hot slag from a cutting torch was unlikely.  
Rapid airflow past a small fire in material such as described above dissipates the heat and may even cause the fire to go out.  For an example, I offer a summary of a 1974 fire in the Sunshine Mine.  That fire occurred below the 2700 foot level in the Jewell shaft—a four compartment timbered shaft.  No one was working in the mine when the fire started.  A 2,300 volt power cable shorted phase to phase and exploded into an extremely hot electric arc.  The arcing continued for about 30 seconds before the safety switch controlling the circuit opened.  The intense heat vaporized several feet of borehole power cable and ignited adjacent shaft timbers to which the cable was anchored.  More than two hours elapsed before the fire was located.  During that time, less than two pounds of wood burned and the fire had gone out.  About 120,000 cfm of fresh and relatively dry air passing through the Jewell shaft dissipated the heat.  

What would have happened, however, if the shaft timbers had been coated with polyurethane foam?  In my opinion, the fire would have exploded into a conflagration similar to May 2, 1972 or the Kinross gold mine fire in South Africa in 1986.    

I must say as plainly as possible that, during the formal investigation of the fire, I had no knowledge of the fire hazard of polyurethane foam.  I also am convinced that USBM Investigating Committee personnel Brake, Riley and Wilson shared in my ignorance, or they certainly would not have permitted use of that product in fire fighting activities.  However, I strongly suspect that the higher echelons of the USBM were aware of USBM RI 6837 - Fire Hazard Of Urethane Foam In Mines by Donald W. Mitchell, Edwin M. Murphy, and John Nagy - USDOI, Bureau of Mines - 1966.  Donald Mitchell was a key witness during the 1978 trial in Boise.  The story of his cross examination while on the witness stand will come later.  

I now begin a point-by-point challenge of the “Final Report.”  Nine points are listed in the Abstract, pages 3 and 4.  I will address them one at a time, beginning with the lead-in paragraph:  “It is not possible to single out any one fact as the chief cause for the large loss of life.  However, the Bureau of Mines believes that the following major factors contributed to the severity of the disaster:”

Factor No. 1.  “The emergency escapeway system from the mine was not adequate for rapid evacuation.”

In my opinion, no escape system from a deep, multi-level mine could have been adequate in a similar fire.  “Rapid” is a relative term.  Time for escape from the fire zone was severely limited by the unusually quick increase in toxic combustion products.  Some of the mine personnel collapsed before they reached No. 10 shaft station on their work level.  The hoistman at 3700 level No. 10 personnel hoist quickly became sick to his stomach and was unable to hoist any personnel.  He collapsed and died near the hoistroom.  

Most of those who escaped across the 3700 level to the Jewell shaft worked in areas outside the area inundated with smoke.  Those first hoisted to 3100 level escaped to the Jewell shaft before the heavy clouds of smoke entered that level.  Of those subsequently hoisted, forty-three survived by wearing self-rescuers.  Their names are listed in the “Final Report” beginning on p. 94.  

Factor No. 2.  “Top mine officials were not at the mine on the day of the fire and no person had been designated as being in charge of the entire operation.  Individual supervisors were reluctant to order immediate evacuation or to make a major decision such as stopping the 3400 level fans.”   

Had all top mine officials been gathered in my office when Tom Harrah relayed the message about the fire, it would have made no difference.  Why?  Any person who understands the basics of mine fire fighting and mine rescue knows with certainty that decisions cannot be made until fundamental information about the location of the fire and the status of the ventilation system is known.  What could “top officials” have done that had not been done during the first hour on May 2?

Regarding stopping the 3400 level fans, it was not until 3:06 p.m. on May 7 that the 3400 level fans were stopped.  Why?  It took that long for the many “experts” gathered at the mine to gain some understanding of what was going on in the mine.  Even then, the decision to stop the 3400 level fans was made with a great amount of anxiety.  Remember a basic rule of mine fire fighting—you do not change ventilation unless you are certain what the results will be and also certain that the change will not adversely affect personnel in the mine.  

Factor No. 3.  “Company personnel delayed ordering evacuation of the mine for about 20 minutes while they searched for the fire.”

I already addressed that issue in Part I, but will reiterate part of that story now.  “The first challenge was to try to find the source of the smoke.  Although the subject of severe criticism, it was a key factor in a choice that had to be made.  Should the crew be sent out of the mine through the 3700 Jewell shaft station or up through No. 10 shaft to 3100 level?  If sent to the 3100 level, should they then travel to the Jewell shaft or use the emergency escapeway through the adjoining Silver Summit mine?  It would have been chaotic to begin an evacuation without first knowing the route to be followed.”   

My review of the USBM analysis is not an attack on their report.  That would serve no purpose, would be untimely, and would address a function no longer performed by the Department of the Interior.  Rather, it is an essential step toward identifying and justifying safety improvements for today’s mining industry.  We continue with the list from their “Final Report.”

Factor No. 4.  “The series ventilation system used in the mine caused all persons inby the fire, which contaminated the main intake airways, to be exposed to smoke and carbon monoxide.”  (“Inby” is a coal mining term and not used in the Coeur d’Alene Mining District.)  

That statement is very misleading.  It suggests that the “series ventilation system” routed exhaust back into the intake airways.  The fire was not in an intake airway; it was in the exhaust airway.  It was the short-circuit caused by the failure of the 3400-09 ventilation bulkhead that caused the disaster, not the fact it was a series ventilation system.  

Factor No. 5.  “Most of the underground employees had not been trained in the use of the provided self rescuers and had difficulty using them.  Some self rescuers provided by the company had not been maintained in useable condition.”

That statement still puts me into orbit.  Self rescuers were not required in hardrock mines.  To my knowledge, Sunshine Mine was the only active hardrock mine in the United States using them at the time of the fire.  Properly maintained and stored self rescuers in adequate numbers were available throughout the working areas of the mine.  All mine rescue personnel, first aid personnel, and supervisors were trained in how to use them.  USBM should have complimented the company for having self rescuers rather than directing criticism for failure to carry the voluntary program farther.  Their own “Final Report” includes the names and working places of 43 men who used self rescuers in their escape, 8 from within the fire zone on the 3700 level and 35 from the lower levels of No. 10 shaft.

Regarding the statement that, “Some self rescuers…had not been maintained in useable condition,” I must tell you the full story.  I placed self rescuers in the mine in 1963 because mine rescue training material convinced me it was a good idea.  Bluntly stated, the majority of the mine crew thought it was a crazy idea and told me so.  (Remember!  The majority of the crew considered them useless in a hardrock mine!)  

From July, 1967 through February, 1972 I was employed elsewhere.  One serious problem I discovered upon my return to the mine was theft and destruction of self rescuers. To my dismay, I learned that some of the employees had taken self rescuers home because “they worked good for spray painting!”  Many others had been opened out of curiosity—just to see what was inside.  Once the seal was broken, moisture in the environment quickly turned the unit into rusty junk.  

I replaced dozens of self rescuers over a period of several months.  Prior to May 2, all levels of the mine had been restocked with good units.  Blaming the company for a problem created by a few employees, acting out of ignorance, serves no useful purpose.  

Factor No. 6.  “Mine survival training, including evacuation procedures, barricading, and hazards of gases, such as carbon monoxide, had not been given mine employees.”  

Agreed!  That type of training for all mine employees came to the industry after the Sunshine Fire.  Such training, however, had been given to supervisors, mine rescue personnel, and first aid personnel in the Sunshine Mine.  While hindsight suggests such training for everyone would have been beneficial, my experience with self rescuers—“crazy” and “stuff for coal miners”—suggests how difficult it would have been to “sell” such a program to hardrock miners.  Once again, remember the attitude of the entire hardrock mining industry toward a fire disaster—“It can’t happen in a hardrock mine!”

Factor No. 7.  “The emergency fire plan developed by the company was not effective.  The company had not conducted evacuation drills.”

There is no evidence suggesting that any loss of life resulted from an ineffective emergency fire plan.  Although evacuation drills had not been conducted, I am firmly convinced such drills would not have changed the outcome on May 2.  The disaster developed too quickly.  How might anyone have planned and conducted a drill to prepare for something that consensus said could not happen?

Factor No. 8.  “Abandoned areas of the mine had not been sealed to exclude contaminated air from entering the ventilation airstream.”  

Totally incorrect!  All inactive areas were adequately isolated from active workings through the use of bulkheads.  Four such bulkheads, including those at 3400-08 and 3400-09, were sealed with polyurethane foam.  The polyurethane foam sealant was used to prevent leakage of contaminated exhaust air into the intake airstream. 

Factor No. 9.  “The controls built into the ventilation system did not allow the isolation of No. 10 shaft and its hoist rooms and service raises or the compartmentalization of the mine.  Smoke and gas from this fire was thus able to move unrestricted into almost all workings and travelways.”

Very good 20/20 hindsight!  It’s a shame that the USBM ventilation experts didn’t recommend such ventilation system controls subsequent to their 1971 full-mine ventilation survey.  Yet, in fairness to USBM and the hardrock mining industry, one must recognize and acknowledge the basic attitude of the industry prior to May 2, 1972.  Nothing similar to the Sunshine Mine Fire had occurred in the United States. 

You have read the nine “major factors that contributed to the severity of the disaster” as listed by USBM.  You have also read my responses.  Does the USBM report provide a clear answer as to why “…the fire increased in intensity, spread more rapidly, and produced more toxic gases than is considered normal for underground mine fires?”  (USBM Final Report on page 49)  In my opinion, it fails to address the heart of the problem—why was the Sunshine Mine Fire so deadly?  

USBM’s report suggests that, “a fire smoldered in the abandoned area, filling it with smoke before the smoke was expelled and detected.  The sudden release of a large volume of smoke and toxic gases was not characteristic of the normal growth of an open fire.” (USBM Final Report on page 47)  I fully agree the fire was not normal in growth.  However, the theory of a smoldering fire is without merit.  My belief, for which I will offer solid arguments, is that polyurethane foam, acting as an accelerant, caused the uncharacteristic growth of the fire.  I will also offer proof, using USBM’s own ventilation data, that a smoldering fire, filling the abandoned area with smoke and gases, absolutely could not have gone undetected. 

HIDDEN AGENDA?
The “Final Report” on the Sunshine Mine Fire was released early in 1973.  I must confess that I never respected the quality of research that it represents.  Only recently did a believable reason for some of the absurdities stated in the report occur to me.  Had the USBM issued an official report on the fire based upon what they knew about polyurethane foam’s impact on fires, they would in effect have conceded pending litigation to the plaintiffs.  Several lawsuits had been filed in behalf of widows, children, and families, seeking damages for wrongful death of the 91 victims.  Claims were also filed to recover damages to the mine, loss of production and other related costs.  The U.S. Government was among the defendants.  The key issue in the litigation was the premise that, but for the combustion of rigid polyurethane foam at the 3400-09 intersection, the fire would not have been a disaster.  

I must confess a feeling of deep disappointment in the possibility that the U.S. Government might have deliberately skewed the “Final Report” because of pending litigation.  Why the disappointment?  Perhaps it reflects my naïveté toward matters of safety and health.  While I accepted the reality that regulators and industry were frequently at odds over alleged safety and health issues, I expected full cooperation and honesty between regulators, labor, and industry when investigating accidents that resulted in serious injury or death.  

Now we address the fundamental issues in the litigation.  What caused the fire?  How did it start?  Why did the fire increase in intensity, spread more rapidly, and produce more toxic gases than is considered normal for underground mine fires?  Three questions—the first two are of little consequence.  Fires occur in mines, much as they do in industry and commerce.  Fire prevention is a common goal and worthy of due consideration.  Fortunately, catastrophic fires in metal and non-metal mines, such as that in the Sunshine Mine on May 2, 1972, are virtually unknown.  As of this writing, I am aware of only three similar disasters.  The first catastrophic (27 lives lost)* polyurethane foam fire occurred in England in a coal mine.  Within a few years, that product was banned in the United Kingdom.  The second (91 lives lost) was at the Sunshine Mine 1n 1972.  The third disaster (178 lives lost) occurred in the Kinross Gold Mine in South Africa in 1986.  

Being unwilling, for obvious reasons, to acknowledge that the quantity of polyurethane foam lining the ventilation airway at the 3400-09 intersection was more than adequate to accelerate combustion of the wooden bulkhead and surrounding timbers to a fuel-rich fire state, the USBM faced a serious challenge.  How else could they explain the huge cloud of deadly smoke and gases that so rapidly inundated most of the active mine area?  Somehow, an explanation must be found that could seem credible to a jury.  

Knowing full well that a fire in a non-gassy hardrock mine involving mine timbers could not rapidly increase in intensity and generate huge amounts of smoke and gases, the theory of a smoldering fire was developed.  The “Final Report suggests that, “a fire smoldered in the abandoned area, filling it with smoke before the smoke was expelled and detected.  When the 09 vein bulkhead burned through, a large quantity of air reached the smoldering fire which then rapidly increased in intensity.”  If a fire had smoldered undetected for days or even weeks, as has been suggested in several reports, it might have been possible to develop a large volume of smoke and toxic gases.  

The USBM faced another serious challenge.  The fire did not start in a remote section of the mine, far removed from any active workings or work activities.  Rather, the fire began between two intake airways and only 100 yards upwind from a ventilation improvement project.  A crew was working on that project on May 2.  A second crew also worked at the site hardly one hour before the conflagration.  As any experienced miner can tell you, the human nose is one of the best smoke detectors available in the mines.  Somehow, the USBM had to find a way to explain how a smoldering fire could indeed go undetected.

Allow me to digress for a bit.  How big must a fire be to generate enough smoke to be detected by the sense of smell?  Smoke from a cigar at the 3700 level Jewell station could soon be smelled at No. 10 shaft, nearly one mile away.  One “mine fire” was traced to a mechanic using a cutting torch to remove a coupling from a pipeline.  The smell of the scorched neoprene gasket in the coupling was detected throughout the west side of the mine downwind from the site.  Smoke from a track tie scorched when a rail was cut with an acetylene torch on the 4800 level of No. 10 Shaft was smelled by half the crew in the mine that day.  It takes very little smoke in a mine to reach the threshold of smell.

The “Final Report” used USBM ventilation data to explain an undetected, smoldering fire.  The following is quoted from item 5. Page 45:  “The location of main fans on the 3400 level caused high positive pressure in exhaust airways and negative pressure in intake airways, thus creating a pressure differential between the positive side of the fans and the 3100 and 3700 levels.  However, the portion of the 3400 level exhaust airway inby the fans and the connected 3550 level was at a lower pressure than the intake airways.  The normal leakage pattern prior to the fire was from the positive pressure side of the 3400 level fans and from the 3100 and 3700 level intake airstreams to the 3550 level and then toward the negative pressure side of the exhaust fans on 3400 level.  This leakage pattern prevented smoke from entering the intake airstream, where it would have been detected, until the fire caused a direct short circuit in the ventilation system.”  

So far, so good!  USBM now has a theoretical smoldering fire from which smoke leaks across the inactive 3550 level to the negative pressure side of the 3400 level fans and does not enter the intake airways.  Nobody works on the 3550 level, so nobody will smell the smoke and sound an alarm.  The smoldering fire, most probably caused by “spontaneous combustion of refuse near scrap timber used to backfill worked out stopes,” was supplied with air to maintain the smoldering fire by “leakage through the 09 vein bulkhead.”  “A blast initiated on day shift May 1, 1972, to enlarge the exhaust airway 340 feet west of the 09 vein may have further loosened the bulkhead causing increased leakage of air.”

Now the theoreticians have provided a larger air supply to explain a bigger fire.   What a bunch of poppycock!  While the theory does a fair job of explaining a buildup of smoke without it being detected, it falls flat on its face in explaining what happens to the smoke after it passes through the 3400 level fans.  

The smoldering fire was fed by 2,000 cfm of air (Final Report, p. 45).  That volume of air was more than adequate to move the smoke back to the intake side of the 3400 level fans.  Had that smoky air all exhausted to the surface, the USBM theory would have been sound—except for the crews working on 3400 level on May 2.    

However, there was significant leakage from 3400 level exhaust, downstream from the 3400 fans, into 3700 and 3100 level intake airways.  Leakage required that sections of the 3700 and 3100 level intake airways were be lined with plywood and sealed with polyurethane foam to minimize the leakage.  Did the USBM know about the leakage?  Absolutely!  Reference to that leakage was included in a November, 1971 and an April 16, 1972 USBM ventilation report.  

PART IV – Analysis of Fire Components
I apologize for the complexity of this document.  Unfortunately, the complex nature of the Sunshine Mine requires a lot of explanation.  Most of the people involved in investigating the fire never acknowledged the ventilation routes I identified, routes that carried the smoke and gases throughout the fire zone.  Accordingly, the deadliness of the short circuits was discounted.  However, large-scale applications of polyurethane foam and its effect on combustion is by far was the catalyst that resulted in such a deadly fire.  Without the PUF, the disaster would not have occurred.  Unless the information already stated in this paragraph is not understood and accepted as reliable, the disaster resulting from the Sunshine Fire remains a mystery.  With that knowledge, however, a plausible explanation exists that is, in my opinion, the only explanation.  

Now it is imperative that one more crucial step be taken.  I am asking the Mine Safety and Health Administration (MSHA) to revisit the Sunshine Mine Fire Disaster, not to satisfy me or to impeach the conclusions of the “Final Report,” but to establish—or disprove—the danger to human lives in any and all places where exposed polyurethane foam is currently in place.  MSHA, part of the U. S. Department of Labor, is now the regulator for mine safety and health.  USBM and the Department of Interior are no longer enforcing mine health and safety.  By the way, I send a copy of each article to MSHA in Coeur d’Alene.  They will read this before you do.

I have no way of knowing the current status of polyurethane foam use in underground mines.  I do know it was used in coal mines, metal and nonmetal mines, and railroad tunnels.  I can say with confidence, however, that the product is not used in large-scale applications in any of the mines in the Silver Valley.

A good source of additional information about polyurethane foam use is an article entitled General use of MSA Rigiseal Urethane foam by George L. Alston, Special Mining Products Division, Mine Safety Appliances Co., printed in the Canadian Mining Journal, September, 1964.  I wish to quote parts of the article.

“For the past ten years, our company has been studying various methods of erecting stoppings in mines with cheaper material, less labor and for more effective air control.  This study covered more than 75 different materials to replace the conventional concrete block.  It was not until 1961 when the U. S. Bureau of Mines and Mine Safety (MSA Co.) made a joint study on the use of urethane foams that a practical answer to the problem seemed at hand.  Various chemical companies participated in the research and the inherent faults of the urethane foams then on the market had to be overcome.  There were two primary reasons why the urethane foams could not be used in the mines.  First, the isocyanates that were generally available on the market were quite toxic and second, the finished foam was highly combustible.”

“A new isocyanate was then under development which, although somewhat toxic is considerably less so than that which had been used in the past.  Secondly, a fire retardant material was added to the chemicals which causes the resultant foam to be self-extinguishing…A set of rigid standards were outlined by the U. S. Bureau of Mines to assure that any foam used in the mines was not harmful to the personnel working in the mines and that any foam used for ventilation control would pass a specific fire retardancy test. 

Other information from Mr. Alston’s article includes the following:

· The first Rigiseal machine was installed in Kaiser Steel Company’s mine in Carbon County, Utah in 1962.  Since that time “more than 200 machines have been put into service.  As of today, more than 800,000 pounds of Rigimix have been used in mines.” (the article was published in Sept., 1964)
· “More than two miles of railroad tunnel for Southern Railway Company have been covered with Rigiseal to prevent spalling and sloughing.  This work was done in mid-63 and as of today, is standing up exceedingly well.”

It is appropriate to comment briefly about other uses of polyurethane foam that I have witnessed.  About twenty years ago, I took my family to the Casa Bonita, a large Mexican restaurant in Denver, Colorado.  A large portion of the restaurant was made to resemble underground mine openings.  The effects were accomplished by spraying polyurethane foam over wire mesh.

The last place I saw a major application of polyurethane foam was in an industrial building near Bellingham, Washington.  It was a steel structure with about 3,000 square feet of floor space.  Hulls for fishing boats were manufactured there.  The entire interior of the building was coated with polyurethane foam.  It is, after all, very good insulation!  

I informed the building owner (my brother-in-law) of the extreme fire hazard.  I told him the story of a pig barn near Albert Lee, Minnesota that was also insulated with non-burning, self-extinguishing polyurethane foam.   A fire ignited by a defective oil heater destroyed the building.  One hundred pigs died in the fire.  As I remember the details, the suppliers of the product ultimately paid about $10,000 for each pig!

For now, let it suffice to say that “non-burning” and “self-extinguishing” polyurethane foam, approved by the USBM for use in underground mines, is a potentially deadly product—a far cry from KNOCKS FIRE COLD - Mining & Quarrying, August 1962:  “A revolutionary method of insulating and sealing passageways in coal and metal mines by applying sprayed-in-place urethane foam to exposed underground surfaces was demonstrated by the U. S. Bureau of Mines for the American Mining Congress in Pittsburgh on May 10...Since the foam will not support combustion, it can be used to insulate combustible materials in the mine and makes possible the quick erection of emergency, flame-retardant curtain walls to localize an outbreak of fire underground.”

Indeed, experience in the mining industry—England, USA, and South Africa—and research by USBM leaves little doubt that the initial classification of non-burning and self-extinguishing was not appropriate for large scale applications of polyurethane foam.  Now it’s time for MSHA to set the record straight.  

HARDROCK MINE FIRE HISTORY
In the first 10 chapters, I shared details of the Sunshine Fire, the layout and conditions in the mine at that time, and changes that were made to prevent a similar disaster.  I quoted opinions expressed by industry leaders about fires in hardrock mines, thoughts and beliefs that were shared by personnel at the Sunshine Mine.  Sadly, some of those beliefs were wrong.  Except for a few personnel like me who actually read USBM Miner’s Circulars made available to personnel as part of annual  mine rescue training, hardrock miners firmly believed dangerous fires cold not occur in hardrock mines. 
Now I am asking you to set aside your theories about the disaster and review historical information about mine fires.  The lessons to be learned are critical to safety in underground mines.  They also speak strongly to commercial and residential fire safety.  Following are summaries of hardrock mine fires that are classified as disasters.  There are several key and common denominators that caused these fires to become disasters.  By the way, the term “disaster” is applied when any one accident results in five or more fatalities.    

Granite Mountain Mine in Butte Montana - June 1917 -- 163 died in a shaft fire, caused by accidental ignition of oil soaked insulation on a power cable.  A new electric cable had been lashed to the hoist cable so it could be lowered into the shaft.  The lashings failed, allowing the cable to drop into the bottom of the shaft.  Impact caused the cable to break open, exposing oil-soaked insulation materials.  One of the people examining the damaged cable was using an open carbide light for illumination.  Accidental contact with the insulation started a fire.  There was no readily available and adequate means to extinguish the blaze.  Surrounding shaft timbers were ignited.  The “chimney effect” quickly turned a small fire into an inferno.  The shaft was the main intake airway.  Combustion gases spread throughout the mine.  

Argonaut Mine in California - August 1922 – 47 died when a fire occurred in the main shaft.  The fire was probably caused by an electrical short in a high voltage power cable.  The shaft was the main intake airway.  Combustion gases spread throughout the mine.

Magma Mine in Arizona - November 1927 – 7 died when a fire of unknown cause occurred in an intake air shaft.  Combustion gases spread throughout the mine.

Glenn Mine in California - July 1930 – 5 died when a fire of unknown origin burned the compressor house, shop, powerhouse, and snowshed, all of which were connected to the mine portal.  The portal was the main intake airway.  Combustion gases spread throughout the mine.

Braden Copper mine in Chile - June 1945 – 354 died when a five-gallon container of oil being warmed ignited.  Combustion gases spread throughout the mine.  

To my knowledge, the Braden Copper disaster is the world’s worst hardrock mine fire disaster.  Last Saturday I phoned John Reed, a retired mining engineer and mining school professor who was working in the mine when the fire occurred.  I wanted to know more about the disaster.  

The mine is in the mountains of central Chile, 7,200 feet above sea level.  June is the middle of winter and very cold.  The fire occurred in a mine car repair shop located in the mouth of a mine tunnel.  To protect employees from the cold, a wall constructed of wood and covered with tar paper sealed the mouth of the tunnel.  A door provided access. 

It was the beginning of the morning shift.  The car shop was cold, as were the employees.  They built a fire in a forge.  One of the workers placed a 5 gallon container of lubricating oil on the edge of the forge to warm it so it could be poured.  He then joined other workers at a warmer location taking a “break” and forgot about the oil.  It overheated and ignited.  

The initial fire burned slowly because the car shop was tightly sealed to keep the cold air out.  A compressed air line was available for the forge but had not been opened.  The limited air supply resulted in a smoky oil fire, high in carbon monoxide.  The fire spread to the tarpaper and wood in the bulkhead.  Weakened by burning, the bulkhead collapsed, allowing a rush of air to the fire which caused a low velocity explosion, pushing carbon monoxide and smoke into the interior of the mine.  Death from carbon monoxide came quickly to 354 employees. 

John Reed was with a group of employees in a section of the mine connected to a newly completed tunnel that opened on the mountainside.  Although the opening was nominally sealed, a small amount of fresh air leaked past the seal into the mine.  That separate source of ventilation air allowed John and his group to escape unharmed.  

John did attempt to help the rest of the crew engulfed in the smoke.  He told me about trying to telephone to learn more about the fire.  To reach a phone he had to pass through a ventilation control door into smoke so thick he had to remove the carbide lamp from his miner’s cap and hold it close to the rail on the floor of the drift so he could find his way.  However, recognizing the early symptoms of carbon monoxide poisoning, John returned to the fresh air source.  His group escaped the disaster.

Dolores Mine in Mexico - April 1953 – 35 died when a man-caused fire (arson was suspected) in a ventilation raise accelerated rapidly due to the “chimney effect” and inundated the area in which the 35 victims were working.  Combustion gases spread throughout the mine.

WHY TREAT SUNSHINE AND KINROSS DIFFERENTLY?
The five mine fires just discussed shared a common profile of typical hardrock mine fire disasters, and a challenge to the reader to identify the lessons taught by the fires.  You might have wondered why Sunshine and Kinross were not included.  My reason was that those fires had a common denominator shared by other hardrock mines suffering disasters.  Sunshine and Kinross had a different common denominator, polyurethane foam.  That product was strongly implicated in the Sunshine Fire and the acknowledged culprit in the Kinross disaster.

After completing his investigation of polyurethane foam in a British Coal mine fire in the early 1960’s, D. Graham Wilde, former head of the Mine Fires Section of the British Health and Safety Executive strongly recommended that polyurethane foam be banned from use in mines.  Regarding other highly combustible materials, Mr. Wilde suggested that, ideally, materials introduced in quantity in mines should be no more combustible than wooden mine timbers.  In an article published in the Journal of Fire & Flammability, vol. 11 (October 1980) under the heading “Discussion,” he writes, “It would be impracticable to insist that all materials taken into mines should be non-flammable.  The most that can be expected is that, having regard to their quantity and manner of distribution, the flammability of mining materials should be reduced to levels below which dangerous fires cannot occur.”  

Graham Wilde continues, “The flammability of a material is usually expressed in terms of measured rates of spread of flame…In confined surroundings, such as a mine, an additional aspect that must be considered is the ability of a material to give rise quickly to large volumes of flame.  Large flames, burning in limited air, in turn cause high concentrations of toxic gases and high temperatures in the fumes.”

That brings us to a major point in understanding mine fire disasters—the vastly different flame spread rates between timber fires and polyurethane foam fires in horizontal mine openings.  A. F. Roberts and J. R. Blackwell, British researchers in fuel-rich mine fires, published a report indicating that fire in a timbered mine opening advanced at a rate of 2.3 to 17.1 yards per hour.  That is quite a contrast to “non-burning and self-extinguishing” polyurethane foam with a rate of advance of 0.7 to 2.5 yards per second.  Those results were measured during a test in an SMRE facility near Buxton, England in October of 1976.  That test was conducted and documented by Graham Wilde.  I participated in those tests.  

Having looked at the extreme differences in the behavior of mine timber and polyurethane foam in mine fires, we now return to the analysis of fire disasters mentioned in the previous chapter.  The Granite Mountain fire was accelerated by oil-soaked insulation in the ruptured electrical cable—certainly more flammable than mine timbers.  The Braden Copper fire involved five gallons of lubricating oil that was heated above the flashpoint and burned in an oxygen-deficient environment, giving rise to extremely high levels of carbon monoxide.  Such a fire is not in the same league as a mine timbers fire.  

Argonaut Mine, Glenn Mine, Granite Mountain and Magma Mine fires occurred in vertical or steeply inclined intake airways.  Because of the “chimney effect,” the normal rate of flame advance in timbered mine openings is not applicable to a shaft or raise fire.  The consequences of the fire are compounded if the shaft or ventilation raise is the only source of ventilation air to the mine.    

So…what should the reader have learned from the mine fire disasters?  In the event of fire in an intake air shaft or raise, a means should be provided to isolate the downwind areas of the mine from the fire and its combustion gases.  Fire doors readily can achieve this goal.  
Flammable liquids have no place in underground mines, nor do combustible liquids with a low flashpoint.  The inherent fire hazards of all combustible liquids and solids must be given due consideration.  Modern mining includes widespread use of rubber-tired haulage equipment; much of which is powered with diesel engines.  Improper use or maintenance of such equipment can result in fires in which fuel, lubricating oil, gear lubricants, hydraulic fluids and tires can burn.  Proper design of mine ventilation systems and ventilation controls can minimize the danger of such fires by making it possible to isolate personnel from the combustion gases.

Another lesson to be learned from the Braden Copper fire, as well as the Sunshine fire, is the added measure of safety of a second source of ventilation air that can be isolated from the primary source.  Ron Flory and Tom Wilkinson survived for a week in the 4800 west lateral, provided with ventilation air through the No. 12 borehole.  John Reed and his crew in the Braden Copper mine survived in a tunnel connected to the outside and ventilated by a small volume of air flowing inward.  

In my opinion, the ability to control mine-wide ventilation in the event of a fire is the highest priority in mine fire safety.  

Occupants of high rise buildings can survive a fire if they have access to a stairwell that is properly constructed, provided that all fire doors leading from the stairwell into hallways are kept closed.  Think about fire safety the next time you are in a high rise building and find fire doors wedged open.  Yes, I know—it’s a pain in the neck to have to open and close those doors every time you pass through.  But if there’s a fire, who will close them? 

Speaking of stairwells—perhaps you can now understand why they are so stark and bare.  If properly constructed, they contain nothing more combustible than concrete and steel.  In contrast to bare concrete and steel, I can’t help but think about public building which, in some cases, have stairways that are not only carpeted on the steps, but on the walls as well.  It really offers a plush and quiet stairway.  Guess what—stairways are just as vulnerable to the chimney effect in fires as are mine shafts and raises. 

Perhaps this document will stimulate serious thoughts about fire safety in the home, the workplace, in public buildings, and in recreational activities.  Concern over ease of ignition and rate of flame spread is vital in relation to buildings, yet perhaps more important for children’s clothing.  It also applies to storing the extra can of gasoline for the pleasure boat or the ATV.  Perhaps someone will think twice about putting a 5-gallon can of gasoline in a bracket on the rear bumper of a pickup or RV (Far more dangerous than the Ford Pinto).  Talk about an accident waiting to happen! 
HISTORY OF “ORDINARY” MINE FIRES
A statement frequently repeated is that the May 2, 1972 Sunshine Mine Fire was no “ordinary” mine fire.  In only a matter of minutes, a light wisp of smoke gave way to a heavy, dark and toxic inundation that continued unabated for hours.  The smoke drove the hoistman out of the cab in search of better air, thus depriving the crew of rapid hoisting.  This all happened within the first fifteen minutes.  A comparison with an “ordinary” mine fire seems appropriate now.  

Before moving on, I must comment about the loss of use of the No. 10 Chippy hoist—a subject scarcely mentioned in any of the reports.  Unlike the main hoist with a trailer deck under the muck skip on which ten men could ride, the No. 10 Chippy had a four deck conveyance with room for forty-four passengers per trip. It is hard to know what would have happened if it had operated.  There is a strong possibility that more lives would have been lost, had the crew all been hoisted to 3700 level using the Chippy hoist.  Allow me to explain.

The worst of the deadly polyurethane foam smoke and fumes first crossed the 3700 level drift and poured into No. 10 shaft.  For another twenty to thirty minutes, the 3100 level was essentially free of heavy smoke.  I know of only two people who survived on May 2 after leaving 3700 No. 10 shaft station and vicinity and walking across the 3700 level to the Jewell shaft.  Several deck loads of men were hoisted from the 3700 No. 10 station to 3100.  Most of them survived.  Others who chose to escape on the 3700 level perished.  

Another scenario is possible.  Had the Chippy hoist been in operation during the early stages of the fire, and had the personnel on duty understood the dynamics of the ventilation short-circuit, the Chippy could have been used to hoist the crew rapidly from the lower levels to 3700 while the 3100 double-drum could have hoisted them from 3700 to 3100.  That’s 20/20 hindsight; maybe it’s not worth speculation.  

Now we continue the comparison to an “ordinary” mine fire.  An excellent example is found in the Magma Copper, Superior, Arizona fire of December 2, 1961.  The information, including quotations, is from the Mining Congress Journal, September 1962 and was written by Bruce Short, Ventilation and Safety Engineer, Magma Copper Co.  

The fire started in a caved section that had been mined out, except for a small pillar that had been left to help stabilize the 2900 level drift until mining was finished above that level.  In 1957, the caved section was sealed so ventilation air could not enter.  Prior to December 1962, the mining above 2900 level drift was completed.  Shortly before the fire, “a sub-level drift was being driven towards the sealed area to recover the small pillar of ore remaining in the caved section. Drifting began toward the pillar just below the 2900 level.  The fire started by spontaneous combustion when drill holes from the new drift admitted air into the sealed area.”

Spontaneous combustion?  Yes!  There were two significant differences from the 3400-09 area in the Sunshine Mine.  Bruce Short wrote: “Rock temperatures at this elevation in the mine are 135o F,” (compared to 80o at 3400-09 in the Sunshine Mine,) “high enough to distill volatile compounds from the old mine timbers,” and copper sulfide ore that oxidized rapidly and at high enough temperatures to ignite the old mine timbers.  Oxidation of copper sulfide ores in contact with mine timbers is a common source of mine fires.  Butte mines experienced the problem.  So did the Sullivan Mine in Kimberly, B.C.    

How big was the Magma mine fire?  “Investigation had shown that the fire was centered in a mined-out section of the 2900 level in an area roughly 1,200 by 1,000 feet square, between the 2800 and 3000 levels.  Within this zone were several vertical and inclined raises of various dimensions, an interior air supply shaft, and over a dozen openings that were feeding air to the fire.  All workings were extensively timbered, and rock temperatures were known to be high.”  It was a big fire!

Quotations from the official fire log tell the rest of the story.  Please note the significant lapse of time between the initial detection of smoke and the decision to begin an evacuation of the crew.

Sat., Dec. 2, 1961 - 11:00 a.m.  “Level boss reported to general superintendent that he smelled wood smoke on 2920 level at 5 2/5 raise.  Level boss asked to check again…Level boss reported back—definite wood smoke.  Further checking showed smoke on 3000 level, 54 1/5 raise.”

12:00 noon “Fire warning stench started.  Level bosses called on mine telephones to move all men out of mine.”  

12:30 p.m.  “General Superintendent and Mine Foreman prepare to go underground.  All men on day shift coming out.”

1:15 p.m.  “All men on day shift accounted for.  Train crew report smoke on 2550 level from E24 to E43 winze.   Superintendents and mine rescue men equipped with self-contained breathing apparatus enter mine.  Enough smoke to sting eyes between E24 and E43 on 2550 level.”

1:45 p.m.  “Mine rescue men go to sections on 2550, 2800, and 3000 levels to investigate conditions…Men go down 54 1/5 raise to 2900 level.  Hazardous conditions on 2800 level.  Mine rescue men on 2550 level go with apparatus to 2800 level.”   

Sun. Dec. 3, - 4:00 a.m.  “Hose crews on 2900 level backed out by smoke…Exhaust air tested and showed 1.0 percent carbon monoxide…”

10:00 a.m.  “Carbon monoxide reaches two percent on 2550 level…”

There you have it—a fire that slowly grew in size as air became available.  But look again at the time frame!  The level boss smelled wood smoke and reported that fact at 11:00 a.m.  One hour later, at 12:00 noon, the stench warning system was activated.  At 12:30 p.m. the day shift crew was on the way out.  That’s one and one-half hours after smoke was first smelled!  At 1:15 p.m. the crew was out of the mine and accounted for.  An “ordinary” mine fire, but certainly larger than most.  The crew all escaped safely.  No self rescuers were used.        

MORE DISCOVERY ABOUT THE FIRE
Most people who frequently enter different mines are able to identify each mine they are in by its odor.  In addition to the Sunshine, the Star and Bunker Hill mines are two that I remember very well.  Mill tailings used for backfill add a distinct bouquet to the mine atmosphere, carrying trace odors of various reagents used in the flotation process.    

Even a tiny, smoldering fire will quickly overpower the customary mine odor.  For that reason, the sense of smell is regarded as one of the very best tools for early detection of fires in mines except for perhaps five out of one hundred people who are anosmic.  So what was it like in the Sunshine Mine during the lengthy mine fire?  

I will begin with the odor.  For me, that quality is the most memorable. For comparison, I refer to the stench of the now-closed Shoshone County landfill during periods of incineration.  That odor was objectionable to most people, as was the odor of burning wood during the mine fire.  It’s a subjective thing that I cannot explain—not pleasant and quite a contrast to the smell of a campfire which most people enjoy.  The odor of the mine fire filled the area near the mine surface buildings.

Now you will journey with me into the mine fire zone.  The details are all from memory, not from any daily log, and may have taken place over a period of days or even weeks.  

Before entering the mine, we don self-contained breathing apparatus (SCBA).  We leave the Jewell shaft 3100 level station and walk south through the main crosscut.  Time and distance seem to expand as we walk into the unknown.  Now we come to a “Y.”  To the right we see a ventilation door through which we could access the No. 4 shaft and hoistroom.  Rather, we turn to the left and enter a meandering drift, lined with timber.  We are now passing through part of the mined-out Sunshine Vein—one of the richest silver deposits in the world.  Evidence of recent work quickly catches our attention.  A material identified as plastic coated burlap, coated with polyurethane foam, lines major stretches of the drift.  Crews wearing self-contained breathing apparatus are busily at work in their efforts to construct a ventilation conduit to the No. 10 hoist several thousand feet beyond.    

We enter a large excavation known as the Timber Station.  There we view a number of strange looking copper-colored flasks that look like something out of a science-fiction movie.  They contain liquid oxygen (LOX), used to fill the evaporators in the SCBA used by the Canadian mine rescue teams.  They use the same insulating principle as a Stanley® Thermos bottle.      

We continue our eastward journey, passing numerous places where “seals” have been placed to stop the flow of smoke into the 3100 drift.  Then we come to another “Y” where several mine rescue crews are at work.  Wayne Baxter is in charge and tells us in no uncertain terms, “This is as far as you’re going today.”  To the left is an opening into “D” drift.  A partial sand plug has been poured—mill tailings piped into the void between two wooden walls built up about two feet above the floor of the drift.  Beyond the seal, flickering flames can be seen through a light haze of smoke.  One crew is about to extend the wooden walls to the top of the drift so a solid sandfill plug can be poured.  This is of extreme importance.  The sandfill plug will cut off the air supply to the fire through the “D” drift.

In the meantime, another crew using a “diamond drill” continues to drill upward at about 45 degrees to intersect the “D” vein above the 3100 level.  As soon as the hole is finished, sandfill will be poured through it into the fire zone below.  What we see is only one of dozens of similar projects.  Seals and sandfill plugs are placed where access is available.  Diamond drill holes are drilled into mined out vein structures and sandfill is pushed through the drill hole until it “won’t take any more.”  This technology was widely used in extinguishing the fire.

Now we are on another adventure, this time across the 3700 level, through the 08 Shop and up through an abandoned ladderway to the 3550 level.  Don’t want to go there?  I can understand.  It’s a hazardous venture, but…here we go anyway!  I must tell you this was not part of the mine investigation plan.  I did it on my own, spurred on by a desire to approach the center of the fire zone as closely as possible.  Wayne Baxter and Harvey Dionne told me the ladderway adjacent to No. 8 shaft that might still be open to the 3550 level.  I decided to give it a try.

The ladderway was tight so a SCBA could not be worn.  My memory fails me as to the identity of the person who went with me—probably Wayne Baxter or Harvey Dionne.  As we climbed the ladder, one carried a flame safety lamp while the other carried a multi-gas detector.  Conditions continued within safe limits.  We reached the 3550 level and stepped out of the shaft ladderway into a layer of very fine ash.  It was hot, reflecting a rock temperature of about 90o F.  As I remember, carbon monoxide was about 100 ppm, allowing us a safe excursion for about 15 minutes.  

We made our way as far as we could into the 08 vein area.  At that point, the ash was six to eight inches deep.  Looking ahead, above, and below as far as our cap lamps could reach, we saw only a gaping, blackened chasm, ranging up to ten feet in width.  As the timbers burned, the loose gob-fill in the stopes dropped to the bottom of the mined-out area. 

We then walked to the east, past No. 8 shaft.  The depth of the ash quickly diminished, indicating a very low velocity air current through that area during the fire.  Several hundred feet to the east of No. 8 shaft, ash was no longer visible on the floor of the drift.  We returned to the 3700 level.         

CLOSING OFF THE FIRE ZONE
Once again, I ask you to allow your thoughts to travel with me into some out-of-the-way places in the mine, mostly to satisfy my obsession for clues that might explain the cause of the disaster.  Please remember that, at this point in time, no one on the investigating team is aware of the hazards of polyurethane foam, so its role in the disaster is unknown.

As mentioned in Chapter 2, access to the acknowledged site where the fire started at the 3400-09 bulkhead was made by a mine rescue team soon after the No. 10 hoist was put back into service.  Also stated was that, prior to the next shift, a cave-in of the 08 vein area occurred due to the fire, completing blocking the 3400 drift—the only access from No. 10 shaft to the 09 area. 

As part of the mine reopening plan, workers began to restore the 3400 level exhaust airway.  The No. 4 hoist was reactivated to provide access to the west end of the 3400 level.  Mine rescue crews constructed an “air lock” downwind from the 09 intersection.  An “air lock” consists of two ventilation doors far enough apart to allow room for haulage equipment to pass through and then close the first door before opening the second.  Why was this necessary at this location?  Well…come along with me and see for yourself.

For this trip, we will use one the twenty “Aerorlox” SCBA units purchased from a supplier in England and transported by the United States Air Force to Spokane.  Additional SCBA’s were desperately needed.  McCaa and Dräger units were not available; only Aerorlox were available.  In place of a high pressure oxygen cylinder, the Aerorlox uses an evaporator filled with liquid oxygen to provide oxygen to the wearer.   Although not approved by USBM for use in mines, the Aerorlox quickly became the SCBA of choice for many of the mine rescue personnel, including USBM personnel.  They were lighter than the McCaa or Dräger apparatus and supplied oxygen into the face mask at a cool 65o F—quite a contrast to the 100o to 120o in the McCaa and Dräger units.  

We descend through the Jewell shaft to the 3100 level and walk about 1,000 feet to No. 4 shaft, board the cage, and are lowered to 3400 level.  I explain the purpose of the flame safety lamp and multi-gas detector I am carrying.  You notice the smaller size of the drift.  I remind you it was driven about twenty years ago.  Mining equipment was smaller then.  One thing was certain; they didn’t make any opening bigger than it had to be!  
There’s mud on the floor of the drift, so we slip and slide as we walk to the east.  We pass through a ventilation door constructed of ½” thick steel plate.  I tell you that the door separates the western part of the 3400 level from the exhaust airway.  Just beyond the door and to our left, we see the drift that carries the exhaust airflow to a series of raises and shafts that lead to the surface.  

As we proceed, we notice there is absolutely no air movement.  It’s hot!  You ask if it’s because we are getting closer to the fire.  I assure you that is not the problem.  We are feeling the effects of 88o rock temperature, 100% relative humidity, and no air movement.  Perhaps five minutes later, we come to the first of two air lock doors.  The flame safety lamp is burning brightly.  I use the gas detector to check for carbon monoxide and carbon dioxide.  The atmosphere is “normal.”  

A member of the mine rescue crew working in the area cautions us about going through the second air lock door.  Having listened carefully during the debriefing sessions in the operations center on the surface, I know we are about to enter a high hazard zone.  I open a small trap door built into the air lock door.  As I move the flame safety lamp into the opening, the flame instantly is gone.  Previous low-oxygen readings are verified.

Now it’s time to use one of the new high-range carbon dioxide detector tubes.  The tube indicates a concentration of 19%.  What’s going on here?  This isn’t mentioned in the training manuals!  

The cave-in of the 08 vein blocked all air movement to the east of the 09 vein.  The air lock doors blocked all air movement to the west.  (Those doors were essential for the safety of personnel as they worked to recover the 3400 drift.)  Fires were still burning in remote parts of the 08 vein, 09 vein, and “D” vein.  A major fire gas is carbon dioxide (CO2), a gas 1.5 times as heavy as air.  Due to its weight, it settles into low places.

Here’s what happened in the 09 vein.  Timbers in the manways and raises, as well as timbers used to support the walls in the stopes during mining burned.  The gob, consisting of mine waste rock then dropped to the bottom of the mined-out areas.  With no timbers left to interfere with compaction, the gob formed an air-tight seal at the bottom of the mined-out area.  The CO2 produced by ongoing combustion settled to the bottom, due to its weight.    

 Being assured that the area had been carefully checked for loose rock, we cautiously approach the 09 vein and look down into a chasm about eight feet in width.  Our cap lamps fail to reach a “bottom.”  All the timbers and waste rock that had once filled the stopes and supported the drift and manways were gone.  It reminds me of photos from the last major Alaskan earthquake.  

Vacuum bottle samples taken from the area indicated less than 1% oxygen, 18 to 20% carbon dioxide, 400 ppm carbon monoxide, and a trace of hydrogen.  Removal of the SCBA face mask in such an environment would result in immediate death.

The buildup of CO2 just described will not come as a surprise to experienced firemen.  Many lives have been lost in multi-story building fires when firemen entered a basement in which the heavier CO2 generated by the fire burning above displaced the normal atmosphere.  Even firemen wearing universal gas masks perished in basements.  Although protected from dangerous fire gases, the masks did not generate oxygen.  Thankfully, today’s firemen have SCBA’s to protect them from the hostile fire gases and oxygen deficiencies.  

Knowing what you have just learned will hopefully convince you to leave a burning building as quickly as possible, and above all, never to attempt to re-enter during a fire. 
A FORWARD LOOK AT MINE FIRE SAFETY
At this time, it seems appropriate to review the potential for dangerous fires in today’s mines.  While the sources of ignition in mine fires have changed very little, new uses of man-made materials, diesel-powered equipment, trackless haulage, and larger machinery require constant evaluation, planning, and upgrading of fire prevention and fire control methods.
The mining industry and all those who are employed in mines must understand the fire hazard of materials that are easily combustible or that will act as accelerants in a fire.  Personnel must know and understand the combustion by-products of materials or substances in their mine and how those by-products affect the human body.  Such knowledge and proper response to such knowledge is absolutely imperative for all underground miners if future mine fire disasters are to be prevented.

The tragedies of lethal mine environments are not restricted to active mines.  Right now I am looking at the headline, “2 men die in abandoned mine” from the 6/11/95 News-Press.  They entered the abandoned Vulcan Mine near Bayview, Idaho on Pend Oreille Lake.  

Bob McPhail, Director of our Central Mine Rescue Unit (CMR), described the Vulcan Mine accident in his report to CMR members:  “At about 1:30 p.m. June 10, the two victims told other family members that they were going to explore the mine and that they would return in about 1 hour.  At about 2:30 p.m., 4 teenagers arrived at the mine also with the idea of exploring it.  The victim’s family asked the young men to tell the victims to come out.  Upon entering the mine, the teenagers almost immediately began showing symptoms of some type of gas poisoning.  They made it about 100’ into the mine and turned back.  Upon exiting they informed the father of one of the victims of the problems they had encountered.  The father called 911 and requested 
help.  Assistance came from Bayview QRU and Fire Dept., Athol QRU, Spirit Lake QRU, Kootenai Back Country Rescue, Bonner County Search and Rescue, Bonner County Sheriff, Kootenai County Fire, and Kootenai County Sheriff.  When the first rescuers arrived they attempted to enter the mine but all barefaced attempts were futile.  Bayview Firemen arrived with 30 minute air packs and tried to enter but were driven out when their air supply was depleted.  60 minute bottles were obtained from the Navy Research Facility and these were used to locate the first victim.  The first victim was brought to the surface at about the time CMR personnel arrived.

Given the toxic gases present that were detected, many people other than the victims visibly had taken in too much of the gas.  We observed many would-be rescuers with cherry-red faces, complaints of headaches, nausea, and tightness of the chest.  First responders or rescuers must be trained to recognize symptoms so they don’t become victims.”

Where did the carbon monoxide come from?  Subsequent investigation revealed that visitors to the abandoned mine the day before the accident built a campfire inside the mine.  They left behind a smoldering fire—a carbon monoxide generator.  As a result, two men died exploring the mine the next day.  

A News-Press article from 8-26-95 describes another tragic accident:  “Would-be miners pay for inexperience with their lives.”  Two men entered the Tiptop Mine, an abandoned gold mine near Grants Pass, Oregon.  They used a gasoline-fueled generator in the mine.  In so doing, they unwittingly accomplished what many people have done to commit suicide—operate a gasoline engine in a closed building and inhale the carbon monoxide from the exhaust.

What should the general public learn from all this?  Stay out of unventilated mines, caves, tunnels, caverns, or other natural openings into the earth.  Also, stay out of vats and tanks and sewers.  Forget the Ninja Turtles stuff about travel through the sewers beneath the big cities.  They are not ventilated.  Therefore, they are unsafe for human use.

Regarding rescue of people from “confined spaces,” data from OSHA indicates that for every one person who collapses in a confined space because of an irrespirable environment, two additional would-be rescuers die in attempts to help the victim.  Truly, fools rush in where angels fear to tread!  Many of the would-be rescuers were trained about the hazards, but failed to remember that training in a crisis.    

As any person properly trained in first aid will tell you, a person who is not breathing and without a pulse must have CPR immediately or death will quickly occur.  Pulse is an internal thing, well separated from the external environment except for things like an electric shock.  Respiration, on the other hand, involves vital interaction with the environment.  No amount of rapid breathing is going to sustain life if an adequate amount of oxygen is not present in the environment, or if toxic gases, vapors, fumes or particulates are present above safe levels. 

For each and every one of us, it comes down to this; before you enter any type of a closed space, be it a mine, a cave, a tunnel, a vat, a tank, or a vault, know for certain that the closed space contains a respirable atmosphere.  Recognize the obvious; you can’t know what’s there without proper testing.  If you don’t know what’s there, stay out!  

Now it’s time to bring this journal to a close.  The story of the mine fire as I know it has been told.  Hundreds of pages have been combed for information.  In every case, when objective data was available, it was used.  Opinions expressed should be recognized for what they are—opinions and nothing more.  

*NOTE: I was unable to verify the date of the fire or the number of victims caused by the fire.  While that data is uncertain, banning PUF in the U.K. is a matter of record and took place long before the Sunshine disaster.  rel

The End

FREQUENTLY ASKED QUESTIONS ABOUT THE FIRE

Q. How did the fire start?

A. No one knows how the fire started.  Rumors of arson were rampant.  An expert on arson fires, 

     Jack Knisely of North Bend WA was brought in.  His findings were inconclusive.

Q. Was there an arson suspect?

A. Yes, but there was no evidence other than circumstantial.  The suspect died in the fire, but 

     could have started the fire, unaware of how the fire would explode in a holocaust.

Q. Could spontaneous combustion have started the fire?

A. According to combustion experts, No!  Dr. Bernard Lewis, Ph.D., an editor and contributor to 

the NFPA handbook, and widely recognized as an expert in the field of combustion, testified at the U.S. Department of the Interior hearing in Coeur d’Alene early in 1973.  He was very opposed to the theory of spontaneous combustion as the igniter in the Sunshine fire. 

Q. Was the fire burning for a long time before it broke out?

A. To the best of my knowledge, No!  All personnel who had basic knowledge of the mine 

     ventilation system as it existed at the time of the fire knew that exhaust air leaking out of the 

     3400 level exhaust airway downstream from the 3400 level exhaust fans would quickly find  

     its way back to the intake side of the fans.  Personnel who had been working on the 3400 level 

     until lunch time (11:00 AM) went to the 3700 level shops adjacent to No. 10 shaft.  Upon 

     questioning, they said they did not smell smoke before leaving the 3400 level.  They passed 

     through the 3400-09 intersection—the site accepted as the place where the fire started.

Q. Is it true that several men thought they smelled smoke early on May 2?

A. Yes.  Several graveyard shift employees left 3700 No. 10 shaft area at about 6:30 AM.  They 

     thought they smelled smoke near the 910 raise, but quickly attributed the smell to use of a 

     wooden match to light a cigarette.

Q. What is my opinion about a fire burning earlier than 11:40 AM on May 2?

A. I neither smelled nor saw smoke near the 3700-910 raise when I left No. 10 shaft at about 

    10:45 AM and walked to the Jewell shaft.  I had a keen sense of smell and would have been 

    alarmed if I had smelled wood smoke.

Q. Why did some employees using self-rescuers have to beat on them with a pipe wrench to 

     activate them?

A. The chemical in a self-rescuer that converts carbon monoxide to carbon dioxide is quickly 

     ruined by moisture.  Therefore, the self-rescuer needed a reliable, air-tight seal to ensure they 

     could be stored in mines.  A lid, much like those used on a Mason jar, fitted with a high
     quality rubber-like gasket, was used to seal the canister.  Much like a Mason jar, the longer  

     the lid is in place, the harder it is to get the seal to release.  Each self-rescuer had a steel 
     plunger that passed through the canister.  One end with a suitable “shoe” was in contact with  

     the inside of the “lid.”  On the other end was button-like end, against which the use would
     press to pop the lid loose.  In some cases, the users couldn’t press hard enough with a finger 

     or thumb to break the lid loose, so they whacked the button with their pipe wrench.

Q. I’ve heard talk about self-rescuers getting hot.  How hot did they get?

A. That depends on the concentration of carbon monoxide.  The BM-1447 self-rescuers used in 

     the Sunshine Mine fire were tested in a 1% carbon monoxide-air mixture for as long as 70 

     minutes by men doing a prescribed set of exercises.  Although the self-rescuers got hot, the 

     men were still able to wear them for 70 minutes.  
POLYURETHANE FOAM FIRE TESTS IN A MINE ROADWAY


Three trials were made in the SMRI underground test facility near Buxton, England.  The tests involved different igniters that were applied to cured polyurethane foam installed over the limestone rock surface of the test mine.  In each of the tests, the “non-burning” foam burned in its entirety.  Following are excerpts from Mr. Wilde’s published report.


“The fumes were typically oxygen deficient and contained heavy concentrations of oxides of carbon…Concentrations of carbon monoxide up to 6.8 per cent were recorded.  Average temperatures of over 1,000 deg. C. (1832o F.) were recorded.  Flames spread with the ventilation at rates up to 20 metres (66ft.)/min…Within two minutes of the fire being started by the igniter (1 oz. of oil), flame developed over the who cross-section of the roadway, and large volumes of dense black smoke were emitted from the open end of the roadway…Flame spread at rates varying between 120 and 150 ft./min…Oxygen concentration in the fumes downwind of the fire fell to about 1 per cent…At this stage the rate of spread of the fire is limited by the supply of air and not by the availability of fuel.”

POLYURETHANE vs. WOOD FIRES

Source: Microsoft® Encarta® 2005

Light and Heat: Upon ignition, a flame forms.  The gases in the flame move upward because they are hotter—and therefore lighter—than the surrounding air. The colors in the flame come from unburned carbon particles that glow and travel upward as the flame heats them.

The flame continues to burn as the volatile gases streaming from the fuel combine with oxygen from the surrounding air. Different parts of the flame have different temperatures. Most common fuels are compounds called hydrocarbons, and they produce about the same flame temperature, roughly 1200°C (2200°F). The maximum theoretical flame temperature for most hydrocarbons is about 1300°C (2400°F).

Different fuels produce varying amounts of heat. The rate at which a fire generates heat is equal to the burning rate of the fuel (measured in grams per second, or g/s) multiplied by the amount of heat produced by the combustion reaction. This second factor is called the effective heat of combustion, and scientists measure it in units of kilojoules per gram (kJ/g). When a gram of wood burns, for example, it produces 8 kJ of heat energy. Wood’s effective heat of combustion is therefore 8 kJ/g. Polyurethane’s effective heat of combustion is about 18 kJ/g. Polyurethane’s burning rate is also about twice that of wood under similar conditions. Multiplying the burning rates for these two substances by their effective heats of combustion, one finds that polyurethane fires produce heat at about 4.5 times the rate of wood fires under similar conditions.

Gases: Fires can produce a number of different gases, including some that are harmless and some that are toxic. Carbon dioxide (CO2) and water vapor (H2O) are two relatively harmless gases produced by fires. Toxic gases from fires include carbon monoxide (CO), hydrogen cyanide (HCN), sulfur dioxide (SO2), and hydrogen chloride (HCl). 

The specific gases and the amount of gas a fire produces depend on the type of fuel involved and the environment surrounding the fire. Different fuels will react differently in the combustion reaction, producing gases and amounts of gas specific to that type of fuel. For example, in well-ventilated conditions, polyurethane foam produces ten times more carbon monoxide for each gram burned than does wood. Fires that burn in an oxygen-rich environment will also produce less carbon monoxide than fires that burn where little oxygen is present. A well-ventilated fire has plenty of oxygen, so nearly all of the fuel’s volatile gases can take part in the combustion reaction, combining with oxygen in the air to produce carbon dioxide and water vapor. These fires produce less carbon monoxide because there is less carbon and oxygen left over from the initial combustion reaction to form carbon monoxide. 

Fires that occur in an environment lacking sufficient oxygen will burn incompletely and smolder. These fires produce increasing amounts of carbon monoxide. For example, in an enclosed room, a fire will use up oxygen from the air as it progresses, decreasing the amount of oxygen in the room over time. Without sufficient oxygen, the volatile gases from the fire cannot fully take part in the combustion reaction. Some of the gases instead react to form carbon monoxide, which requires less oxygen than does combustion. Eventually, the amount of oxygen decreases below the level necessary for continued combustion, causing the fire to self-extinguish. Depending on the type of fuel, most fires self-extinguish at an oxygen concentration between 12 and 14 percent (by volume). By contrast, normal atmospheric air has an oxygen concentration of 21 percent.

Soot: As fires produce light, heat, and gases, they also produce soot, consisting of mostly carbon particles. Smoke may be defined either as just the soot particles given off by a fire, or as both the soot and the gaseous products of combustion.  The amount of soot produced by a fire depends on the type of fuel, the fuel’s burning rate, and environmental conditions. Most plastic fuels produce more soot than wood and other cellulose fuels. Plastics also usually burn more quickly than wood. Under similar conditions, for example, a slab of polyurethane will burn almost twice as fast as a slab of wood. The composition of plastic and plastic’s more rapid burning rate cause it to produce about 2.7 times as much soot as does wood. Fires also tend to produce more soot when they smolder and less soot when they burn freely in a well-ventilated area, with plenty of oxygen available.

Destructive Force of Fire: Destructive fires can occur in office buildings, homes, vehicles, and forests. According to the National Fire Protection Association, a fire broke out in a building or structure every 61 seconds in the United States in 1998. Three-quarters of all structure fires in the United States and Canada occur in people’s homes. In 1998 there were about 1,756,000 fires in the United States. These fires led to 4,000 deaths, 23,000 injuries, and $9 billion in property damage. Every 76 seconds a motor vehicle fire occurred, for a total of 413,500 such fires. In 1995, the most recent date for which Canadian statistics are available, Canada had about 64,000 fires. These fires resulted in 400 deaths, 3,600 injuries, and $1 billion (Canadian) in direct property damage. 

Extinguishing a fire involves removing one of the requirements for combustion. Firefighters may physically remove the fuel from the fire by taking a burning item outside a structure. They can remove heat by cooling the fire with water or remove oxygen by smothering the fire with chemicals or a fire blanket. Interrupting the chemical chain reaction is more difficult but is typically done by applying special chemicals, such as halogenated compounds, to the fire. These halogenated compounds are being used less often as they cause damage to the atmosphere’s ozone layer.

House Fires: Many people worry about being trapped in a hotel fire or a fire at their school or workplace. Yet about 80 percent of all U.S. and Canadian fire fatalities are caused by fires in the home. In 1998 house fires accounted for 381,500, or 21 percent, of all fires that occurred in the United States. In Canada 25,747 house fires occurred in 1995—about 40 percent of all Canadian fires that year. Most house fires result from cooking accidents in the kitchen. Cigarettes, however, cause the majority of house fires that turn deadly. Smoking-related fires tend to smolder before they are discovered. Once a fire breaks out, it can envelop a room within minutes. Temperatures in the room may exceed 600°C (1100°F)*. While this heat alone would be deadly, the toxic gas in the smoke causes the majority of deaths and injuries. Almost half of all fatalities from fires are due to carbon monoxide poisoning, and more than a third are due to cardiopulmonary complications. 

People protect themselves from the dangers of house fires in several ways. Fire extinguishers in homes enable people to put out fires before they become dangerous, while smoke detectors alert residents that a fire has broken out in the fire’s early stages. Communities support either a local fire department or a volunteer force, so people can call a phone number to summon firefighters to their home. The furniture, clothing, and building industries help prevent fires in the home by making products out of nonflammable materials or by treating materials with chemicals to make them less flammable.

EFFECTS OF CARBON MONOXIDE POISONING
Carboxyhemoglobin (COHb) levels and related health effects % COHb in blood. Effects associated with this COHb Level: 80 - death; 60 - loss of consciousness; death if exposure continues; 40 - confusion, collapse on exercise; 30 - headache, fatigue, impaired judgment; 7-20 - statistically significant decreased maximal oxygen consumption during strenuous exercise in healthy young men; 5-17 - statistically significant diminution of visual perception, manual dexterity, ability to learn, or performance in complex sensorimotor tasks (such as driving); 5-5.5 - statistically significant decreased maximal oxygen consumption and exercise time during strenuous exercise in young healthy men.  Below 5 no statistically significant vigilance decrements after exposure to CO; 2.9-4.5 - statistically significant decreased exercise capacity (i.e., shortened duration of exercise before onset of pain) in patients with angina pectoris and increased duration of angina attacks; 2.3-4.3 - statistically significant decreased (about 3-7%) work time to exhaustion in exercising healthy men.

Polyurethane Foam Fires
It's just about everywhere.     
By G. WAYNE MILLER and PETER B. LORD          9.28.03


The Providence Journal 
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Polyurethane foam is everywhere in our homes -- in our furniture, our mattresses, under carpets, in recliners, couches and pillows, and it's a substance so flammable that it is sometimes referred to as solid gasoline. It is responsible for the deaths of 100 people in The Station fire, but it is also behind a larger, less publicized tragedy: the deaths of hundreds of people each year in home fires. Yet the government agency whose job it is to protect us is in thrall to the manufacturers who set their own rules.



Fueled by polyurethane foam, a substance so flammable that firefighters compare it to gasoline, The Station nightclub fire spread with stunning speed. Superheated air and poison gases filled the club and combustion sucked the oxygen away. Within minutes, 100 people were dead or dying, and more than 200 were hurt.

The magnitude of that toll horrified Americans. But the material that ignited during the West Warwick disaster is behind a larger, though far less-publicized, tragedy: the deaths of hundreds of people around the country every year in home fires involving foam. Some of the victims are elderly. Some are children. Some go to sleep and never wake up.

Many would be alive now if the federal government had done its job, or if industry had done all it could.

For three decades, most upholstered furniture and mattresses sold in America have contained flexible polyurethane foam, the plastic material that was used as soundproofing around The Station nightclub stage. It's found in couches, love seats, chairs, recliners, mattresses, mattress pads and mattress toppers, pillows, carpet cushioning and many other places. More than 2 billion pounds of foam enters the U.S. market every year.

Foam is comfortable and comparatively cheap -- and once ignited, it can be lethal. Mattress, bedding and upholstered furniture fires killed almost 30,000 Americans from 1980 to 1998, the latest year for which National Fire Protection Association (NFPA) data are available. Another 95,655 people were injured.

From 1980 to 1998, mattress and bedding fires killed 12,712 Americans, according to the NFPA -- 10 times more than all those killed by tornadoes and hurricanes combined. During the period, mattress and bedding fires injured almost 56,000 people, some horribly and for life. Direct property damage (which includes damage to a building and its contents, but not such costs as medical care or relocation) totaled $5.5 billion, as a fire starting in a bed often engulfs a bedroom and then damages or destroys more rooms or an entire house.
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Journal photo / Mary Murphy
TORCHED: A bed in a laboratory test burn is destroyed in about three minutes.


During the same period, upholstered furniture fires killed 17,108 and injured almost 40,000 others. Direct property damage surpassed $4.3 billion.

These numbers could have been lower -- dramatically lower, advocates say.

For years, the technology has existed to make household foam harder to ignite: chemical flame retardants can be used, and fabric flame barriers can be built into beds and upholstered furniture to shield the foam within from outside ignition. England requires such protective technology, and it is credited with saving hundreds of lives since the 1988 introduction of tough flammability standards, according to a June 2000 British government study.

America has no such tough national regulations.

U.S. manufacturers of mattresses and upholstered furniture must meet only lesser national flammability standards -- and for the furniture makers, the standards are voluntary, drawn up by the makers themselves.

There is a federal agency with the power to require safer products: by law, the Consumer Product Safety Commission (CPSC) is charged with regulating the flammability of mattresses and furniture. But despite studies and the calls of firefighters and fire-safety advocates, the CPSC for three decades has failed to adopt stricter regulations.

"Different folks have different ideas about what to do -- and the regulatory process is, to say the least, quite burdensome," CPSC chairman Hal Stratton said in an interview this past spring.

Meanwhile, the death toll mounts.
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Killer in the smoke


"I am shocked that leaders charged with our protection would allow kids to die while they dallied for three decades," said Whitney A. Davis, personal injury lawyer and director of the California-based Children's Coalition for Fire Safe Mattresses.

"I have no way to explain to the burned children in my group, whom I have flown around the country promising that what they are doing will help save others, that the U.S.A. has placed grownups in power that have proven that the kids' skin was given in vain."

IN ITS ESSENTIAL features, the fire that killed four in Westerly two summers ago is typical of what can happen at home.

In the early morning of July 17, 2002, Robert Ingram, his two young daughters, his stepson, and the stepson's girlfriend were sleeping in bedrooms in their Colonial-style house; family friend Jessica Sjostedt and her 2-year-old daughter were asleep on a living room couch. A quilt for kittens was next to the couch, and a love seat was next to the quilt. The furniture contained flexible polyurethane foam, investigators believe.

Sometime in the early hours, a fire began at the base of the couch. Investigators would be unable to definitively determine the cause of the fire, but they would theorize that kittens may have chewed through an electric lamp cord, shorting it and creating the heat for ignition.

Flames licked at the couch.

Shortly before 6 a.m., the fire woke Sjostedt. She grabbed her baby and began to scream.

Her panic woke Ingram's stepson, Neil Rosenberg, 23, who had been sleeping in one of the upstairs bedrooms. Rosenberg ran down and managed to get Ingram, 68, who is wheelchair-bound, safely out of his first-floor bedroom. Sjostedt found a portable phone and followed them with her baby outside.

By now, the couch was engulfed, and the love seat was catching.
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UNHAPPY ENDING: Charred pages of a children's book blow along the read near the house where Carol and Crystal Ingram died.


Lethal smoke filled the living room and the temperature soared past 1,000 degrees. Through an unusually cruel twist of fate, investigators theorize, the heat shorted out a thermostat, which turned on the furnace. The forced hot-air heating system began to act like a bellows.

The smoke and superheated gases poured upstairs, and the living room was just moments from flashover -- the point at which everything combustible in a room ignites. No more than about three minutes had passed since the furniture caught fire. It burned now like gasoline.

Hoping to save his girlfriend and Ingram's daughters, Rosenberg ran back into the house. Neighbors reported hearing the girls, Crystal Ingram, 10, and Carol, 9, screaming inside their second-story bedroom.

Rosenberg made it upstairs, but he was too late: carbon monoxide and other poison gases had silenced the girls, and Rosenberg's girlfriend, Tara Verrier, 21, apparently was overcome and never roused from her sleep. Rosenberg himself quickly succumbed. The living room flashed over and now the whole house was an inferno. Neighbors attempting a rescue could not get in -- and when firefighters arrived, just four minutes after the first call, the heat was too intense for them to attempt a rescue, even in their protective gear.

"We used to say you had seven minutes to get out of a burning building," says Deputy State Fire Marshal Richard U. James. "Now, with the things we have put inside, it's about three."

OTTO GEORG Wilhelm Bayer, a German chemist, invented polyurethane in 1937. The first form of this plastic material was rigid. Among its early uses was in the wings of Luftwaffe airplanes, and in the soles of Nazi soldiers' boots.
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Making polyurethane foam 


The foam form came when chemists figured out how to put tiny bubbles into polyurethane -- an innovation that created a product that could be easily manufactured in many sizes and shapes. Flexible polyurethane foam was comfortable, durable and relatively inexpensive -- and starting in the 1950s, it began to replace the horsehair, cotton, wool, feathers, latex rubber and other materials then used inside mattresses and upholstered furniture (and car and airplane seats and other places). By the 1970s, polyurethane foam was ubiquitous in America.

"Flexible polyurethane foam (FPF) is one of the most versatile materials ever created. We're literally surrounded by it in our lives," says industry group Alliance for Flexible Polyurethane Foam on its Web site, www.afpf.com/furnguide.html.

Dozens of companies make foam, or supply the raw materials used in its manufacture, including multinational giants Dow Chemical, BASF, Bayer and Shell. The leading manufacturer of foam in the United States is Foamex, based in Linwood, Pa., with $1.25 billion in annual revenues.

"You'll find Foamex foams inside, around and under thousands of products from hundreds of manufacturers," the company says on its home page, www.foamex.com. "They protect automobile passengers on the highway and fragile electronic components in shipment. They help consumers sleep sounder and furniture manufacturers create more comfortable products. They add to the luxury, comfort and performance of home and commercial carpeting." Foamex also makes retail products, including Eggcrate brand mattress toppers. "Sleep Better Night after Night with Foamex Pads," reads an ad.
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Photo courtesy of the State Fire Marshal 
WESTERLY FIRE: Two adults and two children died early in the morning of July 17, 2002, in an inferno that may have been caused by kittens chewing on electrical wire.


Foam makers have long understood the dangers of their product. They know that all carbon-based products will burn -- but the open-celled structure of flexible polyurethane foam provides easy access to the oxygen that combustion requires.

Insurers also have long understood how foam burns. In 1968, Factory Mutual Research Corp. (now FM Global, headquartered in Johnston) issued a report warning its industrial clients about the dangers of warehoused foam. "Foamed Polyurethane: the Solid That Burns like a Flammable Liquid," the report was titled.

Today, foam manufacturers go to lengths to keep flexible polyurethane foam (FPF) from burning during production, storage and shipment to consumer-product manufacturers. "FPF should not be exposed to open flames or other direct or indirect high-temperature ignition sources such as burning cigarettes, matches, fireplaces, space heaters, forklifts, welding sparks or bare light bulbs," the alliance declares at www.afpf.com/furnguide.html. "As an added precaution, it is recommended that all areas where FPF is stored or handled need to be protected by automatic sprinkler systems."

But consumers do not always understand the perils of foam.

THE DANGERS of polyurethane generated headlines -- and government concern -- after a series of deadly fires involving the plastic material in the United States and abroad during the late '60s and early '70s.

The most catastrophic was on Nov. 1, 1970, in a French nightclub whose interior had been sprayed with foam to create the illusion of a cave. The foam ignited, unleashing a vortex of fire, superheated air and poison gas that killed 146 people, including many teenagers. "A huge flame leaped into the air and suddenly plunged down to the main floor like a whirlwind," a survivor told the United Press International. "Everybody was screaming, screaming, and suddenly nothing more except the sounds of the sirens. . . ."
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Neil Rosenberg


Even before the French fire, Congress established the National Commission on Fire Prevention and Control, a panel that issued a 177-page report in 1973. The panel warned that the increasing use of flammable plastics in homes and in businesses had created hazards rarely seen before: synthetic materials such as polyurethane burned extremely hot and fast, producing toxic gases and byproducts that could quickly kill even at a distance from flames. In essence, a plastic-fueled fire could transform a house into a gas chamber.

"What makes plastics relevant to our discussion of materials is not only that many of them have introduced hazards previously uncommon," the commission wrote, "but that they are sold and used without adequate attention to the special fire hazards they present."

The commission urged safer products and safety education -- and warned of a potential conflict of interest: "The economic interests of manufacturers, installers, vendors and others often run counter to stringent fire safety requirements."

Clearly, government had a role to play if lives were to be saved and injuries prevented.
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Photo courtesy of family
Carol and Crystal Ingram.


FOAM CAN BURN inside a bed or a chair, but government regulators and firefighters' associations have traditionally drawn distinctions between the makers of mattresses and the makers of upholstered furniture: a person sleeping faces a different sort of hazard than someone sitting. The manufacturers of mattresses and upholstered furniture have separate trade associations and lobbies.

Starting in 1974, the U.S. Commerce Dept. required that all mattresses sold in the United States be resistant to smoldering cigarettes, considered by experts then to be the paramount household ignition threat. But the federal government passed no such requirement for another type of ignition: so-called small open-flame sources such as candles, matches or lighters.

Some states, however, did adopt the tougher open-flame standard -- for prison mattresses. In the United States today, incarcerated criminals sleep more safely than children.

Nor did the federal government require upholstered furniture to be safer. The industry adopted its own, voluntary standard -- compliance is optional -- in the late 1970s. But like the mattress standard, the upholstered furniture standard addresses ignition only by smoldering cigarettes, not small open flame.

Three decades later, nothing has changed.
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ANIMAL RESCUE: Lisa Manor, who lives next door to the house in Westerly, found a burned kitten in the woods nearby.


THOUSANDS DIE or are injured every year in home fires involving mattresses, bedding and upholstered furniture, but the casualties mount in small numbers: one dead here, another somewhere else. The incremental and localized nature of these tragedies means they fail to achieve critical mass in a society where news of 100 dead in West Warwick goes global -- but four dead in Westerly doesn't warrant a sentence of national coverage.

Even when a home fire makes headlines, the materials that burned are not always mentioned. A typical first-day news account notes that a fire "is under investigation," and sometimes that is the last published word. Even in follow-up stories, investigators may identify only the point of origin of the fire -- bed, sofa, chair -- but not the material commonly found within.

Because foam burns so ferociously, destroying potential evidence, lawyers have difficulty mounting the sort of high-profile court cases that have focused public attention on tobacco, asbestos and other potentially dangerous substances.

"One of the problems with litigating in the area is that the stuff burns so good that when you're looking at the remains of it, a lot of times you're not able to identify who made it, and then you've got no case," says Robin P. Foster, a lawyer in Greenville, S.C., who has represented victims of upholstered furniture fires in claims against manufacturers.

"You're relying on physical evidence, you're relying on the information from the clients or from the occupants, and a lot of times these fires occur in areas of low socio-economic housing where the family -- you know, they get their furniture from Uncle Joe who got it from a yard sale 10 years ago, and it was handed down two generations. . . . It gets handed down a lot and you get where you can't identify it and you're stuck."

STILL, ADVOCATES occasionally break through.

Whitney Davis did on Feb. 7, 2000, when he urged the CPSC to adopt tougher flammability standards for mattresses. Davis brought three young boys badly injured in mattress fires to a hearing in Bethesda, Md., and when it was over, one of them, 10-year-old Damon Bihl, spoke at a press conference that made national news.

Dressed in a suit and tie -- but with a bandage covering most of his head -- the boy said he had come to Maryland from his home in California "so that other kids don't get burned like me." Damon lost his left hand, left ear and portions of his face when he played with matches on his mother's bed and the mattress caught fire. At the time, Damon was 3.

Seven years later, his wounds had still not healed.

"It hurts a lot," the boy told the reporters. "Most of all I want the doctors to give me a new hand. Then I could play baseball."

Fox News, MSNBC, ABC News and other national outlets carried the dramatic story, as did many local TV stations. One, Boston Channel 7 (WHDH), later aired a report called "Burning Beds" about the dangers of foam in mattresses. The report was presented by then-reporter Jeffrey A. Derderian, co-owner of The Station nightclub.

But the publicity faded. The issue of household foam returned to the shadows, to a small government agency headquartered in Bethesda.

ESTABLISHED BY Congress with the 1972 Consumer Product Safety Act, the CPSC has the power to set standards and rules, initiate recalls and ban dangerous products. More than 15,000 products fall under the agency's jurisdiction, including toys, children's clothing, home appliances, batteries, extension cords, even noncommercial fireworks.

No items under CPSC jurisdiction play a deadlier role in home fires than products that usually contain foam, a fact the commission acknowledges. On the very first page of an October 2001 report on the flammability of upholstered furniture, the CPSC stated:

"Upholstered furniture-related fires account for more residential fire deaths than any other category of consumer products under the commission's jurisdiction. A disproportionate number of these fire losses, including one-third of the deaths, were to children under 15."

According to the NFPA, 543 people died in 11,600 fires involving just upholstered furniture in 1998, the last year for which data are available; another 1,425 were injured and direct property damage totaled $224.5 million. The CPSC assessed the total "societal cost" in that one year at $2.4 billion. (Most upholstered furniture sold today contains some polyurethane foam, according to the CPSC.)

And these numbers do not include the toll from mattress and bedding fires in 1998: 398 deaths, 2,309 injuries and $292 million in direct property damage.

The October 2001 furniture report is called a "briefing package," a document produced by the CPSC staff for the agency's three commissioners, who today continue to consider a tougher, open-flame resistance standard. With appendices, the report ran to 922 pages and was years in the making.

It was just one of many reports, studies, hearings and tests involving the flammability of foam over the last three decades.

Industry and the federal government have excelled at identifying the problem. But they have not solved it.

"People are sleeping and sitting on pieces of furniture filled with solid gasoline," says Davis. "For a few bucks, we could eliminate the risk."

Formation of Hydrogen Cyanide in Fires

In fires, HCN is formed in the reaction zone from fuels containing nitrogen (N) and hydrogen (H) atoms. However, HCN may be consumed if there is sufficient oxygen in the mixture and if the temperature is sufficiently high, making further oxidation of HCN possible. This oxidation can lead to a variety of compounds including equally undesirable compounds, such as oxides of nitrogen (so-called NOx), although under ideal conditions should ultimately lead to CO2, H2O and N2. Most commonly in fires, however, CO would be a major product of the oxidation of HCN. 
Although HCN is a narcotic gas like CO it has been suggested that HCN is about 35 times more toxic than CO. The influence of HCN on the victim is relatively quick because it is carried rapidly to the brain by blood. The most important determinant of incapacitation with HCN is the rate of uptake, which is directly related to the concentration of HCN in the air the victim is breathing. This is dealt with in more detail in the next chapter.

It has been speculated that HCN is generally not found in the blood of fire victims essentially for two reasons. The first reason is that traditionally one has concentrated on identifying and quantifying the amount of CO in the blood of fire victims. Thus, this may be a case of not having found HCN because it has not been looked for. In the literature there is ample evidence available that shows a wide variation in the concentration of carboxyhemoglobin (COHb) necessary to cause death. Thus, the amount of COHb claimed to be responsible for the death of fire victims may range from 30% to 70%. This would indicate that in at least some cases where COHb has been assigned the cause of death there might well have been other important contributing factors.

The second reason is that the mode of action of HCN is different to that of CO. As HCN does not follow Haber’s rule very low concentrations are actually required to prompt a toxic reaction. This toxic reaction will generally not be death but unconsciousness. The person effected would essentially be unable to escape from the scene of the fire and would continue to breath, thereby inhaling increasing amount of CO and possibly eventually actually die from CO inhalation. Technically speaking the cause of death may well be CO poisoning but arguably had the person not been incapacitated by the HCN in the first place then they could have escaped from the fire and avoided the CO poisoning. Thus, the death has been reported to be poisoning due to CO even though the real reason to the death could be the incapacitation due to HCN.

A potent modern day example of the importance of fire gases in causing the death of fire victims is the Gothenburg Disco fire in 1998. In this fire most of the 63 victims died due to toxic gases and not due to heat from fire. The fuel in this fire consisted of material that could potentially generate large amounts of HCN. Indeed, the report from this incident indicates that HCN was an important factor in the fatalities.

A study has been conducted to investigate the relative importance of HCN to CO emissions from a series of materials commonly used either as building material or in the production of e. g. upholstered furniture used in domestic applications. A series of small scale tests have been conducted on five types of material chosen firstly for the presence of nitrogen in their chemical structure and secondly for their relevance as material present in domestic applications.
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Photo of the DIN-furnace used for the small-scale experiments.

The specific materials included in this study were: wool, nylon, synthetic rubber, melamine and polyurethane-foam. None of the materials were combustion modified through the use of a flame retardant additive.
The reason to focus on HCN is clear. It is important as a potential killer or escape inhibitor in fires but as we presently lack a concrete comparison between the CO producing potential of common material relative to their HCN producing potential it has been difficult to establish the relative importance of HCN compared to that of CO. This is of particular importance as we become more acquainted with computer modeling using, for example, Computational Fluid Dynamics (CFD). In recent years it has become more common to use CFD methods to model fire behavior in complicated situations as an alternative to time consuming and costly experiments. In recognition of the importance of CO, production models have been developed to calculate the production of CO as the fire being modeled develops. This study has, therefore, also been conceived to determine whether calculation of the production of CO using CFD is sufficient to establish the toxic hazard posed by any given enclosure fire, or whether it is necessary to model other species, such as HCN, as well.

As a starting point for this study a literature study has been conducted to establish what has been done previously in this field. Full results are available in SP Report 2000:27.

Technical Research Institute of Sweden, Box 857, SE-501 15 Borås Phone +46 10-516 50 00, 

E-mail info@sp.se
Contact Person: Heimo Tuovinen – Ph. +46 10 516 55 67

Addendum

What follows was not included in my mine fire story out of concern and respect for the living.  A key defense witness for the United States Government, Dr. Donald W. Mitchell, Ph.D. was called as a hostile witness by James L. Fetterly of Robins, Davis, and Lyons, Minneapolis, Minnesota, retained by Sunshine Mining Company as an expert witness in rigid polyurethane foam fires. Dr. Mitchell died of a brain tumor about ten years ago.

A trial to establish causation and liability related to the May 2, 1972 Sunshine Mine fire began on January 3, 1978 in the United States District Court, Boise, Idaho with Judge Ray McNichols presiding.  Because of the complexity of the case, all parties agreed to trial without a jury. The trial ended on July 16, 1978. Judge McNichols ruled from the bench in favor of the defendants United States Government, Mine Safety Appliance Company, Dow Chemical Company, Mobay Chemical Company et al. I remember well his statement: 

“I am convinced that the polyurethane foam that burned at the outset of the mine fire contributed to the death of 91 men. However, the plaintiff, Sunshine Mining Company failed to prove beyond a reasonable doubt that, but for the presence of the polyurethane foam, the 91 men would not have died in the fire.”

I learned after the trial that the U.S. Government had personnel located in every mining district in the United States who would have immediately ordered removal of all polyurethane in underground mines. Based on Judge McNichols ruling, the government decided to keep things as they were. Their logic was based on the fact that thousands of polyurethane foam applications were made in underground mines since it was introduced into underground mines in 1961 and no other fires had occurred. Polyurethane is still being applied in USA mines.

The Testimony


I must tell you that Jim Fetterly had documents, received from the U.S. Government via a request to produce documents, which implicated Dr. Mitchell. Among files were copies of letters between Dr. Mitchell and an Iowa dairy farmer friend of his who built a new dairy barn, recognized the need for good insulation from Iowa winter storms, and decided to ask Dr. Mitchell about possibly using sprayed-in-place rigid polyurethane foam insulation.


Fetterly produced a copy the dairy farmer’s letter to Dr. Mitchell, identifying it by date and names and the having a clerk show the letter to Dr. Mitchell. He acknowledged receiving the letter and recognizing the validity of the signature. As I remember, the letter stated—I paraphrase: “Dear Don, I just built a new dairy barn and am considering insulating the interior with polyurethane foam. What do you think about that?”


Fetterly then produced a reply letter from Dr. Mitchell to the dairy farmer. In it, Dr. Mitchell stated—I paraphrase, but it’s exactly as I remember it: “It would be unconscionable to insulate with polyurethane foam. If it caught fire, you would lose not only the building but any cattle in it.” 


With that, Jim Fetterly asked Dr. Mitchell how he could say it would be unconscionable to use polyurethane foam in the dairy barn while knowing that identical polyurethane foam was in place in thousands of underground mines in the United States with many thousands of men working in those mines.


Dr. Mitchell turned pale; he raised his eyes toward the ceiling, paused for a few seconds and blurted out, “I like Cows!” Judge Ray McNichols almost fell off the bench. The entire courtroom sat in silence.

Investigation, Causation, and Litigation

KEY PERSONNEL INVOLVED

Sunshine Mining Team
Elam, Burke, Jeppesen, Evans & Boyd, a Boise Idaho law firm was represented by:

Carl Burke – The leading attorney during the first weeks of the fire.  Carl repeatedly called me out of the mine to “meet the press.”

Blaine Evans – Took over the lead attorney position after the fire was extinguished.  John was present throughout the 1978 trial in Boise.

John Simko – The lawyer who sat with me through all of my depositions.  He also sat with me during the trial.

Ric Mellon – A new addition to the law firm who was the leg man for all underground investigations.  Ric spent many days with me in the mine.  He was always present when USBM investigators were in the mine.

Bob Launhardt – Sunshine Mine Safety Director

Wayne Baxter – Sunshine Mine Shaft Foreman

Outside Counsel for Sunshine
Leo Driscoll – A Spokane attorney brought in by Blaine Evans for reasons not known to me.

James Fetterly – A Minneapolis attorney specializing in polyurethane foam fires.

Experts Hired by Elam, Burke et al.

Vic O’Leary – Fire fighting ‘expert’ in Butte mines.  Some of the mines in Butte had stopes that required heavy timbering.  The high sulfide content in some of the ore in contact with timber heated to ignition.  Mr. O’Leary convinced Sunshine management to adopt a technique often used in Butte in which a diamond drill hole was drilled to intersect a mined-out area above the fire zone.  A “spud” was then placed in the hole that had a fitting to connect to a large water hose.  Water was then pumped into the fire zone.  

Dr. Bernard Lewis, Ph.D. – A world-renowned expert on combustion sciences.  At the time of the Sunshine fire, Dr. Lewis was editor of the NFPA Handbook.  Earlier in his career, he worked for the USBM in its fire section.

D. Graham Wilde – British Safety in Mines Research Institute (SMRI), Buxton, England.  Graham Wilde investigated an underground British coal mine wherein “non-burning and self-extinguishing polyurethane foam (PUF) burned.  His studies led to the banning of PUF in all underground mines in the U. K. 

U.S. Department of the Interior
James M. Day – Solicitor for the Department of the Interior.  Held a fact-finding hearing in Kellogg in mid-summer, 1972 and another in Coeur d’Alene in early 1973. 

U.S. Department of the Interior - Bureau of Mines Team

Stanley M. Jarrett – USBM On-Site Manager

E. Levi Brake – Mining Engineer  

Robert E. Riley – Mining Engineer; formerly employed by Bunker Hill mine.

Roland V. Wilson - Mining Engineer; formerly employed at the Galena mine.  Fred Owsley said he was “the dumbest mining engineer ASARCO ever hired.”

Idaho State Mine Inspector’s Office

Eddie Adams – Inspector

Carl Griner – Inspector

Bill Spears - Inspector

Representing Survivors of Fire Victims
Jack Ormes – A Wilshire Boulevard Lawyer 
Brent Wilcox – Moyle & Draper; Salt Lake City, Utah

Representing Ralph Nader

J. Davitt McAteer – A recent law school graduate who was employed as one of “Nader’s Raiders.”  Purely by chance, Ralph Nader gave a speech in Spokane on or a day after the Sunshine fire started.  He sent McAteer to the mine to dig up information.  Within twenty-four hours after the fire began, Mr. Nader announced on network TV that the fire resulted from Sunshine Mining Company management’s “callous disregard for the safety of their employees.  Mr. McAteer went on to become the Assistant Secretary of Labor for Mine Safety and Health.  His career was tarnished, allegedly by alcohol abuse.

Rachel Scott – A free-lance writer for New Republic magazine.  She accompanied Mr. McAteer to the mine site.  Together, they occupied a small office in the main office—now the Engineering Office.  [Rachel Scott was the only person I met during my career with Sunshine Mining Company that I did not like.  She was venomous; a hard, cold, sterile type who seemed to repel rather than attract men.  My opinion of her was reinforced in 1974 when her book, Muscle and Blood was published.  The sub-title described the book as the story of industrial slaughter in America.  An entire chapter in her book was devoted to the Sunshine Mire Disaster].      

THE BIG CHALLENGE


I begin comments on the investigation of the fire by quoting from what I wrote for a Kellogg Evening News article in 1996: “By the time the investigation began, the majority of personnel active in rescue and recovery had reached a similar conclusion; this was no ordinary mine fire!  Logic demanded identification of the extra-ordinary factors, but that task would have to wait.  In its own ‘Final Report,’ the USBM stated, ‘…the fire increased in intensity, spread more rapidly, and produced more toxic gases than is considered normal for underground mine fires.’”  For the sake of clarification, the reference should have indicated applicability to only non-gassy metal and non-metal mine fires.  



Recognizing an extremely high profile event, Sunshine retained the Boise law firm of Elam, Burke, Jeppesen, Evans, & Boyd.  Carl Burke and Blaine Evans were at the mine almost full-time until the last of the bodies were recovered.  ABC, CBS, and NBC sent teams of cameramen and reporters to the mine site.  Since the mine yard was closed to uninvited personnel, the Spokane TV stations parked their trucks on the Big Creek road where they could view the bridge traffic into the mine yard.  They set up searchlights as darkness set in; all the while demanding to talk with someone who knew what was going on.  Carl Burke chose me to speak to the press in behalf of Sunshine. 

     
Before getting into specifics about rumors and the sources of such rumors, I want to express my thoughts on the disaster, based on what I knew then and what I learned in the meantime.  How the fire started is secondary to the historic events that led to installation of rigid, sprayed-in-place polyurethane foam in (based on knowledge after the fact) the most dangerous location in the Sunshine Mine.  I am convinced that, but for the presence of polyurethane foam in the main exhaust circuit of the mine, any fire in the same location where nothing more combustible than wood was involved would NOT have caused any loss of life.  Should you want to question my statement, let me know and I will arrange to meet with you to state my case.

May I point out that every fire disaster (5 or more fatalities from one event) in hardrock mines in the United States was located in a timbered intake air shaft or timbered opening used as an intake airway?  The chimney effect played a deadly role in each of those disasters.       

Moving on…within the first weeks following the fire, rumors started circulating about arson.  Attorneys representing Sunshine consulted with me about the rumors, though only in a general way.  The lawyers impressed me as being unwilling to discuss anything specific, especially when local, county, state, and federal law officers were involved.  The first “suspect” was a Mexican—that’s the way mining district Hispanics were identified—named Joe Armijo.  Joe was a gypo miner who had a heated argument with the Bush brothers, Bob and Jim, area foremen in the mine.  Their argument involved money the miners believed was owed under the contract.  Anyway, Joe swore that he would get even with Bob and Jim if it were the last thing he did.  Therein, we have a reason.  Now, things get a bit sticky and humorous.

     
Joe Armijo died in the fire.  His widow as contacted by “the authorities” to probe for clues about her husband’s behavior.  Guess what?  Mrs. Armijo volunteered information about an identical twin to her husband.  The twin lived in Mexico most of the time, but visited with his brother once in a while.  Mrs. Armijo praised her husband, “Good Joe,” who really loved her.  His brother she called “Bad Joe.”  In her mind, he was evil.  To add to the situation, she was unable to tell them apart except in bed.  Not much to go on, right?  

One of the Sunshine gypo miners—I think it was Bobbie Finlay—gave Mrs. Armijo the name ‘Kissy Face’ because she wore so much makeup.  Kissy Face often got dolled up before getting on her CB radio, contacting mostly truck drivers on I-90, and inviting them to come to her house for a good time.  Anyway…Kissy Face never gained a lot of credibility.  I personally doubt that Joe Armijo had anything to do with the fire.  Only personnel such as myself, engineers, geologists, and supervisors would have know the old workings well enough to make their way through them to the back side of the ventilation bulkhead on 3400 level where the fire started.  


Access to the front side was easily made via the 3400 level drift and its connection to No. 10 shaft.  On the day of the fire, Homer Benson and a helper worked downwind from the 3400-09 bulkhead (accepted by all parties as where the fire started).  Just before lunch time, they traveled upwind on 3400 level, passing through the bulkheaded area and on to No. 10 shaft.  If anyone else had been on the 3400 level near the origin of the fire, they would have noticed them.  By the way, the air velocity in the 3400 exhaust airway was about 20 mph—too strong an air current for smoking, unless you wanted hot ashes in your face.  Considering the construction materials used in the 3400 level exhaust airway, in combination with 100% relative humidity of the exhaust air, it is unlikely that careless smoking could have caused the fire.


While the Armijo rumor was being investigated, another rumor surfaced in Wallace that may have grown out of comments made to Sunshine management personnel by Jack Knisely’s investigating team about trace elements in soot deposits in the fire zone that would indicate use of an accelerant such as used in arson.  Somehow, word about an investigation of a Wallace man as a suspect leaked out.  Allegedly, the man left town in the middle of the night.  I was not privy to information about the Wallace suspect.  The lawyers and law enforcement personnel kept things pretty much to themselves. 


Nevertheless, being a curious fellow, I still hope to learn more about the detective work related to the arson rumors.  The only specific information revealed to me was that investigators entered the house where a suspect lived and found “some parts of an incendiary device” in a basement furnace designed to burn wood or sawdust.  Perhaps, the Sheriff’s Department or the Wallace Police Department may have records of the investigation.   



Unable to identify a suspect, the USBM faced the reality that the arsonist—if there were one—could still be alive.  If so, he would be able to return to the mine when it reopened.  He would then be free to set another fire.  Strong action had to be taken!  Since the fire began in a worked out section of the mine, the USBM issued an order that all inactive areas of the mine must be isolated from active workings with a strong door, closed tightly and secured with a heavy chain and a padlock.  

     
About the time that all mandated bulkheads, doors, chains, and padlocks were in place, the USBM decided to abandon the arson theory altogether.  They presented a theory to the news media that spontaneous combustion of old mine timbers, oily rags, paper, burlap etc., abandoned behind the bulkheaded area on 3400 level before it was isolated from the exhaust airway, caused the fire.  The press release suggested a smoldering fire that occurred somewhere behind the intersection of the 3400 level exhaust airway and the 09 drift.  The fire smoldered for days, perhaps weeks before slowly burning its way to and then through the bulkheads covered with polyurethane foam.  Two 150 h.p. exhaust fans upstream from where the fire started ‘pumped’ air through the fire.  Collapse of the bulkhead, constructed to prevent exhaust air from find the shortest route back to the intake side of the fans, allowed smoke and fire gases to follow the path of least resistance to the fans.  In the process, the entire work zone of the mine as it existed on May 2, 1972 was inundated with deadly gases. 


James M. Day, attorney, served as Solicitor for the U.S. Department of the Interior at the time of the mine fire.  He held a preliminary hearing in Kellogg in 1972 to gather information about the fire.  In (about) February, 1973, he held a hearing in Coeur d’Alene.  By that time, the polyurethane foam (PUF) product labeled as “non-burning and self-extinguishing” under ASTM testing standards and certified by the USBM as safe for use in underground mines had been identified as a potentially deadly accelerant in fires including mine fires.  


I attended the hearing and was questioned as a witness.  Dr. Bernard Lewis testified in behalf of Sunshine, giving special attention to two topics; fire hazards of PUF and other plastic products, and the theory of spontaneous combustion as the cause of the Sunshine fire.


Regarding flammability or combustibility of plastics, Dr. Lewis first commented on the rigid, sprayed-in-place PUF used in the Sunshine Mine.  He drew attention to the dilemma faced by manufacturers of PUF for use in mines.  In order to obtain a non-burning and self-extinguishing rating, fire retardants had to be added to the formulation.  Such fire retardants reduced the performance of the product while increasing its resistance to sustained ignition and combustion.  Once enough fire retardant was added to render the end product non-burning and self-extinguishing, no more was added.  


In effect, the fire retardant chemicals raise the ignition temperature.  In no way do they make the product “fire proof.”  Dr. Lewis stated emphatically that all plastics will burn, though some have a higher ignition temperature than PUF.  Finally, once combustion occurs, the gases generated are far more deadly than, for example, combustion of wood.


In effect, the fire retardant chemicals raise the ignition temperature.  In no way do they make the product “fire proof.”  Dr. Lewis stated emphatically that all plastics will burn, though some have a higher ignition temperature than PUF.  Finally, once combustion occurs, the gases generated are far more deadly than, for example, combustion of wood.


Dr. Lewis then addressed the theory of spontaneous combustion.  He began by describing the area in which such combustion might have taken place.  Construction of the 3400 level exhaust airway was completed in 1962, ten years before the fire.  Though not accepting the USBM allegation that Sunshine operators left large quantities of rubbish, oily rags, burlap used in sandfill operations etc. in the area that was completely isolated from the active exhaust airway, he would address that charge using good engineering judgment.


Assuming that large quantities of materials subject to spontaneous heating were left behind the bulkhead, and assuming that ambient temperatures and available oxygen in the air were favorable to spontaneous ignition, such heating and ignition would have begun immediately after the area was sealed   That is, with fresh air excluded and no air movement to speak of, the area behind the bulkheads would have stabilized at host rock temperature—about 84 degrees F.  


Dr. Lewis dismissed the concept of ignition of oily rags for two reasons.  First, none of the oils in use in the mine would spontaneously heat in oily rags confined to a tight space.  Second, if oily rags were present in a confined space, any heating would have occurred a decade before the Sunshine Fire.


Regarding theoretical rubbish, waste timber, or waste paper that might self-heat, Dr. Lewis offered calculations to demonstrate that, for example, a ball of paper more than ten feet in diameter would be required in order to achieve any significant increase in temperature at the center of the ball.  No one representing the USBM offered any contradictions to Dr. Lewis’ statements.  
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