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EXECUTIVE SUMMARY

Halon 1211 has been identified as a stratospheric 0zone depleter. In 1988 the environmental
community started tracking the large-scale ozone depletion connected with the use of
chlorofluorocarbon chemicals including Halon 1211. In 1992 as specified by the agreement of the
Montreal Protocols Clean Air Act, the United States Environmental Protection Agency developed
a program to phase out the use of these chemicals in the United States. Its production was
banned in January 1, 1994.

For many years Halon 1211 was used effectively in fire fighting as the first line of defense for
aircraft maintenance and flight line operational personnel. It was used to combat small engine and
nacelle fires as well as running fuel fires by the airport rescue and fire-fighting services.
Concerned with the future exhaustion of limited supplies of the Halon 1211 agent, the Federal
Aviation Administration (FAA) working with the United States Air Force (USAF) developed a
research and development program to test candidate alternative agents.

This report describes the evaluation of two candidate agents tested by the FAA as alternatives to
Halon 1211. These agents were Halotron I and perfluorohexane. The objective was to evaluate
these extinguishing agents in terms of extinguishment time and quentity of agent required to
extinguish unique flight line type test fires. Specifically these agents were investigated relative to
their performance in extinguishment of smail-pool ground fires, three-dimensional flowing engine
fuel fires, inclined-plane running fuel fires, and a simulated wheel well/tire fire involving hydraulic
fluid.

The test results showed that Halotron I required an average of 1 1/2 pounds of agent to perform
the same extinguishment as 1 pound of Halon 1211. These results were well within acceptable
limits of agents for airport use. Halotron I was approved for use at FAA certificated airports as a
complementary extinguishing agent. Perfluorohexane could not extinguish the most severe test
fire, the engine nacelle three-dimensional running fuel fire. These test results were also used to
reestablish the test protocols by which any future candidate agent could be evaluated for adequacy
in meeting FAA standards for a clean extinguishing agent at FAA funded airports.
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1. INTRODUCTION.

Halon 1211 is a very effective “clean” fire-extinguishing agent. This product was approved as an
extinguishing agent for flight line equipment and crash fire vehicles by the FAA Administrator in
1972. The National Fire Protection Association (NFPA) defines a “clean agent” as an electrically
nonconductive, volatile or gaseous fire-fighting agent that does not leave residue upon
evaporation. For many years Halon 1211 has been relied upon as the first line of defense for
aircraft maintenance and flight line personnel for fighting small engine and nacelle fires. It is also
highly regarded for its ability to extinguish a three-dimensional running fuel fire by airport
firefighters.

Halon 1211 has been identified as a stratospheric ozone depleter. Its production was banned in
January 1, 1994, as specified by the November 1992 Copenhagen Amendments to the Montreal
Protocol. The FAA negotiated with the U.S. Environmental Protection Agency’s (EPA)
Significant New Aiternatives Policy (SNAP) program administrator for the continued use of
Halon 1211 until a suitable substitute could be found. The following restrictions were agreed
upon for civil fire-fighting use of Halon 1211:

. Only critical firefighter training would be accomplished with Halon 1211.

. All trucks will be reserviced with recycled Halon 1211 if existing contents are depleted.

. Trucks left in service with Halon 1211 would be fitted with leak-proof safety vaive
devices.

. A research and development program would be undertaken to look at the performance of

replacement candidate agents.

Perfluorohexane (Per.C®) and Halotron I are two clean streaming extinguishing agents which are
candidate replacements for Halon 1211. Only Halotron I was approved by the EPA as a
streaming agent candidate for civil flight line and fire vehicle use under the SNAP program.
Perfluorohexane was initially approved as a military application flight line clean candidate agent,
but its long lifetime atmospheric life cycle proved to be its downfall. Perfluorohexane displayed
similar fire performance to the Halotron I product but was not optimized to the delivery systems.
Early EPA restrictions on its use for commercial airport fire fighting use limited its evaluation in
this program. The FAA research program evaluated both of these agents as possible candidates
for fire-fighting use. Specific properties of these products are contained in table 1. Table 2 shows
a comparison of Halotron [ and Halon 1211 loaded in a standard Amerex flight line extinguisher.
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TABLE 2. COMPARISON OF HALON 1211 AND HALOTRON I OPERATING
PARAMETERS IN THE AMEREX MODEL 600

Parameter | Halon 1211 (BCF) Halotron| = .
Charge amount 150 Ib 130-133 Ib

Operating pressure 200 psig 240 psig

Discharge time 43 seconds 37 seconds

Nozzle orifice diameter 0.375in (9.5 mm) 0.551 in (14 mm)
Stem seal and collar O-ring Buna N Chloroprene or EPDM
elastomer based

ULI rating : 30:A-240:B:C Unknown at this time

1.1 BACKGROUND.

The Clean Air Act Amendments of 1990 required that the United States Environmental Protection
Agency (EPA) establish 2 program to implement requirements agreed to by the U.S. in the
Montreal Protocol on Substances that Deplete Ozone. As a result, the EPA established the
Significant New Alternatives Policy (SNAP) program to evaluate proposed substitutes for ozone
depleting Halons and chlorofluorocarbons. The initial application deadline for this program was
April 1992. Information on Halotron I was submitted to the EPA for their review. This program
severely restricts the use of substances with an Ozone Depletion Potential (ODP) above 0.2
(CFC-11=1.0).

In the final SNAP rule published in February 1994, EPA lists Halotron I (referred to in the rule as
“HCFC Blend B”) as an acceptable substitute for the streaming agent in industrial/commercial and
military applications, including flight line use.

As a result of the 1992 Copenhagen amendments to the Montreal Protocol, hydrochloro-
fluorocarbons (HCFCs), class II substances (Halotron I) are subject to consumption reductions.
These reductions begin in 1996 based on an established formula, with further incremental
reductions in the years 2000, 2004, 2015, and with a total phase out in the year 2030. Further,
the Copenhagen Amendments require a production ban of Halon 1211 by January 1, 1994.

1.2 OBJECTIVE.

The objective of this Federal Aviation Administration (FAA) and U.S, Air Force (USAF)
sponsored test program was to evaluate the flight line fire-fighting effectiveness of Halotron I and
perfluorohexane, each being halon replacement candidates for Halon 1211 (bromochloro-
difluoromethane). These agents were both tested in small flight line applications as well as major
fire rescue test scenarios. The United States Air Force was looking for a drop-in replacement
agent in this program. The FAA goal was to quantify the effectiveness of the candidate agents so
that they might be used instead of Halon 1211 if a fire service chose to replace or abandon the use
of Halon 1211. The cost of Halon 1211 has risen drastically since it was taken out of production.
Local suppliers have recently provided price estimates of over twenty-five dollars a pound
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(November 1994) for Halon 1211. Halon 1211 could be purchased for less than five dollars a
pound (November 1993) prior to its projected production elimination. Recognizing this, the FAA
was actively seeking a replacement agent.

The test protocols were based on past full-scale fire test evaluations conducted by the FAA
(AGFSRS 71-1,1972, and DOT/FAA-82/109, 1982) to determine the acceptability of using Halon
1211 as a clean fire-extinguishing agent at commercial airports. Specifically, a comparison was
made of the performance of perfluorohexane (3-M Corporation) and Halotron I (American Pacific
Corporation) relative to Halon 1211 for the extinguishment of small pool fires, three-dimensional
flowing engine fuel fires, and inclined-plane running fuel fires.

The tests were conducted by the Wright Laboratory Air Force Base Fire Protection and Crash
Rescue Systems Section, Tyndall AFB, Florida.  Additional optimization testing was
accomplished under a cooperative research agreement between the FAA Technical Center and the
American Pacific Corporation. :

Replacement of the brominated Halon type fire-extinguishing agents used by the U.S. military
became desirable because of the Montreal Protocol on Substances that Destroy Ozone, which was
signed by the United States in 1987, This international protocol mandates the phaseout of, among
other ozone depleting substances, the Halons, a fully halogenated chlorofluorocarbons (CFC)
based group of chemicals that have been found to be extremely effective in fighting commonly
encountered fires while acting as clean fire-extinguishing agents that leave no residue after
application.

The FAA has been involved in other programs that have evaluated potential replacements for
halons. One such program was sponsored by the U.S. Navy and conducted at the Marine Corps
Air Station at Beaufort, South Carolina, in October 1992, This program was designed to evaluate
Halotron I and perfluorohexane as proposed Halon 1211 flight line replacement agents in a series
of full-scale tests that simulated fires commonly encountered by military flight line personnel.

All types of tests conducted in this program' were also conducted with Halon 1211 in order to
establish a baseline for comparison.

Sources for the information presented in this report include official data recorded by Applied

Research Associates (ARA) personnel on site. Additional sources included field notes taken by
employees of American Pacific Corporation and by their review of the test videotape.

1.3 SCOPE.

This test program quantifies the fire extinguishment performance of perfluorchexane and Halotron
I In addition 1t reestablished the test articles and test protocols by which any future candidate
agent would be evaluated. The foilowing tests were conducted: dry-pool fire extinguishment;
three-dimensional, inclined-plane running fuel fire; simulated engine nacelle running fuel fire,
simulated wheel well fires involving hydraulic fluid; and an agent throw-range test. All tests




except the wheel brake fire used JP-4 as the fuel, Figure 1 contains photographs of various test
articles used in the course of this eighteen-month research effort.

Initially, all three agents were dispensed using a standard Amerex Model 600 extinguisher.
However, it became apparent early in the testing that the standard Amerex extinguisher was not
the optimum system for dispensing Halotron I, Despite following precise extinguisher loading
procedures, a smooth continuous flow of agent could not be achieved throughout the entire

- duration of discharge. It was concluded that the pulsating flow or “chugging” was due mainly to

a drop in extinguisher pressure during discharge.

Based on the hypothesis that Halotron I performance would be improved if a constant agent
discharge rate could be achieved, American Pacific Corporation (AMPAC) developed a
modification to the 150-pound capacity standard Amerex Model 600 extinguisher. The
modification basically consisted of the addition of a booster cylinder filled with Halotron I
expander gas. The purpose of the expander gas was to maintain a constant extinguisher operating
pressure. At the request of the FAA, additional Halotron I testing (using modified extinguishers)
was conducted, see table 2.

Through a contract with the Amerex Corporation, AMPAC further optimized their modified
extinguisher design. In addition a Fire Combat™ standard small-vehicle truck 500-pound Halon
1211 system was also optimized for use with the Halotron I agent.

2. TEST PROTOCQLS.

The various tests which were conducted represented test scenarios that would test the agents at
their upper threshold application limit. This was required to determine a reasonable equivalency
rating for the new agents. It was difficult to judge performance levels of the replacement agents
with early test data which was based on small, easily extinguished four-foot-square pan fires and
small ten-foot-diameter pool fires. Neither of these fire types presented any difficulty for the
candidate agents.

2.1 TEST REPRODUCTIONS,

It has been over twenty years since Halon 1211 was evaluated under full-scale aircraft ground fire
conditions. The FAA Technical Center's Airports Technology R&D Branch has taken the
position that any test protocols developed for evaluation of replacement clean extinguishing agent
candidates should duplicate as much as possible the original test scenarios for quantifying Halon
1211 as a flight line standby bottle and fire vehicle auxiliary extinguishing agent. Descriptions of
these earlier tests can be found in Evaluation of Aircraft Ground Fire-Fighting Agents and

Techniques, FAA-RD-71-57, AGFSRS 71-1, 1972.




B INCLINED-PLANE FIRE-FIGHTING APPROACH

FIGURE 1. PHOTOGRAPHS OF TEST ARTICLES (1 OF 2)
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FIGURE 1. PHOTOGRAPHS OF TEST ARTICLES (2 OF 2)




2.2 TEST DESCRIPTION.

Of the five unique fire-extinguishing tests utilized in this evaluation, four were to extinguish the
fires as rapidly as possible. The four were (1) three-dimensional, inclined-plane running fuel fire,
(2) simulated engine nacelle running fuel fire; (3) dry-pool fire extinguishment, and (4) simulated
wheel well fire. The fifth test was an agent throw-range test to measure the effective throw length
of the agent. The fuel for all test events was JP-4 except for the simulated wheel well fire which
used the most flammable hydraulic fluid found in aircraft brake systems.

The Halotron I agent was provided for the test program at no cost to the FAA or USAF. More
than 12,000 Ib of agent was discharged either in fire tests or in discharge testing.

2.3 DRY-POOL FIRE EXTINGUISHMENT TESTS,

Pool fire extinguishment tests (streaming agent or pan fire tests) are usually conducted by floating
the fuel on a pool of water. These tests are not representative of most small fuel spill fires
encountered in a flight line operation. A common scenario is the spillage of fuel on a dry, level
concrete surface. To simulate this event, JP-4 fuel was poured onto a flat level 30- by 30-foot
concrete surface and ignited (dry-pool fire test). The project manager felt that this test would be
harder but was indicative of the type of fire encountered in a flight line fuel spill response and
modified the test protocol accordingly.

Fuel spill areas were varied between 250 and 800 square feet. It was found that the most
expedient method for conducting the tests was to mark corners on the concrete and pour fuel on
the concrete until it covered the desired area at which time ignition was made. The approximate
quantity of fuel required to cover a given area of concrete surface is shown in table 5. This
method was used rather than securing concrete curbs within the 30- by 30-foot concrete pad and
changing positions of those curbs as the fire area was changed. The total preburn time for this
test was not less than 20 seconds.

As soon as the entire spill area was involved in fire, the fire was extinguished by an experienced
firefighter using the 150-pound Amerex extinguisher. The objective of the dry-pool fire test was
to extinguish the fire as quickly as possible.

2.4 THREE-DIMENSIONAL, INCLINED-PLANE TESTS.

A fire scenario common to many aircraft accidents involves the flow of fuel from ruptured fuel
tanks over sloping terrain. The tests apparatus constructed to simulate this condition was a 20-
foot-long, 5-foot-wide steel ramp with a catch basin at the base which measured 4 by 8 feet. The
ramp had a 8.3-degree pitch or slope of 1 inch per foot. To more accurately represent actual fieid
conditions, the steel ramp was overlaid with 1.5 inches of concrete (to be consistent with tests
described in DOT/FAA/CT-82/109). JP-4 was discharged at the rate of 3 gpm (gallons per
minute) through five holes in the horizontal pipe positioned across the top of the incline (fuel
feed). After 1/4 inch (5 gallons) of fuel accumulated in the catch pan, the fire was ignited.
Following a 30-second preburn, the fire was extinguished using the 150-pound Amerex




