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Executive Summary

     In the past fifty years firefighters have been perplexed by the fact that they have had relatively little success at saving lives and property while conducting interior fire suppression operations and rescue on commercial passenger aircraft. The old axiom of  “If they haven’t gotten themselves out of the plane, they are pretty much goners” seems to hold a lot of credibility. An overwhelming majority of people that become incapacitated when a fire starts somewhere in the aircraft have had little chance for survival because firefighters have been unable to extricate them from the interior of the aircraft in a timely manner and take them to a safe refuge. Some significant changes have occurred that have possibly affected this problem. In the United States, recent Federal Aviation Administration (FAA) mandates have increased the odds for survival by requiring fire suppression systems to be installed in all passenger aircraft baggage compartments. To date it is not known how many lives will be saved by these installed systems. The FAA has also mandated new requirements for Aircraft Rescue Fire Fighting (ARFF) vehicles that are funded by the FAA, to give firefighters a better chance to increase the odds of survival and buy time for potential victims. Preparedness, training, equipment, response and manpower are all key factors in dealing with this type of emergency. Aircraft are not constructed like buildings and cannot offer occupants the same level of fire protection. Research and development of new firefighting tools to aid in fire suppression coupled with better fire prevention engineering in the design of interior construction, will no doubt have an impact on the number of fatalities that occur due to fire onboard commercial passenger aircraft.  Because interior fires on passenger aircraft are intrinsically rare, only time will tell.
1.  INTRODUCTION

     The purpose of this report is to summarize factors that affect the optimum use of resources for an interior fire attack on commercial passenger aircraft. This report will identify some of the fire protection systems, operational procedures, equipment and staffing requirements associated with interior fires while looking at some of the research and development that is in progress.

     1.1  Background 

     Since 1950, nineteen documented incidents onboard commercial passenger aircraft have resulted in fatalities with the fire’s point of origin located in the cabin or one of the baggage compartments. Many of these aircraft did not have the luxury of making a safe landing. Many of those that did have the luxury of making a safe landing or were already on the tarmac when the fire started, still experienced terrible fires that resulted in the loss of the aircraft and several casualties. Even after installation of advanced emergency escape systems, the rapid spread of the fire and confined space caused many of the occupants to succumb to the effects of the fire before they could evacuate safely. (Table 1)

Fatal Interior Aircraft Fires Since 1950 With the Point
Table1           of Origin in the Baggage Compartment or Cabin
	Date
	Location
	Airline
	Fatalities

	1/9/1964
	Zarate, Argentina
	Aero Litoral Argentina
	Unknown

	7/9/1964
	Parrotsville, Tennessee
	United Airlines
	39/39

	7/26/1969
	Biskra, Algeria
	Air Algerie
	37/37

	8/14/1972
	Konigs, East Germany
	Interflug
	156/156

	8/31/1972
	Magnitogorsk, Russia
	Aeroflot
	101/101

	7/11/1973
	Paris, Orly, France
	Varig
	123/134*

	11/3/1973
	Boston, Massachusetts
	Pan American
	3 of 3

	11/26/1979
	Ta'if, Jeddah, Saudi Arabia
	Pakistan Inter Airlines
	156/156

	8/19/1980
	Riyadh, Saudi Arabia
	Saudia Arabian Airlines
	301/301*

	12/24/1982
	Guangzhou, China
	CAAC
	25/69*

	6/2/1983
	Covington, Kentucky
	Air Canada
	23/46*

	7/2/1986
	Syktyvar, Russia
	Aeroflot
	54/94*

	5/9/1987
	Warsaw, Poland
	LOT
	183/183

	11/28/1987
	Mauritius, Indian Ocean
	South African Airways
	159/159

	1/13/1990
	Pervouralsk, Russia
	Aeroflot
	27/71*

	7/12/1995
	Gumey, New Guinea
	Milne Bay Air
	15/15

	5/11/1996
	Everglades, Florida
	Valuejet
	110/110

	9/2/1998
	Peggy's Cove, Nova Scotia
	Swissair
	229/229

	5/7/2002
	Dalian, China
	China Northern Airlines
	112/112

	
	
	Total
	1849/2015

	* Indicates incident where interior attack may
	 
	Fatality Rate
	91.70%

	  have increased the survival rate. (6)
      
	
	
	


     1.2 Discussion

     Many fire protection specialists have wondered for a very long time, why aircraft manufacturers do not install cabin fire protection systems (sprinklers) on today’s modern aircraft fleet. With the planning of even larger aircraft like the Airbus A380 on the drawing boards (or should I say Computer Aided Design-CAD systems), it seems ignorant if not negligent that these systems are not installed for the protection of the traveling public. 

     As the data above in (Fig. 1) clearly indicates, the expectancy of an interior fire that is started in the baggage compartment or cabin is indeed very small.  In 1998, the FAA mandated airlines registered in the United States to install fire protection systems in the baggage holds of passenger aircraft. The airlines were to comply by March 18, 2001. The installed smoke detectors and Halon 1301 systems eliminate/minimize the spread of an interior fire from the baggage compartment. 

     Prudent risk management dictates that any problem that could result in a serious loss of life should be analyzed. Many aircraft manufacturers have studied the data. It is my professional opinion that it is because the chances are so small (supported by data) that a fire will occur in an unprotected area of the aircraft, it does not warrant the expense by aircraft manufacturers and airlines to install automatic cabin fire protection systems. How much is a human life worth? It depends on whom you ask.

     It would cost millions of dollars to research, develop, install, certify and maintain cabin fire protection systems for all commercial passenger aircraft. If the aircraft selected for modification were limited to those that carry in excess of 30 people, there would still be no guarantees that these systems would significantly impact air safety. 

     It would be difficult to engineer an aircraft cabin fire protection system that is flexible enough to remain intact for even some of the most minor low impact aircraft accidents and still be able to remain operational in an intense heat/fire environment. An installed system with halon 1301 is not an option as a fire suppressant because it displaces the oxygen in the cabin and is no longer being manufactured. The amount of money lost from additional fuel consumption for added weight for a water-based system would also be a cost factor in today’s narrow profit margins.

     The risk analysis model/matrix doesn’t even support the installation of 20-minute smoke hoods for all persons to use in this type of emergency. Why is it that the crew has emergency smoke hoods?  In the United States of America, more lives are lost each year in residential fires than in any other type of structure. Yet there is still no requirement in an overwhelming majority of the cities and communities for installed fire protection systems in the home. It’s difficult enough to motivate people to install and maintain smoke detectors. It is for this reason that fire suppression crews have to be ready to cope with interior fires on the most modern commercial passenger aircraft.

2.0  PREPAREDNESS

     Because of the fragility of aircraft construction and the confined space involved, it is imperative that fire crews are ready to respond to get on scene in a timely manner in order to mitigate the toxic effects of an interior aircraft fire. Time is of the essence in aircraft rescue fire fighting! (ARFF).

     2.1  Aircraft Pre-Fire Plans

     Aircraft pre-fire plans play a vital role in giving the Incident Commander (I/C) information he needs to quickly reference for specific aircraft configuration and systems. Although many airlines customize their interior design, a generic design map is helpful in locating critical items that are of importance to firefighters. It could be stated that if the football play were not written down, execution would not be effective on game day.

     2.2   Aircraft Familiarization (Hands On)
     “ Hands on” (manipulative skills) training is essential for ARFF crews to reinforce technical information. Application is an important part of the learning process. There are different techniques firefighters must use to access aircraft safely. For example, newer models of Boeing aircraft have spring loaded over wing exits that could catch an unsuspecting firefighter by surprise. Mc Donnell-Douglas MD-11 aircraft have a totally different door operating system than that of Boeing models.

     2.3 Standard Operational Procedures (Drills)
     Standard Operational Procedures (SOPs) are important to save time conducting an interior attack. SOPs will alleviate confusion and radio traffic on the fireground. Firefighting is a team effort and must be well coordinated. Using an analogy stated earlier, if the play hasn’t been practiced several times, execution would not be effective on game day. Conducting drills are also an important part of the application principle of learning.

     2.4  Compliance with Existing Regulations & Standards
     Regulations and standards have been established by the U.S. Occupational Safety and Health Administration (OSHA), U.S. Federal Aviation Administration (FAA), National Fire Protection Association (NFPA), International Civil Aviation Organization (ICAO), UK Civil Aviation Administration (CAA), Civil Aviation Safety Authority Australia (CASA). Other international standards have been established by the International Civil Aviation Organization (ICAO) to maintain a minimum response, a safe work environment and minimum level of competency for ARFF. These standards are critical to firefighter safety and overall operational effectiveness. If standards are compromised, serious repercussions could be experienced on the fireground complicating fire suppression and rescue operations for the I/C.

     2.5  Flashover Training   

     There is some controversy regarding the usefulness of flashover training for ARFF.

Flashover training is conducted to give firefighters an opportunity to observe conditions in a controlled environment that could seriously jeopardize their safety in a real emergency while reinforcing their confidence in their personal protective equipment (PPE). Firefighters learn to recognize potential flashover conditions in a confined space and learn to use nozzle techniques to control potential flashover conditions in a confined space environment similar to that of an aircraft cabin. It must be noted that fires generally created in flashover containers would probably burn through the aircraft fuselage in a very short period of time. Also, the chances of successfully rescuing persons exposed to this potential flashover/rollover environment in the confined space of an airliner cabin, are very, very, slim.  There is no documentation that firefighters have ever entered a burning commercial passenger airliner and rescued passengers from the interior cabin area. One child was pulled from an over wing exit by a firefighter on the wing of a B737 at the Manchester accident in 1985.  Interior conditions in flashover trainers are quite different from airliner cabins. Firefighters are not challenged with the confined space of a narrow aisle, copious amounts of burning plastics, debris and other hazards that could severely hinder interior rescue operations.

3.  AIRCRAFT CONSTRUCTION

     It has often been stated by more than one person in the fire service that, “Aircraft fires are like structure fires.” This is far from the truth. Yes, there are some things in common like; you have to put water or something on the fire to put it out and, smoke and heat rise to the highest point before spreading out horizontally, but that’s about it.

     An experienced Aircraft Rescue Fire Fighter knows the fragility of even the newest aircraft. These machines were designed to transport people safely from point A to point B. They do this very well. They were not designed to protect passengers from all of the forces and/or conditions they may be subjected to in an aircraft accident and/or fire. 
     3.1  Comparison to Building Codes

     Aircraft are not constructed to the same standards that have been adopted in building codes for structural stability, fire protection and egress.
     3.2  Extensive Use of Plastics 

     The extensive use of plastics in a confined space exacerbates the rescue problem. Burning plastics produce a significantly higher level of toxic gases like carbon monoxide and hydrogen cyanide, when compared to other ordinary class-A combustibles. 

     3.3  Smoke Dampers and Ventilation System
     There are neither smoke damping nor venting systems like that found in today’s modern structures. In fact, the ventilation system really is a somewhat detrimental factor in the event of a rapidly developing cabin fire. The ventilation system used for modern passenger aircraft takes highly compressed air from the engines, routing it through a bleed air system to the air packs. These air packs are very efficient heat exchangers/air conditioners. They take the hot bleed air that is compressed by the engines and cool it before it is pumped into the overhead ducts in the aircraft interior. The air is then drawn from the cabin through vents located along the base of the interior fuselage. Some of this air (about 50%) is re-circulated and some is discharged through the outflow valve located below the floor level. Drawing air from above and directing it to the floor can assist the distribution of smoke and toxic gases to victims trying to stay below the stratified environment developing in an interior fire condition. If manufacturers were really concerned with an abnormal smoke condition, they would put some sort of vent on the top of the aircraft that could open under 15,000 feet when it is safe to depressurize the interior. (Fig.1) The positive pressure of the interior would force some of the smoke from the aircraft that has risen to the highest levels while decreasing the carbon monoxide levels. This could provide more time for the occupants to breathe until the aircraft is safely on the ground where passengers could evacuate. It would take advantage of the physical properties of heated air while using the effects of positive pressure ventilation.

     Many times “smoke in the cabin” emergencies are contributed to overheated liquid lubricated air pack bearings or smoke from a burning engine lubricant getting into the bleed air of the ventilation system. A sharp pilot in command easily averts this condition

by isolating the air pack or engine from the rest of the ventilation system. The checklists used by the crew for smoke in the cabin are used to troubleshoot this problem. The air in the cabin will generally be exchanged in about 3 minutes for most aircraft once isolation procedures have been performed.

FIG. 1   INTERIOR AIRLINER VENTILATION AIR CIRCULATION
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     3.4  Many Concealed Spaces

     The numerous concealed spaces that allow fire and fire gases to spread are a problem for interior operations. The space above the ceiling provides an easy path for horizontal extension of the entire length of the passenger cabin area. Although insulation could slow the spread of fire behind the interior fuselage covering, it can easily travel unchecked.

     3.5  Narrow Aisles 

      There are no structural building codes for an assembly area (50 people or more) that would allow for any of the construction that is found in today’s modern commercial passenger aircraft. The narrow aisles (17-20 inches) on passenger planes are totally inadequate for anything other than routine use. Even then they seem to be pretty narrow. Have you seen 2 people trying to use the stairway on a B747 going in opposite directions?

     3.6  Small Overwing Exits

     The doorways on aircraft do not meet the requirements for egress that are mandated in established building codes for assembly occupancies. The FAA certifies egress standards. Aircraft manufacturers must demonstrate egress by employing/rewarding individuals to sit in the aircraft that is being certified, and then egressing the aircraft using only half of the available exits in 90 seconds. In the real world, if you throw in zero visibility smoke conditions, panic, children and the handicapped; you have quite a different situation.

     3.7  Aluminum Alloy Skin

     The fragility of the aluminum alloy skin offers little resistance to any significant source of heat, particularly when direct flame impingement is involved. There are no 1-hour fire rated components. Direct flame impingement will burn through this materiel in about 90 seconds or less. The aluminum alloy skin will melt at approximately 1200 degrees Fahrenheit. Cotton jacketed hose lines are easily cut by sharp edges.

     3.8  Carbon Fiber Composites
     There is an extensive use of carbon fiber composites in today’s modern aircraft that pose a significant health risk to passengers and firefighters. Passengers do not have the luxury of breathing apparatus or personal protective equipment (PPE) to protect them from these hazardous fibers in the atmosphere that they may be exposed to from an aircraft fire and/or accident.

     3.9  Oxygen Storage and Distribution

     Oxygen systems and oxygen bottles stored in many concealed spaces also add to the intensity of a cabin fire. Oxygen generators used on aircraft use a chemical process for oxygen production. One of the by-products of this process is heat. This was demonstrated in Chicago onboard a DC-10 in 1986 and onboard a ValueJet DC-9 aircraft inflight in 1995.

     3.10  Fuel Storage 

     There is also a large quantity of fuel stored onboard an aircraft. An airplane is literally a very large flying fuel tank as well as a vehicle designed to carry people. Fire codes and standards used for fuel storage facilities do not apply to aircraft as well.

These are but a few of the reasons that aircraft fires are not at all like structure fires.

4.  FIRE PROTECTION SYSTEMS

     There are some fire protection systems installed on commercial passenger aircraft to suppress the most common types of fires that may develop. There are portable fire extinguishes located throughout the cabin for trained crewmembers to use. These extinguishers are rated for A, B and C class fires.

     There is a fire axe located in the cockpit. It may be used to access concealed spaces in the cabin. In light of today’s newer standards for cockpit security, it may not be as accessible as it used to be. Then again, maybe it is. There are alarm systems installed for the engines, APU, lavatories and baggage compartments. These fire/smoke detection systems alert the crew to a fire/smoke condition.

     There are Halon fire protection systems for the lavatory trash receptacles, engines, APU and more recently, the baggage compartments. After the ValueJet accident in 1995 in which 110 people were killed, the FAA decided that enough is enough and directed aircraft manufacturers to issue service bulletins for the installation of these fire protection systems (Fig.2). The FAA also made it a serious offense to transport oxygen generators in the baggage holds of passenger aircraft as well. 

     New FAA regulations have emerged, in light of the latest incidents involving Swissair and China Northern Airlines. A new Airworthiness Directive has been issued to replace older Mylar insulation. 341 people lost their lives on these two flights. Deteriorated wire insulation was suspect as a contributing factor on the Swissair flight. These aircraft were not registered in the United States. This could be an important factor because the FAA only has the authority to regulate aircraft manufacturers and airlines to make changes on U.S registered aircraft when there is a problem that leads to an aircraft accident.
5.  MAKING ENTRY (INGRESS)

     5.1   Size-Up

     Before making entry into the aircraft, the Incident Commander must quickly and accurately size–up (evaluate) the situation in order to deploy the available resources on scene. The I/C needs to determine what is burning and where. More questions that need to be answered quickly are:

· How long has the fire been burning? 

· How many persons are still on the aircraft? 

· What are the wind factors and terrain? 

· Are there hazardous materials involved?

     The Incident Command System (ICS) should be quickly implemented to direct on scene resources. It should be noted that if adequate rescue/fire suppression resources were not on scene immediately, the delayed resources would probably have little impact on the outcome for passenger/crew survival.

     If available, a second fire officer should be designated immediately as the Operations Chief.  It would be prudent to designate a third fire officer as an Incident Safety Officer. This would enable the Incident Commander to concentrate on the developing incident from a strategic perspective while the Operations Section Chief directs fire suppression forces in a tactical manner. Triage, treatment and transport for victims will need to be established immediately as well by the Medical Group Supervisor.

     5.2  Depressurization

     Once the engines are shut down ARFF responders must determine that the aircraft has been depressurized before attempting to make entry. Most modern aircraft automatically depressurize themselves when landing. The I/C or Operations Chief should check to verify that the cabin outflow valve is open. If not, forcible entry tools can be utilized to manually force open this valve.

     5.3  Access to Aircraft Doors 

     For a long time, one of the problems facing ARFF crews has been aircraft interior access. This problem is lessened when the aircraft is not on its main landing gear. However, when the plane is on its landing gear firefighters must use ladders or some other method to gain entry. Some airport fire departments are now using stair vehicles to provide a platform for firefighters work on. This is much safer than attempting to open an aircraft door utilizing a ground ladder. Particularly when an over wing exit is not available.

     Firefighters must insure that the emergency slide systems have been disabled before opening the doors to aircraft. Most of today’s modern aircraft automatically disable the slide system when the aircraft is opened from the outside. Firefighters must be familiar with each aircraft because on some models not all of the doors are automatically disabled.

     5.4  Evacuate Aircraft

     It is important to note that all of the doors to the aircraft must be opened as soon as possible. According to the latest NTSB (National Transportation Safety Board) study, there is a 37% chance that at least one of the slides will not deploy properly. Doors not only provide ventilation but also insure all egress exits are available for the aircraft’s occupants. It does not fare well when firefighters make entry to extinguish an interior fire only to find that there are fatalities near an exit that should have been opened earlier. Passengers may be overcome with smoke conditions that interfere with their ability to open the doors themselves. Putting the fire out is important, but egress should take precedence.

6.  FIRE ATTACK

     There are many different tactics for interior fire attack. Many of these tactics are dependant on available staffing of ARFF equipment. In the past, many departments did not feel that it was an airport fire department’s responsibility to go into the interior of a burning plane. ARFF staffing was minimized and the “surround and drown” tactic was commonly used. Some airport fire department’s only goal was simply to provide escape routes for fleeing passengers.

      This tactic for rescue and fire suppression is not used for burning buildings and it should not be an acceptable tactic employed on an aircraft. Every airport should give their fire department the equipment, tools and manpower to save a human life from this type of emergency. Some of the following methods are now being used to mitigate an interior fire. 

     6.1  Handlines (Branch Lines)

     The selection of handline diameter is somewhat controversial. Some departments have established standard operating procedures that call for a pre-connected 1 ½” 

(38 mm) or 1 ¾” (44 mm) cotton jacketed attack line flowing a minimum of 95 gallons per minute-gpm (359 lpm). Some departments use a pre-connected 1 ¼” (32 mm) hard rubber reel line that is capable of 125 gpm (473 lpm). A reasonable expression could be used to determine the appropriate handline, “Small fire small hose, big fire big hose.” This is okay as long as firefighters are not put into a position with an under performing attack line. It would be best to use a larger diameter handline if there is any doubt. A variable stream nozzle is a requirement for interior operations. 

     Fire attack with handlines should begin as soon as possible, usually immediately following egress. This is an aggressive/offensive tactic to minimize loss of life and property. Handlines are traditionally the firefighters’ best tool of taking the “wet stuff” to the “red stuff” on an interior fire. Handlines enable firefighters to take a water supply directly to the seat of the fire. Generally, a handline attack works best when placing the nozzle between the victims and the fire. 

     However, there are some problems associated with a handline attack. First, there must be sufficient staffing levels on responding fire equipment. Firefighters should never operate on the fireground with less than a two-person team.  A two-person back-up handline from a secondary water supply should be placed into service as soon as possible to protect the team inside in the event of a primary attack line failure.  In the United States, the Occupational Safety and Health Administration (OSHA) has made it mandatory that this safety procedure referred to as a “ two-in, two-out rule” is implemented on all interior structural fires (REF: OSHA 1910.134(g)(4)). If it is known that there are occupants inside, firefighters may enter without a 2-person back-up team outside. If it is not known that there are occupants inside, a 2-person team must be ready to make entry to assist interior firefighters for emergency assistance before interior attack may begin. Secondly, because of the narrow aisles, firefighters may find it extremely difficult to advance a handline to the seat of a fire inside. Victims that have been overcome by smoke and other debris may obstruct the fire attack team from reaching the fire.

     Firefighters entering a cabin fire must rely on flashover training and/or prior experience and good dose of common sense to remain aware of the developing conditions inside the aircraft. In the past, most attempts at interior attack on passenger aircraft have resulted in firefighters failing to make entry due to the excessive heat of advanced fire conditions. If entry and hose line advancement is successful, constant checks for overhead fire extension are imperative. Smoke conditions will most likely produce zero visibility conditions.   These conditions are extremely dangerous for firefighters. U.S. Occupational Safety and Health Administration (OSHA) regulations mandate that firefighters must remain in sight of one another or in direct voice contact. A report on interior conditions should be updated frequently from the fire attack team to the Operations Section Chief. 

     The inability to see rapidly developing fire conditions coupled with improved protective clothing may leave firefighters in a very vulnerable position if the upper area in the aircraft interior is not immediately cooled. Keep in mind that too much water may cause excessive steam development while upsetting thermal dynamics. The use of a short pike pole or forcible entry tool to pull/knock down the overhead ceiling to check for overhead fire extension would be a wise maneuver prior to entry and while advancing the hose line. Firefighters will most likely have to stay very low to the floor due to heat stratification unless the fire is in its earliest stage of development or positive pressure ventilation (PPV) procedures have been implemented. Due to the confined space and extensive use of plastics, temperature changes in the cabin can change drastically in very short periods of time. Not enough emphasis can be placed on the importance for firefighters to be wary of the dynamic environment that surrounds them. Conditions can change for the worse very rapidly.

     6.2  Piercing Nozzles
     Piercing nozzles have been in the ARFF service for a very long time. Like handlines they require additional personnel to be deployed. Piercing nozzle technology has advanced significantly in the last ten years. Piercing nozzles mounted on booms are now available and can be utilized by a single ARFF vehicle operator to put water into the aircraft interior. This has delighted many airport fire departments that are not able to respond with sufficient personnel for interior handline operations. However, there are several limitations to the use of this boom mounted device:

1) It cannot be used on the section of fuselage that is obstructed by the wing. (30-50%)

2) It must be used practically perpendicular to the aircraft fuselage.

3) It eliminates the usefulness of the vehicle’s main turrets because of proximity to the aircraft.

4) It works best when piercing the fuselage about 18”-24” inches above the windows. They are not useful if penetration is into the overhead carry-on compartment.

5) If aviation fuel is under the ARFF vehicle, foam blanket integrity must be maintained. 

6) ARFF vehicles may be committed to a fixed position adjacent to an aircraft wing filled with fuel while it is use. (You wouldn’t park a structural fire engine next to a burning building adjacent to an above ground fuel tank, would you?) 

7) It will raise the center of gravity of the ARFF vehicle increasing the potential for rollover.

8) It has not demonstrated its performance on upper deck of the A380 fuselage.

9) It may have access difficulty because of the many emergency slide deployments on the doors of the A380.

10) It will not remove incapacitated victims from the interior.

     6.3  Extended Turret
     An extended boom mounted turret could be very useful for interior fire attack when insufficient personnel are available for interior operations. The turret is simply extended into an open doorway. The nozzle is then rotated towards the fire and the full discharge capacity of the turret is optimized for fire control/extinguishment. A downside to this tactic is that someone inside may be affected by the large amount of water that is applied. Water must be discharged judiciously.

     6.4  Ventilation

     Ventilation of the aircraft interior should be a priority. It is as important as extinguishment. NFPA studies have shown that when carbon monoxide levels have reached 12,800 parts per million in the atmosphere, “Immediate physiological effects, unconsciousness and danger of death occurs after 1-3 minutes.” Hydrogen cyanide levels will also be extremely high if burning plastics are involved. 

     Ventilation of the aircraft interior will begin naturally when all exits have been opened. The use of fans for positive pressure ventilation (PPV) should begin simultaneously with fire attack. The use of PPV will offer a better chance of survival for the passengers who have not exited the aircraft as well as providing better conditions for advancing ARFF handline crews.

     6.5  Primary Search

     If two additional firefighters are available to be assigned to the fire attack handline, they may begin a primary search for victims. In wide body aircraft this would require two handlines advancing down both aisles. This 4-man attack team on each handline will only be able to advance as far as the first victim. It will be extremely difficult for the fire attack team to work in the narrow confinement of the 20” inch aisle space. This is a major problem. Some view this problem as insurmountable prohibiting fire attack with handlines. Interior fire attack may be unable to reach the seat of the fire if delayed by victims. Should firefighters advance over victims in the narrow aisle if necessary? Firefighters may not be able to determine if a victim is deceased or unconscious. Because of the large number of rows of seats, firefighters may not be able to advance very far before their air supply is depleted and causes them to evacuate.  

     The confined space, inadequate manpower, rapid growth of fire and smoke conditions and interior configuration of an aircraft interior on a commercial passenger aircraft are primary factors why airport fire departments’ rescue operations have had such dismal results for successfully extricating debilitated passengers.

     6.6  Fire Effects on the Aircraft Fuselage
     Keeping in mind that an aircraft is much more fragile than a building, fire effects on the aircraft fuselage are a primary consideration for the I/C or Operations Section Chief. If fire crews are committed to the interior, a constant watch for structural failure of the fuselage is essential. For this reason an Incident Safety Officer should be designated immediately if interior handline operations are to commence. 

      Many aircraft that have vented themselves from fire burning through the upper rear half of the fuselage have resulted in structural failure of the fuselage behind the main wing spar. Particularly if the aircraft has engines mounted on the rear of the fuselage. The back part of the fuselage may drop if the plane is still on its landing gear. Firefighters operating in/near this section should be vigilant of this condition.

7.  RESEARCH & DEVELOPMENT  

     Current research and development in many areas will play a pivotal role in reducing the number of casualties that are sustained from the effects of an interior fire on a commercial passenger aircraft.
     7.1 Fire Resistant Materials Program

     According to the FAA Technical Center Fire Safety Section,

“The Fire Resistant Materials Program is a long-range research effort within the Department of Transportation¹s Federal Aviation Administration to develop fire safe materials for use on future commercial aircraft. The FAA Fire Resistant

Materials Program goal is to eliminate burning cabin materials as a cause of death in aircraft accidents over the next ten to fifteen years.”
     This is a very promising program that can have the most significant effect on future development for fire prevention. “An ounce of prevention is worth a pound of cure!” is an appropriate expression when it comes to aircraft cabin interior fire safety. 

     7.2  Interior Water-Misting Systems

     There is current research and development on interior water-misting systems to replace the installed Halon 1301 fire suppression systems in the baggage compartments of today’s airliners due to Halon’s negative effects on the earth’s ozone layer. It is not yet known if there will ever be an acceptable design for an aircraft cabin water-misting system.

     7.3  Personal Protective Equipment (PPE)

     There is ongoing research and development on ARFF personal protective equipment (PPE). PPE manufacturers are constantly finding new ways to enhance ARFF protective equipment and clothing. Breathing Apparatus are changing dramatically. Cost being of primary concern, we do have the technology today to shroud firefighters in a protective environment similar to that of a NASA (National Aeronautics and Space Administration) spacesuit.

     7.4  Communications
     Communications play a vital role in fireground operations. New methods and radio equipment are constantly being developed that give firefighters hands free radio communications. With new global positioning system (GPS) technology, firefighters in an emergency “MAYDAY” situation theoretically could be located quickly utilizing the same kind of a wide area augmentation system (WAAS) technology that is similarly utilized in aircraft navigation systems.  

     7.5  ARFF Vehicle Design
     Today’s ARFF vehicles have made many improvements when compared to the vehicles used 30 years ago. Like automobiles, ARFF vehicle manufacturers are constantly developing new ideas into building a better mousetrap. Manufacturers are engineering enhanced safety by lowering the center of gravity on ARFF vehicles to minimize the risk of rollover while responding. New suspension systems, turret systems, propulsion and fire fighting systems are also being improved upon. The continuing research and development of driver enhanced vision systems (DEVS), Global positioning systems (GPS) and other enhancements to the current design and engineering of ARFF vehicles promises to help ARFF responders do their job safer, quicker and more efficiently. New technologies are being researched to aid in supplementing fire suppression. Aircraft access (i.e. stair vehicles and lift trucks) and aircraft positive pressure ventilation (PPV) systems promise to enhance the chances of survivability for passengers.

     7.6 Aircraft Interior Access Vehicles

     Rapid access to the interior of the cabin of commercial passenger aircraft is critical to successful rescue of incapacitated passengers and crew who are unable to self evacuate the aircraft. Stair trucks and other platforms for ARFF personnel are a valuable resource to enable timely rescue and interior fire suppression.

8.  CONCLUSION

     Most interior fires on today’s commercial passenger aircraft that result in fatalities rapidly develop toxic environmental conditions that force timely decisions and actions by ARFF responders. If resources (i.e. manpower and equipment) are not on scene immediately, they will have little effect on the survivability factor for passengers that have been incapacitated due to smoke and/or fire. Training is essential to minimize the time lags to implement interior operations. By utilizing the information presented, ARFF crews will enhance their ability to safely conduct interior fire suppression and rescue when this rare aircraft emergency should occur. Like aircraft accidents, fatal aircraft fires are the result of a chain of events that lead to the occurance. Human loss of life from aircraft interior fires can be prevented by breaking the chain of events that lead to this type of emergency.  Aircraft manufacturers’ goal is to reduce the frequency of this type of occurance to zero by breaking the chain of events. The resources allocated by airport management for ARFF training, rescue and fire suppression will have a direct effect on the airport’s ability to respond and save lives when this rarity occurs. 
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