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Abstract: This report examines a fire that erupted at a fuel storage and dispensing
facility at the Stapleton International Airport in Denver, Colorado, on November 25,
1990. The flight operations of one airline were disrupted because of the lack of fuel
to prepare aircraft for flight. Airport facilities, other than the fuel farm, were not
affected by the fire. The safety issues discussed in the report are the maintenance
and inspection of fuel storage facilities on airport property; the training of
personnel charged with maintaining and inspecting fuel storage pumping
equipment; the safety features for fuel pumping equipment; Federal Aviation
Administration inspections of fuel storage facilities on FAA-certificated airport
property, and industry contingency plans for responding to targe fires on airport
propertly. Safety recommendations concerning these issues were made to the FAA,
the operater of the fuel farm, the National Fire Protection Association, the Airport
Operators Council International, and the American Association of Airport Executives.
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EXECUTIVE SUMMARY

About 0915 mountain standard time, on Sunday, November 25, 1990, a fire
erupted at a fuel storage and dispensing facility about 1.8 miles frcm the
main terminal of Stapleton Internaticnal Airport at Denver, Colorado. The
facility, referred to as a fuel farm, was operated by United Airline: and
Continental Airlines. From the time firefighting efforts were initiated
immediately after the fire erupted until the fire was extinguished, a total
of 634 firefighters, 47 fire units, and 4 contract personnel expended
56 million gallons of water and 28,000 gallons of foam concentrate. The fire
burned for about 48 hours. Of the 5,185,000 gallons of fuel stored in tanks
at the farm before the fire, about 3 million gallons were either consumed by
the fire or lost as a result of leakage from the tanks. Total damage was
estimated by United Airlines to have been between $15 and $20 million. No
injuries or fatclities occurred as a result of the fire.

United Airlines’ flight operations were disrupted because of the lack of
fuel to prepare aircraft for flighl. A:ronrt facilities, other than the fuel
farm, were not affected by the fire. The duration and intensity of the fire,
however, raised concerns about the ability of airport and local firefighters
to respond to a fuel fire of this magnitude. The origin of the fire also
raised concerns dbout the safety oversight and inspection of fuel farm
pumping operations.

The National Transportation Safety Board determines that the probable
cause of the fire at the fuel storage facility at Oenver’s Stapleton
International Airport was the failure of AMR Combs to detect lcose motor
bolts that permitted the motor of motor/pump unit 3 to become misaligned,
resulting in damage to the pump and subsequent leakage and ignition of fuel.
Contributing to the accident was the failure of AMR Combs to properly train
fts employees to inspect and maintain the fuel pump equipment and the failure
of the city and counlty of Denver to carry out its certificate holder
responsibility t3 oversee the fuel storage facility in accordance with its
airport certification marval. Contributing to the severity and duration of
the fire were the lack of storage tank fail-safe control valves and internal
fire valves and the location of the control building in the containment area
were fuel leaks are likely to occur.

The safety issues discuscsed in this accident report include:

° maintenance and inspection of fuel storage facilities on aivport
property;

training of company personnel charged with maintaining and
inspecting fuel storage punping equiprent;

adequacy 1 safety features for fuel pumping equipment;




the responsibility of the Federal Aviation Administration (FAA) for

inspection of fuel storage facilities on FAA-certificated airport
property; and

. industry contingency plans for responding to fuel farm fires.

As a result of this accident, safety recommendations were issued to the
Federal Aviation Administration, AMR Combs--the company thac was under
contract to operate and maintain United Airlines’ portion of the fuel farm,
the National Fire Protection Association, the Airport Operators Council
International, Inc., and the American Association of Airport Executives.
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FUEL FARM FIRE AT

STAPLETON INTERNATIONAL AIRPORT, DENVER, COLORADO
NOVEMBER 25, 1990

INVESTIGATION

Fire and Inittal Notification

About 0915 mst.! con November 25, 1990, a fire erupted at a fuel farm at

Stapleton International Airport in Derver. Colorado.? The fuel farm,
operated by United Airlines, Inc. (United) and Continental Airlines, lInc.

(Continental), was located about 1.8 miles frem the airport’s main terminal.
(See figure 1.)

Shortly afier 0900, a Sky Chef®> employee, who was across the street
from the fuel farm. noticed "exhausi coming from between two smaller tanks’
at the farm. About 0915, the employee and two other Sky Chef employees
observed smoke and fire spreading east to west in the vicinity of where the
*exhaust” had earlier been spotted. None of these employees, however,
repoerted their observations until after 0922:50. by which time *he Denver
fire department had already beer notifieg.

About 0921, a (ontinental security guard. who was also across the street
from the fuel farm. witnessed an explosion and fire at the fuel fare and
telephoned the local emergancy number. 911. About the same time, the air
traffic control tower noticed a column of blacy smoke at the fuel farr and
notified airport fire station No. 1. Five aircraft rescue ang firefighting
(ARFF) trucks were dispatched ang arrivec at the fuel farm about 0925.
Airport fire station No. 2 alsc responded and arrived et the fue) farr about
0926. hile on route from the airport fire depariment to the fuel farm. the
senior “ire official requested that the fire dispatcher sounc & secona aiarn.
Which included four off-airport engine companies and twe off-airport fire

districlt chiefs.

! Ali times l'steg arve mourte:r stancge g trme fret’ Datec OF tTre Zia-hour

¢lock, uniess Ctrerwise ngicstec.

2 "faei farp' s 8r irguetcy terr that rete~s ¢ the ftue. tl0-age &nc
gispenst~g facilitses locetec at 2 'rpo’ls Anc used by B riines teor fyueling
their pairczrpft, .arge ai-pcrtts, sugt ps lenver's Ctapieto~ Imte-nationg:
dirport, typically hsve severs. fue. iprmsy cperatec by the varicus arrilines

perving that i rpor T,

3 Syy (hef 15 a food servife C(orFpeny serving the pirl-nes at Denver':s

pirport,
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Figure 1.--Fuel farm in relation to airport.
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Meanwhile, about G915, an Ogden Allied* employee who was at the
company’s maintenance shop, about 0.3 miles from the fuel farm, received an
alarm on Continental’s fuel tank 8 and attempted unsuccessfully to reset the
alarm. (The Ogden Allied employee had been at the fuel farm around 0830 and
had initiated filling of tank 7, and this tank was being filled at the time
of the alarm.) He then exited the maintenance shop, saw smoke coming from
the fuel farm, and proceedcd toward the fuel farm with another coworker. By
the time the Ogden Allied employees arrived at the fuel farm, firefighting
officials were already onscene.

Arriving firefighting crews observed a large fire, near United’s fuel
tanks 3 and 4, in a containment area (pond 1)° that contained pipes, pumps,
valves, and a control building (<ee figure 2). Also, burning fuel was
?praying from equipment in front of tanks 3 and 4 in "tentacles" 8 to 10 feet

ong.

At 0933, the Denver fire department called the Public Service Company of
Colorado and requested that electrical power to the farm be terminated to
eliminate any electricai hazard to the firefighters. According to a power
company spokesperson, a company truck was dispatched to the appropriate
substation %o terminate the power to the fuei farm. The work was completed
agout IS%E; according itc the company, it takes about 45 minutes to complete
the work.

Response to the Fire

Firefighters on three of the ARFF trucks simultaneously began to
discharge fire vetarding Ffoam concentrate, mixed with water from a water
truck, and extinguished the fire in the containment area within a couple of
minutes. However, because of fuel spraying from a rupture in a fuel line in
the containment area, the foam layer quickly washed away and the escaping
fuel reignited. HWithin about 3 minutes of initiating their attack, the
airport firefighters depleted treir water supply and began to replenich it
from a nearby hydrant. At the time, other ARFF units returned to staticn
No. 1 to obtain more foam concentrate, which had also peen depleted. Because
the firefighters ware unabie to maintain a continuois flew of foam, the fire
from the pooling fuel in the containment area continued to irtensify before
the reserviced ARFF trucks returned.

4 Dgden Altied, an independent c¢ompany under contract with Coentinental

Airtines, maintained and opersted Continental’s part of the fuel farm,
Typically, airlipes serving an airport will c¢ontrac. with an independent
¢company that provides the maintenance and operating services. (See
sdditionsl discussion unde:- “Physicatl Layout of Fuel Farm.")

5 "Pond" is the term used to refer to the diked containmant areas,

6 An electric ¢2lock was found in the contro! building after the fire was
extinguished; the c¢lock was stopped and the time was 1020.
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The first city firefighting units tegar tc arrive aboui 0925. These
units used their equipment to protect exposed fuel tanks by applying hose
str2ams on the tanks. In addition, these units establiched water suppiy
lines. Although more upits arrived and established additional hose lines,
the pooling fire continued to intensify and impinged on the piping to tanks
3, 4, and 5. About 1000, firefighters, working with employees from AMR
Combs? and Ogden Allied, manually closed valies at the base of tanks 1, 2,
and 5, to prevonr the fire from being fed by head pressure from the tanks.
According to the firefighters, because of the intensity of the fire at
tanks 3 and 4, they were unable to close the valves to those tanks at that
tine. firefighters determined that fuel under pressure was still leaking
into the containment area and, with the help of Cgden Allied employees, then
manually closed the valves to tanks 7, 8, and 10. About 1015, a Chase
Transportation Company employee manually closed a valve that isolated the
pipeline that supplied fuel to the farm. (See discussion in "Physical
lL.ayout of Fuel fFarm.")

by 1500, flames were impinging on tanks 2, 3, 4, and 5. The fire
continued to burn and as it grew in intensity, couplings and other valves
around tanks 3, 4, and 5 began to fail, allowing more fuel to escape. At one
point, burning fuel was spraying into the air to beights of 30 feet in the
general vicinity of tanks 3 and 4.

About 2130, a large amount of fuel began to flow into the containment
area (pond 1). Firefighters stated that they believed that this increase in
fuel was caused from the release of a discharge pipe attached to tank 4.
Fuel and water began overflowing pond 1 and flowed into pond 2 via pond $
(see figure 2). Burning fuel was then impinging on tanks 1 and 10, in
addition to tanks 2, 3, 4, and 5. As flames from the burning fiuel continued
to impinge on tanks 1 and 2, firefighters applied hose stream:. directly on
those tanks to keep them cool and to preclude their rupture.

Firefighting effurts continued throughout the evening of November 25.
By ©700, on November 26. tank 3 had partialiy collapsed. As the fire
suppression activities continved, availabie foam concentrate supplies were
depleted, except for the amount reserved to he in compliance with FAA
requirements.® Initially, additional foam concentrate was received from
neighboring communities and other local resources, but those supplies were
quickly exhausted. The Denver fire department’s requests for additional foam
concentrate were icknowledged, and foam concentrate was flown to Denver from
fire departments in Seattle, Houston, Philidelphia, and Chicago. As the foam
coencentrate arrived, firefighters continued to spray the fire. These efforts
cont inued throughout the day. A cold front moved through the area during the

7 AuR combs was the independent contractor that opersted and maintained
Unfted’s part of the fuel farm.

8 According to the fire depsrtment, the amount of foam concentrate
required by he Fideral Aviation Administretion (FAA) for emergencies
involving afr carriler operstions st Stapleton was not used. (See oppendix 8
for FAMA requirements.)
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day on Hovember 26, and the gusting and changing wind directions in the
Denveir area at the Lime repeatedly disrupted tke foam blanket and forced
firefighters to continually readjust tactics.

On November 27, between 0100 and 0600, a number of recurring explosions
were reported to have occurred in tank 5 at half-hour intervals. The fire at
tank 3 had been extinguished, and the fire at tank 4 had diminished
considerably; however, fires continued to burn at the flanges on piping for
tanks 5 and 10.

During the early morning hours on November 27. vepresentatives from
Williams, Boots, and Coots, Inc. (WBC), a private company that specializes in
extinguishing large-scale fuel fires, arrived at tne request of Continental
Airlines.? ‘Upon arrival, WBC perscnnel conferred with Continental Airlines
and Denver fire department representatives. Although fire suppression
activities continued, fire department representatives elected to wait until
morning Vight before attempting to initiate the firefighting tactics outlined
by WBC. WBC acquiesced, although WBC expiessed concern that waiting might
exacerbate the situation.

At daylight, WBC evaluated the fire and tank conditions and concluded
that tank 5 would not remain intact much longer. WBC requested and received
permission from the Denver fire department to begin to expeditiously attack
the fire. From that point on, WBC assumed responsibility for the
tirefighting operations.

Initially, WBC encountered some difficulty in mating its equipment with
fire department hoses. The problem, however, was resolved within an hour
with the assistance of Ogden Allied and AMR Combs personnel. About
1 1/2 howrs  elapsed as personnel installed the foam concentrate/water
proportioners and increased the water pressure to sufficient levels for the
attack.

WBC attacked the fire Ffirst by cooling tark 5 and the piping area near
that tank using three foam monitors, two of which had discharge rates of
750 gallons per minute {gpm) and one that discharged at 500 gpm, and two hose
lines that were rated at 250 gpm each, for a total application rate of
2,500 gpm. WBC had brought supplies of foam concentrate and equipment that
quickly and continuously mixed the foam concentrate and water, allowing for
uninterrupted application. As the foaw was applied and became effective,
fire departmant dry chemical units were brought forward and used on
specifically assigned targets. The flange fires near tank 5 were
extinguished, and the contractor used the same technique to extinguish the
flange fires near tank 10. After the flames were extinguished, firefighters
maintained the hose streams to cool hot surfaces and to reduce the potential

9 The communication betveen W8C and Unfted Airtines, and between 'he
penver flre department and WBC is unclesr. Continental Airlines uvitimately
arranged end paid for WAC services. Continentsl became concerned during the
course of the events that the fire might impinge on its holding tanks 7 and 8.

3 . . e .. )
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for reignition. 2 total of 45 minutes elapsed from the time WBC began
attacking the fire to the tine the fire was extinguished.

About 48 hours elapsed from the time the fire erupted until it was
extinguiched. A total of 634 firefighters, 47 fire units, and 4 contract
personnel (WBC) expended 56 million gallons of water and 28,000 gallons of
foam concentrate.

Damage

Tanks 3 and 4 were completeiy destroyed by the fire; tanks 2, 5, 8, and
10 received extensive damage; and tank 1 received smoke damage. In addition,
pumps, electrical equipment, and control facilities were extensively damaged
(see figures 3 and 4). Of the 5,185,000 gallons of fuel stored in tanks at
the farm before the fire, about 3 million gallons were either consumed by the
fire or were lost as a iesult o leakage from the tanks. Total damagr was
estimated by United Airlines to have been between $15 and $20 million.

Injurties

No injuries or fatalities occurred as a result of the fire,

Meteorological Information

On the morning of November 25, 1990, the temperature at Stapleton
International Airsort was about 57 6F, and the wind was from the south-
southwest at 4 to 10 knots. About 1250 on November 26, a front passed
through Denver; the wind began blowing from the north at 12 knots with gusts
to 23 knots, the temperature dropped to freezing (32 9F), and snow began to
fall. The lowest recorded temperature during the 2 days of the fire was 20
OF around midnight on November 26.

Chemical and Physical Properties of Jet-A Fuel

Jet-A fuel has a specific gravity of 0.82 at 70 OF. The flash point is
about 105 OF, and the minimum autoignition is 437 OF, Its lower
flammability limit is 0.6 percent and its upper limit is 4.7 pcrcent in air.
The National Fire Protection Association classifies Jet-A fuel as a Class Il
liquid. Class Il liquids have flash points at or above 100 OF (37.8& °C) and

below 140 OF (60 0C).
Physical Layout of Fuel Farm

The land on which the fuel farm was located was owned by the city and
county of Denver, the certificate holder for Stapleton International Airport.
The airlines operating the fuel farm leased the land from the city and
county. AMR Combs, under contract with United, operated United's part of the
fuel farm. Ogden Allied, under contract with Continental, operated
Continental’s part of the fuel farm. A layout of the fuel farm is provided
in figure 2. Fuel storage tanks 1, 2, 7, and 8 were owned by Continental.
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Figure 4.--Fire damage to motor/pump area. Arrows
indicate the control building.
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Fuel storage tanks 3, 4, 5, and 10 were owned by United. (Tank capacities
are listed in appendix G.)

Chase Transportation Company (Chase) provided fuel to the farm from its
storage facility at Aurora, Colorado, located about 4.5 miles east of the
farm, through an underground 6-inch pipeline. (The elevation of the storage
facility at Aurora is about 100 feet above the elevation of the fuel farm at
Denver.) After entering the farm, the 6-inch pipeline rose to the surface
at which point the line pressure was measured before ana after the fuel
passed through a filter.'® At this location, there is a valve that can be
manually closed to isolate the 4.5-mile section of pipeline to the Aurora
facility. (The foreman on duty at the Aurora facility on the morning of the
fire cbserved smoke at the Stapleton airport and oroceeded to the fuel farm
and closed this valve at about 1015.) A back pressure valve was installed on
the pipeline at a location beyond where the pressure was measured but before
the pipeline retuvned underground. This valve was designed to automatically
close when the line pressure fell below 25 psi. The pireline returned
underground, headed north to a point just east and south of tank 5, headed
west, and then resurfaced in front of tank 3. The pipeline continued on the
surface to the western-most point of a control building, where the pipeline
rose and "tee"-ed to the motor operated supply control valves that directed
fuel to either United’s bulk receiving tank 10 or Continental’s bulk
receiving tanks 7 and 8. The valves were controlled from the motor/pump
control building (see figures 2 and 5) located in front of tanks 2 and 3 in
the containment area (pond 1). \United’s tanks 3, 4, and 5 weve routinely
filled from tank 10 and these tanks had been filled just before the fire.

The iniet/outlet piping on tanks 1, 2, 3, 4, 5, 7, 8, and 10 had
manual.y operated "butterfly" valves at the base of each tank."? (See
figure 5.) These fire-rated'? steel valves were bolted externally onto the
tank outlets. According to United, these valves were primarily closed for
maintenance purposes, but were otherwise normally left open.

Tank 10 had an internal fire valve with oxternal fusible links that was
designed to automatically close when exposed to heat from a fire. This fire
valve functioned as designed during the fire. Tanks 1 through 5 did not
have, nor were they required to have, this feature.

0 these pressure cesaurements were made to determine when the fiiter
should be changed. Otner measurements were made st verfous tocations slong
the pipeline.

1, butterfly valve is a type of valve with a disk turning on &
diametrical axis inside & pipe.

12 yetional fire Protection Assoctation (NFPA) Standard 30 (Chaptcr 3,
psragraphs 3.3 and 3.3.1) requires that valves at storage tanks be made of
stecl or nodular iron or of such material having a fire-resistance rating of
not less than 2 hours.
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Tanks 1 through 5 had pneumatically operated control valves on both the
intet and outlet piping located about 17 feet from the manually operated
"butterfly” valves. (See figure 5.) These valves on the piping for tanks 1,
3, and 4 were designed to automatically close if electrical power was lost
znd air pressure remained on the valve’s operating control system. In the
event air pressure was also lost, the valves would have to be closad
manually. The pneumatically oparated control valves on tanks 2 and 5 were
fail-safe in the sense that they were dasigned to automatically close (spring
Yoaded) 1if either electrical or air Dpressure was lost. The compressors
groviding the air supply for operating these valves were located in the
control building, which was located in the containment area (pond 1;.

Tanks 1 through 5 also had "victaulic" type couplings'® installed on
the 18-inch outlet piping between the manually operated butterfly tank valves
and thke pneumatically operated control valves.

United Airlines piped fuel from tanks 3, 4, and 5 to six motor/pump
units (see figure 5) that discharged fuel into a manifold that was connected
to underqround pipelines that ran to the airport terminal for fueling
aircraft.y¢ The number of pumps in operation at any particular time depended
on fuel demand, measured by line pressure and fuel flow. Each month a
. Ferent motor/pump unit was designated as the lead pump; other pumps would
automatically be switched on as determived by fuel demand. Ffor the month of
November, pump 4 was the lead pump. As demand dictated, pump 3 would be
activated after pump 4, followed by pumps 2, 1, 6, and 5. A 24-hour,
2-channel circular paper chart recorder recorded line pressure and fue' flow
to the terminal. The chart recorder, the pumping controls, and associated
electrical equipment switches for the United fueling system were housed in
the control building located in the containment area (pond 1) forward of
tanks 2 and 3 (see fiqure 2).

United’s pumps were rated at 1,150 gallons per minute with an output
pressure equivalent to 315 feet of head pressure when operated at 3,600 rpm.
The pump was divided intc two major components: the bearing case and the
impeller case, as illustrated in figure 6, Each pump was driven by a 125-hp
electric motor, manufactured by General tlectric, through a direct geav
coupling assembly (C in figure 6). A spacar was Lolted to each half of the
coupling assembly to facilitate disconnecting the pump from the motor for
repairs (item 22 in figure 7). Both the pump and motor were bolted on a
machined pedestal--the pump with four 3/4-inch-diameter steel bolts and the
motor with four 5/8-inch diameter steel holts. The pedestals were welded to
a bed plate that was designed with a channel to collect fuel during
equipment maintenance and from potential fuel 1eaks. (See figure 6.)

13 victaulic couplings provide flexibility for pipelines as soil shifts,

4 4n 18-inch and a 24-inch pipeline ran from the fuel farm to Unfved’s
area at the airport tarminat. These pipelines, when filled, as they were on
the morning of the fire, contained sbout 408,000 gallions of fuel.




Figure 7.--Damaged coupling assembly of motor/pump unit 3. The
coupling gear is denoted by brace C: 21 is the motor shroud;
22 is the coupling spacer; 23 is the pump shroud; and 24 is
the separated pump hub.

Design of Fuel Farm

The fuel farm was designed in 1974-75, and construction was completed
in 1976. The original design called for the accomodation of five fuel tanks
(tanks 1 through 5) on a tract of land of less than 3 acres. According to
the designer of the fuel farm, whe has alco worked on the design of the fu2l
farm for the new airport at Derver, the primary standard followed for non-
mititary fuel storage facilities is the National Fire Protection Association
(NFPA) Standavd 30, which has been updated over the years--in 1977, 1981,
1984, 1987. and recently in 1990. According to this designer and another
desf~ner, who is also working un the fuel farm at the new Denver airport,
neituer the NFPA Standard 30 nor any other industry standard specifies (1)
the location of pumping control facilities relative to the pumping equipment,
(2) the fnstallation of fail-safe control valves, or (3) fire valves on
above-ground storage facilities. According to one of the designers, the
Denver fire has caused a number of changes in the design of fuel stovage
facilities, notably in the three areas mentioned above.
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Post-Fire Examination of Fuel Farm Equipment

General Information.--After the fire was extinguished and the fuel and
water were removed from the containment area (pond 1) in front of fuel
storage tanks 1 through 5, various fuel syster components were examined. A
split was nuted on a section of the Chase 6-inch pipeline that travels along
the containment area (see figure 8). The butterfly valves on tanks 3 and 4
were found open. Victaulic couplers connecting sections of the 18-inch
pipeline that supplied fuel to the pumps from the storage tanks had come
apart (see figuve 9). Fuel was observed leaking from flanges at other pipe
joints and at the check vaives in the 18-inch and 24-inch lines that provided
fuel to United’s terminal.

Figure 8. Damaged 6-inch supply pipeline (arrow denotes
the split).




Figure 9.--Failed victaulic coupler.

Preliminary examination of the six motor/pump units indicated anomzlies
in motor/pump unit 3, including 1 shifting of the motor relative to the pump
by about 3.6 deqrees. That unit and motor/pump unit 4, for comparison
purposes, were removed from the containment area under the supervision of the
Denver fire department.

Examinaticn__of Motor/Pump Unit 3.--Motor/pump units 3 and 4 were
transported to a facility at Stapleton leased to United Airlines where the
pumps were separated from the motors. The coupler and the pump of unit 3
were disassembled and examined in detail at this location. The motor of
unit 3 was transported to Reliance flectric Company and disassembled.!?

The rotor end rings (}arge, aluminum end pieces on the rotor} had melted
into the base of motor 3 during the fire. Consequently, the end caps had to
be broken off to remove and inspect the motor bearings and armature shaft.
Examination of the bearings after they were removed did not show any unusual
wear or damage. The journals were then examined and were also found to be
free of wear and damage. Measurements of the motor shaft revealed that the
shaft was bowed about 0.240 inches between the forward and rear journals.

All four 5/8-inch-diameter bolts that secured motor 3 to its pedestal
were fractured. These fractures occurred in the threaded area (see
figure 10). Remnants of all four bolts remained in the threaded holes of the

15 Reliance Electric Company had previously overhauled this wrotor. See
section "Fuel Farm Maintanance Records™ for further information.
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pedestal. The heads of only three bolts were located. The heads of two of
these bolts were found on the bed plate; a third head was found on the motor
pedestal. Tne three bolt heads were covered with soot and were heavily
oxidized, and the undersides of all three bolt heads were rounded and
exhibited deformation in an upward direction.

Two bolt heads used to secure the motor to the pedestal contained
permanent markings that indiceted they were grade 8.2 bolts, according to 5At
J429 specifications.'® Bolts with this designation are rated with a minimum
tensile stirength of 150 kilo pounds per square inch (ksi) and have a hardness
value of 33 to 39 HRC.'7 A third bolt head contained a permanent marking
that indicated the bolt was a grade 5, with a minimum tensile strenyth of
120 ksi and a required hardness of 25 to 34 HRC.

The three motor bolt sections with heads were examined at the Safety
Board’s laboratory. This examinaticn revealed that the three bolt sections
(1abeled A, B, and C in figure 10) had hardness values of 82, 82, and 84
HRB, respectively.'® Rernants of the bolts that remained in the forward
holes of the motor pedestal were also examined. The examination revealed
that the bolt remnants that remained ir the right and left forward holes of
the motor pedestal had hardness values of 85 and 67 HRB, respectively; the
corresponding tensile strengths were 82 and 58 ksi, respectively.

Microscopic examination of the fracture surfaces on the three sections
of bolts with the heads attached indicated features characteristic of fatigue
cracks originating at multiple sites along the thread roots on diametrically

opposite sides of the bolts. The remaining fracture surfaces between the
fatigued areas vrevealed features typical of overstress separations.
Examination of the fracture surface on the bolt remnant that remained in the
lef{ forward hole in the motor pedestal revealed damage consistent with the
motor base sliding across the bolt surface.

The sections of the bolts with the heads attached and the remnants that
remained in the forward holes of the motor pedestal were cut longit:dinally
and examined. This examination revealed a microstructure of pearlite and

16 ihe Society of Automotive Engineers’ (SAE) document, "Mechanical ard

Material Requirements for Externally Thresded Fasteners™ (SAE J&29), Llists
vhe beit grades associated with standard markings.

1 irdness as measured by the Rockwell C-scale.

18 The HRardness Rockwelil B-scale (HRB} is used to measure the hardness
of materiats softer than those measured by the C-scale, The B-scale and the
C-scale do not overlap. Therefore, the highest reading on the B-scale
indicates 8 softer materiasl then the towest reading on the C-scale.




Figure 10 --Failed motor mount bolts of motor/pump unit 3
(x indicates the fractured surface).
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ferrite, For high strength steel belts, the nicrostructure should be
tempered martensite.

Imprint marks around the bolt holes rn the motor foot were examined.
fSee figure 11.) The imprint marks measured 1 1/8 inches from apex to apex
and were consistent with the size of the hexagonal bol: heads and lock
washers. The imprint arovund the right rear hole was about 1/8-inch deep and
clearly hexagonal. The imprint around the right forward hole was also about
1/8-inch deep, but was more circular with one flat side consistent with the
length of one side of the hexagonal bolt head. The imprints around the bolt
holes on the left side of the motor foot were about 1/16-inch deep. The
imprint around the left rear hole was consistent with a lock washer having
been present.

General Electric motor installation instructions, GEi-56128A, provides
the following guidelines:

for base assembly and motor mounting, the bolts must be carefully
tightened to prevent changes in alignment and pussible Jamage to
the equipment. It is recommended that 2 washer be usad under each
nut or bolt head to get a secura hold un the motor foot; or, as an
alternative, flanged nuts or bolts may be used. The recommnended
tightening torques for medium carbon steel bolts, identified by
three radial lines at 120 degrees on the head,'® are: 5/8 inch boit
the minimum torque is 120 ft-1b. and the maximum is 180 ft-ib.

Examination of the guard over the coupiing assembly exhibited rotational
damage consistent with the rotating coupling assembly pressing agaiast the
guard. The coupling assembly was extensively damaged. The pump gear teeth
«J in figure 12) were badly worn; the pump hub had been forced forward onto
the pump shaft until it was pressed against the bearing case; the corners of
the pump hub exhibited circumferential wear damage aind gouge marks (Y ip
figure i2); and the pump shaft, key, and key way exhibited heavy metal smear
damage. The pump shroud gear that mates to the pump hub gear {(figure 13) was
stretched open, and the pump hub gear was bzaly worn. The teeth in the pump
shroud gear were worn or completely gone {area . in figure 13). W¥ear marks
were also noted in the stretched area; they appeas v be consistent with the
pump shroud gear wearing against the pump gear and shaft.

Examination of the pump components revealed i.«* the bearing case
exhibited cracks where it was attached to the impeller case of the pump (see
figure 14). A 2-inch-square piece of metal was dislodged from both the left
and right :ide of the bearing case. The rear of the bearing case was
normally fastened to the bed plate by twe brackets that are bolted together;
the two bolts connecting the brackets were missing (see figure 15).

'? Ihree radial tines 120° apart on the nesd of the bolt identivies a
bolt of 120 ksi.




\
- e
E . R “ . ] X . ! ‘ . ;‘:r!,i[!i i”:’r"b". { . s , s ‘ b2
YRR 1'-:‘ 7 “
il f T Cas ,
- ‘!ﬁ a! P
- - '”.,.qr:..:,"' s N . .
© \ _,
\" i
4
o
Figure 11i.--Imprint marks around bolt holes in motor pedestal of motor/pump unit 3. :




Figure 12.--Pump hub of motor/pump v
associated damage. J indicates
damaged shaft key; t indicates
indicates worn pump hub.

nit 3 (arrow 24 in figure 7) and
worn pump gear teeth; K indicates
pump shaft damage: and brace Y
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Figure 13.--Disassembled pump shroud of motor/pump unit 3 (arrow 23 in
figure 7). Y indicates areas of wear Jamage and gouge marks;
Z indicates area of worn or missing teeth.
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When the bearing case was disassembled from the impeller case, pieces of
metal on the bearing case fell off the right and left side. The exposed
fracture surfaces on the right side of the case exhibited round globule
shaped material that appeared to he solidified from the molten state (see
arrows in figure 16). The machined face of one of these fragments was
ground, polished, and etched. Metallurgical examination revealed a
microstructure consisting of graphite flakes in a matrix of pearlite, which
is typical of gray cast iron. No metallurgical anomalies were noted. The
examination of the fractured surfaces revealed features consistent with those
produced from overstress separation.

The pump is connected to the pump pedestal by four bolts; two on the
right side and two on the left side. Both bolts on the left side of the pump
were broken; both bolts on the right side were intact. The pump
manufacturer specified that the pump mount bolts be made from carbon steel
that has a minimum tensile strength of 60 ksi.

Both bolts on the right side were grade 5, according to markings on the
heads of the bolts, findicating an equivalent tensile strength of 120 ksi.
Post-fire hardness measurements indicated that both of these bolts had a
tensile strength of about 77 ksi.

The left rear bolt (as looking forward in figure 6) was separated at the
first thread below the hLexagonal head (see figure 17). A lock washer was
still installed on the bolt head. The remnant of this bolt, a total length
of about 18 threads, was found threaded into the pedestal to a depth of about
9 threads. Threads near the top of this remnant (S in figures 17 and 18)
were flattened on diametrically opposite sides. The bolt remnant was also
bent in the direction of the flattened threads, indicating side loading on
the bolt. Secondary cracks were found in the remnant at a location about
7 threads from the top of the remnant. The bolt head, washer, and the top
nine threads of the remnant were covered with soot. After electrolytic
cleaning, the bolt head, washer, and the top seven threads of the remnant
exhibited a copper colored coating. Energy dispersive analysis showed an
intense copper spectrum. The belt was ungraded and had a tensile strength of
about 56 ksi, as determined by post-fire hardness measurements.

The hexagonal head of the left forward bolt was not located. The
remnant of this bolt (a total leagth of 18 threads) was found threaded into
the pedestal to a depth of 3 threads. These three threads were deformed in a
downward direction with circumferential gaping cracks at the base of the
crown threads. Threads 6, 7, 8, and 9 (as counted from the bottom of the
remnant) were flattened on diametricaliy opposite sides (brace D in
figure 17). Hardness measurements of the remnant indicated a tensile
strength of about 50 ksi.

Examination of fracture surfaces (x on figure 17) on both the left rear
and forward bolts showed poorly defined features and oxidation from the fire.
gh$ fracture surfaces were normal to the longitudinal axes of these two

olts.




Figure 16.--Fractured bearing case of

motor/pump unit 3. Arrows point to beads
of molten metal,
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Figure 17.--Fractured left pump bolts of motor/pump
unit 3. D and S indicate flattened threads, and x

indicates fractured surfaces.




Figure 18.--Fractured pump Lolt after
electrolytic cleaning. R indicates areas
of secondary cracks. S indicates
flattened threads.
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When pump 3 was disassembled, the surfaces of the pump seal, which
prevents fuel from escaping into the atmosphere around the pump, were
missing but the *0" rings were present and intact. The pump seal consisted
of two mating surfaces: (a) a stationary surface (tungsten carbide, silicon
carbide, or some equivalent hard material) held in a steel "gland"; and (b) a
carbon rotating disk. The carbon rotating disk is held against the
stationar, surface with a spring under compression to prevent fuel leaks. A
small fuel line (seal flush line) carries fuel from the pump discharge to
this seal for lubrication and cooling. Repair records by John Crane, Inc.
(see discussion "Fuel Farm Maintenance Records"™) on pump 3 indicate that the
mating surface had been silicon carbide. The gland, which holds the
stationary mating surface, was damaged. The gland contained indentation
marks on the forward bore surface. The gland exhibited wear damage all
around the bore (arrow N in figures 19 and 20). The rotating mechanical
sleeve, which holds the carbon rotating disk, exhibited a circumferential
worn groove, measuring about 1/32-inch deep, in the area noted by brace Q in
figure 20. The location and width of the groove was consistent with the
size and position of the worn aft gland bore surface and was also consistent
with the rotating seal sleeve having made contact with the stationary gland
aft bore surface.

The bearing case was disassembled to examine the bearing and the
journals and to determine if the pump shaft was straight. The examination of
the bearings and journals revealed that they were undamaged. The pump shaft
was bowed about 0.139 inches. The position of the pump shaft was noted

before disassembly and using this orientation, the shaft was high in the
center between the rear and forward bearings relative to the shaft ends.
The ofl splash guards in the bearing case were missing. The impeller of the
pump was undamaged and there was no evidence of rubbing or unusual wear,.

Examination of Other Motor/Pump Units.--At the time motor/pump unft 3
was removed from the containment area, motor/pump unit 4 was also removed to
be examined in comparison to motor/pump unit 3. Examination of motor/pump
unit 4 revealed that the motor and pump were misaligned. However, all bolts
holding the motor and pump in position on the pedestal were intact. One of
the bolts holding the pump in position showad dsmage from extensive shear
forces (side loading). The seal on pump 4, which was of a different design
than the one on pump 3, was found to be in good condition.

The other four motor/pump units were examined onsite to determine their
condition. Examination of motor/pump unit 1 revealed that half of the teeth
were missing on the pump part of the coupler g2ar. Two of the bolts on this
coupler were not shoulder bolts as specifie! by the manufacturer. The
coupler gear was installed backward on the motor end of the unit, and the
motor was misaligned with respect to the pump. However, no gear damage was
noted. The motor and pump on unit 5 were misaligned. The bolts on the pump
of unit 6 were loose. The remnants of a fabric were found inside the bearing
case on pump 5. The oil deflectors in the pump bearing cases of all units
were missing. According to the manufacturer, the oil deflectors were made of
neoprene, which would have been destroyed by the fire.




Figure 19.--3land of pump seal in unit 3 with wear damage
(N) arcund bore and indentatinn marks (V).




Figure 20.--Mechanical pump seal sleeve of pump unit 3.
N indicates damaged gland around the bore, and Q is
the area of a worn groove.

Because the bolts in motor/pump unit 3 were fractured and some of the
bolts in motor/pump unit 4 showed overstress forces, the bolts from all the
motor/pump units were removed and selected bolts were tested for hardness.
Some of these bolts had markings on the heads of the bolts indicating that
they were grade % and others grade 8.2. Most of the bolts had no markings
that indicated grade. The tests revealed that none of the bolts with 2 grade
marking had a measured hardness equivalent to the specified tensile strength
of the grade. A1l of the unmarked bolts that were measured for hardness had
a hardness value and corresponding tensile strength less than that measured
for the graded bolts. The tensile strength of all of the unmarked bolts that
were measured was less than 55 ksi. (See appendix E.)
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New motor and pump bolts were obtained from the supplier of the
motor/pump units and tested for hardness for comparison with the ones that
had been removed from the pump area after the fire. (The source of the bolts S
taken from the fire area could not be determined.) The bolts received from b
the supplier were unmarked. The motor bolts had an average hardness that S
corresponded to a tensile strength of about 85 ksi. The tensile strength of
the pump bolts was about 115 ksi.

H\JJ Examination of Debris Found on the Bed Plate of Motor/Pump Unit 3.--
Y Small fragments of material that appeared to be similar to the material used

i for the stationary part of the seal were found on the bed plate of motor/pump

i unit 3. These f{ragments were subjected to energy-dispersive x-ray
an spectrometry befora and after ultrasonic cleaning in acetone. In addition, a
/ fragment of an unused silicon carbide seal was obtained from John Crane,
J Inc., the company that repaired the seal in pump 3 betweern April and July,
1989. The energy spectrum from the silicon carbide seal showed a single
strong peak of silicon (carbon was not detected). The energy spectrum from
the fragments of uncleaned material found on the bed plate also showed a
major peak of silicon with smaller peaks from aluminum, titanium, sulfur,
calcium, potassium, chloride, and sulfur. After cleaning, the major peak was ,
silicon with minor peaks from aluminum and potassium. - ':W

Metalluraical Examipation of the Ruptured 6-Inch Supply Pipeline.--A
longitudinal rupture about 5 1/2 inches long was found in a section of the
6-inch fuel supply pipeline that was above ground at a location about 25 feet
from the inlet piping of motor/pump unit 3. This rupture is identified in ;
figures 8 and 21. L

Figure 21.--Ruptured 6-inch supply pipeline (arrow R).
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This pipe was reportedly installed in the fuel farm in early 1979. A
review of purchase records revealed that a large shipment of 6.625-inch-
outside-diameter pipe section with a 0.188-inch wall thickness of either
American Institute Petroleum (API) 5LX grade X42 or API 5L grade B
specification steel was ordered in early 1979. This pipe was manufactured
with a longitudinal seam using electric resistance welding. The
measurements of the pipeline in which the rupture occurred cerresponded to
the measurements of the pipe purchased in 1979.

Isolated areas on the external surface of the fuel supply pipeline were
covered with a black coating appearing to resemble fiberglass in a matrix of
resin material. The pipe exhibited localized bulging surrounding the
rupture, with a maximum diameter of 7.5 inches. The walls along the rupture
separation line were reduced and exhibited heavy oxidation. This reduction
in pipe wall thickness is characteristic of a ductile overstress separation
when the material is hot. Energy-dispersive x-ray spectroscopy analysis of
the pipe in an area free of any deformation produced a spectrum that is
consistent with the composition of either grade X42 or grade B steel.
Further analysis of the seam area revealed an as-manufactured seam typical of
an electric resistance weld running through the pipe wall. This seam was
flush with the inside and outside walls of the pipe.

Fue) Farm Maintenance Records

Safety Board staff reviewed the contract and supporting documeants
between United and AMR Combs, dated January 1, 1983. This review indicated
that United Airlines, Cgden Allied, and AMR Combs had jointly inspected the
fuel farm on December 9, 1988, and that a followup inspection occurred on
December 30, 1988.2° According to the Jjoint inspection documents,
34 discrepancies, many of which were related to fuel system 1eaks at various
valves, were noted during these inspections. The documents also indicated
that these discrepancies were corrected by Ogden Allied either before or
soon after the contract between United Airlines and AMR Combs was signed.

A discrepancy of particular relevance noted that "“hydrant pump motor # 3
has had vibration and noise, sounds like motor bearing 1is worn out.”
According to United’s records, motor 3 was reconditioned on Decembey 15,
1988, as a result of the discrepancies noted during the December 9
inspections. Reliance Electric Company, a company that specializes in
reconditioning motors, was contracted by United Airlines to perform the work.
Reliance Electric welded and machined the front bearing journai, repaived the
end brackets, and replaced the bearings. Based on records obtained from
Reliance., after the repair work was completed, the motor was tested,
balanced, and reinstalied on about December 23, 1988. Other United records
indicated that the mechanical seal on pump 3 was relapped in Septcomber 1988.

20 ype joint inspection was for the purpose of transitioning from cne
facitity operator to the other.
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A review of AMR Combs’ fuel system maintenance and operations leg
indicated that fuel pump 3 was removed or April 4, 1989, and taken to
Paramount Fquipment Corporation (Paramount) for overhaul. Paramount records
indicated that the mechanical seal was replaced by John Crane, Inc., whose
documents also indicated that such work was performed. Once this wurk was
completed, AMR Combs personnel placed the pump on its pedestal on July 4,
1989. AMR Combs log indicated that motor/pump unit 3 was aligned 2nd placed
back in service on July 6, 1989, by Paramount Equipment Corporation. AMR
Combs maintenance staff observed the alignment process as a training
exercise.

Fuel Delivery Records

A review of Chase Transportation Company delivery recovds indicated
that on the morning of November 2%, 1990, 945 barrels of fuel were delivered
to Texaco Aviation at fuel farm D, located about 1/2 mile southwest of the
fuel farm where the Fire occurred. The rate of delivery from Chase was about
760 barrels per hour. The computer printout of this delivery indicated that
the delivery was completed at 0929 central standard time.?!

The next delivery through the Chase 6-inch pipeline was to Continental’s
tank 7 at the fuel farm where the fire occurred. At 0920 mst, power to the
pumping system at Aurora shut down; 673 barrels had been delivered to tank 7
before the system shut down. According to the Chase terminal foreman, the
delivery system shut down as a result of a disruption in communications
between the remote transmitter unit, located in the United control building
(at the iocation of the fire), and the pump delivery system at Chase
Transportation Company. The delivery system was designed to automatically
restart when communications were reestablished.

The computer printout records indicated that at the time the
communication interruption occurred during the filling of Continental’s
tank 7, the pipeline pressure at Aurora was 237 psig and at the fuel farm
about 23 psig.

The computer printout indicated that the next delivery was terminated at
0925 mst, after an "estimated" 4 barrels (168 gallons) had been d2livered.

At some time, a power failure was noted at the enunciator panel at

Chase Transportation Company; however, the time the power failure occurred
was not recorded.

Sump Tank Measurements

An underground storage (sump) tank with a 4,000-gallon capacity was
located beneath the containment area in front of tank 4. Relatively small

21 he computer printout is based on central standard time; the Llocal
time was (8¢9 ast.
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amounts of fuel and oily water generated from various sources were dumped or
drained into this sump tank. These sources include fuel test samples taken
from fuel storage tanks and filters; fuel test samples generated from
transport truck deliveries; fuel generated from routine equipment maintenance
functions at fue) storage and ramp facilities; and fuel generated to relieve
pressure on the Chase supply pipeline. In addition to these sources, fuel
that leaked from the pump assemblies was captured in the channel on the
motor/pump platform beds (as illustrated in figure 6) and was drained into
the sump tank.

According to AMR Combs, measurements were taken daily to determine the
amount of fuel and water in the sump tank. The measurements were taken by
inserting a dipstick into 'he sump tank. By referring to a chart, an
employee could convert the inches recorded on the dipstick to gallons of
fuel. A maxirmum of 84 inches was shown on the chart.

Records for the month of November were reviewed tc determine if the rate
at which the sump tank was being filled had increased during the few days
before the fire started. The review revealed no significant increase in
the rate. Relatively uniform increases were noted daily from November 9 to
November 23. The measurement on November 24 indicated a 4-inch decrease from
the previous day; however, no fuel was removed on November 23. The sump tank
measurements for November 1990 are listed in appendix C.

fuel Farm Employees

Work Schedules and Employment History.--Work schedules were arranged so
that employees were on duty at the AMR Combs facility, which includes the
fuel farm, 24 hours a day. At the time of the fire, a fuel supervisor and a
fuel technician were scheduled to be on duly. The technician on duty began
his shift at 0600; his shift ended at 1430. This fuel technician had been
employed by AMR Combs for about 10 years, the last 3 of which were in the
fuels depariment.

The fuel supervisor’s shift for November 25, 1990, was to have started
at 0900 and to have ended at 1730; however, he was en route te work at the
time of the fire. This employee was hired by AMR Combs on January 1, 1989,
and became a supervisor that year. He had previously worked as a fuel
technician for Ogden Allied.

The night shift for November 24, 1990, included two fuel technicians--
one a recent hire and one an experienced employee. The experienced
employea’s shift was from 2200 on November 24 to 0630 on November 25. The
new employee’s shift began at 1800 on November 24, and ended at 0230 on
Novomber 25. This employee had been hired by AMR Combs on November 21, 1989,
and was trained to refuel aircraft. He was transferred to duties at the fuel
farm on November 1, 1990.

Training and Duties.--In response to a Safety Board staff request to AMR
Combs for a copy of the training program used by the company, AMR Combs
personnel provided a "Training and Quality Assurance Mauwual--Fuel Farm
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Operations,” another fueling manual, and copies of several employees’
training tests. A review of the training materials and the quesiions on the
training tests indicated that most of the material was related to (1) fuel
quality (assuring that the fuel was free of impurities), (2) the proper fuels
for various aircraft powerplants (aviation gasolire versus jet fuel), and (3)
the methods for fueling different types of aircraft. Training did address
the safe handling of various fuels in that employees were questioned about
flash points, freezing points, types of fire extinguishing agents to be used
on different combustibles, fgnitfon sources (including static electricity),
and fuel spills. No specific information could be found in the training
materials that addressed surveillance and inspection of the fuel pumping
systenm.

In addition, the Training and Quality Assurance Manual lists the items
that were to be checked daily, monthly, semiannually, and annually.
According to the manual, security, fire, and safety deficiencies were itens
to be checked for daily. Employees also were to check fer fuel leaks daily
and report any leaks immediately. The employee performing the daily
inspections was required to initial the checklist daily. Both manuals state
that "daily checks and inspections should be made at the beginning of each
work day including weekends and holidays.”

Records obtained from AMR Combs indicated that the recently hired
technician, who worked the night shift prior to the time of the fire, had
initialed the required daily inspection form during the month of November
indicating that all ttems checked were satisfactory. In fact, items,
includii ; pumping systems, had been checked off as satisfactory and the form
was initialed through November 26, 1990. (The fire occurred on November 25,
1990.) According to this employee, he would not recognize a problem with the
pumping equipment, if there was one, and had not been trained to detect
problems with the pumping equipment. He stated that his main responsibility
was to determine fuel inventory.

The fuel technician who began his shift at 0600 on the morning of the
accident stated that he arrived at the fuel farm about 0645 but did not get
out of his truck. He staied that he was not authorized to maintain pumping
eauipment. He departed the fuel farm shortly before 0700 and went to
concourse A and B of the airport terminal where he spent most of his time, as
his main responsibility was involved with refueling aircraft,

Discussions with other AMR Combs, Ogden Allied, and United Airlines
staff about pumping equipment inspections indicated that inspections
included observations of fuel leaks, excessive vibrations (determined by
placing a hand on the pump and motor) and changes in the sound of the pumping
system. According to the AMR Combs fuel manager, the fuel farm inspections
were normally performed during the night shift, as was done during November
1990. However, according to statements made by the fuel farm manager later
during the investigation, inspections were performed on each of the three
daily shifts. After each shift, the status of the pump system was passed on
to {he next shift, and the formal signoff was performed by the night shift
employee.
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Federal Regulations Covering Fuel Storage

Title 14 of the Code of Federal Regulations ({CFR) Part 139.321(b)
states that,

Each certificate holder [holder of an airport operating
certificate, in this case the city/county of Denver] shall
establish and maintain standards acceptable to the Administrator
[FAA] for protection against fire and explosion in storing,
dispensing, and otherwise handling fuel, lubricants and oxygen on
the airport property.

Further, paragraph (d) states that,

Each certificate holder shall inspect the physical facilities of
each afrport tenant fueling agent at least once every 3 months for
compliance with paragraph {b) of this section and maintain a record
of that inspection for at least 12 months.

However, paragraph (h) states that, "The certificate holder need not require
an air carrier operating under Part 121 or Part 135 of this chapter to
comply with the standards required in this section.”

Safety Board staff held extensive discussions with FAA staff to
determine (1) the reason for the exemption found at Part 139.321(h) for
part 121 and Part 135 carriers who lease aifrport property from airport
certificate holders and (2) which office within FAA is responsible for
inspecting fuel farms operated by Part 121 and Part 135 carriers. Safety
Board staff was initially informed by FAA staff that reculations for
inspection of fuel farms comparable to these found at Part 139.321 were
addressed in Part 121 and Part 135.

Regulations for carriers operating under Part 121 or Part 135 were
reviewed to determine whether these regulations contained comparable
requirements to that of Part 139.321. Comparable regulations governing the
storage of fuel could not be located. Part 121.105 states that,

Each domestic and flag air carrier must show that competent
personnel and adequate facilities and equipment (including spare
parts, supplies, and materials} are avatlable at such points along
the air carrier’s route as are necessary for the proper servicing,
maintenance, and preventive maintenance of airplanes and auxiliary
equipment.

Part 121.13%(b){18) requires the carrier to develop "procedures for refueling
ajreraft, eliminating fuel contamination, protection from fire (including
electrostatic protection), and supervising and protecting passengers during
refueling." ldentical language is found at Part 135.23(J).

Based on the review of these regulations, further discussions were held
Wwith FAA staff. Safety Board staff was then informed by FAA’s Manager of
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Airport Safety and Operations Division (a division within the Office of
Airport Safety and Standards), that fire standards, training, ard inspection
for carriers operating under Part 121 and Part 135 are not addressed in
Parts 121 and 135, but are required in Order 5280.5A, "Airport Certification
Program Handbook.™ As stated in this document, the order is

...desioned to provide FAA personnel with the necessary policy
guidance and standard procedures for the day-to-day conduct of the
Airport Certification Program, to include the 1inspection,
certification, and surveillance of airporis and the compliance and
entorcement activities required by 14 CFR Part 139, Certification
and Cperations--Land Airports Serving Certain Air Carriers.

Fuel handling, fire safety, firefighting, and inspections are covered in
Order. The Order states:

...at the last revision of Part 139 it was determined that Sections
121.133 and 135.21 required all air carriers to prepare and keep
current 2 manual containing maintenance information and
instructions for the use and gquidance of ground operations
personnel in conducting their operations. The manual must contain
procedures for refueling aircraft, eliminating fuel contanination,
protection from fire, and supervising and protecting passengers
during refueling. For this reason, the Part 139 certificate holder
was relieved of the requirements to exercise oversight of the air
carrier’s refueling operations. This assumes that the air carrier
fuels itself with its own employre or has a contract fueler. If
the contract fueler fuels others in addition to the air carrier,
the certificate holder is required to inspect that operation in
accordance with Section 139.321(d).

The Order further states:

...if an airport certification inspector observes an airline or
airline fueling contractor performing fueling in an unsafe or
questicnable manner, it should be brought to the attention of the
appropriate airpori representative and reported to the FAA Flight
Standards Office for followup investigation. The provisions in
Part 139.3Z1(k) should not preclude the certification inspector
from being vigilant to unsafe or questionabie fueling practices
that go unreported to the appropriate action office.

Section 321 of the Airport Certification Manual for Stapleton
International Airport addresses the handling and storing of hazardous
substances and materials. With respect to inspection of facilities, the
manual states:

The physical facilities of each airport tenant fueling agent will
be inspected at least once every 3 months for compliance with
standards and records of these inspectfons will be kept for al
least 12 montiis. When a vehicle is inspected and is in compliance
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with standards, an inspection sticker is issued which is valid for
3 months.

With respect to training of fueling personnel, the manual states:

SIA [Stapleton Internaticnal Airport]) ARFF personnel will assure
that at least one supervisor with each fueling agent has completed
an aviation fuel training course in fire safety. Additionally, all
other employees who fuel aircraft, accept fuel shipments, or
otherwise handle fuel shall receive at least on-the-job training in
fire safety from the trained supervisor. Each tenant fueling agent
will provide ARFF personne! certification, once a year, that this
training has been completed.

The manual also addresses recordkeeping, stating:

A computer program has been designed specifically to handle all
‘aformation gathered by ARFF inspections. The program has cross
reference capability concerning discrepancies, training, etc. The
computer and the program will be used as a management tool to
assure compliance with Part 139 requirements concerning handling
and storing of hazardous substances and materials.

As a result of the fuel farm fire at Stapleton International Airport,
the Office of Airport Safety and Standards issued Program Policy and
Guidance #38, "Inspection of Fuel Farms Serving Part 121 or Part 135 Air
Carriers" on January 22, 1991. (See Appendix F.} This policy instructs
certification inspectors (FAA inspectors within the Office of Afrport Safety
and Standards) to notify the Flight Standards District Office Managers of an
upcoming inspection. The purpose of the notification is to provide the
aviation safety inspectors with the opportunity to perform an inspection
concurrently with the certification inspector or to inform the certification
inspector of problems or situations that should be brought to the attention
of airport management. The policy document states, "Consistent with the
language in Part 139, the certificate holder will not be violated, if the ACM
[airport certification manual] specifically excludes air carrier fueling
facilities from airport oversight.”

Staff from the Office of Airport Safety and Standards indicated thet
they have interpreted Policy #38 as giving them the responsibility to inspect
all airport fuel storage facilities whether or not they fall under Part 121
or Part 135 operations. One inspector stated, however, that "we clearly do
not have the authority to do so.” Staff from the Office of Flight Standards
stated that "we fnspect the fuesl from the point at which it comes from out of
the ground (pipe connection at the ramp) or from a fueling truck."

In a letter to the FAA, dated June 18, 1991, the Safety Board requested
specific informatfon to clarify who within FAA was responsible for the
inspaction of fuel farms that are on airport property in light of the
exemption provided for Part 121 and Part 135 carriers in Part 139.321(h).
The response was received on August 9, 1991, but did not clarify or state why
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the Office of Airport Safety and Standards is conducting the inspections when
the Office of Flight Standards is apparently responsible for t“~ inspections.

As a result of its 1984 saf~ty study, "Airport Cer..fication and
Operations” (NTSB/SS-84-02), the Safety Board issued several safety
recommendations to the FAA, four of which addressed fire safety of fuel
storage facilities and fuel Landling at airports. Safety Recommendation
A-84-29 specifically urged the FAA to:

Require certificated airports to include fuel storage and
dispensing facilities in the self-inspection program prescribed in
14 CFR 139.57 and 139.91, and specify the items, including tank
overfill warning devices, which must be checked and approved by
airport inspection staff.

The FAA concurred in the recommendation and based on revisions made to the
self-inspection program in May 1983, the recommendation was classified as
*Closed--Acceptable Action" on March 29, 1990.22

At Stapleton International Airport, the fire department of the city and
county of Denver was responsible for the self-inspection program; Safety
Board staff requested coptes of the records for the quarterly self-
fnspections. Only two inspection records were provided--one dated Juiy 2,
1990, and the other dated October 18, 1990. The inspection dated July 2,
1990, cited the following items: (1) fuel leak at tank 10 fuel pump; (2) more
"no smoking" signs needed at the control pit area; (3) emergency shutoff sign
needed; (4) fire extinguishers needed at control pit, and at tanks 10 and 17;
(5) ground reel needed at tank 17; (6) 1ight bulb needs to be replaced at
tank 17; and (7) fire department telephone numbers need to be posted. (Tank
17 was located in another area of the fuel farm, remote from where the fire
occurred.) The quarterly self-inspection dated October 18, 1990, cited the
need for posting a sign for the main electrical circuit breaker on tank 10,
and the need for fire extinguishers.

Records on Stapleton International Airport’s annual certification
inspections were obtained from the Office of Airport Safety and Standards
within the FAA.23 The "Annual Certification Inspection Letter of Correction”
from the FAA, dated June 14 through 22, 1990, noted the following three
relevant items regarding Part 139,321 regulations:

139.321(b): Certificate holder did not maintain its fueling
standards for protecting against fire and explosions in storing and
dispensin; of fuel on the airport.

22 tne content and status of the other three recommendations issued in
conjunction with the 1984 safety study are discusted in appendix D.

23 44 noted previously, personnel within the Office of Afrport Safety
and Standards have expressed concern about their tegal authority to conduct
these inspections; notwithstanding this concern, an annust certification
inspection wes performed,
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139.321{(d): Certificate holder did not inspect the physical
facilities of each fueling tenant ai least every 3 months.

139.321(e): Certificate holder did not obtain certificate once a
year from each fueling agent at %he airpori.

On July 31, 1990, the Denver fire chief responded to the FAA's letter
regarding the annual certification inspection noting that "“the required
quarterly inspections [as mandated by Part 139.321{d)] poscd an impossible
challenge.” The fire chief further noted that following the annuai
inspection "a program of scheduled inspections was initiated, with
inspections for the current calendar quarter completed.”

Nine months after the fire, Safety Board staff contacted the Denver fire
department inspector to determine the status of quarterly inspections. As a
result of this inquiry, another fueling facility at Stapteton operated by AMR
Combs was finspected by the Denver fire department inspector. According teo
information received from the inspector, four nuts without lock washers were
loose on the platform holding a motor/pump in position. (The motor/pump unit
was examined closely because unusual sounds from excessive vibrations had
called attention to the unit.) According to the inspector, inspection and
surveillance of the equipment by AMR Combs was still being performed at
night, no training was being provided, and no written instructions existed
for carrying out the inspection and surveillance activities. Further, the
computer program identified in the ACM designed to handle all information
gathered as a result of quarterly inspections, including discrepancies and
training, to assure compliance with Part 139 was not being uszd. According
to ihe inspector, he had insufficient time and training to use the progranm.

Training for Airport Certificate Holder’'s Inspector

The fire department inspector who performed the quarterly inspections
for the certificate holder attended a 1-week course in 1988 on the
requirements of Part 139.321. (According to the inspector, he personally
paid for the course.) He also obtained an underground storage tank
inspector’s license as a result of a 2-week course sponsored by the U.S.
Environmental Protection Agency. The training was not required by the
certificate holder. Part 139.303 requires only that the certificate holder
maintain sufficient qualified personnel to comply with the requirements of
its airport certification manual.

Immediately after the fire, the inspector was given additional resources
for facility inspections, including two temporary employees; but 9 months
later, one of the temporary employees left and the other was scheduled to
leave in September 1991. In a telephtone conversation with the certificate
holder, however, Safety Board stafi was informed that additional staff would
be hired to perform the guarterly inspections.




Aircraft Refueling Operations

On the morning of MNovember 25, 1990, 24 aircraft departed United’s
gates at the airport terminal between 0840 and 0935. Fach hag received fuel
from the fuel farm hydrant system. United commonly refers to this activity
as the "9 o’clock fueling bank,® which means that all fueling activities were
to be completed on this block of aircraft before 0900. According to United,
although records are not maintained reflecting the exact time an aircraft is
refueled, fueling of the 0900 bank routinely begins at 0730 and is completed
each day between 0850 and 0910. Fueling records and interviews with United
fueling personnel reflect that hydrant fuel pressure was available for all
24 aircraft that were refueled from the hydrant system without loss of
system pressure.

During the refueling of the 0900 bank of aircraft, 14 hydrant refueling
trucks were in use. Records reflect that between about 0735 and 0840, all
24 aircraft from the 0900 bank of departures were on the ground and
available for refueling at the same time. About 0730, four of the drivers
received assignments tc refuel one aircraft each. The other 10 drivers
received assignments to refuel two aircraft each. Although records do not
indicate exactly when each aircraft was refueled, it is possible that as many
as nine aircraft could have been drawing fuel from the hydrant system al any
one time between 0755 and 0840. By 0903, all but three of United’s aircraft
had been pushed away from the gate. If refueling operations continued past
0900, only three aircraft could have been refueling during that time.

According to United, reofueling activities routinely began on the next
group of departures or refueling bank at 0930. From the time a refueler
received an assignment, proceeded to the aircraft, and started pumping, 10 to
15 minutes would normally elapse. Flight 314 was to be the first departure
out of the second group of aircraft and was due to depart at 1029. Shortly
after arrival at the aircraft, the fueler reported that fuel hydrant system
pressure was not available.

Pressure to the United hydrant system was monitored at the Stapleton
Internatinnal Airport Terminal in the United Airlines control center.
Controllers recalled that the pressure light went out between 0930 and 0945,
indicating that the hydrant system was lost; most conirollers believed that
it .as very close to 0945 when this occurred.
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ANALYSIS

As a result of the fuel farm fire at Stapleton International Airport,
United Airlines’ flight operations were disrupted because of the lack of fuel
to prepare aircraft for flight. Airport facilities, other than the fuel
farm, were not affected by the fire. The duration and intensity of the fire,
however, raised concerns about the abilitv of airport and local firvefighters
to respond to a fuel fire of this magnitude. The origin of the fire also
raised concerns about the oversight and inspection of fuel farm pumping
operations. The Safety Board’s investigation, therefore, focused on the
origin, duration, and intensity of the fire; the types of valves used on the
equipment at the fuel farm; the location of the control building; the
inspection and oversight of fuel farm equipment; Federal regulations
regarding fuel storage facilities and Federal inspection of these facilities
g? airport property; and emergency response plans for responding to fuel farm

res.

Fire Origin

Based on witness reports, there is agreement as to the general location
of the fire’s origin. Shortly after 0900, witnesses observed first
"exhaust" and then smoke and fire in front of United’s tanks 3 and 4 at the
fuel farm operated by United and Continental. Firefighters arriving at the
fuel farm shortly after 0925 also observed fire near tanks 3 and 4 in a
containment area (pond 1) that contained pipes, pumps, valves, and a control
building. Later reports by firefighters described fuel leaking and burninrg
under pressure and coming from an area between motor/pump units 3 and 4. All
reports during the early stages of the fire suggest that the fire originated
in the general vicinity of motor/pump units 3 and 4.

Rased on the observations that fuel was leaking amrd burning in the
general vicinity of tanks 3 and 4, the investigation focused on equipment
that could have been the source of the leaking fuel and the possible sources
of ignition. The six United motor/pump units located in the general vicinity
of tanks 2, 3, and 4 were possible sources of fuel leaks. Minor fuel drips
or leaks could be expected to occur on these units during routine
maintenance. Also, when seals became worn, minor fuel drips or leaks could
be expected. The units were situated on pedestals that {incorporated a
channel for collecting such fuel leaks, which were drained into a sump tank.
Under such conditions, Jet-A fuel leaks would not be expected to be of
sufficient size to result in a combustible mixture close to an ignition
source, such as an electric motor.

Motor/pump unit 4 was the designated lead gump for the month of November
1990, to supply fuel to United’'s aircraft at its airport concourse. As
demand dictated, the other pumps would be activated, beginning with pump 3.
The recorder chart that would indicate the number of pumps in operation
before the fire started and at the time of ignition was destroyed by the
fire. However, based on United’s refueling activity for the morning of
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November 25, United maintenance personnel concluded that at 1least three
pumps, if not more, would have been operating during the refueling of the
bank of aircraft that were readied for flight between 0730 and 0900. The
Safe¢y Board concludes that based on the sequence in which pumps were to be
activated, motor/pump unit 3 would have been operating at some time during
that period.

Although the duration and intensity of the fire made it difficult to
distinguish between pre-fire equipment damage and equipment damage resulting
from the fire, inspection of motor/pump unit 3 revealed obvious post-fire
damage and pre-fire anomalies. Other equipment, including valves and
glanges, did not exhibit damage typical of catastrophic failure before the

ire.

The obvious pre-fire anomalies on motor/pump unit 3 included: (1) all
four motor mounting bolts were broken, (2) the rear of the motor had shifted
to the left by 2.6 inches, which resulted in a misalignment between the motor
and pump shaft of 3.6 degrees, (3) tha coupler and coupler shield were
damaged, (4) the bearing housing cradle was fractured, (5) two pump mounting
bolts were broken, and (6) two bolts were missing from the rear of the
bearing housing support. The investication examined the pre-fire anomalies
in detail in an effort to reconstruct the sequence of events that led to the
failure of pump unit 3 and the subsequent leaking of fuel.

The imprint marks around the bolt holes on the motor pedestal and the
deformation of the bolt heads in an upward direction indicate that vertical
vibration of the motor occurred over a period of time that resulted in the
bolt heads leaving imprints in the motor foot. These vibrations also led to
overstress conditions on the bolts which resulted in their failure. The
investigation considered various conditions that could have caused the motor
to vibrate in such a manner, including: (1) the motor was not balanced at the
time of overhaul, (2) the motor and pump shaft were bent before the fire, (3)
the motor was not properly aligned with respect to the pump when installed in
July 1989, (4) the motor and pump bolts were defective (below the minimum
tensile strength) when installed, and (5) the bolts securing the motor to the
pedestal had not been properly tightened or had not been tightened with tock
washers after the unit was aligned and balanced in July 1989.

Maintenance records indicated that motor 3 was reconditioned in December
1988, and that after the repair work was completed, the motor was tested,
properly balanced with vibration measvrements taken, and reinstalied.
Further, post-fire disassembly of the motor indicated that the bearings and
journals were in good condition. Consequently, the Board discounts the
possibility that the motor was unbalanced or defective prior to the fire and
Eh%t an unbalanced motor caused the vibration that led to the failure of the

olts.

The motor shaft was bowed about 0.240 inches. The motor's design
clearance between the rotor and stator is about 0.035 inches, which is too
small for the motor to have operated with a shaft curvature of 0.240 inches
without causing damage to the rotor, the stator, or both. Further, no damage
from rotation with insufficient clearance was noted within the motor. The
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same direction of curvature was noted in the pump’s shaft and the pump also
showed no internal rotation damage. Consequently, the curvature in both
shafts occurred after rotation had ceased and was the result of heat from the
fire. Therefore, the motor shaft curvature was not the cause of excessive
motor vibration before the fire.

Because motor/pump unit 3 operated for about 1 1/¢ years before the
failure, gross misalignment of the motor and pump at the time of installatfon
in July 1989 was not considered a cause of motor vibration.

Microhardness measurements of graded motor and pump bolts involved in
the fire indicated that all were below the 120 ksi minimum tensile strength
required for that grade of bolt. Further, nicrohardness measurements showed
also that all the ungraded bolts had consistently lower tensile strengths
than the graded bolts. The use of multiple grade bolts and ungraded bolts
indicates various sources for the bolts, and based on maintenance records,
they were installed at different times. Consequently, it is not likely that
all bolts from various sources and installed at different times would have
been defective (below the minimum tensile strength). The Safety Board
believes that annealing of the bolts 1ikely occurred as a result of the
duration and intensity of the fire. The annealing of the bolts would account
for the post-fire lowered tensile strength and the microstructure of pearlite
and ferrite rather than tempered martensite also observed after the fire.
Further, the bolt heads left well-defined imprint marks in the motor
pedestal indicating that the “olts did not fracture early in the vibration
sequence, which would be the case if they were of significantly less tensile
strength than required. Consequently, the Safety Board believes that the
failure of the bolts was not the result of a significantly lower than
required tensile strength when installed.

Based on the imprint marks in the motor foot, it could only be
conciusively determined that a lock washer was used on the left rear bolt.
Based on the imprints on the other three bolt holes, it could not be
definitively determined if lock washers were used. However, the hexagonal
imprint at the right vear bolt hole on the motor foot suggests that a lock
washer was not installed or had broken and come out early from vibrations
before impressions of the bolt head were made in the foot. Furthermore, it
could not be determined if the bolts were adequately torqued. Regardless of
whether the bolts were torqued, forces generated during normal start-up of
the motor and acceptable vibration levels during operation couid have led to
the bolts vibrating 1oose and eventually "backing out” of the holes. 1f lock
washers were not used or the bolts were not torqued, this process would have
been accelerated. Therefore, the Safety Board concludes that as the motor
gradually loosened on its pedestal and the looseness want undetected,
vibrations fncreased and caused overstress conditions on the bolts to the
point of failure. Metallurgical analysis of the bolt fractures is consistent
with this mode of failure.

Operation of the motor, while it was loose and no longer bolted down,
resulted in a shifting of the motor with respect to the pump. Post-fire
examination indicated that the motor had shifted about 2.6 inches to the
left, as viewed from the rear of the unit. The facts that (1) metal from
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the coupler was smeared (welded) onto the ~ - shaft, (2) the coupler gear on
the pump shaft had moved forward, and ‘~; “r< key in the keyway of the pump
shaft was damaged indicate that the mot..: ..as driving the pump or attempting
to drive the pump after serious misalignment had occurred between the pump
and motor and that the coupler gear became nrot enough to smear the metal.
The Safety Board conclud.s, therefore, tnat this shifting or angular
misalignment resulted in increased vibrations and increased friction that
eventually destroyed the coupler.

The investigation revealed that bolts were missing from the brackets
supporting the pump bearing case. Because there was little evidence of bolt
wear marks on the brackets, it appears likely that the bolts were not
installed when the pump was reinstalled or that they were not tightened
sufficiently, became loose because of vibration, and eventually fell out
during pumping operations.

Without support (as a result of the missing or insufficiently torqued
bolts) at the rear of the bearing case, the angular misalignment between the
motor and the pump and consequent vibrations would have caused lateral forces
on the forward end of the bearing case where it attached to the impeller
case. These forces most 1likely caused the pump shaft tc¢ “orbit" about the
shaft center line creating lateral and vertical loading. Two fractured pump
bolts and the flattened threads on the pump bolts are evidence that excessive
lateral loading was present. Based on the pump manufacturer
respresentative’s statement that he had never experienced a pump failure in
which the sealing surfaces had completely disappeared, severe vibrations must
have occurred to completely destroy these surfaces. The Safety Board
concludes that lateral and vertical leading caused by the pump shaft orbiting
about the shaft center line ultimately fractured the pump bearing case and
destroyed the pump sealing surfaces.

The stationary part of the seal was silicon carbide, which is very hard,
but brittle and easily fractured. Damage to the bore surface of the steel
gland that held the silicon carbide indicates that the silicon carbide was
ground up and in the process the gland was damaged. Ground-up silicon
carbide parts most likely were forced out of the gland onto the bed plate and
washed away by the fuel.

The destruction of these pump sealing surfaces would result in a fuel
leak, the size of which would depend on the tank head pressure (the height of
the fuel in the tanks). In addition, the fracture of the pump case would
increase the rate of the leak. Because these tanks had been filled on the
morning of the fire, a sizeable fuel leak of 2 to 3 gallons per minute
estimated by the manufacturer, would have resulted, accounting for the first
arr:vinghfirefighters' observations of fuel fire "tentacles" of 8 to 10 feet
in length.

Several ignition sources were in the immediate area of the leaking fuel,
including the overheatad coupler and the motors on units 3 and 4. The metal
smearing and deformation indicates that the coupler and pump shaft surfaces
reached temperatures of at least 1,000 OF, the result of the friction from
misalignment between the motor and pump. The "exhaust" reported by an early
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witness probably was vaporized Jet-A fuel or smoke from the fuel hitting the
hot coupler or motor. The fins on the top forward end of the motor were
burned off at an angle that is consistent with jets of flaming fuel impinging
on the motor end cap. The motor end cap, where the fins are located, is
cast iron, which melts at about 3,000 OF; the damage indicated that flames
similar to a torch impinged oa this area. The burn angle of these fins is
consistent with fuel under pressure coming from the pump seal areca. Motor 3
was the only motor that exhibited this type of fire damage. Both the hot
coupler and the motor would have ignited and reigrited the fuel until either
the coupler cooled down or electrical power to the motor was terminated.
However, it could not be determined conclusively whether the coupler or the

motor was the initial ignition source.

The damage to the motor and pump, particularly the imprint marks around
the bolt holes in the motor pedestal, suggests that the failure of the
motor/pump unit 3 occurred over a period of time and not iastantaneously.
fuel could have been leaking slowly from pump 3 for a period of time before
the complete destruction of the sealing surfaces, which resulied in fuel
being sprayed from the pump. In an effort to determine more precisely the
period of time during which the failure occurred and if fuel had been leaking

. 3 for some time before the fire, dipstick records on sump tank 5 were reviewed.
) The records, wh'ch indicate the amount of fuel in the underground sump tank,
showed that for about 2 weeks before the fire, there was a uniform increase
of between 1.5 and 3 inches of fuel per day in the sump tank. However, fuel
from a pressure relief valve in the Chase supply pipeline also emptied into
3 this sump tank. Consequently, it could not be determined whetker fuel frem
; this pressure relief valve or leaks from pump 3 were filling the sump tank.
| Further, the records indicated that there may have been some errors made in
the dipstick measurements or the recording of the measurements. For example,
the measurement for November 24, 1990, showed a 4-inch decrease over the
previous day’s reading, even though no fuel was removed from the sump tank.
Consequently, the sump tank filling rate provided no insight into the period
of time that fuel may have been leaking from pump 3 and, thvs, the period of
time that the failure of the motor/pump unit 3 may have been occurring.

In summary, although the damage incgicates that the failure of
motor/pump unit 3 occurred over a period of time, probably days and passibly
weeks, the precise time period could not be determined.

The post-fire examination of motor/pump units 1 and 5 indicated that the
motor and pumps in these units were also nisaligned. However, ther2 were no
broken or missing bolts in either the pumps or motors. Consequently, the
misalignment was determined to have been the result of warping of the bed
plate from the intense heat of the fire.

Duration aind Intensity of Fire

Fuel leaking under pressure continued to feed the fire, and, as a
result, the fire quickly intensified. The investigation examined the
possible sources of the pressurized fuel leaks.
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Computer records from Chase Transpo'tation Company indicated tnat the
yuel delivery on November 25, 1990, from its Aurora facility was terminated
at 0925. The termination of pumping from Aurora was the result of a
communicati~n disruption, which suggests that the fire at the fuel farm
damaged part of the communication system that controlled the pump at Aurora.
Regardless of the reason for the disruption, the termination of the pumping
operation from Aurora indicates that fuel was not being supplied to the fire
by the oump in Aurora.

However, when the communication interruption sccurred, the pump stopped
and a valve closed at the discharge side of the pump in Aurora, maintaining
the pressure on the pipeline at about 220 psig. The motor-operated supply
valve at the fuel farm that directed fuel to Continental’s tank 7 remained
open because of the communication interruption. The only other valve at the
fuel farm at Denver that would isolate the 6-inch supply pipeline from the
Aurora facility automatically is the back pressure valve that closes only
when the pressure on the line falls below a preset value of 25 psig.
Excessive heat and pressure in the line caused the pipeline to rupture and
was the source ol burning fuel spraying into the air, which continued until
pressure in the line was relieved. Consequently, until the foreman on duty
at the Aurora facility arrived at the fuel farm and at about 1015 manually
closed a valve where the pipeline enters the fuel farm, fuel under pressure
in the 4.5 mile section of pipeline continued to feed the fire. Also,
because the manually operated valve to tank 7 was not closed until 1030, fuel
from tank 7 would have provided fuel to the fire through the rupture in the
6-inch pipeline,

If the United pumps continued to operate after the fire started,
pumping fue! could have continued to feed the fire. The time the pumping
system at the fuel farm lost electrical power could not be established with
certainty. Because the electrical controls for the pumping system were
housed in the containment area, the fire destroyed the records that could
have indicated when pressure to the United ramp was lost and, consequently,
when the pumps stopped operating. 8ised on discussions with the Public
Service Company of Colorado and a clock located in the control buiiding after
the fire, it appears that power to the farm was terminated about 1020.
United’s records indicate that pressure for refueling afrcraft was not
available around 0945 when the second bank of aircraft was being readied for
flight. Because refueling of the first bank of aircraft normally ended
around 0900 and refueling of the second bank did not begin until about 0930,
it is possible that the pumps did not operate for very long, if at all, after
the fire started, and consequently would not have continued to supply fuel to
the fire area.

The pressure heads of the filled tanks was another possible scurce of
fuel that continued to feed the fire. Because the intensity of the fire
prevented firefighters from manually closing the valves to tanks 2 and 4,
head pressure from these filled tanks caused fuel under pressure to leak from
these valves into the fire area.

As the fire intensified, secondary failures of pipe couplings, valves,
and other components occurred from thermal stresses. These secondary
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failures caused fuel to continuously flow into the fire area and intensified
the fire, resulting in more failures that provided more fuel.

Fire Safety Features

An analysis of the design and cost benefits of various safety features
of the Denver fuel farm or the new fuel storage facility at the new Denver
airport was beyond the scope of the Safety Board’s investigative role.
However, obvious safety deficiencies vere noted during the investigation that
are not addressed in exfsting industry standards.

Valves.--The investigation revealed that only tank 10 had an internal
fire valve with external fusible links that would automatically close when
exposed to heat from a fire. Further, oniy the control valves on the piping
to tanks 2 and 5 were fail-cafe--that is, they were designed to automatically
close if either electrical power or air pressure was lost. The control
valves installed on tanks 1, 3, and 4, were not fail-safe; air pressure had
to vemain on the valve’s control system for the valves to close automatically
in the event of an electrical power failure. If the air pressure was lost,
the valves had to be closed marually. However, because of the intensity of
the fire at tanks 3 and 4, firefighters were unable te manually close the
valves to these tanks. The Safety Board concludes that had tanks 3 and 4
been equipped with fail-safe control valves and interpal fire valves with
fusible links, the amount of fuel that fed the fire would have been
significantly reduced, and, consequently, the duration and intensity of the
fire lessened. The lack of such valves, therefore, contributed to the
severity of this fire. The Safety Board believes that all above-ground fuel
storage tanks should be equipped with internal fire valves and that all
control valves on above-ground fuel storage tanks should be fail-safe.
Consequently, the Safety Board urges the FAA to require that all tanks at
fuel storage facilities on airport property be equipped with an internal fire
valve and fail-safe control valves. Further, the Safety Board believes that
the Natfonal Fire Protection Association Standard 30 should require that
internal fire valves and fail-safe control valves be installed on al) above-
ground fuel storage tanks.

Location of Control Building.--The motor/pump equipment was mounted in
such a way as to allow for the collection of small, accidental releases of
fuel; it is located in the most likely area for fuel leaks to eccur. The
Jocation of the control building in this same area causes the Safety Board
concern. The investigation of the cause of this fire was hampered by the
loss of records in the control building that was located in the same area as
the motor/pump equipment. The Safety Board is unaware of any valid reason to
locate a control building that houses electrical equipment, emergency shutof f
switches, and records in an area that is designed to collect fuel 1leaks.
The Safety Board concludes that had the control building been Jocated in an
area separate from the motor/pump equipment and gutside of the containment
area, vita)l records that could have been helpful to the investigation would
not have been lost, emergency response personnel could have accessed
emergen:y shutoff switches and possibly could have remotely closed some of
the control valves, thus reducing the amount of fuel that ultimately fed the
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fire. The placement of the control building adjacent to the motor/pump units
in the fuel spill containment area, therefore, contributed to the severity of
the accident. Consequently, the Safety Board urges the FAA to require
certificate holders to ensure that fuel operators locate fuel farm control
systems, one cr more emergency shutoff switches, and the recording euuipment
in an area remote from the pumping equipment and outside a spill containment
area.

ing _Equipment.--Monitoring equipment, for both temperature and
vibration, is available for the type of motor/pump units involved in this
fire. The monitoring equipment can be “hardwired” into the control system
and will automatically shut down the motor/pump unit 1in the event of
excessive temperature or vibrations. According to the manufacturer, this
monitoring equipment can bhe installed for about $1,200 to $2,000 per
motor/pump unit. The cost for a new pump is about $20,000. Had equipment
that monitors excessive temperatures and vibrations with automatic shutoff
capability been installed on motor/pump unit 3, the equipment would have
detected the vibration of the motor on motor/pump unit 3, shut down the unit,
and the fire would not have occurred. Therefore, the Safety Board urges the
FAA to examine the feasibility of mandating the use of temperature and
vibration monitoring equipment on all fuel pumping systems located on airport
property.

Inspections of Equipment

The nature of the failure of motor/pump unit 3 over a period of time
raises questions about the adequacy of daily inspections conducted by AMR
Combs’ fuel farm employees and about the concern of AMR Combs’ management for
adequate inspections. According to training manuals furnished by AMR Combs,
the pumping equipment was to have been checked daily and at the beginning of
each day. The entries on the daily inspection sheet for the month of
November indicate that the pumps were checked daily and were recorded as
being satisfactory. The daily inspection forms for the equipnent were signed
off by the night shift employee, and interviews confirmed that he was
performing the inspections. The night shift was the time of lightest fuel
demand at the ramp, and 1little, if any, fueling was done after 2200.
Consequently, unless the night shift employee inspected the motour/puimp units
early in the shift, most of the pumps would have been fnspected when they
were not operating. Further, it is not likely that all six motor/pump units
would be operating during the night shift. Because, according to maintenance
staff, inspection of the equipment relied heavily on feeling vibrations and
listening for unusual noises 1in the equipment, only very obvious
discrepancies with these pumps could be noted when the equipment is not
operating.

The night shift employee had worked at the fuel farm for less than
1 month. Further, his testimony indicates that he had been given no guidance
or training by management regarding equipment inspections and that he might
not have been able to detect a problem with the equipment {if one existed.
Inspection of the equipment during nighttime when the equipment was not
operating and by an inexperienced and untraired employee could account for
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the fact that the detericrating condition of motor/pump unit 3 went
undetected. Moreover, the faci that the night shift employee had initialed
before the fire the daily inspection sheet for November 26, 1990 (the day
after the fire), indicates that the inspections were not conducted properly,
if at all, and that the employee may have been merely satisfying paperwork
requirements.

According to information received later during the investigation from
the fuel farm manager, the equipment was to be inspected during each shift
and the formal signoff on the status of the pumping equipment was performed
during the nighv shift. It is difficult to understand how the deteriorating
condition of motor/pump unit 3 could have gone undetected if the equipment
was inspected during each shift by more experienced personnel and when the
equipment was likely to be operating. The Safety Board concludes that
adequate inspections were not being performed, and the failure to conduct
adequate inspections caused the accident. Further, AMR Combs management
failed to train and quide its employees in the inspection and maintenance of
its fuel pumping equipment, and this failure contributed to the cause of the
accident. The Safety Board believes that pumping equipment at fuel storage
facilities on airports should receive detailed inspections when the equipment
is operating and also when the equipment is not operating and that these
inspections should occur daily. Information received by the Safety Board
9 months after the Ffire indicates that AMR Combs management has taken no
steps to improve its inspection of pumping equipment. Consequently, the
Safety Board urges AMR Combs to revise its inspection procedures accordingly.

The Safety Board has not ascertained if inspections and maintenance are
adequate at fuel tank farms at other airports. Consequently, the Safety
Board urges the Airport Operators Council International, Inc., and the
American Association of Aifrport Executives to inform their members of the
circumstances of the fuel farm accident at Denver’s Stapleton International
Airport and emphasize the importance of providing adequate resources for the
inspection and maintenance of fuel tank farm facilities.

Federal Regulations Regarding Fuel Storage Facilities

Although regulations at 14 CFR Part 139.32] address fuel storage, fire
protection, training, and inspection, subparagraph {h) exempts the
certificate holder (the operator of the airport) from requiring Part 121 and
Part 135 air carriers to comply with the requirements of Part 139.321.
However, there are no equivalent regulations under Parts 121 and 135 to
require air carriers to accomplish what is required under Part 139. The
pertinent provisions under Part 121 and 135 appear to address refueling of
aircraft only, and not inspection and maintenance of the fuel storage
facilities. There also appears to be considerable confusion within the FAA
as to which division within FAA has responsibility for inspecting fuel
storage facilities on airport property. The FAA’s Office of Airport Safety
and Standards understands that it has responsibility for inspecting fuel
storage facflfties operated by fixed-base operators but questions fts own
legal authority to do so for fuel storage facilites operated by Part 121 and
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Part 135 carriers. The FAA’s Office of Flight Standards Service has operated
in a ﬂgnner that suggests its responsibility is limited to the refueling of
atrcraft.

As a result of this fire, the investigation of which highlighted the
deficiencies in the regulations, the FAA’s Office of Airport Safety and
Standards issued a policy memorandum that attempted to resolve the issue and
clarify which organization within the FAA has responsibility for inspection
and oversight of these fuel storage facilities on FAA-certificated airports.
The Safety Board believes, however, that the appropriate course of action
would be to clarify the exemption in paragraph (h) of Part 139.321. Further,
the FAA should clarify which division within FAA has the responsibility for
overseeing inspections of fuel storage facilities on airport property and
assare that the i{nspection responsibility is consistent with regulatory
authority.

i Although the regulations are not clear as to which division within FAA s
i has oversight with respect to inspections of fuel storage facilities on e
] airport property, the FA2’'s Office of Airport Safety and Standards did Ay
X conduct an annual certification inspection of Stanleton International Airport '
:jl\ jn June 1990. That finspection achieved the intended results, noting that i
I ) the certificate holder (city/county of Denver) was not in compliance with o/
k- Part 139.321 nor with requirements outlined in its Airport Certification Qv
Manual (ACM); specifically, the certificate holder failed (1) to maintain i
[adhere to] its fueling standards for protection against fire and explosion b
in storing and dispensing fuel on airport property, (2) to conduct quarterly
inspections of fuel storage facilities, and (3) to maintain yearly training
certification of fueling tenants. The failure of the certificate holder to
conduct quarterly inspections of the fuel storage facilities and to comply
with its ACM certificate represents an inadequate approach to fire safety 17
and, thus, contributed to the cause of the accident. Also of concern to the "YT
Safety Board is the apparent lack of followup by the FAA to determine if the A
certificate holder had resolved the discrepancies noted during the annual <
certification fnspection. Efforts are needed to determine if areas of 1
noncompliance are, in practice, resolved by the certificate holder. - \

The investigation raised concern that the certificate holder was not
allocating sufficient resources to perform thorough quarterly inspections of
fuelers on airport property. Although the airport certificate holder
fnspector cannot be expected to detect all pumping equipment maintenance
discrepancies, the Safety Board believes that the certificate holder’s ™
inspector should have found that AMR Combs was not properly fnspecting and .
maintaining {ts equipment. However, only one Denver fire department ]
fnspector had been assigned to conduct the quarterly inspections of all a8
fuelers at Stapleton International Airport and he had received only minimal |
training to conduct these inspections. The Safety Board has not ascertained |
if {he same conditions exist at other airports. The Board believes, however,
that the FAA, during the annual certification, should determine if the
certificate holders are.Providing the necessary resources to perform thorough
quarterly inspections of fuelers on airport property. Further, the Safety
Board believes that training of certificate holder inspectors should be
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required, particularly because the FAA is relying on the self-inspections to
ceriify that fuel handling is being done safely.

Emergency Response

Airport firefighters and the Denver fire department promptly responded
to the fire and immediately began to attack the fire. However, because the
firefighters were unable to maintain a continous flow of foam onto the fire,
the fire reignited and quickly intensified. Airport and local firefighters
did not have, nor could they have been expected to have, a sufficient supply
of foam concentrate to fight a fuel fire of this magnitude. However, the
Safety Board is concerned that the city of Denver, and the fire department in
particular, this type as no

Arrangements for
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CONCLUSIONS

Findings

Based on United’s refueling activity for the morning of November 25,
1990, and on the sequence in which pumps were to be activated, motor
pump unit 3 would have been operating during the refueling of aircraft
that were readied for flight between 0730 and 0900 mountain standard

time.

The motor on unit 3 gradually became loose during normal operations
because of inadequately installed or maintained bolts, thus increasing
lateral and vertical vibrations that caused overstress conditions on the

bolts to the point of failure.

Operation of the motor on unit 3 while it was no longer bolted down
resulted in a lateral shifting of the motor relative to the pump by
about 2.6 inches, which increased vibrations and friction that
eventually fractured the pump case and two pump bolts and destroyed the
coupler gears and the pump sealing surfaces.

The destruction of the pump seating surfaces and a fractured pump case
resulted in a sizeable fuel leak because of the head pressure in the
tanks that had been filled on the morning of the fire.

fither the hot coupler or the motor on unit 3 provided an ignition
source for the leaking fuel.

Had tanks 3 and 4 been equipped with fail-safe control valves and
internal fire valves with fusible links, the amount of fuel that fed the
fire would have been significantly reduced, and. consequently, the
duration and intensity of the fire would have been lessened.

Had the control building been located in an area separale from the
motor/pump equipment and outside of the containment area, vital records
that would have been helpful to the finvestigation would not have been
lost, and emergency response personnel could have accessed emergency
shutoff switches and possibly could have remotely closed some of the
control valves, thus reducing the amount of fuel that uitimately fed the

fire.

Had equipment thai wmonitors excessive temperatures and vibrations with
automatic shutoff capability been installed on motor/pump unit 3, the
equipment could have detected the vibration of the motor and shut down
the unit, and the fire would not have occurred.

Th2 motor/pump equipment was not properly inspected for a substantial
period of time before the fire.

Management of AMR Combs failed to give proper priority to the task of
inspecting and maintaining fuel farm pumping equipment,



The airport certificate holder’s (city/county of ODenver) 1lack of
procedures or a contingency plan for responding to a fire of this
magnitude prolonged the duration of the emergency.

Federal Aviation Administration (FAA) regulations in 14 CFR Part 139
fail to specify the responsibility for inspection of fuel farms located
on airport property, when such fuel installations are operated by Part
121 and Part 135 air carriers. Similarly, FAA regulations in 14 CFR
Parts 121 and 135 do not divectly aduress the inspection of fuel farms
operated by air carriers.

The airport certificate holder did not allocate sufficient resources to
perform thorough quarterly inspections of fuelers on airport property.

Probable Cause

The National Transportation Safety Board determines that the probable
cause of the fire at the fuel storage facility at Denver’s Stapleton
International Airport was the failure of AMR Combs to detect loose motor
bolts that permitted the motor of motor/pump unit 3 to become misaligned,
resulting in damage to the pump and subsequent leakage and ignition of fuel.
Contributing to the accident was the failure of AMR Combs to properly train
its employees to inspect and maintain the fuel pump equipment and the failure
of the city and county of Denver to carry out its certificate holder
responsibility to oversee the fuel storage facility in accordance with its
airport certification manual. <Contributing to the severity and durction of
the fire were the lack of storage tank fail-safe control valves and internal
fire valves and the location of the control building in the containment area
vhere fuel leaks are likely to occur.
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RECOMMENDATI0KS

As a vresult of its investigation of this accident, the HNational
Transportation Safety Board made the following safety recommendations:

--to the Federal Aviation Administration:

Require the airport certificate holder to be responsible for

inspections of all fuel tank farms on airport property and to

provide the necessary resources, including training of personnel,

to perform thorough quarterly 1inspections of fuel storage

:zcilitgﬁs on airport property. (Class 11, Priority Action)
-91-9

Clarify which division within the Federal Aviation Administration
has responsibility for overseeing inspections of fuel storage
facilities on the property of certificated airports and assure that
this inspection vresponsibility is consistent with regulatory
authority. (Class II, Priority Action) (A-91-96)

Require operators of fuel farm facilities on the property of
certificated airports to install fail-safe control valves and
internal fire valves with fusible links on all above-ground fuel
storage tanks. (Class II, Priority Action) (A-91-97)

Require airport certificate holders to ensure that fuel operators
locate the fuel farm control systems, one or more emergency shutoff
switches, and the recording equipment in an area remote from the
pumping equipment and outside a spill containment avea. (Class II,
Priority Action) (A-91-98)

Examine the feasibility of mandating the use of temperature and
vibration monitoring and shutdown equipment on all fuel pumping
systems located on the property of certificated airports.
(Class 1I[, Priority Action) (A-91-99)

Regquire airport certificate holders to have contingency plans for
responding to very large fires, such as fuel tank farm fires.
{Class 11, Priority Action) (A-91-100)

AMR Combs:

Revise procedures for inspecting airport fuel farm pumping
equipment to assure that equipment is inspected daily when the
equipment is operating and also when it 1is not operating.
(Class II, Priority Action) (A-91-101)
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Provide initial and recurrent training on detailed inspections of
aivport fuel farm pumping equipment to all fuel farm employees.
(Class II, Priority Action) (A-91-102)

--to the Nattonal Fire Protection Association:

Revise National fire Protection Association Standard 30 to require
internal fire valves and fail-safe control valves on all above-
ground fuel storage tanks. (Class II, Priority Action) (I-91-02)

--to Airport Operators Council International, Inc., and
the American Association of Airport Executives:

Inform your members of the circumstances of the fuel farm fire at
Denver’s Stapleton International Airport on November 25, 1990, and
emphasize the importance of providing adequate resources for the
inspection and maintenance of fuel tank farm facilities.
(Class II, Priority Action) (A-91-103)

BY THE NATIONAL TRANSPORTATION SAFETY BOARD

JAMES L. KOLSTAD
Chairman

SUSAN M. COUGHLIN
Vice Chairman

JOHN K. LAUBER
Member

CHRISTOPHER A. HART
Member

JOHN A. HAMMERSCHMIDTY
Membey

Adopted: October 1, 1991
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APPENDIX A
INVESTIGATION

The National Transportation Safety Board was notified of the accident
on November 25, 1990. An investigative team was dispatched from
headquarters tn Washington, D.C.

At the request of the city of Denver, the Safety Board assumed
responsibility for the investigation. Parties to the investigation included
United Airlines, Inc.; AMR Combs, operator of United’'s fuel farm facilities;
Continental Airlines, Inc.; Ogden Allied (which became Ogden Airline Services
in 1991), operator of Continental’s fuel farm facilities; Chase
Transportation Company; Ingersoll-Rand, manufacturer of the pump iavolved ir
the fire; and the Denver City Fire Department.
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APPENDIX B

PERTINENT FEDERAL REGULATIONS RESARDING
MINIMUM AIRPORT REQUIREMENTS FOR
RESCUE AND FIREFIGHTING EQUIPMENT AND AGENTS

Part 139.317 Aircraft rescue and “irefighting:
Equipment and agents

The following rescue and firefighting equipment and agents are the
minimum required for the Indexes referred to in Part 139.315:!

(2) Index A: One vehicle carrying at least--

(1) 500 pounds of sodium-based dry chemical or halon 1211; or

(2) 450 pounds of potassium-based dry chemical and water with a
commensurate quantity of AFFF to total 100 gallons, for simultaneous dry
chemical and AFFF foam application.

* & % %k %

(d) Index D: Three vehicles--
(1) One vehicle carrying the extinguishing agents as specificed in
paragraph (a)(1) or (2) of this section; and
{(2) Two vehicles carrying an amount of water and the commensurate
quantity of AFFF so that the total quantity of water for foam
production carried by all three vehicles is at least 4,000 gallons.

' penver’s staplaton International Afrport falls under the category of
Index D.
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APPENDIX €
SUMP TANK MEASUREMENTS

Water Total [otal Fuel
(inches) (gallons) ({galions)

12.5
13
. 13

67.5 13 3445 3045

67.75 13 3457 3063
114* 13 4000 3606

79.5 13. 3917 3507
100* 13. 4000 3584 (tank pumped)
67 13. 3481 3005

71 13. 3606 3190

76 13. 3804 3390

79 13. 3904 3488 (tank pumped)
15. 13. 508 92

17 13. 579 163

20 13. 730 314

1. 13. 808 392

24 13. 943 527

28, 13. 1182 766

31. 13. 1370 954

32. 13. 1429 1013

33. 13. 1473 1057

34. 13. 1546 1132

36 13. 1638 1232

32 13.5 1399 983

(no measurements were recorded for this date)

grrTonoTpTgrnoToTgrriangnononov on

* Exceeded level on dipstick
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APPENDIX D
STATUS OF PERTINENT SAFETY BOARD SAFETY RECOMMENDATIONS

Safety Recommendation: A-84-27

Date Issued: April 16, 1984

Recipient: FAA

Status: Closed--Acceptable Action
Date Closed: March 29, 1990

Subject:

As an interim measure until a program for certificating fueling
personnel can be established, revise the compliance criteria
applicable to certificated airports in FAA Order 52380.5, "Handling
and Storage of Hazardous Material,” to contain specific standavds
for initial and recurrent training of fueling personnel, which
address methods of assuring fuel quality, five prevention, vehicle
‘nspection and operation, proper fueling technijues. and knowledqe
of airport operating rules.

Brief Narrative of Status Assignment:

Rased on documents provided by the FAA, it appeared that an acceptable
action had been taken with respect to the intent of the recomrendation, and,
consequently, tha recommendation was classified as "Closed--Acceptable
Action" on March 29, 1990. [The investigation of this fire, however, raises
quastions regarding the adequacy of action taken by the FAA with respect to
the th safety recommendations listed in this appendix.]

Safety Recommendation No.: A-84-28

Date Issued: April 16, 1984

Recipient: FAA

Status: Closed--Acceptable Alternate Action
Date Closed: March 29, 1990

Subject:

Revise the compliance criteria in FAA Order 5280.5, "Handling and
Storage of Hazardous Material,” to incorporate detailed procedures
for fuel storage area inspections and specific facility
acceptability criteria.

Brief Narrative of Status Assignment:

Documents provided by the FAA suggested that an alternate appioach to
the recommendatfon had been taken and it was sov classifed.
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Safety Recommendation No.: A-84-30

Date Issued: April 16, 1984

Recipient: FAA

Status: Closed--Acceptable Alternate Action
Date Closed: March 29, 1990

Subject:

Adopt design and construction standards for fuel storage area site
selection facilities to be applied uniformly 1o new airports
receiving Federal funds or to currently certificated airports when
storage facilities are relocated.

Brief Narrative of Status Assignment:

Documents provided by the FAA suggested that an alternate approach to
the recommendation had been taken.
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APPENDIX E
TENSILE STRENGTH OF BOLTS BASED ON POST-FIRE MEASUREMENTS

TABLE 1
PUMP BOLY MECHANICAL PROPERTIES

RATED MEASURED  CONVERTED
BOLT LOCATION MFG. BRAND, TENSILE STRENGTH  HARDNESS TENSILE STRENGTH
SAE GRADE

1K31) {HRB) {Ks1)

PIRI not marked .- .- .-
PI1RC not marked -- 38 (1)

p2L1 not marked
PzR1 not marked
paLl not marked
P2RC not marked

paL1* bolt head was missing -
P3RI* €, Grade 5

P3LL not marked

PIRC C, Grade 5

PéL] not submitted
P4R1 C , not marked
P4LC not marked
PAKRC not marked

P5L1 not marked
PSR1 not marked
PSLC not marked
PSRC not marked

PéL i not marked
P6R1 not marked
peLC not marked
P6RC not marked
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JABLE []
MOTOR BOLY MECHANICAL PROPERTIES

RATED MEASURED CONVERTED
ATION MFG. BRAND, TENSILE STRENGTH  HARDNESS  TENSILE STRENGTH

SAE GRADE (HRB)

MILS not marked .-
MIRS not marked .-
MILF not marked .-
MIRF not marked 53

M2LS not marked, Grade 5 86
M2RS not marked --
M2LF not marked .-
M2RF not marked -- --

WILST S, Grade S 84
H3RS KS , Grade 8.2 82
M3LF bolt head was missing 67
M3RF KS , Grade 8.2 83.
MeLsS *2++  not marked --
M4RS C , not marked - .-
M4LF C , not marked - --
M4RF ¢ , not marked --

J

K

J

M5LS Grade § 83
MSRS Grade $ --
MSLF

MSRF J

Y

' Grade 5 17
, Grade § --

MELS not marked
MERS not marked
MeLE not marked
M6RF not marked

(1) Tensile strength was far below 55 ksi.

* These values were also reported in metallurgist factval report No.
91-69 but was reprinted for comparison purposes. Hardness value of
M3RF bolt s an average of two values instead of three,

44+ The manufacture brand for this bolt is as shown in lower left photo
of figure | (resembles M combined with D.)
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APPENDIX F
FAA POLICY AND GUIDAKCE #38

AIRPORT CERTIFICATION PROGRAM - FAR PART 139
” PROGRAM POLICY AND GUIDANCEL
* §38

PART 139.321 (h) JANUARY 22, 1991 L.

INSPECTION OF FUEL FARMS SERVING PART 121 OR PART 135 AIR

CARRIERS |
SLE ALSO: PROGRAM AND POLICY GUIDANCE LETTER #15 b

Flight Standaris Airworthiness Inspectors (ASIs) are tasked with
the inspection of Part 121 and Part 135 air carrier fuel
facilities. 1In their Order 8300.10, Chapter 227 addresses the
3 ] evaluation of an operator's refueling procedures. Specifically,
A Section 2, Paragraphs 5s and B on page 227-2 are directed toward
i : reviewing the air carrier's or agent's manual and the inspection
¥ of the facility.

: 1 1n the interest of fueling safety and to insure that all airport
S fueling operations receive the highest standard of FAA review, we
: are recomnending that Certification inspectors notify Flight

Standards District Office Managers of an upcoming inspection to

provide the ASIs with the opportunity to accomplish an inspection _

at the same time or to inform the Airport Certification inspector &

of problers or situations that should be brought to the attention

of airport zanagement. 1In any event, Certification inspectors

will inspect all fuel facilities on the alrports. If a .

discrepancy in a Part 121 or Part i35 facility is noted, the

inspector will report said discrepancy, jn writing, to the

airport and to the PSDO, and will document the discrepancy on the

inspentinn report, if it is a violation of Part 139.

Consistent with the language in Part 139, the certificate holder
will not be violated, if the ACM specifically excludes air
carrier fueling facilities from airport oversight. However,
even in these situations, to ensure &airport safety, certification
inspectors are requested to encourage actively all certificate
holders to exercise sufficient surveillance of air carrier
fueling facilities by including them in their ongoing inspection
prograns.

77 XS B
Zf/’é«»«-f/ﬁ/‘ ’ﬁ//éa@ , 227l

Richard L. Rodine, Manager Date

AIRPORT SAFETY ANLD CPERATIONS DIVISION AAnS-300
POLICY 438



Diameter
(feet)

45
45
45
45
L)
&
&
72

-7
f)

Type of
Roof

Corz
Floating
Cone
Cone
Floaling
Floating
Floating
Floating
Floating
Floating
Floating
Floating
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APPENDIX G

TANK CAPACITIES

Contained Capacity
(gallons) (gallons) Injection Safety Valve

848,000
684,000
420,000
420,000
830,000
685,000

420,000
840,000
420,000
420,000
840,000
1,428,000
1,428,000
2,100,000

E—
e

Foam

No
No
No
No

Internal

No
No
No
No
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APPENDIX H
SECTION 321 OF AIRPORT CERTIFICATION MANUAL FOR
STAPLETON INTERNATIONAL AIRPORT

HANDLING AND STORING OF HAZARDOUS BUBSTANGES AND MATERIALS
CARGO HANDLING

The City and County of Denver st SIA does not sct as & cargo handling
sgent.

FUEL, LUBRICANTS, AND OXYGEN

81A Operstione £s responsible for estadblishing and maintaining stendards
for protecting egsinet fire and explosions in stering, dispensing, and
othervise handling fuel, Jubricents, end oxygen. ARFF parsonnel
assigned fuil time et SIA arc zesponsible for administering this
progren. In sddition to establishing safety standarde, the SIA pregram
includes:

1. Treining fuelirng sgents in safe fucling and hazardous
materials handling practices.

2. MHonitoring the safoty practices of fueling agents.

3, Henitoring the storage end replenishing of sircraft oxygen
systems.

4. Monitoring tha storage, handling and dizpensing of lubricants.
5. Inspecting the phyeical facilities and equipment of fueling

agents and the entfre fucl systerm a2t SIA to epxure compliance with
esteblished standerds.

6. Investigeting end trecking fuel and lubricent spills in order
to determine cause factors and taking corrective sction aimed st
reducing the nurber of fuel zpills.

STANDARDS. Standards for handling fue), lubricents, and oxygen fnclude
411 applicstle requirements of:

1. BIA Rules ¢pd Regulations
2. National Fire Protection Associetion Publicstions

3. The Denver Yire Code

4. §1A Mansgers Bulletin titled "Fuel, 0fl, and Chemical Spills."

Folloving are sore specific stendards established by the above 1fsted
publications:

4. - GROUNDING AND BONDING. Groundirg and donding equipzent
should provids thet piping, f{lters, tarks, and eclectricel corponents
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are electrically bonded together and interconnected to adequate
electricsl ground. Additional requirerents are contained in NIP 407 and
77.

b. PUBLYC PROTECTION. Fueling of eircraft will not take
place while passengers are loading or unloading or while passengers
remsin on the afrcraft unless s ninimum of two evacustion qualified
personnel are poeitioned on the eircraft at the front and rear and all
fire safety equipoent is present and operable.

c. CONTROL OF ACCESES TO STORAGE AREAS. All fuel storegs
prees will:

{1) Be locatud inside a fonced ard signed ares to
reduce chances of unauthorjzed entry and/or tarpering. Signsge gust
conforr to the Denver Fire Code standsrds.

(2) Be fernced with & focot high fence and gates with
three strands of berbed wire on tcp extending outwvard at s &5 degree
angle.

(3) be kept seczured at all times. Keys to gate locks
will be aveiletle cnlv to suthcrized pereonnel. Gates wil) not be Jeft
open unless g gusrd {s present,

6. FIRE SAFFTY IN HOBILE FUELERS, FUELING FPITS, AND FURLING
CABINETS. The syster should:

(1) Be rarked with letters at least 3-inches high on
411 sides to shos darger, fler-stility, stendard hazerdous materiel N
placard. and inrice crew corpartrent (if any) to proh.bit smoking.

(2) Bs rarked with letters at Jeast 3-inches high on
1) elder ard in crew ca> tc cleasly show type or grade of fuel in
Sysices.

{(3) Conteair/diepenss cnly one type or grade of fuel
unless the vehicle wae specifically designed to contafn/dispense
multiple grades of fuel. Ylecarding {s required for each type of fuel
and individusl cooparteent(s) ddentifjed with cepacity.

(&) TIf st €ixed lozations (e.g., pit or fueling
cobinet), be esquipped with: (e) at lesst one boldly werked crergency
fuel cutoff placarded ot least 7 feet above ground #nd joceted so that
they can be resadily see: from a distance of st laast 25 fest; and (b)
fire extinguishers as zequired by NFPR Standerd 407.

(%) 1f & mobile fueler, be squipped with: (a) & systec
capsble of overridfrg a1l other controls ard stopping, with one physical
poverent, all fuel flow: and (b) fice extingulshers as prescribed by
*opA Stand 1d L0727,




APPENDIX H

(6) Contain no feature which would allow fntroduction
of any foreign material into fuel.

(7) Contain no festure which would ellow fuel or
concentrated fumes to contact (during normsl operations, overfilling oz
other spill) sxhaust systen, hot sxhaust gasses, or any other dgnition
soutCH.

(8) 1f equipped with internal combustion engine, be
equipped with oiyr filter/spark srrester and a leak-free exhaust systen
terminating io a standard baffled (originasl equipment type) wutfler.

INSPECTIONS

: ‘ The phyeical focilities of esch sirport tenact fueling spent will be
b 2 inspected at least once every 3 vonths for complisnce with stendards and
: records of these inspectfons will be kept for at least 12 months. When
a vehicle s {rspected and is in compliance with standards, en
: 1 inspection sticker {5 issued which is valid for I eonths,

TRAINING OF FUELING PERSONNEL.

STA ARTT personnel will assure thst at Jesst one supervisor with each
fueling sgent has completed on svietion fuel training coutse in fire
safety. Additionally, all other crployees who fuel sircraft, sccept
fuel shiprents, or otherwise handle fuel shall receive at lesst
on-thesjob training in fire safoty fror the trained supervisor. Esch
tenant fueling egent will provide ARFF personnel certificstion, once &
yesr, that this training bss been sccomplished.

NONCOHPLIAKRCE ¥WI1TH STANDARDS

SIA ARFT personnel will require each tenant fusling agent to take
incediate corrective sction whenever they become sware of noncompliance
with a fueling stenderd. The AOH will be notified jomedistely when
noncomplisnce is discovered and corrective action cannot be accomplfshed
within & ressonable period of time. The AOM will notify the FAA,
Northwest Mountsin Region, Afrpotts Division, Sesttle, Washington of
this situvation.

In situstions where sttempts by ARFF personnel to bring sn individual or
an organization within complience with any standard sre unnuccessful,
ARFF personnel will report the situaticn to the Deputy Director of
Avistion-Operstions. The Dsputy Director of Aviation-Operations will
teke sppropriate actions to achieve complisnce including court sctions,
if appropriate.
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RECORD KELPING

A cocputer progrsm has been Jderigned specifically to handle &l
informstion gathered by ARFF inspections. The progren hes cross
referencs capability concerning dizcrepancies; training etc. The
computer end the progrem will be used 63 & manegement tool to assure
complisnce with Part 139 requirements concerning handling end storing of
hezsrdous substances snd materisls.

PARKING ATRCRATT WITH HAZARDOUS CARGO

The AOH will determine the Jocetfon for parking afrcyaft with hazsrdous
cargo depending on operationsl requirements on the sfrport at the tire.
gmall sircraft carrying hazsrdous cargo are generally parked on the
srall aircraft run up psd at taxivey B-5. Larger aircraft are genersally
parked on taxiwgy D-3 betwaen runway 7/25 and taxiway "Z". However, the
A0% vil] determine the locstjon for parking aircraft with hazerdous
cargo when @ specisl location i¢ reguired.

Special operstions involving Rocky Hountain Arsensl, Rocky Flats, or
other agencies vill be coordinsted by the AON on an {ndividusl basis.






