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EXECUTIVE SUMMARY

The effectiveness of Halon 1211 and Halon 1301 hand fire extinguishers in

ext inguishing fires under the instrument panel in a small aircraft was evaluated.
The extinguishers were of 2.5-pound and 3-pound capacity, respectively. The fires
involved electrical wire insulation and hydraulic fluid. The fires could not be

maintained without a small quantity of hydraulic fluid applied as a coating on
the wiring harness.

The fire ext inguishers were discharged using two methods; (1) by directing the
agent upward under the instrument panel, and (2) by directing the agent behind the
instrument panel through Fireports mounted on the instrument panel. The Fireports
were installed through the instrument panel to provide direct access of the fire
ext inguisher agents to the space behind the panel.

The fires were extinguished rapidly by both types of agents when the discharge
was directed at the fire. The methods of discharge, either through Fireports or
directed upward under the instrument panel, were equally effective.

A special test was performed to examine extinguisher effectiveness with the fire
located under the instrument panel, copilot's side, but with extinguisher applica-
tion through a Fireport located on the pilot's side. Although the fire was momen-
tarily suppressed, reignition occurred and the fire became out of control. The

fire had to be extinguished by application of backup extinguishing agent from
outside the aircraft,

During several tests, measurements were also taken to examine the levels of toxic
Halon decomposition gases; hydrogen chloride, hydrogen fluoride, and hydrogen
bromide. The decomposition levels were consistently low, and significantly below
the levels considered dangerous.



INTRODUCTION

PURPOSE .

The objective was to evaluate the effectiveness of Halon hand extinguishers on fires
involving electrical wire insulation and hydraulic fluid beneath the instrument
panel in a small airplane.

BACKGROUND .

Previous efforts involving testing of Halon fire extinguishers in general aviation
were completed in a Cessna Model 210 aircraft (references 1 and 2). The Cessna
aircraft was installed in an airflow facility and tested at an airspeed near cruise
conditions. These tests produced realistic aircraft cabin ventilation rates in
order to examine dissipation of the fire extinguisher agents. The tests were
without fires, and the toxicity of the neat Halon gases was addressed. It was
determined that ventilation and stratification of the Halon gases produced safe

conditions in the cabin of unpressurized single engine aircraft such as the Cessna
Model 210.

The Cessna aircraft tests included discharging the extinguisher up under the
instrument panel on either the pilot's side or the copilot's side and measuring the
agent concentration on both sides, simultaneously. The measured concentration on
the discharge side of the instrument panel was typically 10 percent by volume, and
opposite the discharge side the concentration varied from 3.8 to over 4 percent.
The question to be answered by fire testing was whether there was sufficient agent
to extinguish a fire located opposite the side of agent discharge.

The foilowing Halon extinguishing agents were evaluated:
1. Halon 1211, bromochlorodifluoromethane (CBrClFj)

2. Halon 1301, bromotrifluoromethane (CBrFj3)

Halon is an abbreviation for halogenated hydrocarbon, which is a hydrocarbon with
hydrogen atoms replaced with atoms from the halogen series: fluorine, chlorine,
bromine, and iodine. The United States Army Corps of Engineers established a
logical series of numbers (1211, 1301, etc.) for quick and convenient identifica-
tion of the Halon extinguishing agents. The first digit is the number of carbon
atoms in the molecule, the second is the number of fluorine atoms, the third is the
number of chlorine atoms, the fourth is the number of bromine atom, and the fifth
digit is the number of iodine atoms (reference 3).

DISCUSSION

TEST ARTICLE.

The test aircraft was .a Piper Model PA-30 Twin Comanche fuselage. The aircraft

was without seats, and was unfinished in regard to upholstery. Aircraft of this
type in service have four main seats (with a modification, | or 2 jump seats could
be added, bringing the total number of passengers, including the pilot, to 5 or 6).
The fire testing was conducted on the ground in the test aircraft.

Vent ilat ion was



simulated by the addition of compressed air through the aircraft vent system. 1In
this specific aircraft, a ram air port in .the nose forces air through ducts in the

foward baggage compartment into the cabin. The aircraft test article is shown
in figure 1.

Eighty-six percent of cabin fires in general aviation aircraft are electric

in origin (references | and 2). The electrical systems for the most part are
located behind the instrument panel. Thus, the fire tests in this report were
directed behind the aircraft instrument panel .

MEASUREMENT OF EXTINGUISHING AGENTS.

An environmentally controlled trailer incorporated instrumentation for measur ing
the fire extinguishing agents of interest. The ext inguisher agent was measured

at three aircraft instrument panel locations with Beckman model 865 gas analyzers,
with appropiate detectors purchased from Beckman Instruments Company, and an
optical filter to eliminate sensitivity to water vapor. Calibration gases at 3.0,
6.0, and 8.0 percent of Halon 1211 and 130l were used. Calibrations were checked
before and after each test. The signals were recorded by a computer and plotted
against time. Interior temperatures were tracked with a programmable data logger
In order to ascertain the effectiveness of the ext inguishing agent in suppressing
the fire on a time resolved basis.

ACID GAS COLLECTION.

Absorption tubes were used to collect acid gas samples during the tests. This pro-
cedure was developed previously at the Federal Aviation Administration (FAA)
Technical Center (reference 4). '

The absorption tube was glass lined, stainless steel, 16 1/2 centimeters long with

a 4-millimeter inside diameter. It was packed to a depth of 14 centimeters with
glass beads (3-millimeter diameter) which were held in place by a slice of Teflon
pressed into the tube at each end (references 4 and 5). The beads were rinse-coated
with one molar sodium carbonate solution just prior to use. Excess solution was
blown from the tube by a syringe. A 2-inch length of 2 millimeter i.d. capillary

tubing was attached to the upstream end of each tube. The absorption tubes were
then sealed with plastic caps for protection.

The tubes were placed in the fuselage at the nose level of the pilot, about 8
inches below the ceiling in the center of the fuselage. The horizontally mounted
tubes were attached to copper vacuum lines leading outside the fuselage to the
solenoid valve assembly. One tube, capped on the downstream end, was used as a
blank for each test. A flow calibration check of each sample tube was made with a
wet test meter prior to each test.

The solenoid valve assembly is an array of solenoid valves, remotely controlled by
a multipole relay timer. The main vacuum line is "teed" to two solenoid valves,
each connected to a 3 1/2-liter vacuum bottle. As one bottle is evacuated, the
other draws a sample into an absorption tube. The multipole relay timer se quen-
tially opens the solenoid valves (one every 30 seconds) joined to each absorption

tube. This technique allows short sampling intervals and can handle a large number
of samples. PR
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ACID GAS ANALYSIS,

After each test, the sample tubes were removed from the fuselage, capped, and brought
to the laboratory for analysis. The anions are recovered by rinsing each absorp-
tion tube in a backflush mode with a 10-millilter aliquot of 0.05 molar sodium
carbonate solution dispensed by syringing. The luer tipped syringe is adapted to

the absorption tube with a female Swagelok fitting to a female luer connector.

The washings are collected in autosampler plastic cuvettes for subse quent analysis.
Hydrogen fluoride (HF), hydrogen chloride (HCl), and hydrogen bromide (HBr) were
identified and quantified with a Dionex Model 10 Ion Chromatograph with potent iom-
etric detectors. A fluoride ion selective electrode was used for Elueridel A
silver/silver chloride electrode was used for chloride and bromide. The reference

electrode was a silver/silver chloride electrode with a potassium nitrate salt
bridge (reference 5).

FIREPORTS.

Fire extinguishers charged with Halon 1211 of 2.5-pound capacity and Halon 1301 of
3-pound capacity were tested. 1Two types of application of the ext inguishers were
employed; (1) the extinguishers were discharged directly up under the instrument
panel and (2) the extinguishers were discharged through Fireports (provided by
White Manufacturing Marketing, Inc., of Omaha, Nebraska) mounted directly through
the instrument panel. Fireports were installed as a means to provide direct fire
ext inguisher agent access to an inaccessible area. The Fireports were of two
types. One type conmsisted of five exit or distribution ports. Four distribution
ports were located radially on a cylinder barrel, directing agent in the radial
direct ions, and the fifth port was located in the cylinder barrel cap end, direct-
ing agent directly toward the firewall (figures 2, 3, and 4). The second type
Fireport was a single port design and directed agent to a specific location. The
Fireports incorporated a plastic insert in the front section through which the

ext inguisher nozzle was inserted to discharge agent through the Fireport into an
inaccessible area. A special nozzle adaptor had to be installed on Halon 1301

ext inguishers to provide a proper fit with the Fireports. This was a Teflon™
bodied orifice assembly that was used as a substitute for the hand ext inguishers
discharge horn. It must be noted that use of such a replacement assembly in
practice will nullify the basis for the ext inguisher's approval status.

TEST DESCRIPTION.

The ignition source was wiring insulation wrapped with Nichrome resistance wiring.
Electric current through the Nichrome was regulated with a variac. In addition, to
help the fire buildup within the instrument panel wiring area, 1 ml per second of
aircraft 5606 hydraulic fluid was sprayed onto the bundle for approximately one

minute. This helped to keep the fire burning as the insulation burned away at the
Nichrome heat source.

The fire extinguishers were mounted into a bracket designed to hold the extin-
guisher in place for discharge. The bracket was positioned to either discharge the
ext inguishers up under the instrument panel on the pilot's or on the copilot's
side. The bracket mechanism could be adjusted to discharge through the Fireports.

A solenoid was used to apply pressure from a nitrogen filled cylinder to discharge
the extinguisher by means of a pneumatic piston assembly.



TEST RESULTS.

The ignition of fires and the discharge of ext inguishers were accomplished remotely.
The fire tests were observed and recorded with video systems. The extinguishers
were discharged one minute after ignition of the fire. The fire was allowed to
develop for a full minute in order to create moté severe thermal condit ions for

the extinguishing agent to overcome. A preburn time of one minute led to very
smokey conditions and loss of visibility. Once'gﬁb fire is extinguished, immedi-
ate ventilation or dissipation of the smoke would be a hiagh priority item.:

A description of tests is contained in table 1, ™
The fires of tests | through 7 (figures 5 through™11) were ext inguished upon
discharge of either Halon 1211 or Halon 1301. These results included fires on the
pilot's and the copilot's sides of the cabin instrument panel. The exception to
these results was in test 8 (figure 12) which was a special test of an extinguisher
charged with Halwn 121].  The fire wds i3dited umder the ihateucsnt panel on the
copilot's side. The extinguisher was discharged through a Fireport on the pilot's
side. This was a multi-port type Fireport located 6 inches from the instrument
panel edge. The Halon 1211 extinguisher when applied in this manner failed to
completly extinguish the fire. The fire was knocked down but then increased and
went out of control. Two additional Halon 1211 extinguishers were discharged from
outside the aircraft without completely extinguishing the fire. After four to
five minutes, a CO) extinguisher of 25 pounds was discharged and ext inguished the
fire. Test 3 was designed to address the problem of extinguisher discharge loca-
tion relative to the fire. The results emphasized the importance of discharging
the extinguisher as close to the fire source as possible.

; R .
The method of discharge of the fire extinguishers.was one of two ways. They were
either directed up under the instrument panel and discharged directly to the fire
or discharged through Fireports through the instrument panel, The methods of
application of the extinguishers, through Fireports or directed up under the
instrument panel, were both effective in ext ingyishing the fires. Test 1, 3, and
5 involved agent directed up under the instrument panel. Tests 2, 4, 6 and 7
involved agent discharged through Fireports into® and behind the instrument panel.
In all these tests, the fires were quickly extinguished.

In unconfined &reas, fire extinguishers charged with Halon 1211 have a throw T ange
of up to 12 feet., When they are utilized in a ¢o6afined space such as under the
lnstrument panel, liquid is discharged and may splatter on surfaces such as the
firewall, instruments, or panels. A short period of time is required for the
liquid to become gasified. The agent has a tenﬁéhby to remain concentrated at the
point of discharge. Conversely, Halon 1301 is éﬁécharged_directly as a gas. ‘A
wider dispersal of Halon 1301 agent is evidenced by Halon 1301 measurement behind
the instrument panel as compared to Halonm 1211.%Test 1 and test 3 (figures 5 and
) mitilized  Halan 1211 discharged directly up and under the instrument panel.
Only one Halon 1211 gas measurement reached a high level, and this was in the
direct ion of application. Halon 1301 was discharged directly up under the instru-
ment panel in test 5 (figure 9). Halon 1301 gas measurements were high across the
instrument panel at the three measurement locatiédns. Thus; Halon 1301 was dis-

persed mor2 extensively under the instrument pamel than Halon 1211 when the agent
was discharged directly under the panel. o s

&
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Test
No.

Fire
Locat ion

Below Instrument Panel-
Copilot's Footwell

Under Instrument Panel-
Copilot's Side

Below and Behind
Instrument Panel-
Pilot's Side

Below and Behind
Instrument Panel-
Pilot's Side

Below and Behind
Instrument Panel-
Pilot's Side

Below and Behind
Instrument Panel-
Copilot's Side

Below and Behind
Instrument Panel-
Pilot's Side

Under Instrument Panel-
Copilot's Side

TABTLE 1,

Halon

TZEe

12141

1211

124

1214

1301

1301

1301

121

DESCRIPTION OF TESTS

Type Discharge

FireEort

Mult i-Port
Center

Mult i-Port
Pilot's Side

Mult i~-Port
Center

Single Port
Pilot's Side

Mult i-Port
Pilot's Side

Direct

Co-Pilot's
Footwell

Pilet's
Side

Pilot's
Side

Figure
5

10

1o

162



While fire extinguishers charged with Halon 1211, when discharged up under the
instrument panel, produced only one high level of gas measurement, Halon 1211
ext inguisher discharged through a Fireport (multi-port) located at the center of
the instrument panel produced high Halon gas measurements at all three sample
locat ions, as shown by test 2 (figure 6).

The two types of Fireports tested were the multi-port and the single port. The
multi-port consisted of five ports. The distribution was a cylinder barrel with
four radial distribution ports and the fifth port was in the end plate and directed
agent toward the firewall. The single port contained only one port in the cylinder
barrel. This was a directional type Fireport. Testing location for the single
port was on the pilot's side 6 inches from the edge of the instrument panel.

In test 4 (figure 8), Halon 1211 was discharged through a Fireport mult i-port
located on the pilot's side 6 inches from the edge of the instrument panel. This
resulted in only one Halon gas measurement of significantly high concentration,
also on the pilot's side. In test 2, Halon 1211 (figure 6) was discharged through
a Fireport multi-port located at the center of the instrument panel. This test

produced high Halon gas concentrations across the instrument panel at the three
measurement locations.

In test 7 (figure 11), Halon 130l was dischared through a Fireport single port on
the pilot's side (6 inches from the edge) and the measurement levels were high
across the instrument panel. In test 6 (figure 10), Halon 130l was discharged
through a Fireport multi-port at the center of the instrument panel, and provided
even higher Halon measurement levels across the instrument panel.

In the final analysis, Halon 1301 gases are distributed well in almost any condi-
t ion whereas Halon 1211 gases perform well in only the Fireport (multi-port) at
center location. Further, the replacement of the Horn on the Halom 1301 ext in-
guisher with the Teflon adapter, for use with the Fireports, reduces the effec-
tiveness of the 1301 extinguisher with this modification during direct agent
discharge. However, hand held 1301 extinguishers cannot be utilized with the

Fireports without eliminating the discharge Horn. This would invalidate the bottle
approval status.

During fire extinguishment using Halon 1211, a portion of the agent decomposes to
produce the acids gases HCl, HF, and HBr. Samples of gases were ac quired during

some of the fire tests and analyzed. Typical sample results are plotted on figure
i

Table 2 tabulates the maximum levels of decomposed Halon 1211 products as measured
at the pilot's nose. The acid gases are low. Table 2 also lists the dangerous

levels of these gases (reference 3). The maximum levels were significantly less
than the dangerous levels.

Tne Halon 1211 molecule includes one bromine and one chlorine atom. As may be
noted, hydrogen chloride concentration should be approximately identical to the
concentration of hydrogen bromide. However, the levels are 780 ppm and 9 ppm,
respectively. The high hydrogen chloride levels are attributed to combustion of
electrical wire insulation. Toxic Halon decomposition gas concentrations result ing



from fire extinguishment were minimal and significantly below levels considered
dangerous.

TABLE 2. MAXIMUM LEVELS OF HALON 1211 DECOMPOSITION GASES

Dangerous Concentration

Maximum Concentration (Reference 3)
Gases (PPM) (PPM)
HC1 780% 1000 - 2000
HF 6 50:=:1:250
HBr 9 50 =1: 250

* HCl produced from Halon decomposition 1s masked by high concentrations produced
from the wiring insulation. It is probably similar to HBr levels.

SUMMARY

A series of fire tests were conducted in the cabin of a Piper Twin Comanche fuse-
lage. The tests involved extinguishment of electrical wire insulation and hydraulic
fluid fires, located under and behind the instrument panel, using 2.5-pound

Halon 1211 and 3-pound Halon 1301 hand held extinguishers. The extinguishers

were either discharged directly up under the instrument panel or through Fireports
installed through the instrument panel. As long as the discharge was reasonably

near the fire, the Halons extinguished the fires rapidly, irrespective of the
method of application.

The fires produced dense black smoke in the cabin due to the intentional l-minute
burn period before discharge of the fire extinguishers. Visibility of the pilot
would be seriously impaired, in this short interval, and this demonstrates the need
for extinguisher application as early as possible.

A special fire test was designed to evaluate the effect of agent discharge at some
distance from the fire. The fire was initiated under the instrument panel,
copilot's side, and the extinguisher, Halon 1211, was discharged through a Fire-
port on the pilot's side (6 inches from side). Although there was suppression
accompained by a momentary drop in temperature, the fire reignited, intensified and
became of control. This experiment indicates the importance of discharging the

ext inguishing agent as close to t' fire source as possible.

The decomposition products resulting from application of Halon 1211 on the fires
were sampled and measured. Hydrogen flouride and hydrogen bromide concentrations
were either zero or less than 10 ppm. Hydrogen chloride concentrations were
significantly higher and this is attributed to the decomposition of electrical wire

insulation. The levels of acid gases directly attributable to Halon decomposition
were less than levels considered dangerous.

CONCLUSIONS

1. Hand extinguishers of Halon 1211 and 1301 were effective in the extinguishment
of electrical/hydraulic fires behind the instrument panel of a small aircraft cabin.



2. The method of application of the ext inguishers, through Fireports or directed
up under the instrument panel, were both effective in ext inzuishing the fires.

3. The fires produced large quantities of dense black smox2 in the cabin, in less
than 1 minute, emphasizing the need for rapid extinguishment .

4. Hand extinguishers of Halon 1301 provide effect ive agent distribution over a
larger volume behind the instrument panel compared to Halon 1211.

5. Hand extinguishers with Halon 1211 provided most effective distribution under
the instrument panel when discharged through a Fireport mult i1-port at the center
location compared to a location on the pilot's side of the instrument panel.

6. Hand-held Halon 1301 ext inguishers cannot be used with the Fireport design

without removing the discharge horn and thereby invalidating the approval status of
the hand extinguisher.

7. Toxic Halon decomposition products resulting from fire extinguishment were
low and below levels considered dangerous.
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HALON 1211 CONCENTRATIONS ~%

104

MEASUREMENT LOCATION
INSTRUMENT PANEL

® PILOT'S SIDE

[-] COPILOT'S SIDE

&> CENTER

TEST CONDITIONS

1. FIRE LOCATED BELOW AND UNDER INSTRUMENT
PANEL,PILOT'S SIDE

2. HALON 1211 DISCHARGED THROUGH FIREPORT
(MULTIPORT) ON PILOT'S SIDE

3. TESTA4

(TIME ~-SEC)

FIGURE 8. HALON 1211 CONCENTRATIONS - FIRE BELOW AND BEHIND
i INSTRUMENT "PANEL i= "BULOMYS 'STDE (TEST- 4%
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HALON 1301 CONCENTRATION ~ %
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FIGURE 10. HALON 1301 CONCENTRATIONS - FIRE BELOW
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147




HALON 1301 CONCENTRATION~%

:_ g _ﬂ_-@_ .E_ e e i - .‘r et e - . .._!..__._ e —
. ! ‘ :
] ‘ " i
il : 4 S ! R . S
| i |
! .
R R | {‘__.__ R e s b Gl T A i ___!
i l / ;
|
i
12 e |
MEASUREMENT LOCATION
: . INSTRL?MENT PANEL
1 : | ©- PILOT'S SIDE
. =) cémw‘r's SIDE o
% i : A cz‘u'r:n
10 - : i i
‘ :
: | : \

: |
! TEST CONDITIONS i

1 1. FIRE LOCATED BELOW AND BEHIND THE
INSTRUMENT PANEL-PILOT’s SIDE 5
| 2. HALON 1301 DISCHARGED THROUGH
| FIREPORT (SINGLE PORT)

3. TEST7

.
[@33! "‘.g

200

TIME ~SIC

FIGURE 11. HALON 1301 CONCENTRATIONS - FIRE BELOW
INSTRUMENT PANEL — PILOT'S SIDE (TEST 7)

18



(8 ILSHL)

201S €,1071d JHO43¥I4 HONOYHL ADYVHOSIA ¥HHSINONILXI
- 30IS S,101I1400 NO J¥Id - SNOILVHINHONOD T1Z1 NOTVH

%798

ozr 08¢

568

00€

B s e T St : 5 -

SANOJ3S ~ INIL

ove

‘TT JANoI1d

744

81S3L°'S
HIHSINONILXI TOD IDHVITV HLIM

AIHSINDNILXT SYM 3HId 3HL Y

SS3292NS LNOHLIM IDHVHOISIA IHIM
SHIHSINDNILXI LiZ} NOTVH TVYNOILIGaV
OML-NENE OL Q3NNILNOD

N3HL'NMOQ GIXNDONM SVM 3HId 'C

301s S.L0Tid
a31voo1 (LHOdILINA) LHOd3HId

HONOHHL G3IDHVHOSIA LLZL NOTVH 2

34IS S.L07d0D 13NVd

INIWNHLISNI HIANN A31VI0T 3HId 'L

SNOILIGNOD 1S31L Jﬁl
|

_

I
H3INTD O
301S S.101d020

73018 S.107id O

% LLZLNOIVH

19



TEST 1

TEST 1

20

HYDROGEN CHLORIDE HYDROGEN FLUORIDE
1800 804 50 -
1400[- L
ool
¢ 1200 c W
: 1‘W:“ :
g 1000 - N
ot o
R sool i
A L .
Y 7001 N
o P}
N 5 M
500k
: INE‘ J \\
~ m:_/ ~ 10 b
200 g
100/ /k/+/ ! . .
09 I:I - : ; on 5 1 3 3 4
m TIME (MINUTES) TIME (MINUTES)
TEST 1
HYDROGEN BROMIDE
50 -
el
g
L]
sl
T
o
P20
"
10 /+____+
0 . L i A 1 1 J
0 1 2 3 4 5
RRE STARTS HALON DISCHARGED
TIME {MINUTES)
)
FIGURE 13. HALON DECOMPOSITION ACID GASES (TEST 1)



APPENDIX A

DISTRIBUTION LIST

Civil Aviiation Authority (5)
Aviat ion House

129 Kingsway

London WCZ2B 6NN England

Embassy of Australia (1)
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Scient ific & Tech.
ATTN: NASA Rep.
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Monsanto Research Corp.
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Datyton, Ohio 45407

Mr. Matthew M. McCormick

National Transportation Safety Board
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Washington, DC 20594

Mr. A. Delman

The Wool Bureau, Inc.

Technical Services Center

225 Crossways Park Drive
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Dr. L. Benisek

International Wool Secretariat
Technical Center, Valley Drive
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England '

Mr. John A. Leland
Username:

Dept E-29

Douglas Aircraft Co. 35-14
3855 Lakewood Blvd.

Long Beach CA 90846

Mr. Stan Ames

Fire Research Station
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Hert fordshire WDG 2BL
England

Mr. Arthur G. Thorning
Civil Aviation Authority
CAA House

45-59 Kingsway
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England

Mr. Lee Hoyt

Weber Aircraft Co.

2820 Ontario Street
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800 Indepednce Avenue SW Box 551
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Dr. James E. Mielke Dr. D. Kourtides
Science Policy Research Div. Chemical Research Center
Congressional Research Services NASA/AMES Research Center
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Mr. Thomas Madgwick Mr. C. Hayden Leroy
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Mr. Joseph L. Buckley Mr. Richard Nelson
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Mr. John Hoffmann Dr. Charles R. Crane
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Authority P.0. Box 25082
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Mr. Robert E. Kraus Mr. Reginald Utting
Raychem Corp. The Boeing Company
300 Constitution Drive Commercial Airplane Group, 747 Div.
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Seattle, Washington 98124
Mr. John A. Blair Dr. Joseph C. Reed
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Dr. Fumiharu Saito

Building Research Institute
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Tatehara—1 Oho~Machi
Tsukuba-Gun
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Dr.: Robert Keith
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Mr. Kenton D. Warner
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Mr. R, G. Clodfelter
AFWAL /POSH
Wright-Patterson AFB
Ohio 45433

Dr. Edwin Smith
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Mr. Louis Frisco
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