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  by Reuben Goldberg   (31 May 2001)


  (A Primer for the Stagehand who needs/has to work around Theatrical Effects)

This primer is not a how to do pyrotechnics.  This overview  is designed to give you a basic understanding of the process, products, and requirements  for creating a theatrical pyrotechnic effect. In all cases, do not allow the use pyrotechnic materials without a licensed operator

Laws, Rules, Regulations:

Pyrotechnics used  in the State of California must conform to the California Health and Safety Code, Title 19, under the jurisdiction of the California State Fire Marshal (CSFM).  By reference, Title 19 includes the Bureau of Alcohol, Tobacco, and Firearms (BATF), Code of  Federal Regulations (CFR), Title 27 and the Department of Transportation (DOT), CFR, Title 49 which  regulate  pyrotechnic materials nationally.  The San Francisco Fire Department, by reference, includes NFPA 1126, Pyrotechnics before a Proximate Audience, with Title 19 to regulate Pyrotechnics in the Theatre.  Check with the authority having jurisdiction for specific information.

Safety Meeting:

The pyrotechnican in charge should hold a safety meeting before the first use of any pyrotechnic device.  If possible, the technician will have the crew present for the demonstration of the devices for the fire department ( a requirement to get the permit).  The safety meeting should describe all the devices to be used, when they will be used, where they are located (both on stage and in storage off stage waiting to be moved on stage for a cue),  the level of the hazard of each device, the loudness of the device (if hearing protection is needed),  how the pyrotechnical will deal with emergencies, i.e. , fire.

Licenses:

To use any pyrotechnic material in the State of California, the user must hold the correct license issued by the California State Fire Marshal's Office.  The appropriate  licenses for use in the theatre are a Special Effects First Class or Theatrical Pyrotechnic Operators License

Devices:

Gerbs; Tubular devices that emit streams of sparks.  (fountains point up, waterfalls point down).  Gerbs are classified by how long they burn and how high the highest spark will fly.  Approximately, a 1/4 X 10 gerb will burn for a quarter of a second (1/4) and the sparks will travel 10 feet from the nozzle of the device.  They are manufactured in different colors, with silver being the most common color.

Comets and Mines; These devices are similar to a Roman Candle.  Multi-bursts of 



pyrotechnic material.

Flash Paper; Nitrocellulose sheets that burn

Flash Powder; Used to create a flash of light (originally used by photographers before flash bulbs)

1. concussion flash; used in a special mortar to create an exceedingly loud noise (ear protection required if nearby)



2. airburst; used above the stage to simulate an outdoor overhead firework



3. sparkle flash;  used to add sparkles to the bright light of the flash



4. flash powder; used to create a bright flash of light and noise



5. pre-loaded flash; is used in place of flash powder on some shows

Flame Mortar; Used to create a column of flame
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Pre-loaded Fireball; Same as above, but in a self-contained package from the 




manufacturer

Smoke; Used  to create a flash and then lots of smoke

Line Rocket; Basically a gerb on a horizontal line and behaves as a rocket with a   trail of 
sparks  

Sparking Devices;  devices  that produce sparks, available in many sizes

Electric Match, Ignitor (Squib); Similar to a kitchen match, an electric current

ignites the match head which in turn ignites the pyrotechnic material.

Fuze, Fuse; Fuse used by itself as an effect or to ignite a device.  Fuse needs to be ignited by some means, ignitor,  kitchen match,  etc

Other Devices;  There are other devices used in film that might have a special use on stage.  If they are used, the pyrotechnican should describe the device, its dangers and how it will be used.

Mortar, Flash Pot; Devices used to hold pyrotechnic materials


Hazards:


1. Heat; All pyrotechnic devices generate heat. 

a. Flame mortars create the most heat for the longest time. The heat can be felt at a great distance. If you are within the danger zone, you will get burnt. 



b. Flash pots create intense heat and light for a short time.  If you are 





within the danger zone, you will get burnt. 



c. Gerbs burn  cold (compared to other pyrotechnic devices).  




d. Other devices fall in the continuum between gerbs and flame mortars

The caution zone around any device varies by the amount of heat generated.  If the safe distance for each device is not mentioned at the safety meeting, you should ask for that information.

2. Particulate; There is little danger from particulate fallout unless you look up while under a device. 

3. Smoke; All devices generate smoke.  Some are used as  smoke generators.  Unless you are asthmatic, there is little hazard from the smoke. Devices that produce toxic smoke are not allowed. 

4. Fire; The chance of a device starting a fire is very small. Gerbs (their tubes are paper) 
will sometimes smolder, but since they stand alone will not ignite anything else. The biggest danger is for a spark to ignite something.  If the safe zones are used this should not be a problem.

5. Concussion;  If close to devices that create concussion, the shock wave can inflict 
damage (severe if close enough) to person and property.
6. Detonation; Detonation creates concussive shock waves. (Faulty devices may detonate) 

7. Burns;  The greatest hazard for the stagehand is to get burned.  This can only happen if the stagehand is within the danger zone of the device.  It is the responsibility of the pyrotechnical in charge to insure that all crew members know the danger zone of each device.

8. Bodily Injury; With devices approved for stage use there is little danger of bodily 
injury. However, if you are inside the danger zone of some devices you may be injured as well as burnt.
9. Hang fire; The device is activated on cue, but does not begin to burn until a later point 

in time beyond the control of the operator. (This can be very dangerous)


10. Misfire, the device does not ignite and has unburned pyrotechnic material 












Equipment:


1. Safety



a. fire fighting



     1. gloves
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      2. pressurized water fire extinguisher (water stream will put out overhead fires)



     3. Class B C fire extinguisher (electrical, chemical and equipment fires)



b. personnel




      1. gloves



      2. eye protection

      3. hearing protection


2. Show gear

a. firing boards; There are many types of firing devices used in the industry.  They must meet State Fire Marshal standards to be legal. Most operate with battery power.

b. test equipment; Continuity and other test devices must meet BATF and CSFM         standards

c. material holders; Some devices are self contained and can be mounted directly to the set.  Other materials must be placed in a mortar (flash pot) or other type of holder

Stage Shows:

Stage shows tend to be in the theatre for a  run.  They have several rehearsals or are road 
shows that have been running the effects for a significant time.  A safety meeting with the whole crew at the time of the fire department demonstration may be possible.  Every move has been rehearsed and there is small likelihood of a cast or crew member being in 
the wrong place when a device is used. 

Industrial Shows:

Industrial shows tend to be for one or two performances only.  Production often does not schedule time for a safety meeting,  Many departments, i.e. video (not camera), Teleprompter, audio, never get near the pyro devices.  All the departments may be on different schedules. Sometimes the safety meeting is done by department so that all crews can / will be notified.  Usually there is only one  rehearsal with the devices before the show.

Responsibilities:

Pyrotechnican;   It is incumbent on the pyrotechnicans to be diligent in the exercise of their responsibilities.  To meet with the facility operations staff to coordinate monitoring of the life safety systems and its reactions to the pyrotechnics.  To be on the lookout for any changes in the show that may preclude the use of the devices.  To educate the crew members about the dangers of the devices and how they may safely be used in a show.  To do a safety check after every show or use of the devices to insure that everything is ok and that the stage is safe to be left unattended. To respond to fire and other emergencies related to the pyrotechnics.  To request assistance from the crew if required. If no fire watch officer is present, to call the Fire Department if necessary
Stagehand;  It is incumbent on the stage hands to be aware of their surroundings.  To remember where the pyrotechnican has indicated the devices are located.  To ask questions.  

Venue; It is incumbent on the venue to insure that the proper licenses, insurances, 
permits,  and operators required by law are in place before allowing the use of pyrotechnic materials.

Errata:   


Definitions;

maximum no-fire current: The maximum electrical current that can be applied to  the electric match bridge wires for 30 seconds that will not fire the match head.

minimum all-fire current: The minimum electrical current that can be applied for




 ½ second, which will always fire the match head.

