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On January 2, 1948, and February 4,
1348, summaries of the Board's findings
concerning the accidents involving Doug-
las BC—6 aireraft operated by American
Adrlipes, Inc., at Gallup, New Mexico,
November 11, 1947, and United Air Lines,
Inc., at Bryce Canyen; Utah, Qctober 24,
1947, were released however, the Board's
analysis of the considerable amount of
additional technical data compiled during
the Investigation of these acecldents is
being released in a combined report inas-
much a&s the major portion of the techni-
cal Investigation and test activities
were conducted simultansously at Santa
Monica, California, after the investiga-~
tion at the respective scenes of these
accidents had been completed.

Investigation

Becsuse of the extensiveness of the
disintegration of the DC-6 at Bryce Can-
yon, the two weeks following that acei-
dent were spent Iin gathering the thou~
sands of torn and burned pleces of the
gircraft and 1ts contents, which were
strewn about the impact area and back
along the flight path for & distance of
28 miles, and transporting the pertinent
parts to Santa Monlca for reconstruction
and evaluation. A building on the Doug-
las Adreraft Company grounds st Santa
Moniea was established as en Impound Area
and during the first week in December
identificetion of parts and reconstruc-
tion of the fuselage was started.

Preliminary findings at Bryce Canyon
had made it possible to concentrate the
major efforts of the investigation on the
aircraft center section, however, the re-
construction of the entire fuselage shell
from the leading edge of the wings to
the rear pressure bulkhead was accom-
plished in order that the flame path be
traced and the ftire damage more com-—
pletely appraised.
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It had become apparent early in the
course of the investigatlon that at least
cne of the barium nitrate flares had been
ignited in flight and that a sizable area
of* the aireraft bore signs of burning re-
sulting from this flare. As these parts
were ldentified and the sequence af the
fire damage determined, 1t became obvious
that the dignition of the flare had not
taken place until several minutes after
tne fire had started and the Investiga-
tion was therefore directed toward the
fire source which caused the flare to
burn The extensaveness and the inten-
sity of the fire in flight pointed toward
the probability that large guantities of
a highly combustible material must have
been involved. It was therefore decided
that smudge samples would be taken of
representative areas of the aircraft and
chemical analysis made to determine their
metaliiic contents. The large percentage
of barium nitrate contained in the flares
rendered the barium content of these
samples an excellent indication of the
fire pattern of the burning flare., Simi-
larly, since the gasocline carried aboard
the sircraft was treated with tetraethyl
lead, the lead content of the smudge
samples proved an effective index of fire
damage resulting from burning gasoline.

Whille plans were being executed for
the further conduet of the investigation
at Santa Monica, all DC-6 operators were
required to conduct extensive inspections
of this model aircraft with & view toward
determining whether any conditions ex-
+sted which might have been conducive to
fire in flight. These inspections indil-
cated clearly that considerable amounts
of hydreaulie fluid leakage in the belly
cargo compartments had accumulated in the
lining of these compartments. While it
does not appear that this hydreulie fluid
leakage could be ignited by any systems
or components of the aircraft itself,
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there was no doubt that 1t would serve to
intensify to a considerable degree any
fire which might start from some other
source. The Caivil Aeronautics Adminis-—
tration therefore issued a directive No-
vember 5, 1947, to all DC-6 operators to
remove all lining from the sides and

under-floor areas of fuselage compartments

and all other lining which had traces of
hydraulic fluld saturation.

While the Bryce Canyon wreckage wes
being reconstructed and tests related to
this investigation were belng conducted,
the Board was informed of the emergency
landing which had been made by another
DC~6 at Gallup, New Mexico, November 1I,
1947, due to a fire in flaignt The simi-
larity of the initial fire in this in-
stance made 1t apparent that the investi-
gation of the ineident should be coordi-
nated c¢losely with the investigation then
in process at Santa Monica A large
group of government and industry person-—
nel participating in the investigation
was, therefore, immediately dispatched to
Gallup.

Preliminary examination of the air-
craft at Gallup, November 12, 1947, re-
vealed a well-defined stain on the under-
side of the fuselage extending rearward
in a fan shaped pattern from the No. 3
alternate fuel tank vent which is located
on the fuselage near the lower right wing
fi1llet and close to the leading edge. The
stain gave the appearance of having been
caused by a fluid leakage in flight and,
since its polnt of eorigin seemed to have
been the vent for the No 3 alternate
fuel tank, it appeared to heve been caused
by gasollne overflow from this tank Ap-
proximately 10 feet aft of the air vent
outlet, the stailn was centered upon the
cabin heater combu-tion air intake scoop
in such a manner as to give strong indi-
cation that a considerable portion of
such an overflow would have entered the
scoop had the overflow occurred in flight
Subsequent analysils ofi this stain con-
firmed the faect that it resulted from
aviation gasoline.

Plans were immediately made for a test
flight in a Model DC-6 1n order to ascer-
tain the flow pattern of fuel which is
forced through this vent 1n flight end 1n
order to determine whether the overflow
would enter the cebin heater air scoop.
The No. 3 alternate fuel tank was filled
with a water and dye mixture and the
underside of the fuselage was covered
with a commercial feldspar 1in order to
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facilitate 1dentification of the flow
pattern This test indicated clearly
that, when the No. 4 tank was filled to
capacity and the cross-feed to any other
tank opened, the booster pump of the
other tank was capable of forcing fuel
through the vent at a rate of approxil-
mately 12.5 gallons per minute. Examina-
tion of the aircraft after this flight
showed dye stalns on the underside of ihe
fuselage from the No. 4 vent outlet to
the teil cone. A considerable quantity
of water had entered the cabin heater
combustion air intake scoop and some
water had leaked through the ducting and
covered the floor of the air conditioning
compartment. This scoop also served the
supercharger alr aftercooler and it was
noted that, when the aftercooler exhaust
valve was open, the dyed water passed
through the aftercooler and exhaust out-
let.

Although flight tests were also con-
ducted through every possible combination
of attitude, airspeed and configuration
of normel operation while the water and
dye mixture was being pumped out of No. 4
alternate tank vent, none of this over-
flow passed closer than 20 inches to the
cabin heater combustion ailr intake scoop

Additicnal tests were conducted to
determine the effect of the aftercooler
door position on the ailrflow to the cabin
combustion heater. These tests ravealed
that the static pressure 1in the combus-
tion alr intake duct showed no change
with any alteration of the aftercooler
door position.

The cabin heaters of both the Bryce
Canyon and the Gallup ailreraft were care-
fully examined ain order to ascertailn
whether any leaks had existed prior to
the moment of contact wilth the ground. In
each instance 1t was found that holes and
deformations in the heaters were the re-
sult of some external force which had
been applied after the fire had progressd
to an excessive intensity. No Indica-
tions were observed in the investigation
that the heaters themselves were not
functloning properly prilor to the fire.

Having decermined that gasoline could
enter the cabin heater combustion air in-
take scoop from the No. 3 alternate tank
vent 1in flight, tests were conducted on
the effect of the introductlon of &
fuel/air mixture into the combustion air
ducts. Pertinent components of the cabin
heater systems from each aircraft involved
in these accidents were repaired so as to
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render them serviceable for these tests
In each of five test runs, severe baclk-
firing resulted followed by fire in the
combustion air intake ducts. During one
of the test runs a particularly severe
backfire burst the aluminum ducting up-
stream from the heater, and during a
later test a violent exploslon occurred
which ruptured the heater combustion
chamber Almost without exceptlon these
tests revealed an intense burning in the
combustion air intake duct. Subsequent
tests disclosed that the alrflow through
the combustion air duct in normal flight
was less than 40 mph and generally below
the maximum airflow which will permit up-
stream flame propagation wiith aviation
gasoline

Both flight tests and ground tests
were conducted to determine the rates of
flow during transfer of fuel and to as-
certain the pressures within the tanks
during transfer and overflow These
tests 1ndicated that fuel could be trans-
ferred from the No. 4 alternate tank to
the No. 3 alternate tank when the latter
tank was not full without developlng
pressures sufficlently high to damage the
tank structure. However, when the tank
became full and fuel began to overflow
through the vent the pressure in the tank
began to rise. Under high boost the No
3 alternate tank will f111 from the No 4
alternate tank at a rate of 20 gallons
per minute. After the tank is filled,
however, the rate of flow out of the tank
vent 1s approximately 12 5 gallons per
minute. It was determined that overflow
could be continued for approximately 60
seconds under high boost without result-
ing in damage to the No 3 tank  The
difference hetween the rate of inflow and
the rate of outflow, however, eventually
creates pressures which would distort the
tenk end supporting structure

Inspection of the No 3 alternate tank
of the Gallup alirecraft revealed consider-
able structural deformation which had re-
sulted from internal pressures 1ln excess
of seven PSI. However, no leaks in this
tank were observed.

The captain of the fllght immedlately
preceding the flight which terminated at
Gallup had reported an internal leakapge
between tenks in this aircraft. Examina-
tion of the alrcrafi and several tests
conducted on 1ts fuel system falled to
disclose any leaking selector valves or
cross-Teed valves It was subsequently
determined that the float in the "E"

— 15754

chamber of the No J engline carburetor
was full of gasoline (a condition known
<5 "logged"} The logged float resulted
in the carburetor vent return valve re-
maining open Since the carburetor vent
return line from the “o. 4 engine is
routed to the No. 4 main tank, the flow
through the return line would pass to
that tank regardless of the source of the
fuel to the engine. During one test
operation thils condition resulted in a
return of J41.2 gallons per hour. Accord-
ing to the testimony of the captalin of
the Gallup ailrcraft, the volume of fuel
in the No 3 main tank 1lncreased at the
rate of approximately 50 gallons per hour
when the englines were drawing fuel from
theilr respective alternate tanks Con-
sldering the inaccuracy of the fuel
gauges, and the unpredictaeble positioning
of the valve, this rate of 1ncrease com-
pared favorably with the probable rate of
return of the fuel from the "E" charber
of the No 3 carburetor as a result of
the defective float It does not appear,
Lhowever, that this condition was directly
contributory to the fire in this in-
stance.

with two major exceptiens the pattern
of the fire 1n the center sections of
these alrcraft appeared very similar.
The first of these exceptlons was that a
higher concentration of heat appeared to
have been present in the trailing edge of
the right wing fillet in the Bryce Canyon
alrcraft than was the case in the Gallup
alrecraft. This may be explained, how-
ever, by the fact that at least one of
the flares was ignited in the former air-
craft, no flares were carrled aboard the
latter alrcraft.l! Furthermore, because
the burning was more extensive in the
Bryce Canyon lnstance, it appears proba-
ble that fuel lines were consumed in the
right side of the fuselage adding to the
severity of the fire. The second excep-
tion 1s that the fire damage to the
supercharger o1l cooler and supercharger
alr aftercooler was more severe 1n the
Gallup aircraft than in the Bryce Canyon
alrcraft, notwithstanding the more exten-
sive damage in the latter This is ad-
equately explained, however, in that the

lyote  Immedlately following the preliminary Iin-
vestlgatlon of the Bryce Canyon accldent the CIvil
Aeronautics Beard promulgated a Speclal Regulatlon en-
abling air carrlers operating this model alrcraft to
remove 211 lending flares unbll sueh remedlal actlion
necessary could be effected Thereafter, modifica=-
tions were made In the alrcraft which satlsfactorily
insulatecd the flares and thelr contalners from external
sources pf [Irs
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aftercocler exhaust valve was open 1in the
Gallup aircraft at the time of the fire
whereas this valve must have been closed
in the Bryce Canyon aircraft This dif-
ference in positioning would determine
whether or not there was any airflow
through the coolers with the exhaust
valve open any flames originating in the
combustion air intake duét, from a fuel
introduced externally, would be drawn in-
to the cooler. The fire would, there-
fore, attack the cooler with greater se-
verity if the exhaust door were open than
would have been the case had this valve
been closed

Although the disclosures of this in-
vestigation pointed directly toward the
probability that gasoline overflow
through the No. J alternate tank vent and
into the cabln heater combustion alr in-
take scoop was responsible for these
fires, it was necessary that every other
possibility be exhausted. Extensive ex-
amination and testing of other DC-6
systems and components were, therefore,
accomplished. With the exceptlion of the
defective float in the No. 3 carburetor
of the Gallup aircraft, no indicatilon of
powerplant or fuel system failure was ob-
served in either instance. No evidence
was disclosed that the electrical systems
were ilnvolved in eny manner. Some record
of irregular operation of the cabiln
heater micropositioner was noted but,
while this irregularity would have caused
wider than normal variations in cabin
temperatures, it could not have been con-
tributory to the fire 1in either instance
In all other respects the alrcraft air
conditioning systems appeared to be func-
tioning normally. In neither instance
were any deficlencies observed 1in the
cabin supercharging systems, the bearings
and o0il seals of which were in good con-
dition. Moreover, the supercharging sys-
tem was not In use in the Gallup air-
ctaft. The cabin heaters, theilr combus-
tion chamber walls and fuel pressure dila-
phragms were tested and “Yfound to have
been in a satisfactory condition prior to
impact.

Furthermore, the quentity of fuel re-
quired to produce fires of the severity
of those ohserved in these 1nstances
polnts clearly toward a gesollne source
of which in excess of 3,000 gallons was
carried aboard each alrcraft. The loca-
tion of the englne 01l systems precludes
the possibility that engine oll may have
been ilnvoived. The condition of
the hydraulic system as determined
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by the investigatlon does hnot sug-
gest that hydraulle fluid may have
peen involved The small gquantity of
alcohol and the condition of the alcohol
tanks and systems in both alrcraft elinm-
inate the possibility that thls agent may
have been the source of the fire. And,
finally, the concentration of the fire in
the aft portlion of the wing center sec-
tion indicates clearly that the origin of
the fire and the mgjor source of combus-
tion could not possibly have been the
baggage within the baggage compar tments.

The model DC-6 was certificated by the
Civil Aeronautics Administration in ac-
cordance with Civil Air Regulatilon 04b.00
This regulation permits the manufacturer
to make application for certification of
various ailrcraft systems and components
in compliance with detailed requirements
of eilther Part 04a or 04b. If, however,
the manufacturer chooses to seek certifi-
cation on the basis of Part 04a, he may
apply for approval of a specific design
detall or system in accordance with the
appropriate seption of Part 04b, provid-
ing that the Administrator finds the
standard of safety of such sectilon to be
equivalent to the corresponding require-
ments of Part 04a. The fuel system of
the DC—-6 was certificated under Part 04b.

With respect to transfer of fuel be-
tween tanks, Civil Alr Regulation 04b.42)
states "In the cese of systems wilth
tanks whose outlets are interconnected,
it shall not be possible for fuel to flow
between tanks in quantities sufficient fo
cause an overflow of fuel from the tank
vent when the airplane is operated as
specified in 04b.4221(a) and the tanks
are full.": Notwithstanding the provi-
slons of the ahove regulation; the DC-§
fuel system was capable of permitting
flow between tanks and overflow of tanks
in flight.

Civil Air Regulation 04b.42323 states
"The vent shall be of sufficlent size to
permit the rapld relilef of excessive dif-
ferences of pressure between the interior
and the exterlior of the tank." Notwiin-
standing the above requirement, the in-
vestigation of these accidents disclosed
that the fuel system of the DC-6 was cap-
able of creating tank pressures exceedlng
by a considerable margin the pressures
for which the tanks and surrounding strue-
ture were designed to withstand.

With respect to the venting of fuel
tanks, Clvil Alr Regulation 04b.42323
also states "Vents and drainage shall
not terminate at points where the discharge
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of fuel from the vent outlet wiil consta-
tute a fire hazerd or from which fumes
may enter personnel compartments " The
Type Inspection Report, Form 283, for the
DC-6 contaeins the following question "Do
vents appear to terminate at polnts where
the discharge of fuel vent outlet will
not constitute & fire hazard, or from
#nlcn fumes will not enter personnel com—
partments? Yes Ne "

The above question had peen answered by
the Civil asercnautics Administration
agent responsibie for this portion of the
type inspection by cireling the "Yes"
associated with the guestion  Although
the significance of such an answer was
that the fuel vent outlets were satisfac-
torily located, it wes estebliashed in
this investigation tnat no tests were
conducted te determine the pattern of
fuel flow from the “o J alternate tank
vent, nor was any other ettempt made to
ascertain whether any hazard existed from
the discharge of fuel from this vent.
Representatives of both the Civil Aero-
nautics Administration and the manufac-
turer festified that the reason such
tests were not conducted was that at no
time wes 1t contemplated that gasoline
would discharge from this vent It was
further stated that at no time in the
operational history of the aircraft was
gasoline kmown to have escaped from this
outlet in flight from any cause.

It was disclosed, however, that gaso-
line flow from fuel tank vents had been
experienced i the Meodel DC~-6 during
ground operation. Sudden turns during
taxiing and acceleratiens during take-off
were lmown {7 have causad gasoline to
escape from the outlets In order to
eliminate the fire hazard presented by
such a condition, a spring loaded valve
was installed in each vent system which
prevented fuel or vapors from escaping
through the vent at pressure below 2 1/2
pounds .

The two irboard zlternate tanks in the
Model DC-8 are of flexiple cell construc-
tion. Since the DC~6 incorporates a suc—
tion type fuel system, 1t 1is necessary
that the vent for these tanks be located
&t points on the aireraft which would
provide positive amerodynamic pressure in
order to prevent the cell from collapsing
when the fuel level is low The points
selected for the Iocation of these vents,
therefore, were on the under sides of the
fuselage close to the leading edge of the
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left and right wing for the 30 2 and 3
alternate tanks, respectively

From the test data avallable to the
Roard, it is apperent that the onlv rea-
sonable cause of Zuel flow through the vent
1n flight 1s the transfer to overflow of
fuel urder mressure from one tank to an—
other This transfer may be accomplished
by turning the appropriate selector
valves to the tanks to which and from
wnich the transfer is to be made, turning
the cross-feed between these tanks on,
and operating the fuel booster puamp at
the tank from which transfer as 1o be
made The above adjustment of cockpit
conirols will resuli in an open line ope-
tweer two tanlts through whicl gasolire
will flow. It was common knowledge that
fuel transfer in thke DC-4. which pos-
sesses a similar fuel system, was widely
practiced prior to the certification of
the DC-6. TFurthermore, the pilots who
conducted the inltial i{ransition training
of the ailr carriers' crews were 1in tue
employ of the manufacturer ana these
pllots demonstrated to the air carrier
crews the methods of fuel transfer de-
scribed above It was apparent from tris
investigation that a large proportion of
the pilot personnel of DC-6 operators
frequently tranmsferred fuel in flight
from tank to tank through the cross-feed
system under fuel pressure boost Sucn a
practice was known to tme Cii1l Aero-
nautics Administration whose operation
inspectors had frequently wiinessed fuel
transfer belng practiced in air cerrier
operation

As has been described previously 1b
this report, the failure of the pilof to
stop the transfer process wher the tark
to which fuel 1s being pumped has been
filled to capacity will result wp the
flow of gasoline out the vent line Since
the capacity of the vent line will not
permit overflow at the same rate as the
gasoline encers the tank under pressures
less than those whiech the tank is designed
to withstand, damage to the tank struc-
ture or vent system may result Further-
more, because of the relative location of
the vent and the cabin heater scoop such
overflow would enter the scoop and there-
by constitute an e¢bvious fire hazard

Prior to tne certification of ithe DT-6
the manufagturer had corpleted a DC-5
Operation Manual which contaired & summar,
of tne aircraft systems and componenis



6

and an outline of the proper aircraft
operating procedures. At the time of
certification a CAA approved Aircraft
Operating Manual was prepared for the
DC-6 containing the detailed operating
procedures for this aircreft which re-
qurred the approval of the Civil Aero-
nautics Administration. Nelther of the
above manuals contained any description
of fuel transfer procedures, nor did
they contain any indication that trens-
fer of fuel was an acceptable practice
in this model aircraft. The testimony
of the manufacturer indicates that fuel
transfer was nelther contemplated, nor
intended in the design of the DC-6 fuel
system. However, at no time were the
alr carriers ceutioned against fuel
transfer, nor was any indiecation given
that fuel transfer could not be accom-
plished as a matter of routine practiice
with complete safety. In addition to
these manuals both Americen Airlines and
United Alr Lines had prepared eircraft
operation manuals for their respective
pilot personnel which also contained the
epproved procedures for operating the
DC-6. The American Airlines' manval re-
fers to fuel transfer in 1ts discussion
of fuel dumping procedures, with this
exception, however, no mention 1s made
in any of the above mgnuals of fuel trans-
fer. Neither of the above carriers had
establisned elsewhere any procedures for
fuel transfer, nor had thej insiructed
their pilots concerning company policy
with respect to the practice of fuel
transfer

The return ducts of tne cabin heating
and air conditioning system all lead to
and terminate 1n the air conditioning
compartment, commonly referred to as the
"borler roor " A pressure cortrol valve
is located on the lower left aft side of
this ecompariment through which the air
discharge of the heating.and ventilating
ducts 1s exhausted from the aircraft.
Any fire extinguishing agent directed to
the boller room would immediately pass
out the exhaust velve unless this velve
was closed at the time of discharge.
The closing of this valve 1s therefore
an essential element 1n the sequence of
emergency fire procedures in aircraflt in
which means for discharge of a fire ex-
tinguishing agent into this compartment
have bheen provided. So long as this
valve remains open and the ventilating
system 1is 1n operatlon, a forced draft
through tne boiler room exists at a rel-
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atively high air replacement rate

In the instance of the Gallup fire,
the alrcraft was operating with the pres-
sure control valve open because of the
inoperation of the cabin supercharging
system. A placard hed been taped across
the manual control door 1n the insirument
panel which read, "Do not close door, do
not push button " These instructiions,
unqualified as they were, would mean
that the pressure control valve was to
remain open at all times notwithstanding
the fact that the fire extinguishing ac-
tuating switch for the boiler room was
placarded, "Pusn in¢rease cabin pres-
sure button " Although the pilot direc-
ted the carbon dioxide to the boiler
room 1in this instance, the pressure con-
trol valve was not closed and the effec-
tiveness of the agent was, therefore,
considerably minimized as i1t was rapidly
exhausted through the open port.

Prior to these acecidents, serious
congideration had been given to the pos-
sibility of inadvertent ignition of
photoflash bulbs in aircraft ainteriors
as a result of radic short wave excita-
tion. Other studies had been made con-
cerning the possibility of igniting in-
flammable materials surrounding such
bulbs under various means of ignition
and conditions of packing and storage.
Because of the public concern which had
been demonstrated over the possible fire
hazard resulting from inadvertent flash-
1ng or exploding of photoflesh bulbs, and
since 1t appeared that photcflash bulbs
were belng carried in the baggage com-
partment of at least one of the alrcraft
involved in these accldents, in the
course of the investigation of these ac-
cidents, the Board initlated a study to
determine whether such a hazard exists
in fact. While it had been noted that
under carefully controlled laboratory
conditions ignhition is possible through
means other than those normally used when
the bulbs are utilized for photoflash
activity, the Boerd found that such con-
ditions were not common to alr trans-
portation. Tests conducted in the
Board's study of this problem indicated
that the possibility of inadvertent ig-
nition through any means 1s extremely
remote when such bulbs are carried in an
alrereft interior. Moreover, it has
been clearly demonstrated that, even if
such bulbs could be ignited within ship-
ping contalners or baggage, the amount
and rate of heat dissipation 1s insufficient
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to ignite even the most highly anflam-
mable material normelly cerried aboard
alrcraft.

Discussion

From the foregoing imestigation 1t
can be concluded that in both aircraft
gasoline had overflowed the “o 3 alter-—
nate fuel tank through the vent outlet
in flight and had entered the cabin hea-
ter combustlon air intake scoop An ex-
cessively rilch mixture entering the cabin
hester resulted 1n backfiring into the
intake ducts and fire subsequently Dpene-
trated the alr conditioning compartment.
In both instances the cause for the over-
flow of the No. 3 alternate tank was
without doubt the inadverteni farlure of
the flight crew to stop the fuel trans-
fer process before filling the tank.

The Civil Air Regulations under whaichk
the DC-6 was certificated specifically
required that vents such as that imolved
in these accldents should be so tested as
to determine whether any hazardous condi-
tion exists upon the discharge of gaso-
line through such outlets. Such tests
were not conducted. This particular
hazardous condition was found to exist in
this model alrcraft, notwithstanding the
fact that the Type Inspection Report re-
gquired a determination tc be made as to
the locatlon of the vent outlets

Fuel transfer procedures were not
specifically authorized within either the
Civil Aeronauties Administration's ap-
proved aireraft operating manual or the
menufacturer's DC~6 operation marual
Despite this fact, however, the air car-
riers were instructed by representatives
of the mamufacturer in the methods of
fuel transfer, after which such practices
were followed by their pilots There is
no indicatlon that the Civil Aeronautics
Administration investigated the propriety
of these air carrier fuel transfer
practices.

The hydraulic-fluld-soaked condition
of the baggage compartment lining is not
novel in imvestigation of transport cate-
gory alrcraft accldents siince the in-
spection of another transport aircraft,
not a DC-6, in 1946, accomplished after
an accldent involving fire in the for-
ward bagpage compartment, revealed a
condltion very similar to the one found
to exist in the Mcdel DC-6 seversl
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months later. The gravaity of this sit-
uation 1s amply reflected in the fact
thaet 1n neither model was there found a
single aircraft in operational service
which was free from such hydraulic fluid
accumulation. In both 1nstances 1t was
dewmonstrated that fires of great inten-
sity resulted from the ignition of the
hydraulic fluid due to the effective
aissipation of the fluid through the
non-combustible fibrous blankets of the
baggage compartment lining Although
considerable progress has been made dur-
ing the past year 1in the further devel-
opment of & non-inflammable hydraulic
fluid, the urgency of expediting the
operational use of such fluids is also
clearly indiceted.

As a result of these 1nvestigations,
a thorough analysis of the Model DC-6
was made and agreement reached 1n the
combined government-industiry Modifica-
tion Board concerning mcdification of
DC—-6 esircraft before they were returned
to operational service. The DC-6 fuel
system 1s being modified to prevent tne
transfer of fuel between tanks by the
incluszon of check valves 1n the fuel
lines. The Nos. 2 and 3 alternate tank
vents have been relocated to areas from
which no hagzard could exist through pos-
sible egress of fuel or fuel vapors. A
separate intake scoop has peen provided
for cabin heater combustion air Staln-
less steel combustion air intake ducting
has been previded for all heaters The
fuselage &ir outlet duct has been ex-
tended 50 as to exhaust air overboard
and not into any fuselage compartment.
Shrouds have been installed around all
flare containers. Smoke detectors were
installed in the air conditioning com-
partment2 and additional fire detectors
were provided 1in all fuselage belly com-
partments. Inspectlon openings in the
cabin floor have been provided to permit
visual inspecticn of all belly compart-
ments 1n flight. A guard has been pro-
vided for the fuel bLooster pump switch.
Redesign of the cockpit fire wa:ning
signals and ectuating hendles has been
accomplished to simplify cockpit emer-
gency procedures.

2The CA4, on June 20, 1948, authorlzed all aarriers
concerned to dlscennect all cergo corpArtment smoke
netector systems untll such time as a more rellable
unft coula be provided The CAB coneirred In thls
actlon



In addition to the above 1tems, numer-
ous modifications are being accomplished
affecting the air conditioning system,
the electracal system, the fuel system
and the asircraft structure which are de-
signed to minimize further the possibil-
1ty of fare in flight The 1investigation
has disclosed the cause of these acci-
dents so precisely and the required mod-
1fications have been so extensively ac=-
complished that there 1Is no reason to
doubt that the causes of these accidents
have been effectively eliminated through
such modifications

Findings

On the basis of the above 1investiga-
tion the Board finds that

1 The air carriers and crews were
properly certificated

2 Both aircraft involved in these ac-
cidents were individually certificated
in accordance with the type certifilcate
issued by the Administrator of Civi]
Aeronautics for the DC-C

3. No power plant, fuel, electrical,
or air-conditioning system failures were
directly contributory to the accidents.

4, In each instance the flight crews
of these aircraft transferred fuel either
intentionally or 1inadvertently from the
No 4 alternate tanks to the No. 3 alter-
nate tanks ard failed to stop the trans-
fer process in time to avoeid overflowing
the ho 3 alternate tanks.

5. Gasoline flowed through the No 3
alternate vent line, out the vent, and
was carried back by the slip stream
entering the cabin heater combustion aair
intake scoop

6 In both 1nstances the cabin heaters
were 1n operation before the accident and
ipnited the gasoline entering the scoop
causing the fuel to burn in the intake
ducting and thereafter to penetrate into
the alr condiiioning compariment.

7 Although the fuel system of the
Model DC-~6 as initially designed and
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certificated was readily adaptable to fuel
transfer in flight, no tests were con-
ducted by the Civil Aeronautics Adminis-
tration to deterwmine the hazard of fuel
overflow in flight through the Np. 3 al-
ternate fuel tank vent in the type in-
spection of the Model DC-6, nor were the
operators of DC-6 aircraft advised of
the possible hazard involved in transfer-
ring fuel between tanks during flaght

B. While transfer of fuel between
tanks in the Model DC-6 was a commoen
practice and known to personnel of the
manufacturer, the air carrier, and the
Civil Aeronautics Administration, mo
fuel transfer procedure had been estab-
lished by any of these parties

Probable Cause

The Board determines that the probable
cause of these accidents was the combus-
tion of geasoline which had entered the
cabin heater combustion air intake scoop
from the No 3 alternate tank vent due to
inadvertent overflow during the transfer
of fuel from the No 4 alternate tank

The failure of the manufacturer and
the Civil Aeronautics Administration to
exercise full caution in the analysis of
the fuel system of the DC-6 relative teo
proper location of fuel tank vents to
provide non-hazardous location for fuel
drainage, as required by existing regu-
lations, and the insufficient attentive-
ness on the part of the manufacturer,
the Civil Aerconautics Admwilnistration,
and the air carriers to the procedures
of fuel management employed by pilots
operating DC-6 aircraft, were contribut-
ing factors

BY THE CIVIL AERONAUTICS BOARD

/s/ JOSEPH J G'CONNELL, JR
{s/ OSWALD RYAN

/s/ JOSH LEE

fs/ HAROCLD A JONES

/s/ RUSSELL B ADANS



Supplemental Data

investigation and Hearing

The €Civil Aeronautics Board was notil-
fied of the aceident involving United .
Alr Tines at Bryce Canyon, Utah, at 1240:
October 24, 1947 Investigators from the
Board's Santa Monica office proceeded to
Aryce Canyon, arriving at the scene of
the accident at 1610, the same day. A
public hearing was ordered and the first
session was held at Panguiltech, Utah,
November 4, 1947. 1his hearing was re-—
convened at Santa Monica, Celifornia, De-
cember 18 and 19, 1947

Notification of the acecident involving
dmerican Airlines at Gallup, New Mexico,
was receaved at 1415, November 11, 1947,
and personnel from the Boarg's Santa
Monica office arrived at the seene of the
accident at approximately 1830, the same
day Investigation of each accident was
imnediately i1nitzated after notification
1n accordance with the provisions of
Section 702(a) (2) of the Cival Aero-
nauties Act of 1938, as amended A pub-
lic hearing was ordered and was held ain
Santa Monica, California, December 15,
16, 17, and L8, 1847

Air Carriers

United Alr ILones was incorporated in
the State of Delaware and maintains its
hegdquarters in Chicago, Illanoas
United Axr Lines possessed a certificate
of nublie convenience and necessity and
gn air carrier operating certificate,
both issued pursuant to Civil Aeronautics
Act of 1938, as amended  These certafi-
cates authoriced Tinited Ai1r Lines to en-
gage 1n the air carriage of persons,
property, and mail hetween various points
in the United States, i1ncluding TLos
ingeles, California, and Chicago,
I1linots.

American Alrlines was incorporated in
the State of Delaware and maintains 1its
general offiees in New york, hew York.

At the time of the accident American Air-
lines possessed a certificate of public
convenience and necessity and an air
carrier operating certaficate, hoth 1s-
sued in accordance with the Civil Aero-
nautics Act of 19368, as amended., These
certificates authorize American Airlines
to engage in the transportation by air of
persons, propertv, and mail hetween var-
1ous noints in the United States, in- .
cluding San Francisco, California, and
Tulsa, Oklahoma.

* "
411 Uimes ~efe-red to herein are Mountaln Stand-
ard and based on the 24-hour cluok
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Flight Personnel

Captain F. L. McMillan, age
Angeles, California, was pilot
Imited Air Lanes' ailrcraft and
time of the accident possessed an airline
transport pilot rating Fe had accumu-
lated a total of epproximately 15,000
hours, of which 1358 hours had bheen in
DC-G aircraft G G Griesbach, age 25, was
co-p1lot and possessed an airline trans-—
port pilot rating. Tintil the dete of the
accident he had accumulated a total of
3,046 hours, of whiech 68 hours had been
in DC-6 aarcraft, H F Vorrissey,
Sharley T. Hickey, and Sabina H, Joswich
were stewardesses. Both pilots were
properly certificated and the captain
was gualified over the route. .

E. W Chatfield) age 42, of Tulsa,
Oklahoma, was pilst of the American Air-
Jlnes' aircraft Oh the date of the
accident be possessed an airline trans-
port pilot rating and had accumulated a
total of 9,747 hours, of which 4335 hours
had¢ been obteined in DC-€ aircraft. V.

B Brown, age 32, of Tulsa, Oklahoma, was
co-pi1lot. He possessed an airline trans-
port pilot rating and until the date of
the accident had accumulated a total of
3,372 bours, of which 417 hours had been
obtained in DC-6 aircraft Evelyn Apatz
and Marilyn Humphreys were stewardesses.
Both pilots were certificated and the
captain was gualified for tne route.

42, Los
of the
at the

Aircraft

The Unated Aar Linmes' DC-6, NC-37510,
had heen operated a total of 933 hours
since 1ts original manufacture in March
1947 It was equipped with four Pratt
and Whitney R-2800 engines, in which
Hamilton Standard propellers were in-
stalled. At the time of departure from
Los Angeles, California, the total weaght
of the aircraft was less than the maximum
allowable and the Ioad was distrabuted
with respect to the center of gravity
within approved limits

The American Airlines' DC-6, NC-80741,
had been operated a total of 142 hours
since 1ts original manufacture in Qctober
1947. It was equipped with four Pratt and
Whitney H-2800 engines, on which Curtiss
electric propellers weredinstalled At
the time of departure from San Franecasco,
California, the total weight of the air-
craft was less than the maximum gross amd
the weight was distributed with respect
to the center of gravity within approved
Jimats

(1)



