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EXECUTIVE SUMMARY

On April 15, 1988, Porizon Arr, inc, flight 2658, a 37-passenger deHavilland DHC-8
registered in the United States as N819PH, was a regularly scheduled passenger-carrying flight
between Seattle, Washington, and Spokane, Washington. Shortly after takeoff, with the captain
at the controls, the aircrew noted a pewer loss on the right engine. The captain made the decision
to return to Seattle for a precautionary ianding. Atter lowering the fanding gear on final
approach, a massive fire broke oul in the right engine nacelle. After the first officer shut down the
engine, the captain proceeded 1o land the airplane; however, shortly after touchdown, the crew
realized that almost all directional control and braking capability was lost. The airplane departed
the paved surface of the runway, crossed a grass median area, entered the paved rainp area, and
struck a runway designator sign, several baggage carts, and two jetways. The airplane came to rest
against another jetway. Four of the 37 passengers sustained serious injuries. The airplane was
destroyed by the fire and impact.

The National Transportation Safety Board determines that the probabie cause of this aczident
was the improper instaliation of the high-pressure fuel filter cover that aliowed a massive fuel leak
and subsequent fire to occur in the right engine nacelle. The improper installation probably
occurred at the engine manufacturer, buwever, the failure of airliric maintenance personnel to
detect and correct the improper installation contributed to the accident. Alsc contributing to the
accident was the loss of the right engine center access panels fram a fuel explosion that negated
the fire suppression system and allowed hydraulic line bura through that in turn taused a total loss
of airplane control on the ground.

The safety 1ssues discussed in this report indude:

o the nacelle cowl design of the DIC-8,

design and maintenance practice concerning the toose buel Iilter cover,

design and mamtenance practice concerning the generator brush access cover and
electrical lead 10 port on PE&W PW 1204 engines,

shoulder harnessjjumpseat hold-up strap aear cn the DHC.8; and
e deugn and use of the doset/wardrobe on the DHC-8

Recommendations concerning these issues were addressed to the Tederal Aviation
Administration
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AIRCRAFT ACCIDENT REFORT
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1. FACTUAL INFORMATIUN

1.1 History ot the Flight

On April 15, 1988, Harizon Aur, inc., flight 2058, a 37 passenger deHavilland DHC-8 registered
in the United States as N819PH, was a reqularly scheduled passenger-carrying flight between
Seattie-Tacoma International Airport, Washington, and Spokane, Washington. Both pilots and the
flight atlendant assigned to originate flight 2658 reported to the Horizon Air operations facility at
Portlond, Oregon, at 1215, They then dead-headed Lo Seattle on Horizon Air flight 612, arriving at
1420, on N819PH. On arrival, thev learned that their trip sequience would also be on NB819PH, as
flight 26%8. After lunch, the captam picked up the dispatch papers, and assisted the first officer in
performing a preflight inspection of the airplane. According tuo company procedures, the first
officer performs the preflight inspeciion when the airplane experiences a crew change or when
directed by the captain. The fhohturew had about t1/2 hours before the scheduled takeoff, and
therefore, they were not rushed duning preflight preparations  The crew stated that a typical crew-
acceptance preflight takes about 20 minutes. The crew stated that they noted no problems during
the preslight. They then flew an uneventiul round trip to Pasco, Washington, and arrived back in
Seattle ot 1755

In $eattle, the first officer peiformed a postihght walk-around nspection. No iadrepancas
were noted. Flight 2658 feft the gate at 1810, and following a normal engine start, the thight was
cleared 1o taxi (a runway 160 ol 1813 AL 1821:52, (hght 2058 was deared by the Seattle iacal
controlter to ' taxi into position and hold runway 161, Re prepared t¢ 0o right out as soon as
tratfic clears the runway * They acknowledged and were cleared for takeuft at about 1825 with
instructions to fly a heading of 139° atter passing 1,000 teer mean sea level (msl),

The caplain made the takeolf at 182551 and described everything as routine with no
abnormal indications noted during takealf. The airplane lifted off al 101 knots. At the captain’s
command, the fist efficer raised the fanding gear, retracted the fiaps from 5° to 0°, and reduced
engine pover to the climb power setting of 1,050 prapelier rpm and 88 percent engine torque.
The cimb through 1,060 feet appeored normal to the pifots. They then began the initial left turn,
The passenjerin seal 9 later stated that dunng this first turn, he observed liquid leaking from the
nght enging nacelle. According to the passenger, the rate ol which the liquid leaked lessened as
the captain leveled the wings at the end of the turn. He did not relay this infarmation to the flight
attendant at any time during the flight. About the time the captain compieted the turn te 130° at
1826:30, both crewmembers noticed a loss of power on the right (N> 2) engine. The captain
obsarved a slow drop in torque on the right engine to approximately 40 to 60 percent. The loss in
torque was accompanied by right yaw. He then advanced the power levers on both engines to the
maximum power setting.  The flight data cecorder (FDR) showed that No. 2 engine torque had
dropped to about 36 percent when power on e No 1 engine was increased. 8ased on his
evaluation. the captain concluded that the right engine was stil! progucing thrust, so he eiested to




Figure 1. A photograph of N813PH on its final approach
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keep it running. He than told the first officer to advise the tower that they were returning to the
airport, to request emergency equipment, to have the emergency checklists readily available, and
to inform the flight attendant of their intention to return and fand. These actions were completed
by 1828:16. After the captain stabilized the power, he flew a somewhat wider than normal
downwind leg about 1 1o 1.5 miles away from the runway and remained in visual flight rules
conditions. The aircrew completed the des.ent and approach checklists about inidfield on the
downwind leg by 1829:09. The captain initially intended to lower the landing gear just after
turning on to base leg, but he did not because the airplane was above the maximum gear lowering
speed at that point. At 1830:56, as the airpiane slowed down to below the maximum gear
lowering speed, the flightcrew lowered the landing gear and turned onto final approach leg about
1 mile from the intended touchdown point.

The first officer stated that as he was scanning for tratfic out the right side window during thie
turn to final approach, he vhserved a "fiash" from the right engine The first officer then observed
that the center access panel on the left side of the right nacelle was missing and that an
orangelyellow flame was ir that area. The passenger in seat 9C aiso observed the fire and saw
sections of engine cowl fall from the right nacelle. At 1831:03 the first officer stated, "We got a
fire.” Three seconds later the captain stated, "Max power . . .,” and at 1831:09 he called for 15° of
flaps. According to the FOR, the flaps began to move down shortly thereafter. After informing the
captain of the fire, the first officer returned his attention to the engine instruments. The captain
then retarded the right condition lever to the Stort and Feather pasition and told the first officer to
pull the fuel cutoff T-handle and fire the extinguisher bottles. After the first officer fired the
extinguisher bottles and pulled the fuel cutoff T-handle, he observed that the fire was still burning
and also that the green landing gear lights were no longer illuminated. (See figure 1)

At 1831:26, the flight attendant ~lelivered ner emergency landing briefing that included two
different brace positions because of the seating arrangement of the airplane,

About 174 mile from the rurevay (according to the captain) and about 100 feet above the
ground {according to the first officer), the crew began to notice a *. .. significant change in
controllability” of the airplane. The first officer stated ". . . the airplane felt like it was in slow
fliaht, sort of wallowing around.” The airplane landed on runwaey 16L and then veered off the east
side of the runway on a heading of 154°. The captain steled that after touchdown at 1831:33 orn
the paved surface and after reducing the ieft power iever to flight idle:

it was immediately obvious that the direction of movement was (o the left ol
[the] runway direction. | attempted to use rosewheel steering, normal
differential braking, and rudder to correct the direction. | had no directional
control of the airplane. | firsi eased on the emergancy brakes with no result and

then finally locked the lever into the parking posit.on.

The first officer also tried his right rudder pedal, but it was already full right. He then noticed that
the right brake pedal was already deprested and that the emergency brake was lockad. He then
advised the tower that the airplane was out of control and menually tocked his and the captain’s
shoulder harnesses. As the airplane rolled onto the ramp pavement after crossing grass areas and
taxiways an the airport, it struck and destreyed a frangible lighted runway designator sign. By thes
juncture, the airplane heading had changed another 2° to the left. Neither crewmember felt any
deceleration. As the airplane entered the ramp area south of the tower, it struck jetway B7
damaging the outboard left wing. After siriking the first jetway, the airplane struck jetway B9
causing the outboard left wing to separate !rom the airplane. The airplane struck and destroyea
several baggaqge caits and pieces of ground equipment as it traversed the area between jetways 87
and B9 and came to rest _gainst jetway B11 at 1832:31. (See figure 2.)
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Within 15 seconds after the airplane came to a stop, the flightcrew saw fire suppressant foam
being applied to the airplane. The captain altempted (o open the cockpit door and the overhead
emergency exits, both of which were jummed. The first officer then attempled to break the
captain’s side window with the fire axe, but he was not successful. They then heard the firefighters
assisting the passengers and were told 1o wail until the injured passengers had been evacuated.

Subsequently, the firefighters opened the jammed cockpit door and assisted the pilots off the
atrplane.

During the accident sequence, 4 passengers received serious injuries; 24 passengers, the flight
attendant, and both pilots received minor injuries; and 9 passengers received no injuries. The
airplane and various pieces of ground equipment were destroyed. The accident accurred during
daylight hours.

1.2 Injuries to Persons

Injuries Crew Passengers Others Total

ettt i . e e

Fatal

Serious

Minor/None
Tota!

1.3 Damage to Airplane

The airplane received substantiai damage because of the engine fire and was subsequently
destroyed during impact with objects and structures on the ramp. The airplane was valued at $5.64
million.

1.4 NDther Damage

Numearous pieces of aviation ground support equipment, incduding one runvsay designator
siqn, weveral haggage carts. o pickup truck, o ground auxiliary power unit, and three terrminal
jetways were damaged or destroyced by the airplane  The edimated value of these structures and
pieces of equipment was $280,600.

1.5 Personnel Information

The captain was hired by Air Oregon in June 1979, Air Oregon was subsequently absorbed by
Horizon Air, and the captain was hired by that company on September 1, 1981. He held airline
transport pilol certificate No 1767092 with ratings for the SA-227, the DHC-8, airplane rautttenyine
tand, and commercial privileges for airplane single-engine land. At the time of the accident, he had
accurnulated approximatery 9,328 total flying hours, 981 hourt of which were in the DHC-8. He
received his initial type rating in the DHC-8 on November 5, 1986 The caplain’s iast line check was
completed on Sertember 5, 1987, and his last proficiency check was completed on October 5, 1987,
The captain’s last recurrent training was accomplished on Octaber 30, 1987. His most recent first-
class Federal Aviation Administration (FAA) medical certilicate was issued on lanuary 19, 1988, with
the limiation, "Holder shall wear correcting lenses while exercising the privileges of his airman
certificate.”

The first officer was hired by Horizon Air on March 30, 1987, He held airlire transpart pilot
certificate No. 548882459 with raiings for atrplane multiengine land and commercial privileges for
airplane single-engine land. He also held a flight instructor certificate for airplane single- engine
and mulliengine land which was valid until March 31, 1989, and an air tratfic control specialist

[Tl




certificate At the time of the accident, he had accumuiated approximately 3,849 total flying hours,
642 hours of which were in the DHC-8. The first officer completed his initial proficiency check on
May 7, 1987, and his last line check on May 22, 1987, His last recurrent training was accomplished
on March 11, 1988. His most recent second-class FAA medical certificate was issued on January 12,
1988, with no limitations.

The flight attendant was hired by Horizon Air on March 9, 1987, after completing 56 hours of
basic indoctrination, emergency tratning, and security training. She completed her initial
operating experience of 5.2 hours on the DHC-8 on March 12, 1987. She received her last recurrent
ground schonl and emergency training on March 20, 1988.

1.6 Airplane Information

The deHavilland DHC-8-102, N819PH, serial number 061, was manufactured on December 21,
19485, and acquired by Horizon Airon February 6, 1987,

The airplane weight and balance for the flight was as follows:

Basic weight {lbs ) 22,425
Passengers and cargo (1hs.) 7,372
2ero fuel weight (ZFW)(ibs.) 29,797
Correction faclor (Ihs.) 94
Corrected ZFW {ibs.) 29,891
Fuel toad (ihs.) 3,000
Takeofl{ weight (ths.) 32,891

The planned fuel bura of 1,100 pounds would have resulted in a landing weight of 31,791
cour ds at Spokane. The maximum sllowable takeoff weight was 34,500 pounds and the maximum
landing weight was 33,900 pounds. The forward center of gravity limit range vaned tinearly {rom
20 1o 21 petcent mean aerodynamic chord (MAC) for v ~ights between 32,000 and 34,500 pounds.
The aft limit was 38 percent MAC. At the time of the acadent, the conter of gravity was about
28 14 percent MAC

1.6.1 Hydromechanical Fuel Me:ering Unit Replacemient

Both engines on the airplane were equipped with a hydromechanical metering unit (HWMU).
An HAMU assemibly consisty of the hydromechanical fuel controt, @ high-pressare tuel pump with an
integral fuel filter housing Lhat contains the high-pressure fuel filter. The HMU assembly was
replaced on the right engine of NB19PH on April 8 and 39, 1988 The replacement HMU assembly
was rernoved as a compliate unit from a spare serviceable engine in Horizon stores that had been
received frem the Pratt and Whitney Canada factory. The fuel nozzies on the right engine also
were replaced at thal time. Horizon Air maintenance personnel stated thal they performed Loe
following activity concerning the HMU:

An engine shiop mechanic removed the replacement HMU assembly from spare
engine S/N 120141 in the Herizon maintenance facility.

A Horizon engine maintenance inspector examined the HMU assembly and
signed the "serviceable tag.”

Another engine mechanic installed the HMU on the right engine (S/N 120078) of
N819PH. Part of the installation procedure was ta attach the filter impending
bypass switch electricat lead onto the fuel filter cover
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4 Laespector signed oft the repiaceme - action for the HRIn the mainienande

roghook for NRIGPH.

5 Twa ditierant mantenance nspeties supervised a guah, control engine run
on HB1APH which included a tHuid leak <hedk and sigred off the quolity control
tnsfiection in the ma:riienance loghook

i

b o flarizon A lead smechavue signed off the mmantenance refease on arpiane

NYAPH
i

These n*;ume.mn(e JCHIONS Were 1N 1esponse to an earher senes of crew manlenance tog
ennes condgrng fueifon fumes in the codepit duning thght A teordown of the ceplaced HMU by
s manumctijmr (atar disclosed that the fuel fumes had been ¢rused by o cracked hellows in the
Uroy Au.orc;mg L o marntenance log entry, the removat and replaceinent of the HMU and the tuel
nazzles wasin accordance with Horzon mantenance manaat 7100 clh page 22 'here were no
othes munnfenance 1oy entues s the tog fer the arrplane alter the HAY and fuel noziie ware
replaced o, April Band 9

1.7 Metéjcrologicat information

A Septite Tacoma tternational Arport National Weather Seryos observanon taken at 1832
ndicatedta 2,300 toot scatter ed cioud tayer mith a measured 2,800 ot Overcast ceidling  Vistbnhty
was 7 m!jea with a tempercature of 60 7F and & dew pamt of A%°F  Wirnds were from 2507 at 4 knols
and the Bitimeter setting was 2494 inches oF mercury Al 1829 39 the tower conbuiler deared
flight 2658 (o land on runway 1hl and gave fhgbt 2658 windy ol 248 at 8 bnets dunng the sane
transpaufach

1.8 Ajds to Navigation
{
Mhe G 0f NB19PH did not se any navigational andy during the fhght
]
1.9 ommunications

!

Ao commumcations diffculties were reported Yy the Hiaghtcrew o the an trethic controliers
] ¥

1.'{{" Aevodrome Information

!

f Spattio Tacoma intermational Arnort 15 aperated by the Port of Seattle, washimglon
twf; paratiel rcunways designated 16! 3R ad 162,341 Sonway ThL T 300 teet fong and 150 leet
wi te with o aplaced toeshold ot 490 teet 1t has an asnhatt suttace The freld slevation iy 479
1ot st Runway 1hl has hugh ointensity ranway hights, o medim eienuly appraadch nghting
sslem with sequenced Hashimg ights. and o visual approadh siope indicator system The arrport's
tdst disaster exercise was an unannousced deill @ january 1988

It has

.11 Flight Recerders

! Fhe auplane was equipped with a Sundstrand FOR 1hatl «ecorded 32 separate ftho™t and

equipment patametery during the (hight K was removed from the wreckage intact An
examinabion of the recovered dota indicated that the recorder operated normally throughout the
acodent fhight  However, Lhe parameters ransmitted to the FOP for the night and left inboard and
outboard spoder positien, rudder positon, left and nght elevator position, and atleron positton
were not recorded whon the arrplane was on the ground dunng the tanding roll - The reason lot
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this data loss was attributed to the fire thot compromised a number of electrical components on
the airplane.

The airplane was also equipped with a Sunstrand Mod .1 AVS57-C cockpit voice recorder {(CVR),
I, loo, was recovered from the wreckage undamaged. The tape was of excellent qualily, and a
transcript of the last 10 minutes on the tape s ncluded as appendix £ At 1827:42, the reccrder
stopped and revarsed direction; this is a normal function on this type of CVR.

1.12 Wreckage and Impact Information

The right engine inboard center access panel was located 10,300 feet to the north of the
thrashold for runway 161 in a school yard. This panet was almost completely free of scoting and
displayed no fire damage No other components were recovered outside the arrport boundary.

The first evidence of airptane ground contact was ¢ set of wheel tracks associated with the left
wheel assembly when the airplane rolled off the east side of the runway. These tracks were 3,275
feet south of the end of the runway threshold and began 128 feet east of the runway centertine.
The direction of these trarks was 6° to the left of the runway heading  The right wheel tracks
began 3,535 feet south of the threshold, and the nosewheel tracks began 3,672 feet south of the
threshold

The path of the airplane was traced farther by more lire tracks, a trail of burned debris from
the right nacelle area, and the use of an arrport surveillance video tape that showed the landing
sequence, landing roltow, and portions of the linal impact with the jetways.

A large hole was ripped in the right side of the fuselage during impact with the ground
equipment. 1t extended from the floor level of the cabin to above the wandow line ang from the
right underwing emergency escape hatch forward Lo the nght emergency door. The airplane came
to rest against  jelway B withoits fuselage pointing 2ast and the right wing penetrating the
jetway boarding tunnel  (See figure 3). The position of the (laps was about 6° down when the
airplane was later examined This was also the last flap position recorded on the FDR about 74
seconds before the end of the recording.

1.12.1 Right Engin2Five Damage

The right wing and right engine/engine nacelle sustained heavy fire damage. The aft portion
of the nacelle was consumed hy fire  The propelier was attached to the engine; however, one
blade had separated and was recovered about !5 feet behind the left engine nacelle
(See figure 4)

The engine nacelle was covered with sool and severely damaged from excessive heat. There
was extensive heal damage and buckling of the zone 1 access doors and the nacetle skins behind
the firewall. The outer wing panel leading edge do-ice boot and landing light lens were damaged
only slightly from heat.

The right nacetle outboard center access panel was not attached to the nacelle, but it was
found propped against a tire on the right landing gear. il is most probable that the panel was
recovered elsewhere and carried to this location by uniuentified airport personnel. This panel was
bowed in the middie and exhibited some buckling along the lower edge, upper cdge, and! at the
bottom left corner. The upper left corner of the panel exhibited signs of sevcre overheating The
inside of the door was clean except for the normally dirty areas around the starter generator
cooling air inlet and outlet seals, and there was slight heat discoloration at the upper left corner.
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Both pane! hinges iocated along the upper edge of the door had fraclured. The six cowl door
spring closed latches were aill ciosed and latched.

The right nacelle inboard center access panel was bowed and moderately buckied along the
lower edge and right rear corner. All six of the cowl door spring closed latches were closed and
latched. There was no heat damage to the outer or inner surface of the door panel. The oil
servicing door was deformed outward. The upper push-to-release latch was closed and latched;
however, the latch pin was outside the pocket. The lower push-to-release latch was in place and
fatched.

The underside of the cowling was lightly sooted to about the center of the intake cowl. Aft of
this area, the intemity of the sooling and fire dainage in¢reased toward the wheel well area. Just
below the outboard zone 1 access panel, the metal was hurned extensively and exhibited heat
damage. The top of the cowl exhibited only very light sooting. The inside and the outside surfaces
of the upper rear access panel were damaged severely by heat. Although the louver was missing,
the louver screen was in place, but it was punclured and covered with soot. The cowl right rear
edge where the side door rear hinge attaches to the upper cowl stricture was burned severely as
well as the rear left corner of the cowl rear access panel. Both sides of the right engine cowls were
lightly sooted from the propelter spinner to the front edge of the side access panels and along the
lower edges of side access panel frames to a point midway along the lower frame members. Aft of
this area, there was increased heavy heat and fire damage thal extended aft to the wing trailing
edge.

The enqine was sooted heavily over its enure surface; there was no physical damage and no
external punctures no‘ed on the compressor and, turbine cases. Continuity was established
between the HMU ann we cockpit controls; however, the cable drum was damaged. All hoses
exhibited extensive heat uamage; insulation was burned fram most of the electrical wiring, and
tube and wire clamp insulators were reduced 1o ash.

There was a 0.116-inch gap hetween the HMU high pressure fuel filter cover and the face of
the housing. Fuel was observed laaking frorm the bottom of the gap 22 hours after the accident.
The fuel filter cover on the left engine was examined, and the cover was noted to be bottomed
against the filter housing; there was no gap. Specified torque on the fuel filter cover is 100 to 150
inch pounds.

The right starter generator was heavily saoted and the brush cover band plating was blistered
over a 140% arc. The ignition exciter box was undamaged, but the outar surface was covered lightly
with soot.

1.13 Med'cal and Pathological Information

The captain was not requested to provide specimens (or toxicological analysis following the
accident because investigators were unaware that he was sent to a different hospital than that of
the other crewmembers. The ho:pital where the captain was treated was not requested to collect
blood or urine as part of his treatment. The Center for Human Toxicology, University of Litah, Salt
Lake City, Utah, examined toxicological specimens from the first officer and the flight attendant.
Using gas chromatography-mass spectrometry testing procedures, the Center did not detect drugs
or alcohot in the specimens taken from either individual.

The captain, the first officer, and the flight attendant reported that they had experienced no
significant adverse events in their lives recently. The investigation disclosed no unusual life habits
or events that could have affected the performance of either pilot or the flight attendant on the
day of the accident.




1.14 Fire

Statements from the first officer and several passengers revealed that the first time they
noticed flames was shorily after the landing gear was lowered. The first officer stated, "We got a
fire," al 1831:03, 50 seconds before touchdown. The fire continued to burin throughout the flight,
the landing rollout, and after the airplane came to a stop against the jetway at 1832:31.  Port of
Seattle Fire Department (POSFD) truck 4 radioed to the fire station dispatcher,"We've got the fire
tapped,” at 1§39, meaning that the fire was completely extinguished at that time.

1.15 Survival Aspects

The cockpit seating arrangement :onsisted of seats for the captain and first officer and a
stowabie jumpseat (stowed during the cccident sequence) on the front face of the cockpit door.
Neither the captain's nor the first officer’s swats were displaced during the accident sequence. The
shoulder harnesses on both seatls were intact and cperaticnal; however, they were frayed and
abraded at the "Y" junction 1o about 12 inches above that junction. The plastic covers over the
shoulder harness guide +_‘lers on the backs of both seats were missing. In addition, the cockpit
jumpseat hold-up strap in the cockpit was frayed and sphit. The jumpseat was held in the stowed
position by placing this solit strap aver the jumpseat hold-down stud on the hinged seat. The crash
ax was found on the floor behind the leftseat, and tnhe aft left cockpit window was cracked.

The tabin seating arrangement consisted of 37 coach seats. Seat rows 1-8 were double
occupancy seats {four passengers per row with an aisle down the middle), and row 9 was a
continuous row that seated five passengers. (See figure 5.} An aft facing single-occupancy flight
attendant jumpseat was attached to the left rear side of the dosevwardrobe adjacent Lo the
forward main cabin door.

The airplane had five emergency exits: the man cabin doar; the forward cabin emergency
exit; two mid-cabin emergency window exits at row 4; and the cockpit emergency hatch. Al
passengers escaped or were evacuated through the feft mid cobin window emergency exit or the
hole in the right side of the fuselage The hole extended from fuselage station 270 to fuselage
station 348 and from waterhine 100 to waterline 160 (from seat rows 1 through 3).

Scats 1DE, 2DE, and 3DE, i the area most heawtly damaged during impact with ground
equipment, were torn toose during the acadent sequaice  The passengers in seats 3D and 3E were
ejected from the airplane while st buckied in ther seats  The forward and aft outhoard leg
attachments of seat 9E separated from the floor track  All othizr passenger seats as well as the
flight attendant's seat remamed attached Lo the arplane ficor, although some passenger seats
sustained some degree of impact deformanion  The overhead compartments over seats 2DE and
3DE were open, while all other overhead compartiments were dosed

The beveiage cart was found on its sidde i the ale between seat rows 3 and 4 The secondary
securing latch for the cart was untatched  Structural contimuity of the floor area i the cart storage
area was lost around the "mushroom” Hoor lock doubler  The floor covering was torn on the
torward side of the doubler, and the floar undoerneath the covering had dropped away from the
doubler. The secondary securing latch lor the lower compartment aoor was also unlatched.

A closetYwardrobe was installed on the left side of the cabin, foraard of the main cabin door.
A placard on the wardrobe read, in part, " 100 [bs floor load hmit * Ghjects removed from this
wardrobe following the acadent snduded catering bowes, beer, wine and hquor contaimers, a
suitcase and a small, portable mechanical carpet sweeper  The objedts (not including the carpet
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sweeper) weighed 146 pounds DeHaviland Service Bulletin 82535, dated February 19, 1988,
called for a Wa-turn latch that, at the operator's option, <an be nstalied wn the doar of the
viaardrobe 1o prevent it from opening unexpectedly. This service bulletin also stated that ur'il the
(aich had been instalied, the wardrobe should be restricted to hanging iterns only. The 1/4-turn
latch hed not been installed on N819PH, and the closet/wardrobe door separated completely
during the accident. following the accident, on November 28, 1988, Transport Canada issued
Airworthiness Directive (AD) CF-88-24. This document made the provision of Service Bulletin 8-25-
35 mandatory for Canadian aperators of DHC-8s. The FAA has not acted on this Canadian AD to
make the service balletin mandatory for U S. operators.

Aircraft rescue and firefighting activities began at 1827 when the ground controlier notified
the POSFD that flight 2658 was relurning to tand  The fire department icitiated a full response
which included two heavy crash trucks one quick response vehicie, one engine, one fire
department ambulance, and one command vehidle After assuming their standby positians on the
airfield these vehicles {ollowed the aiiplane as it crossed the ramp 10 the jetway area. According
to the POSFD and the video tape, firefighters began extinguishing the fire immediately after the
airplane stopped at about 1832 .31 The tirefighters extinguished the fire in the right engine area
by 1839, about 7 minutes after the airplane first touched down. A firelighter entered the ¢abin as
soon as passengers stopped using the exit and began extricaling two passengers (seated in 1 and
26} who were trapped by wreckage Other firefighters assisted with the extrication after the fire
was extinguished and both passengers were remaved lrom the wreckag ~ on backboards. Al
occupants were removed from the airplane by 1853, The first officer and the captain were tne last
two individuals to be assisted off the arrplane

1.16 Tests and Research

1.16.1 The Cockpit Shoulder Harnesses

The captain's and (st officer's shoulder hamess restraint systems were remaved lrom the
airplane and tested at the FAA's Livil Acromedical Institute’s Protection and Survival Laboratory n
Oklahorna City, Oklahoma. Full tests were conducted on the abraded area of the upper Lois0
webbing of both restraint systems on an Instron Modei 1123 Universal Testing Machine  The
coptain's shoulder harness failed at 1,160 pounds just below the stitching at the “vMjunction i the
webbing. The first officer’s shoulder harness webbing failed a1 1,600 pounds in the same area on
the harness. According to Am Sate, Inc, the company that manufactured the harnesses, the
webbing used on the harnesses was originally rated at 4,000 pounds.

1.16.2 Postaccident Fuel System Pressure Test

Because of the amount of raaintenance accomplished on the right engine hefore the accdent
to eliminate a fuelfoil odor in ihe cabin, an undisturbed pressiure test on the fuel system of the right
engine was performed. The postaccident test protocol consisted of intraducng a test fuel under
pressure from an suxitiary tani into the engine fuel systemn 0 expose leaks. Hf no static leakage
occurred, the fuel pump wouid then be rotated to increase pressuie by drivireg the accassory
gearbox with an auxiltary motor

The engine accessory gear box breather adaptor and drive coupling shaft were removed Lirst
in order .. decouple the accassory drives from the main engine rotor and 1o ailow rotation of only
the accessory gears and fuel pump drive. A llexible pipe was used to connect the auxiliary fuel tank
1o the fuet heater inlet port. Test fuel then was apphed at 1) psig to the fuel systemn; lzaks were
observed immediately at the fuel pump filter housing vent {top) and drain {(hottom) holes.
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Inlet fuel pressure was then incraased 1o 20 pyand a dear How of fuel came from the vent and
drain holes. Inlet fuel pressure was subsequently mcreased to 36 and S0 psi, respectively. At that
time, a considerable flow of test fuet sprayed from botn the vent and drain holes 1n the fuel filter
housing.  Further, additional test fuel leaked from the housing-cover gap. Al of the leaking
occurred statically without the planned rotation of the fuel pump gears by motoring the gear box.

1.16.3 High-Pressure Fuel Pump Examination and Test

The HrMU/fuel pump assembly was removed from the engine for operational testing Befare
the disassembly, radiographs were made 0! the filter housung area of the assembly. (See figure 6)
Several of the radiographs dearly showed that o purtion ol the prelormed o-ring packing had
come out of its groove in the filter cover and was toodec toward the cover face This gap provided
a direct path for fuel 1o flow beyond the ¢ ring gronve and annulus machined into the cover, to
pass the {ooped and pinched o-ring packing, then 1o flow overboard, and into the engine
compartment through the vent and dear holes drifled 1 the fue! hiter housing

Belore testing the HMU/Tuel pump assembly that was removed from the acadent airplane, an
wlentical serviceable HMU/fuel pump assembly was tested Lo determine the validity of the
proposed test plan. Using the substitute pump, the test would determime the following:

¢ the effedt on outiet Tue! flow leakage from the MU ejector,
* lass of pump intet boost pressure;
@ lorque requirement for backing out the titer caver under narmal opetrating

condilions. and

® alt what paint (gap) a backed out fuel pomp filter cover would start o leak fuel
trom the venl and drann parts on the ilter housing.

After the test was completed. the following condlusions were reached -
L fuel ejector flow leakage did not effect fuel ltow Lo the engine; and
® adecrease in pump inlet luel pressure had no effect on HMU putput flow.

At this point, the test was terminated, ami a gap of 100 irch was established between the (uel
filter cover and the pump housing. A gap of less than the 116 nch found on the actual purp from
the engine was selected o that any production machining tolerances would not affect the
subsequent pump testing  Pump testing was started aganm, an<d 1l was noted that no {uel leakage
was evident from the vent or drarn holes or from the 100 inch gap between the houung and the
Lover

An attempt was then made Lo increase the gap by unihreading the fuel fitter cov  wt of the
housing. inorder to move the cover, the frichon of the a-ring packing as well as the affect of fuel
pressure Foad to be overcome  To back put the cover with a fuel pressure of 150 pyi, 260 in/lbs. of
lorque were reauired Narmal tree running torque, without fuel pressur s, was 10 10/10s.

The hiter cover then was backed out continuatly in smalt increments Lo determine at what
point leaking wauld occur from the dran and vent hotes A constant llow af fuel occurred when
the filter cover was hacked out 194 inch and witly fuel prassure of 150 pai from a fully seated
position,
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At this point, the test was terminated again. The filter cover was rescated and the filter was
altered by installing a controllable bleed in the fiiter cover to simulate a fuel leak frum the vent and
drain holes. Then, by increasing the rate of the leak, it zould be determined at what point a fuel
leak from the vent and drain ports would affect fuel flow.

By motoring the HMU/pump assembly to obtain fuel flow and pressure and then by gradually
increas’ g the leak rate from the fuel cover, the tests indicated a significant loss of HMU metered
fuel flow when the filter leakage exceeded approximately 2,000 pounds per Four (pph). fuel flow
1o the engine decreased from 602 pph to approximately 444 pph with a simuiaied leak of 2,450 pph
from the controliable bleed.

1.16.3.1 RightEngine HMU/Fuel Pump Bench Test

The right engine HMU assembly was installed on the test bench in the "as-received” condition.
A short flushing cyde purged the control and it was pumped of trapped air. Since an extensive leak
from the filter area of the pump was anticipated, a clear plastic cover was fabricated 1o protect the
observers. As boost pump pressure was applied, leaks were observed coming from the vent and
drain holes. Al 300 rpm pump speed (100 percent pump speed is approximate 4,100 rpm}, &
massive fuel leak was observed at the filter housing vent and bleed holes as well as the housing
cover thread area. Fuel was also dripping from the HMU power lever shatt. Because of the
magnitude of the leak from the filter area at 300 rpm pump speed, it was considered unsafe and
unnecessary Lo proceed, and the pump test was terminated.

1.16.3.2 Fuel Pump Disassembly

In arder to confirm the findings avaitable lrom the radiographs and to exanine the o-ring
packing and determine the cause of the ieaks from the power ‘cver shaft, “he pump was
disassembled partially.

To remove Lhe fuel filter cover required 80 in/ibs. breakaway and 40 inflbs. running torqgue,
which gradually decreased to a point where the cover could be removed by hand. A visual
examination of the cover showed that the threads were in good condition. The o-ring was in one
piece and in the proper position, but it exhibited some abrasion in the area whera it had been
forced out of its groove. 1t also exhibited a small cut in this area. When the pump was
disassembled, it revealed that the power lever shaft s:zals exhibited considerable heat damage. The
power lever portion of the HMU as installed in the airplane was in an area of moderate 10 heavy
fire damage.

1.16.4 Starter Generator Brush Access Cover Examination

The starter generator brush access covers on the starter generators of both engings were not
installed in accordance with the Lucas Corporation overhaul manual. This manual is the only place
where the correct installation procedure is outlined. Horizon Air maintenance personnel did not
have the procedure on their work cards, nor was the procedure included in deHavilland
maintenance information concerning the generator (the source of the work card data). These
access covers are metal bands that surround the generators with a gap or open area where the ends
of the band connect. When properly installed, this gap is positioned over the top of a rib on the
generator case. On the starter generators of both engines of the accident airplane, both brush
access covers were rotated on the generator cases so that their gaps were over openings in the
generator cases. The position of the brush access covers allowed an open path between the outside
of the starter generators and the starter generator brush areas. In addition, the design of the
covers allowed another open path to ambient air where the generator {eads enter the starter
genarator cases.
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1.16.5 Airplane Hydraulic Systems Description

The N819PH was equipped with two independent constant pressure, variable flow hydraulic
systems called the No. 1 {left) and the No. 2 (right) systems. By design, it was not possible to
transfer control of hydraulic devices from one system to the other.  The airplane was equipped
with an emergency hydraulic system hand pump for use during emergency extension of the
landing gear. Also, a power transfer unit (PTU) was installed to aid in the retraction of the landing
gear in the event ¢f a right engine failure on takeoff. The PTU consisted of a No. 1 {left) system
hydraulic motor mechanicaily linked to a hydraulic pump that provided emergency pressure 1o the
landing gear retract cylinders, a No. 2 (right) system component. No fluid transfer between
hydraulic systems could occur normally in the PTU. The output pressure of the engine driven
hydraulic pumps was rated at about 3,000 psi. Their flow rate was rated as 9.2 gallons per minute.
The output pressure of the electric standby hydraulic pumps was rated as 2,750 psi under lcad.
Their flow rate was rated as 1.56 gallons per minute. The No. 1 (leit system) electric standby
hydraulic pump received electrical power from the No. 2 (right) electrical supply contactor junction
box, and vice versa. (See figure 7.)

The following devices operated from the No. 1 (ieft) hydraulic system that received hydraulic
pressure from the No. 1 engine-driven hydraulic pump and/or the No. 1 electrically driven hydraulic
standby pump:

the wing flaps;

the mainwheel brakes,

the inboard roll spoilers;

the anti-skid control valve;

the No. 1 (lower) rudder actuator; and
the hydraulic motor section of the PTU.

The {otlowing devices operated from the No. 2 (nght) hydraulic system that received hydraulic
pressure from the No. 2 engine-driven hydraulic pump and/or the No. 2 electrically driven hydraulic
standby pump:

the landing gear extension and retraction system;
the nosewhecl steering system;

the emergency/parking brake;

the inboard and outboard ground spoilers;

the outhoard roll spoilers; and

the No. 2 {(upper) rudder actuator.

1.16.5.1 Damage to the Hydraulic Systems

The fire had burned through electrical wiring insulation in the right wheel well that was
associated with the No. 2 electrical-standby hydraulic pump. Circuit breakers associated with this
pump were found apen. Also, the fire destroyed the wiring to the No. 1 electrical-standby
hydraulic pump fromits normal power supply in the 1ight wheel wel!.

Three Mo. 1 {left) hydraulic pressure and fluid return Yines in the right wing rear spar area of
the right wheel well had been burnied through by the fire. These fluid return lines included: one
1/4-inch diameter hydraulic pressure supply line to the right wing inboard roll spoilers; one 1/4-inch
diameter lift dump pressure line; and one 3/8-inch diameter No. 1 hydraulic system return line,
Also, the emergency/parking brake accumulator unit was found intact but, both hydraulic lines to it
were burned through. (See figure B.) The destruction of these five hydraulic lines disabled both
hydraulic systems.
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Following the accident, the No 2 hydraulic quantity gauge indicated about 1.5 guarts, and its
mechanical float inkage was seized. Less thon 1 quart of fluid was drained from the reservoir after
it was detached from the wreckage The normal No. 2 reservorr quantity is up to 5.19 U S quarts
with at least 3 quarts needed to dispatch the airplane. The No ! hvdraulic reservoir was found to
contain about 2 quarts of fluid. The normal No 1 raservoir quantity 1s up to 2 €8 U.S. quarts with at
least 1 5 quarts needed o dispatch the airplane

1.16.5.2 Emergency/Parking Brake System Description

The DHC-B emergency/parking brake system provides an tndependent source of braking to the
main wheel brakes During normal operations, the system receives hydraulic pressure from the
No. Z system engine-driven hydrautic purmp. A check valve isolates the system from the No. 2
system pump in the event ot an upstream line failure. An accumulator provides power for the
system when engine-driven pump pressure is unavaitable. The systern is operated by a handie on
the center conscle and serves as a parking hrake system under normal operations. The crew may
Jctivate the lever and use a spring loaded button on the control lever to lock the fever in the on
position  Thus provides hydraulic pressure 1o the main wheel brakes through the system powered
by the accumuiator  in an emergency, the lever is activated to provice braking to the main wheel
brakes independent of No. 2 system hydraulic pressure. (See figure 9.}

1.16.5.3 Left Hydraulic Pump Examination

Betore the engine was shipped Lo the teardown facility, the Safety Board noted that the drive
shaft of the left engine-driven hydriulic pump was sheared Using a scanmng electron microscope,
the Salety Board examined the shaft fracture surface. The examination revealed several small argas
ol undamaged dimple rupture overstress failures. The structure and onierlation of the dimptes
were Consistent with sheaning oversiress forces and also consistent with sudden stopping of the
propeiler geartrain rather thay sudden stopping or overtoading of the pump.

The purnp was teded and then disassembled at the Vickers, inc tacility, where it was
manculactured The operaticnal test ¢f the punip on a test bench revealed that it functioned within
established specfications The weardown of the pump revealed a broken control spring guide and
noG other anomalies

1.16.6 Postcrash Hydraulic System Research

Tertnent No o 1 {lzf) hydraulic system - omponents from NB1OPK were removed from the
wreckage for subsequent testing on o deMavilland hydrautic system test stand  This test stand
repicates the hydraublic system of a DHC.8  Tests can be run by using test stand hydraulic
components aione or by using hydraulic components that are returned by customers to the
deravilland faality for diagnostic tesing.  Also, the effects of breached hydraulic lines and air
introduced into the hydrauhic systems cen be duplicated on s test stand.

A test pragram was designed first to establish a baseline for normal system operation using
serviceable test stand components, and second to simuiate hydrauhic failures consistent with the
damage found on NB19PH The objective was 1o determine why hydravlic fluid remained in the
leftsystem reservorr tollowing apparent eft system line breaching because of the fire

Serviceable teft system hydrauhc companents were operated separately and later in
combinations to determine 1f the failure of any one cornponent would cause pump cavitation and
subiequent toss of hydraulic pressure with flu:d remaining 1n the system.  This experiment
determined that the falure of any separa e hydraulic component gid not cause pump cavitation

ey,




m

22

T Wt
G5
E {IrarxingG
SE NO. 2 SYETEM
y. SRAKE | PRESSURE
INBD ouTsn
énsmo ANTISVLID :
s ) PRESSURE
PART OF i INDICATOR
MASTER CAUTION LIGHTS )
PAMEL |
o’ PARKING BRAKE :
PRESSURE
TRANSMITTER
PARKING SRAKE
CONTAUL VALVE ol
" PARKING BRAKE
# MANI#OLD
1 |
THERMAL . =
RELIEF VALVE { HAND PUIAP
! "
TO SHUTTLE VALVES .
L
HER vt W AN A nparn
MAIN AN R T :&‘CTOQN LINE
SYSTEM u?v’i‘avom
4 MEsIEITsNsene RETLIAN
L )
SRAKE '
STEM \ha."ng ‘mwaers FRESSUAR
mg':ay BUTTLS OQUANTITY WY RETURN
VALVE VALVE e wars SUCTION

wHERL
INARE UNIY

—— ETATIC

—me WP AR

[s*] cneck vaLve

TOHEMATIC
{OUATION
OF BPLALH

SHOWN WITH PAAKING
SRAXE APPLIED ' A

Figure 9 Schematic of the emergency/parking brrake system

WO 110100100 O e G




Next, the hydraulic componienis from N819PH were installed on the test stand and numerous
test runs were pc-formed. For the rest of the testing, the No. 1 (ieft) hydrautic systern was
configured with three rapid activation valves located in the system at the approximate sites of the
line breaches found on NB19PH. Thase valves were fast-acting, electrically powered valves that
could simulate sudden line rupture.

During the first test run in this configuration, the system did r.ot contain extraneous air, and
ail three vaives were opened. Tius resulted in the cavitation of the engine-driven hydraulic pump,
in the system pressure falling to 0 psi, and in a small amount of hydraulic ftuid remaining in the
hycraulhic lines and reservoir. This amount of fluid was tess than the amount of fluid found in the
2t hydraulic system in the wreckage of N819PH. in the numerous additional test runs that
folluwed, when the hydraulic lines were breached, the pump cavitated, the hydraulic pressure
dropoed, and a small amount of fiuid remained iri the system.

The next test run was accomplished after the No. 1 hydraulic system filter was removed,
drained, and replaced on the No. 1 hydraulic system. The air intentionally introduced into the
system by the drained filter was not bled out betore the beginning of the test run. By introducing a
known quantity of air into the lines, there was o further attempt to determine why a great amount
of fluid remained in the left hydraulic reservoir following the accident. During this run, the
V/4-inch hydraulic pressure supply Ime for the left roll spoilers was breached via one of the fast-
acting valves. This line was the smallest in diameter of the three that were burned through in the
fire and it contained system operating pressure of 3,000 psi. It was determined that because it was
the smallest line with the highest gperating pressure of the three lines, it would have failed first
during the fire. Following the simulated breach of this tne, the pump cavitated a5 hefore,
hydraulic system pressure fell to 0 psi as before, but this time @ considerable amount of hydraulic
fluid remained in the reservorr  This test was repeated vath identical results

1.17 Additional lnfcr:;nation

1.17.1 Discovery of Another Loose Fuel Filter Cover

During the investigaton, when a loose fuel filter housing oy NB19PH first became suspect,
anothier newly overhauled engine fram Horizon Air stores was exaiined by Horizon Aur pevsorinel
to determine what the filter housing should took fike in a secured/condilion. The engine that was
examined also had a loose {uel filter cover. This loose filter cover was later examined by orizon
Air's FAA principal maintenance nspector. This engine, accoitling Lo Horizon Air maintenance
personnel, was recently shipped from Pratt and Whithey of Canhda and had not been disturbed by
anyone since 1ts arrival at Horizon Alur. f

1.18 New Investigation Techniques /f

1.18.1 Radiographic Examination of the Fuel Filter

The high-pressure fuel filter asserably was examined via radiograph (x ray) before removing
the Litter cover from the HMU. (The resuitmg radiographs did not corttain sufficient photographic
contrast to be reproduced in thes reporl.) Although the use of radiogiaph technology in accdent
investigatian is not a new techmaqud, the ability of radiographs to reveal the position of
nonmetathc o-tings was particelarly limportant to this investigation. Al the Lime, some
investigators and the technican operaging the x.ray machine believed that the o-ring probabty
would be masked fully by the denser mgtallic filter houstng. In point of fact, the extruded o-ring
was visible on several of the radiographs  This knowledge was especially valuable because the
o-ring snapped back into its correct position when the filter housing was removed  Because of 1l
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damaged condition, the o-ring still would have been identified as the fuel leak sourze, but without
the radiographic proof, the fact that the o-ring had exiruded over the filter weep hole would not
have been discovered. Given the relatively small amount of damage to the o-ring, it would have
been very difficult to explain the high volume of the fuel leak.

1.18.2 Computer Enhancement of the Video Tape

The video tape of the accident sequence was of poor quality, but after key frame: of the tape
were computer-enhanced, it was useful in proving that ground spoiler acivation did not occur
quring the landing roilout.

The images on the video tape were enhanced electronically Lo highligihit any horizontal and
vertical edges on the wing upper surface A mathematical "Roberts” edge filter was applied to the
digitized video pictures. This Roberts filter compared the brightness values of the neighboring
pixel elements and enhanced the occurrences of line segments in the pictures. This enhancemant
was used to see if edges ol the spoilers could be detecled over the edge of the wing. Using this
technique, no evidence ¢i ground spoiler activation was found on either wing in any c¢f the key
video frarmes examined on the accident video tape




2. ANALYSIS

2.1 General

The captain, first officer, and flight atterdant aboard Horizor Air fhight 2658 were trained and
qualified for the flight in accordance with company policy and FAA regulations.  The Safely Board
also rctes that Horizon Air has an established cockpit resource management (CRM) training
program. The flightcrew's actions during this acadent illustrated familiarity with the concepts of
this training.

in addition, the flight attendant’s instructions Lo passengers to take one of two brace
positions (due 10 the seating arrangement of the airplane} were delivered correctty before
wuchdown. Further, har repeated insistence that the passengers remain in the braced position
while the airplane rolled across the ramp and into the jetways was important in preventing more
serious injuries.

FAA air traffic control personnel in the Seattle tower and approach control faclities
performed their duties in a imely and appropriate manner dunng the accdent sequence. Dunng
the first phase of the incident, after the flightcrew notified the tower that they were returiing (o
lend {with no amplifying comments), the controller sequenced the airpiane into landing traffix
according to established procedures  Shorily thereafter, the local controiler ordered emergency
personnel into position, even though he knew oniy that the airplane weas returning for unknown
reasons. Atthough the flightcrew hed not declared an emergency at that point, the controller
initiated an emergency equipment response salely as a safety precavtion  Because the inadent
evolved from a simple precautionary landing into a catastrophuc in-flight fire less than a minute
before touchdown, the controller’s actions in alerting the emergency crews resutled 1n a timely
response and effective evacuation of the passengers and «ew

The effectiveness of the aircraft rescue and firefighting activities of the POSED was also
nateworthy. The fire that engulfed the right engine nacelle area was extinguished by 1839, within
7 munutes atter touchdown. in the video tape of the acudent sequence, several firetrucks reversed
their direction after the plane touched down, and in arder to be in good position to put out the fire
and begin passenger resciie as soon as possible, the firetrucks followed Hight 2658 across the ramp
when the crew lost control of the airplane. The rapid response of the emergency personne! wa,
instrumental in saving the life of the passenger in seat (E who sustamned a lacerated acita ihe
rescue of this passenger began hefore the fire was extinguished.

2.2 The Right Engine Fuel Leak and Fire

The Safety Board determined Lhat the cause of the fuel leak on the accident flight was the
improperly installed fuel filter cover on the right engine high-pressure fuel pump. The Board
believes that repeated high-pressure fuel pressurizations of the unsecured fuel filter cover allowed
the neoprene o-ring to distort and extrude into a position so that it allowed high-pressure fuel to
ba channeled Lo a vent and drain hole on the filter housing and thereafter overbeard into the
nacelle. The distorted o-ring and its position in relation to the vent and drain hole appeared on
radiographs before the filter cover was removed. The manufacturer stated that the purpase of the
vent and drain holes in the filter housing was to prevent the possible spill of fess than 1 pint of fuel
during periodic filter changes and that it was mainly a minor environmental safeguard.

The Board further believes that the fiter cover was not seated before the installation of the
HMU/fuel pumprfilter assembly on the right engirte of NB19PH on April 8 and 9, 1988, but it was
unable to determine positive!y"rf\ﬂorizon Air received this unit inits unsafe condition. According to
Horizon Air personnel, they woullt have had no need to adjust or inspect the filter housing or the
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filter element before April 8 and 9. In aadition, at the tm
Canada had no established procedure for
postoverhaul engine run and belore encin
standard practice at Praut and Whitney

bypass switch electrical lead on the filter ¢

e of the acadent, Pratt and Whitney of
documenting proper [Her cover installation alter the
¢ shipment 1o customers. Such documentation is now a
However, Horizon A did install the filter impending
over as parl of the HMU assernbly change  This would
have allowed maintenance personne! an opportunity o question the gap between the filter cover
and the fiiter housing as being abnormal Maintenance personnel at Horizon Air should have been
familiar with what a properly seated cover fooks like and should have been able to detect the gap

because the filter cover on the ML has 1o be removed every 300 operating hours 10 check the
fitter for contamination.

The fact that another unseated filter cover was found on
shipped recently from Pratt and Whitne s 1o Horizon A
filter originated at the factory. Further, according to Pratt and Whitney personnel, it is their
practice to inspect tilters and chip detectors after overhaul testing 1o determine the health of the
engine. 1L is possible that following this procedure, the filter cover was ot tightened properly.
The fact that “ralt and Whitney did not have a specific step on the post overhaul checklist that
required torqueing of the filter cover (a step was added atter the accident) would alsa suggest that
an unterqued filter cover could have been missed at the factory. Based on these facts. it could be
convtiuded that the origin of the loose filtar occurred at the factory. However, the circumstantial

“ature of the evidence prectudes the Safety Board from drawing a positive condiiion about the
origin of the lnose filter.

a4 spare engine that had been
rstores would tend to suggest that the loose

On Apnt 19, 1988, Pratt and Whitney of Canada
check installed and spare engines for toose fuel filter
be 1eported back to Pratt and Whitney  Three weeks later, the survey was completed and it
reveaed no other loose covers ather than the iwo discovered at Horizon Air. On Aprit 21, 1988, the
FAA New England Engine Certilication Office (ANE-140) recommended compliance with the Alert

Wire. On May 13, 1988, Transpor: Canada rssue AD CF-88-1) which mand.ted comphiance with
the Pratt and Whitney of Canada Alert Were

issued an Alert Wire asking all custorners to
covers. Anyinstances of loose covers were (o

The Safety Board is alvo concerned that from the tme the
HMU assermbly at Pratt and Whitney to the ime the HMU was,
Alr, no one who handled or examired the HMLU assembly noticed that the fii1er cover was nol
seated properly  This oversight occurred 1n spite of the fact that the words "TORQUE TO 100-150
INCH POUNDS™ are cast into the top of the ier cover  None of the mechanics, inspectors, of
quality assurance personnel at Motizon A inspecied this unit closely to see if the filter cover Wils
seated properly  All of these individuals, in addition to the Pratt and Whitney of Canada individual
who first put the cover on the HMU, either overlooked the gap or assumed Lhatl the job was

performed correctly. Their actions negated the entire concept of maintenance guality assurance
and inspection.

filter cover was last installed on the
installed on the arrplane by Horizon

T Y

The Safety Board believes that the fuel leak that was the saurce of the in-f

light fire began
shortly after takeoff as the torgue readings

ir. the cockpit first begar to drop. Al that time, fuel
began to collect in the engine nacelle, and shortly thereafter, the fuel also flowed rearward to

coliect in the right wheel well. Fuel also leaked overboard from that wheel well and was observe
by a pessenger seated on the right side of the airplane. This passenger, following the observation

of the fuel leak, could not have been expected 1o raise an alarm because he was unfamiliar with
atrplanes.

Before the outhreak of the fire, the Salety Board believes that the fue
nacelle and wheel well was too rich to ignite  As the |
this tuel/air mixture was leaned by ambient air, b

Ifair mixture within the
anding gear doors o;.ened on final approach,
ame combustible, and ignited rapidly. The exaci !



source of ignition could not be determined positively. The misplaced starter generator brush access
cover on the right generator conceivably could have been a factor in the ignition because it may
have allowed a combustible fuel/air micture to accumulate in the area of the gensrator brushes.

There is aiso another clear, unshielded path to the brush/armature area. Near the top of the
starter, generator electrical leads progress inlo the generator armature and brush area. There is an
open gap at this location which is about 1 {oot closer to the fuel leak tivan the brush access cover.
Therefore, in spite of the mispositicning of the access cover, there was another open path to an
ignition source. !

Following the accident, on june 20, 1988, Lucas Aerospace Power Equipment Corporation
issued a Service Information Letter 23088-00X-03 that outlined the correct installation of the
starter-generator brush access covers on 23088 series generators. The Service Information Letter
also recommended that any new or overhauled starter-generators be checked for correct brush
cover installation before being piaced on engines. On july 22, 1988, Lucas Corporation issued
Service Information Letter 23088-00X-04 that recommended a procedure for sealing the open gap
associated with the electnical leads on 23088 series generators. This procedure was recommended
to be accomplisiied at the earfiest opportunity. On July 26, 1988, Transpoirt Canada issued AD
CF-88-15 that mandated compliance with these two Lucas Service information Letters. On
September 2, 1988, FAA AD 88-18-12 became effective. This AD also called for mandatory
compliance with the two Lucas Service Information Letters.

Another possible ignition source could have heen the engine exhaust pipe. Atomized, fuel
could have been drawn into the cooling air chroud surrounding the exhaust pipe. The area where
this cooling air onginated contained a large amount of accumulated fuel,

2.3 The Loss of Control on the Ground

The Safety Board noted that 1n accordance with accepted airplane design practices, a fire and
subsequent shutdown of one engine on a twin-engine airplane should not have caused the
detertoration and suizsequent loss of airplane control. The Board concluded that all systerms that
would have aided in stopping N819PH on the ground after louchdown were disabled by the fire.

2.3.1 The No. 2 (Right) Hydraulic System

Following the outbreak of the fire, the pilots immedialely shut the right engine down ini
accordance with their emergency training. During a simple right er-jine shutdown {with ro other
associated problems), the following components, which could only receive hydraulic pressure from
the right engine-driven hydraulic pump o1 the No 2 eiectrical-standby hydrautic pump, would be
disabled:

The inboard and outboatd ground spotlers  These wing-mounted automatically
activated panels normaily activate on touchdown and aid in airptane ¢ontrol by
destroying lift on the wings and by acling as air brakes.

The outhoard roll spoiters. Also mounted on the wings, these spoiiers enhance
the roil rate white airborne and automatcally activate and act as the ground
spotlers above whien the airplane s on the ground,

The emeraency/parking brokes This wheel brake syster, hydrauiically separate
from the pilots mainwheel brakes, mechanically stows the airplane down via a
hand lever inthe cockp't The captain attempted 1o use this system to no avail.
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Nosewheel steering. This systein casters the nosewheel via the captain’s hand
control or by either captain or first officer rudder input. Both the captain and
the first officer attempted to use the nosewheel steering system to no avail.

The upper rudder actuator. This hydraulic actuator along with the lower rudder
actuator powers the rudder, which yaws the airplane and provides directional
control at moderate to high speeds during landing roliout. The system consists
of two actuators, one on each hydraulic system. Both crewmembers attempted
10 steer the plane with the rudder, but to no avail.

Landing gear extension anrd retraction system. The nomendlature is self-
explanatory.

The No. 2 electrical-standby hydrautic pump (located in the right engine naceile) automatically
should have provided hydraulic pressure 1o these systems when the right engine-driven hydraulic
pump was deactivated. This did not occur, however, hecause the electrical wiring and control unit
that furnishes power 1o the pump was destroyed by the fire. The No. 2 electrical-standby hydraulic
pump circuit breaker, in fact, was tripped because of short circuiting in the control unit due to the
fire,

2.3.2 The No. 1 (Left) Hydraulic System

The Safety Board believes the following components of the left hydriulic system were
disabled becausa the in-flight fire breached a No. 1 (left) lift dump hydraulic pressure line, a No. 1
hydraulic system pressure return ting, and a No. 1 system hydraulic line servicing the right wing in-
board roll spoiter system, all located in the nght wheel well.

The wing flaps Trailing edge flaps that would have shortened the landitg roll
to some degree in their fully extended position. The pitots attempted to
position the flaps to the 15° landing position, but the flaps stopped at about 6°
down as the left system hydraulic pressure was lost.

The mainwheel brakes. These brakes are the primary ground braking devices on
the airplane. Both pilots depressed their brake pedals to no avail. In fact, the
first officer's pedals ura linked mechanically to the pilot's pedals, so the failure
of the left hydraulic system disabled both sets of brake pedals.

The in-boartd ol spoilers. These spoilers function fike the outboard roll spoiters,
(See item number 2 under the right hydraulic system discussion.)

The hydraulic motor half of the "TU. This device is a hydraulically powered
motor designed to power automatically an auxiliary right system hydraulic
pump to assist only in landing gear retraction in the event of a right engine
failure. There was no indication that this device was operating at any time
during the flight, nor would it have aided the crew under the circumsiances of q
this accident. :

The lower rudder actuator. This unit is the identical counterpart to the upper
rudder actuator, but powered from the ieft hydraulic system,
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The anti»kid control valves. there are two hydraulic valves that regulate
hydrautic fluid flow to the wheel birakes. These valves operate through an anti-
skid control unit. Since the mainwheel brakes were inoperative during the
accident sequence, the faiiure of these valves ¢hd not affect the outcome of
pvents.

The tests accomplished on the deRavilland hydrauliz test stand indicate that as the fire
breached the left system hydraulic tines, the hydraulic pressure from the No. 1 engine-driven
hydraulic ppump to the No. 1 hydraulic reservoir dropped rapidly. The differential piston within the
pump and the diaphragm in the reservoir then relaxed (o the point where normal hydraulic pump
inlet pressure in the reservoir rapidly dropped to near G psi. The No. 1 hydraulic pump then
cavitated because of the loss of pump iniet pressure.

Had the pump not cavitated, the hydraulic test stand experiments indicote that most of the
fluid in the reservoir would have baen expetled from the system through the breached lines. This
also weuld have caused the loss of all |2t system hydraulic components.

Last, the No. 1 electric-standby hydraulic pump was rendered inoperative because wiring from
its power source (the No. 2 contactor junction box in the right nacelle} was burned severely. The
crosstie circuitry (also located in the right nacelle) that would have allowed the pump 1o operate
from the No. 1 generator was destroyed also. {f this pump had been operating, the outcome of the
accident would have been the same due to the breached left system hydraulic lines and resulting
loss of hydraulic fluid and system pressure.

Following the successful nperational test of the left engine-driven hydraulic pump at the
Vickars facility, this unit was disassembled. During the disassembly, a broken control spring guide

was discovered. An analysis of this anomaly revealed that the broken guide would have tended o
bias the pump toward maximum output, if the guwde had interfered with ihe spring compression.
Therefore, it was conctuded that the engine-driven pump was functioning normally until it
cavitated while the airplane was on short final approach. The structure and orientation o the
dimple overstress failures observed on the pump drive shaft end were comsistent with shearing
oversiress forces. This type of failure is also consistent with the sudder stopping of the propelier
geartsain during the impact sequence, rather than sudden stopping o: overloading of the pump
itself during flight.

2.4 Aircrevww Actions

The tlightcrew noted nothing out of the ordinary during the preflight inspections of the
exlerior of the airplane. According to deMavilland and Horizon Air procedures, there is no
teguirement ior aircrew inspection of the inerior of the engine compartments during preflight
activity.

fhe entire incident involving fhight 2658 spanned 6 minuies--when the inttial partial power
foss occurred at 1826:30 Lo impact with jetway 811 at 1832:30. Untit the fire broke out in the right
enqine area, the flightcrew was confronted with an unexplained loss of right engine torque with
no other associated probliems. The Safety Board concludes that their actions in assessing the loss of
power and its effect on the safe recovery of the airplane were appropriate and indicalive of good
CRM. The Safety Board noies that comments from the captain during the initial power 1oss such as:
"Okay, helo me watch the airspead there”; “Have that lemergency) checklist standing by”; and
"Qkay, let's analyze {for] anything else . . ." are good examples of a captain enlisting the aid and
kinowledge of his tirst officer. Also, the captam's instruction 10 the firii officer to advise the flight
attendart that they were relurring Lo the airport and the fact that he [ater double-checked that
this was done insured that all three crewmembers were involved in the attemp! to recover the

't
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airplane safely. From the onsel of the emergency, the captain treated the situation as & team
effort.

The first officer's quick and effective use of the various checkiists and his frequent verbal
confirmation of activity in the cockpit are also commendable. His comments such as: "We still got
some power, we don't have an uptrim, we don't have an autofeather”; ". . everything's lookin’
good except for that torque”; and "Gear is down, but we don't have any lights . . ." are all
indicotive of procedures and events the captain probably realized had occurred during the
emergency, but it also indicated that the first officer was an active and involved member of the
tlightcrew and was not just following the captain's lead or his specific orders.

At 1832:21, about 9 seconds before final impact and as the airplane was rolling unguided
toward the terminal, the first officer had the presence of mind to lock the captain's shoulder
harriess. At 1832:29, about 1 second before final impact, the captain stated, "We're gonna' do
okay here, hang on.”" These actions and comments indicate 1o the Safety Board that this crew was
trying to mitigate the results of the emergency to the maximum extent possihie.

The flightcrew did not complete the Engine Fire (In Flight) emergency checklist after the firpt
officer discavered the right engine fire at 1831:03. Of the six steps on this checklist (see
appendix D), they did not place the condition lever in the Fuel Off position, and they did not
complete the Engine Shutdown procedure (another checklist) as a final step. During the
invastigation, the Safety Board determined 1that had the crew placed the condition lever in th?" Fuel
Off position, they would have prevented a small amount of fuel from reaching the ehgine
components feeding fuel 1o the fire. The Safety Board believes that this small amount of fuel,
given the already large stream of {uel floading the nacelle, did not contribute significantly to the
overall intensity of the fire or to the eventual fire damage. In addition and more important, the
fire broke out only 50 seconds hetore touchdown and {unbeknownst ta the crew) almost
immediately disabled the rudder and all wing spoilers and caused the flaps to stop at an
intermediate position. itis the opinion of the Safety Board that at that juncture, the difficult task
af landing the airplane without full tateral and reit contro! in an engine-out condition took
precedence over completing the remaining sieps in the Engine Fire (In #light) emergerncy checklist,

i
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The pretouchdown loss of rudder control, avtomatic ground spoiler activation, nose-wheel
steering, pilot braking capability, and thrust from one engine preciuded almaost ail ability to steer
the airplane. Conceivably, the airplane heading could have been changed by varying thrust on the
operating left engine; however, such an action could have resulted in an increase in ground speed
if positive thrust was applied, and the varying thrust possibly could have resulied i an inadvertent
collision with ather objects, such as taxtng or parked airplanes or the terminil buitding. During a
postaccident interview, the captain stated that al the time, he considered co/tision with the lightly
constructed jetways a better optior than a collision with the terminal huilding. -

e Mode al

2.5 Airplane Design
2.5.1 Engine Fire Suppression versus Engine Cowl Design

The Safely Board is very concerned that the etfectiveness of the efigine fire suppression system
was negated by apparent flaws in the design of the cowl and cowl latches ¢n the deHavilland
DHC-8. Ouring this accident sequence, the left cowl on the right enfitie was Dlown off the nacelle
when the fuel pooled in the nacelle ignited. Although it could nclt be determined positively, the
right cowl on thatl engine prabably was blown open during the {nitial explasion and fell off the
nacelle during impact with the jetways. When the lirst office:7activated the firg bottles on the
engine shortly after the fire broke out the fire suppressant wa expelied quickly onto and around
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an essentially uncowled engine to no apparent avail. With no cowls to contain the fire suppressant,
the fire suppressant system was rendered ine'fective,

Following the accident, the center accrss panels from the right engine were examined. Both
panels were bowed out and except for one corner of the right panel, exhibited no fire damage or
sooting. All latches on the panels were latched and undamaged. It was apparent that the outward
force of the fuel explosion bowed and buckled the panels so that the latches could no longer hold
the center access panels to the nace'le,

The Safety Board is aware of another instance of apparent center access panel latch failure on
another Horizon Air DHC-8. On June 19, 1987, aircraft N813PH experienced a right engine fire due
to a leaking fuel line. However, in this instance, the center access panels remained attached hut in
a loosened state, and the fire suppression system was effective.

The Safety Board is pleased to note that deHavilland is exploring means to enhance the
effectiveness of the engine cowls to preclude their loss during engine fires. Although an
evaluation of the DHC-8 engine cow! design and installation revealed that they meet the
requirements of the regulations, the $afety Board believes that the regulations should be reviewed
to determine whether more stringent requirements are necessary. It is obvious that engine cowls
cannot be cesigned to preclude lcss during a significant explosion; however, the Safety Board
believes that explosions involving lesser overpressures can be better contained to preclude loss of
engine fire extinguishing agent. Among the options that should be considered w.re stiffener bands
o the cowl panels, improvement of existing latches, an increase in the number and strength of the
latches, or the incorporation of hinged pressure relief doors, or blow-out doors.

2.6 Shoulder Harness and Jumpseat Hold-up Strap Wear

Although the flightcrew's shoulder harnesses operated effectively during this relatively low-
‘mpact accident, the Safety Board is concerned that both cockpit shoulder harnesses on N819PH
along with two others on another Horizon Air DHC-8 atrplane examined by the Safety board were
worn beyond atceptable limits. Tensile tests on the harnesses on the accident airplane revealed
that the pilot's and first officer's harnesses failed at 29 percent and 40 percant of their designed
rating, respectively. The Board notes that new harnesses were placed on order by Horizon
personnel during the investigation after the worn ones were discovered. The wear on the
harnesses examined during the investigation was obvious however and should have been notic.
by Horizon pilots or maintenance personnel. {t is also disturbing that FAA maintenance ard
aperations inspectors tailed to notice the harness wear and to order replacements as specified in
FAA Action Notice A8300.11, dated November 1986, This notice required FAA inspeclors to ensure
that air carriers esteblish procedures o inspect periodically, repair, and replace restraint systems
"when there is obvious damage, wear or chafing which could degrade the integrity of the system.”

The Safely Board believes that shoulder harness wear similar to that discovered at Horizon Aif
is endemic to the entire DHC-8 fleet, even though the DHC-8 design is not old. When the Safety
Board examined a factory-new DHC-8, it noted hard plastic covers over the shoulder harness guide
rollers on the backs of the seats. This plastic cover had been broken away on older DHC-8 airplanes
that were examined during the investigation, and its abserce did not affect the operation of the
harness. The Safety Board believes that the FAA should review the design of the shoulder harnss
guide cover on DHC-8 cockpil seats with the intent of determining the reason for excessive wear on
the shoulder harness webbing.

In addition, the jumpseat hold-up strap on the cockpit bulkhead of N819PH was not in a
serviceable condition, although it remained somewhat effective when a spiit in the bulkhead strap
was looped over the jumpseat hold-down stud on the seat to hold the hinged seat in an upright,




stowed position. The danger of inadvertent deployment of the unoccupied, stowed jumpseat
during an accident and subsequent effect on pilot evacuation is obvious. This too appears to be a
problem that is widespread among older DHC-8 airplanes. Therefore, the Safety Board believes
that Transport Canada and the FAA should direct a one-time inspection of the jumpseat hold-up
strap and mandate repair, replacement, or redesign as necessary.

2.7 Closet/Wardrobe Weiglit Restrictions

The floor of the closet/wardrobe in the forward left portion of the passanger cabin was
overloaded by about 50 pounds. The normal floor load limit tor the closet was 100 pounds;
however, 146 pounds of material was stowed on the floor of the closet, in addition Yo a smali
carpet sweeper that was not weighed during the investigation. The Safety Board is concerned that
the door to the closet was never designed to contain such weight. Because it is conceivable that
items in the closet could be expetied during an accident sequence, block exits from the cockpit or
cabin, and impede evacuation, the Safety Board believes that a 1/4-turn latch should be installad on
the closet door as recommended in Transport Canada’s AD CF-88-24 and that the FAA should
ensure that this is accomplished by issuing a similar AD. Also, the Safety Board believes that the
FAA should include compliance with placarded closet load limits in its routine in-flight and ground
inspections of DHC-8 operations.

,,,,,,,,,,
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3. CONCLUSIONS

3.1 Findings

1,

The flightcrew and flight attendant were trained and qualified in accordance with
current company and Federal requirements.

The fuel filter cover on a replacement high-pressure fuel pump was not seated fully in
the filter cover housing.

Despite the fact that the HMU/{uel pump assembly was handled or inspected by many
rmaintenance technicians before final installation on the right engine of N819PH, no
one noticed that the filter cover was not seated properly.

The flights of N819PH between the installation of a replacement MU assembly and the
accident were uneventful.

The flightcrew and flight attendant were well rested hefore the flight, and there were
no indications of chronic or stress-related factors that would have affected their
performances.

After takeoff, a loss of torque occurred on the right engine due o a drop in fuel
pressure caused by a massive fuel leak from the high-pressure fuel filter cover.

rhe flight was handled by air traffic control in accordance with applicable air traffic
control procedures, and ATC response to the emergency was cornmendable.

The flight altendant's instructions to passengers were concise and accurate, and her
actions were commendable and instrumental in preventing mare serious injuries.

When the 'anding gear was lowered, a fire broke out in the right engine nacelle/right
whee! well that subsequently rendered both the left and right hydraulic systems
inoperative,

The starter generator, located in the right engine compartment, had an improperly
installed brush access cover. it could not be determined if this was the ignition source of
the fire.

The initial explosive force of the fire blew one of the engine cowl panels off and the
other open and rendered the engine fire suppression system ineffective.

Airplane control began to deteriorate in the air because of the loss of rudder control
and roll spailers on short final approach due to the burn through of hydraulic lines.

Following touchdown, all airplane control was lost due to the loss of normal brakes,
emergency brakes, nosewheel starring, and rudder control.

During the emergency, the flightcrew performed commendably and exhibited
coordinated crew interaction in accordance with good CRM concepts which mitigated
the seriousness of the emergency.

The rapid response of the aircraft rescue and firefighting periannel was commendabie
and instrumental in preventing fatalities
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16.  The shouvlder harness and jumpseat hold-up strap in the cockpit of NB19PH were worn
beyond safe limits.

#

; 3.2 Probable Cause ' '

The National Transportation Safety Board determines that the probable cause of this accident

/ was the improper installation of the high-pressure fuel filter cover that allowed a massive fuet leak ) 3 _
and subsequent fire to occur in the right engine nacelle. The improper installation probably ; g -
occurred at the engine manufacturer; however, the failure of airline maintenance personnel tn

; detect and correct the improper instatlation contributed to the accident. Also contributing to the
accident was the loss of the right engine center access panels from a fuel explosion that negated

the fire suppression system and allowed hydraulic line burn-through that in turn caused a total loss
/ of airplane control on the ground.

g —




4. RECOMMENDATIONS

As a result of its investigation, the National Transportation Safety Board made the following

recommendations to the federal Aviation Administration:

!.

Reassess the design requirements for the engine cowls on the DHC-8 with the
view lowird amending the regulations to enhance the fire suppression
capabilitizs of the engine cowling. (Class Il, Priority Action) (A-89-8)

Take acion to verily the compliance of Federal Aviation Administration (FAA)
operat.ons and maintenance Inspectors with FAA Action Notice AB3().11,
con- erming cockpit shoutder harness/seat belt wear, {Class H, Priority Action)
{A-8%-9)

Resiew the dewugn of the shoulder harness guide cover on DMC-8 cockpit seats
w:th the intent to determine the reason for excessive wear on ihe shouider
rarness webbing {(Ciass ), Prionty Action) (A-89-10)

Direct a one-ime inipection and review the design of the cockpit jumpseat
hoid-up strap on DHC-8 airplanes for excessive wear, and mandate repair,
replacement, or reaesign as necessary. (Class i, Priority Action) (A-89-11)

Issue an arrworthiness directive (AD) to require the installation of the 1/4-turn
latch on the closet/wardrobe door of IHC-8 airplanes as required by Transport
Canada’s AD CF-88-24 (Class li, Prionty Action) (A-89-12)

'ssuc an air carrier operations bulletin for operations inspectors to review with
operators of DHC-8 airpianes the requirement to comply with the wardrobe's
placarded floor loading {Class Ul, Priori’y Action} (A-89-13)

BY THE NATIONAL TRANSPORTATION SAFETY BOARD

/8! JAMES L. KOLSTAD
Acting Chairman

isf JIM BUANETY
Member

is/ JOMN K, LAUBER
Member

st JOSEPH T. NALL
Member

18/ LEMOINE V. DICKINSON, JR.
Member

March 6, 1989
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5. APPENDIXES
APPENDIX A
INVESTIGATION AND HEARING
1. Investigation

The National Transportation Safety Board was notified of the accident at 2200 on April 15,
1988. An investigation team was dispatched from Washington, D.C. the next morning and arrived
on scene later that afternoon. investigative groups were formed for operations, survival factors,
human performance, structures, systems, air traffic control, and powerplants. Groups were later
formed {or readout of the FOR and CVR in Washington, D.C.

Parties to the investigation were the FAA; Horizon Air, inc.; deHaviland of Canada, Lid.; the
Port of Seattie, Washington, and the Association of Flight Attendants. A Canadian acredited
representative from the Canadian Aviation Safety Board asuisted in the investigation in accordtance
with International Civil Aviation Organization Annex i3, and representatives from Transport
Canada and the Airline Pilots Association were assigned observer status,

2. Public Hearing

The Satety Board did riot hold a public hearing on this accident.

=
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APPENDIX B

PERSONNEL INFORMATION
Captain Carl Eric Carlson

Captain Carlson, 38, was hired by Air Qregon in June 1979. Air Cregon was subsequently
absorbed by Horizon Air, and the captain was hired by that company on September 1, 198%. He
held airline transport pilot certificate Nu. 1767092 with ratings for the 5A-227, the DHC-8, airplana
multiengine land, and commercial privileges for airplane single-engine land. At the time of the
accident, he had accumulated approximately 9,328 total flying hours, 981 hours of which were in
the DH(-8. He received his initial type rating in the DHC-8 on November 5, 1986. The captain’s last
line chizck was completed on September 5, 1987, and his last proficiency check was on October 5,
1987. The captain's last recurrent training was on Octobar 30, 1987. His most recent first-class FAA
medical certificate was issued on January 19, 1988, with the limitation, "Holder shall wear
correcting lenses while exercising the privileges of his airman certificate.”

First Officer Mark Raymond Hilstad

First Officer Hilstad, 35, was hired by iHorizon Air on March 30, 1987 He held airline transport
pilot certificate No. 548882459 with ratings for airplane multiengine land and commercial
priviteges for airplane single-engine land. He also held a flight instructor certificate for airplane
single-encine and multiengine 1and which was valid until March 31, 1989, and an air traffic contro!
specialist certificate. Al the time of the accident, he had accumulated approximately 3,849 total
flying hours, 642 hours of which were in the DHC-8. The first officer completed his nitial
proficiency check on May 7, 1987, His iast recurrent training was accomplished on March 11, 1988.
His most recent second-class FAA medical certilicate was issued on Januavy 12, 1988, with no
limitations.

Flight Attendant Kimberly Walker

Flight Attendant Walker, 24, was hired by Horizon Air on March 9, 1987, after completing 56
hours of basic indoctrination, emergency training, and security training. She completed initial
operating experience (5.2 hours) on the DHC-8 on March 12, 1987, and was also qualified 1o serve
on Fokker F-27 and Fokker F-28 airplane. MHer most recent recurrent training occurred on
March 20, 1988,




/
/ APPENDIX C

/
AIRPLANE {NFORMATION

The deHavilland of Canada DKC-8-102 was issued a U.S. type certficate under the bilateral
provisions of Title 14 Code of Feceral Regulations Part 21. It is equipped with twh Pratt and
Whitrniey PW120A engines and tvy!':» Hamilton Standard ifASF-‘I propeliers. N8&IIPH, serial number
61, was manufactured on Dece f!“ser 21, 1985, and acquij..d by Horizon Air on February &, 1987.

; k)
The airplane had accumulited a total of about 3.1'}'6 flight hours and about 4,097 cycles at the
time of the accident. The left engine, serial number ‘."?0215 had a total time of 3,106 hours and
4,097 cycles. Itwas an original installation on the airplprie. The right engine, serial number 120078,
had a total (ime of 3,886 hours and 4,948 cycles. It waf installed on February 25, 1938,

/

!




APPENDIX D
DHC-8 ENGINE FIRE (IN FLIGHT) CHECKLIST

HORIZON AIR

AUG 87 DASH B FLIGH? STANDARDS MANU/
REV. d TART 0 - EMERGENCY AND ABRORMAL PRyYCEDURES

The crew will also notify the tower or compdny of the nature of
the emergency, and if & fi'e is indicated] request assistance
before turning off the aircraft power. The Hazards to passengers
pogied during an emergency evacuation are sucl that a Captain must
carefully consider the given circumstances ignd indications prior

to ordering thi< course of action. ‘ %
ey — 1

' iﬁ"mwmmg :

’11 Hmt;-‘t\'?‘ll:“:m:—: "« 8 0 3 .'"':_: . "h; . : » FLT lfDl..E.

2. Conditton Lever , o « 4 ¢ o ¢ o u & « » » o FUEL OFF, §
3.T"'ﬂandl!ec......v.....‘:.o-.s.F’ULL. g

!‘o TANK ALDC PUME goftche o o o o & o« ¢ a0 v o 8 o & « OFF, ]

B, EXTINGUIBHER eeftch o o o o o o » { s o v s oFWD BTL, ,

It f'ro/parsintu - AFT BTL, 1

NOTE:

It fire 18 extinguished all englifa fire
werning Lighte will go out,

6., Oomnlets ENGINE BHUTDOWN prooadurt’
NOTE ’
it, fotlowing seleootion of Gnnfltion

Lover to FUEL OFF the pcropeller; does not
vesthar, ssleoct wppropriate AL1ERNATE
FEATHER/UNFEATHER switch %o FE/THER,

l

f
/
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APPENDIX D

HORIZON AlR

Allg 87 LDASH 8 PLIGHT STANDARDS. MANUAL
REVISION 8 PART 0 ~ BHERGENCY AND ABNORMAL PROCEDURES

ENGINE FIRE (IN FLIGHT)
Procedure

PILOT FLYII :glf'; NOKR-FLYING PILOT
CALLS:
"NUMBER (1 ¢r 2} POWER
LEVER". Places hand on correct
Lever.

< rom

Verifies vistally and
calls, "FLT 1DLEY. Fetards to PLT 1DLE,

- Ik i s ¢ s, v [ —




HORIZON AIR

SEPT._.1986
REVISION 3}

DASH .8 ELIGBT STANDARDS NKANUAL
PART 0 ~ EMERGENCY AND ABNORMAL PROCEDURES

APPENDIX D

l-2-6E

e ———

PILOT FLYING

NON~FLYING PILOT

"NUMBER (1 or 2) CONDITION
LEVER".

verifies visually and calls,
"FURL OFF".

"NUMBER (1 or 2} T-BANDLE."

verifies visually and calls,
"PULL™.

SNUMBER (1 or 2} TANK
AUX PUMP - OFF"

"EXTINGUISHER SWITCH-FWD
BTL"

1f fire persists - "AFT
BTIJ l &

Calls for ENGINE FIRE
Checklist.

places hand on correct condition
Lever.

Retards to FUEL OFF.

places hand on correct T-Handle.
Pulls T-Handle.

Selects correct Tank Aux Pump
OFF.

Discharges extinguisher by
selecting switch to FWD BTL.

Discharges extinguisher by
selecting switch to AFT BTL.

Reads all checklist items and
responses and checks that appro-
priate items have been accomp-
lighed.




TRANSCRIPT OF A SUNDSTRAND NODEL AVS57=C COCKPIT VOICE BECORDER
§/N 999 REMOVED FROM A HORIZON AIR DEMAVILLAND DA3SH-8 AIRCRAFT
WHICH WAS INVOLVED IN AN ACCIDENT AT SEATTLE'S SRATAC ALRPORT ON

APRIL 1%, 1988.

GAM
RDO
MIC

TWR
DEP
UNK

()
()

NOTE:

47 :

APPEMDIX E
¢ GCicPIT VOICE RECORDER TRANSCRIPT

Cockpit area microphone voice Or adund source
Radic transmission from nccident aireraft

Crev member's individual boom micrephons sonrce
Afrcraft public addrass systen

volce identifiod as Captain

Voice jdentified asm First Oflicer
voice identified as Flight Attendant
Voice unidentified

SEATAC Local Contrel (Tower)

SEATAC Radar Departure Control

Unknowrn

Unintelligible word
Nonpertinent word

Expletive deleted

BreaX in continuity

s e e gl iy i

Questionable text

PR ey

pditorial insertion

Fause

All tises are expressed in Pacific Daylight savings
time. Only radio transmissions to and from the
accident aircralt wers transcribed.




INTRA-COCKPLY AIZ-GROUND COMMUNICAY IO
TINE & Tig &
SOURCE CONYENT SOURCE CONTENT

1823:50

{{start of transcript))

3 XIAN3dddV

1823:52

M@  Horizoa air six fifty eight taxi ints
position and held rumsiy ons six lefi be
prepared te g right it seem as tvaffic
clears the rusway ple2ss

1821:56
RD0-2 six Fifty eight position and heid

okay

balow the line
coatrols

tgnttion’s ®manual bieeds off min chime’s given
controls are free transponder is on before
takeoff is complete

1824:30
(sound of one cabin chime))

1825:22 ~ — .

THR  Horizoa six tiviy eladt leavin’ one
thousand feet turs 14l aeiding one three
zero rumiay one six left cleared for
takeoff




Ti
souldr

1825:38
NiC-}

2845:32
o
18025:36

T

1825:43
NiC-2
1825:51
Nic-2

1825:5%
RiC-2

" 1825:5)
Mic-1

1825:58
A

182558
CAM

1826:06
PA-3

INTRA-COCKPLT AIR-GROUND COMNUSIICATION
B S

TinE
CONTENT SOURCE CONTENY

1825:26

200-2 Horizoa six fifty eight out of a thousand

left one thies zore cleared for takeoff

clearsd to go

((sound o¢f increasing propeller noise))

sasitive rats

9ear uwp
{{sound similar to landing gear being raised))
{{sound of cabin chime))

{(start of flight altendents stindard post
depariure cabin briefing))

|

3 XIAN3dddV




INTRA-COCXP] Y AIR-GROUND COMMURICATION
TiInE & TINE &
SOURCE CONTENT SOURCE CONTENT

1826:11
nic-1 fizos up climd power

1826:14
MIC-1 and a3 after takeoff check

3 XIQNIdddYy

R

1826:2¢
TuRk Horizos six Tifty 2ight conrtact departure
good evening

1826:24
RDO-2 six fifty eigat thank you good day

1826:25
CAM {isound of decreasing engine turbine noise))

1826:30
RIC-2 uh oh we we just-

1826:3})
nic-3 what was that

. 1826:33
LAl ((sound similar to fiuctuating engine speed))

1826:38
Nic-1 that’s t(wo okay okay let’s take it this way

1826:40
NiC-2 ockay

1826:41
MiC-1 max power first




o i bt Bk S £

INTRA-COCKP1Y

11 .
SOURCE CONTENT SOURCE CONTENT

1826:42

RiC-2 we got max power
1826:43
Nic-3 okay just- okay help me watch the airspeed there
1826:46
[ {8 ] okay go to let’s see whit we got here we .
got it stil) preducing power there .- é
1826:49 e
NIC-2 we still-goi some power we don’t hive an
T Ep-tria we do aet hive an auto-feather
1826:50
PA-3 ((end of flight attendents briefing)) -
1826:53
NIC-1 okay
1826:54
NiC-} okay let him know that we have to come back te j
T the airport first here .
3 1826:58 :
Mic-2 okay

going to have to returs to ihe airpert

- 1827:04 |
THR Horizon six fifty cight reger you with

departure yet sir

3 XidN3idddV




INSRA-COCKPIT

Ting &
SOURCE

-~

2
1827 4%
NiC-1

1827:13
RIC-2

igar:14
nic-1

1827:24
NIC-1

COMTENT

- f
I3y
i
&

okay it loecks likes 3L 7igal engine torgue
right sngine torque

okay iet’s just make sure that the sync’'s
of f there

tell him we need to get back to the airport - —

-tell hia

AIR-GROUND COMMRICATION
- YINE &
SOURCE

CONTENT
1827:06
RDO-2 ah negative sir

1827:07
THR contact departure ceatrel thay’il bring
you right back sir 35 soom as.pessible

1827:10
ROG-2 roger

1827:17
RD0-2 and departure Horizom six fifty eight

1827:20

DEP  Horizon six fifty eight radar coatact cut
of two thousaind turn left 2% zaro iero
climb and m2iztain oae thres thousand

1827:26
RDO-2 Horizon six fifty eight we have to return
to the airport str

1
)

3 XION3dddV

Zs



RN s =

ALR_ RN COMMUNICATION:
S S

SOURCE  CONTENT SOURCE COMTENT \
1827:38 \
otP are you visual u.u'\m
i827:32 .
RD0-2 ah affirmctive \
i
1827:32

DEP  okay tura- how about a left: turn for ihe
dowmind left traffic rumsay ome six left

1427:36 :
RDO-2 okay left turn for left dowmiind oee 5ix

- . left six fifty oight :

€4

1827:39 —
Nic-1 okay we lost torque but the engine’s
stil} rusaing-- |
~
DLP fakad '
- §827:42
((CYR recorder stopped and reversed direction})

1827:44

nic-} - let it vua

1827:45

MicC-2 okay

1827:46
RD0-2 oh yes sir ws have reduced power on the

right angine it°¢ still ruaning though

3 XIKINIdddV

ot
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INTRA-COCKPIY
TINE &
SOuURCE CONTENT
1827:51
Mic-? ecergency cthecklist oul
1827:5%
NiC-1 okay did you tell him we want the
trucks sut
1627.57
MiC-2 o | will
1827:53
nic-3 ckay de that
1828:06
KiC-1 okay let her kaow on the phone real
quick that we’re just goin’ back nothing
te be comcermed abuout --just iet her know
. 1826:09
it ({sound of cabin chime);
1828:16
RiC-2 yeah we are returning to the airport Just
to let you know
1828:19
KiC-1 okay just torque loss looks like a4n FET loss -

AlR-GROURD COMMUNICATION

Ting &
SOURLE CONTENT
1827:59

R0O-7 and Morizon six Fifty eight we'd like the
equipmsai standing by

1828:22
DEP Horizas six fifty eight do you want

equipasnt

3 XIGN3dddV

vs



INTRA-COCKPIT

Tl

| SoucE CcOMINT

1 1828:23

NIC-1 ah ysah standing by

1828:28 |
niC-2 thirty seves thirty eight thirty nine forty
: 1828:28
_l Ric-1 forty
1828:37
] MiC-) okay
?i‘ 1828:39
N nic-1 have that checklist standing by let's
3 do the ah ah appro- ah excuse me desceat
3 chack followed by approach check we'li
Just stand by cause we still have an
sngine rusaing -- it is 3h okay

AIR-GROUNG COMMUNICATION
Yiwks
SOURCE CONTENT

1828:24

RDO-2 ak affirmative

1828:¢5

BEP  alright siv give ma - iF you get & Chaace

W
N
1828:30
RDD-2 okay we have forty persioas oa board an ah
tweaty eight hundred pounds of fusl
1828:31%
DEP tuenty eight hundred pounds of fual and
forty gsrsoas cokay
>
©
3
m
Z
o
m



>
INTRA-COCKP]T %c:m COMMUMICAT 10N };
TS i1 A o
SOURCE CONTENT SOURCE CONTEN} <
Nic-2 okay we still kave an engine rumaing okay
3 approach check-
3 1828:50
E Nic-1 did you talk to her yet
1828:51
NiC-2 i told her
1828:52

DEP  * towers got the iafo and 2k there’l] be
jet traffic 2crth of Besing going to tie
4 right United seven twsaty seven he'll
1 probably beat you in cestact tower ome
ainetesn nins

99

RiC-2 okay f1- flight instruments are set
altimeters are two nine nize four set
and cross checked ECU §s top aux pumps
are on auto-feather is selected aux puaps
are -one and two syac is off no smoke sign is -

{(sound of one cabin chaime))

- on - approach check is compiete and
desceat check is completed

props aormal - okay we jJust lost torgue but that's all



INTRA-COCKPEY AIR-GROUND CCHSRUNICATION
TingE & Tint &
SOURCE CONTENT SOURCE CONTENT

PA-3 {{start of flight attendants cabin briefing))
Ladies and gentiemen the flight deck has
turaed on the no smoking signs at this tise,
please extinguish all cigareties thank jyou.

1829:16
QEP stx fifty cight ninstesn aine

yeah and 3 lot of it

okay

((Ead of flight atiendents briefing))

1829:19
RDO-2 six fifty eight switching

i829:21
RD0-2 and ah iouer Horizom six fifty eight is
on a left dowwmind for osa six

1829:28
RiC-: okay we gol torque everything's running
hers fuel flow's low though

1829:32

MR Horizom six fifty aigat Seattle tower
traffic just north of Bosing is 2 Seeing
saven tweaiy seven for the right rusway
do you have hiam {a sight

3 XION3dddV




Just north of Boeing negative

oh - okay let’s amaiyze anything else okay
just be standiag by with feathers to the
right eagine’s the bad one okay

ckay

Just ia case he goes out on us but

I‘'a guana keep it rumain’ if it's ruania’
looks like wa’rs not damaging anything so
Tot {t g0 on

if it’s ruanin’ we -nope everything’s
loskia’ goed except for that torgue--

AIR-GROUNG COMMUMICAT 10N

SOURCE CONTENT

1829:37
RDO-2 wmegative

1524:39

TR Horizon six fifty eight cescend at your
discratica cloarsd te 13ad on ruaway ene
six left ruaway’s caen the wind is twe
four 2eve it eight

1829:44
R00-2 okay cliearsd To-reet see six left Morizoe
six fifty sight T

3 XION3dddV




INTRA-COCKPLY ALR-GROUND COMMUMICAT 10N
Tk & INE &

SOURCE COMTENT SOURCE CONTENY

1829:59
RiC-3 okay appreach approach check

1830:0}
nic-2 appreach check is complete

1839:02
nig-? okay we’re clsared oa the left correct

1830:03
HiC-2 we're clasared to land

1830:06 .
Nic-} okay you’ve talked to the folks we got the trucks

standiag by

1830:07
Mic-2 ah 1°'ve told her @

ig3o:18

TR  Morizom six Fifty eight
seven traffic now tem a‘clec
Ralf miles south Deusd 23

right

1830:13
RD0-2 okay six fifty elght we'vre stil! looking
for aia

i830:16
TeR roger

1838:18
nic-3 tell him we'l! get the gear till were 2o hise

3 XION1dddV




. INTRA-COCKPIT
e
SOURCE COMTENT

I XION3dddV

RDO-2 and six fifty eight we’'re gunsa hol. the
gear till wa're shest te ture fimal

i830:28
80-2 and six fifty sight das the traffic is b
Q‘,‘

-

okay gear dowm -disregard disregard
disregaré Seld on

1830:3)

TuR okay sinious separation ci_.fen wake
turbilence rumnay ene six -- ah left
clearsd to land

1830:33
NiC-2 we’'re too fast

1830:34
NiC-} yoah ‘e jJust a littie fast here




INTRA-COCKPIY AIR-GROUND COMMUNICAT 10N

s W 8
SOURCE COoNTENT SOURCE CONTEMT

%’%ﬁsix fifty eight cloared to iand
geai dowm landing check
((sound of landiag gear being lowered))
okay

we got a fire

okay

1831:08
UNK you got a fire gota’ oer ikat
airpians ierizos

okiy flaps fifteen

{{sound of cockpit chime}}

3 XIGNIdddV




T
SOURCE

.82
}S.u -9 |

Nic-

183}:18
BiC-1

INTRA-COCKP1Y
L X

CONTENT

okay let’'s feather aumber okay number twc back

okay

okay let’s fire the bottie
okay forward bottle’s fired
okay fire the other bottle

(start of Tlight attendenis emergency briefing})
jies and genticman plesse if you are seated in
or four fasten your seat belts low and
ight and your ankles if you are seated in
five seven eight and nine put your
k of your seit and bend forwars

1831:1%

i ah right wiag right sagine appears to be

i
burning

1831:19
Re0-2 we know
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INTRA-COCKPIT AIR-GROUND COMMUNICATION
mes

Tkt it &
SOURCE CONTENT SOURCE CONTENT

1831:26
NiC-2 the other bottle’'s fired

1831:30 _
Mic-} okay hit the amsrgency thing

ig3i:32
RIiC-1 skay gei the trucks standin’ by there

1831:38
NicC-] okay is the other bottle fired

ia31:39
NiC-2 both dottles are fired

1831:41
RIC-1 okay

1831:43
Ric-1 gear’'s dowm

1831:44
nic-2 ar ts dowe but we don’t have any
ights ah- it appears toc be down

1831:45
PA-3 {(end of flight attendents emergency briefing))

1631:50
Nic-1 okay prepare to eviacuate on the runway
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INTRA-COCKPIY

Tl
SOURCE
1835:53
CAN

1831:53
Nic-2

1831:5
MiC-1

CONTENT

({seund similar to touchdown})
bleeds are off
oxay I can’t steer this # at ali

1831 :57
RDD-2 we’re out of ceatrel

({sound of decreasing engine noise))

((sound similar to departure from hard runway surface))

({sound of bang))

[ can’t steer this # at all

3 XIGN3dddV
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1832:13
nic-2

1032:14
BiC-}

1832:15%
Nic-2

1832:17
MiC-1

1832:19
NiC-2

1832:20
NiC-1

1832:21
RiC-2

1832:23
KiC-1
1832:25
RiC-1

1832:27
nic-1

1832:29
NicC-1

INTRA-COCKOIT

CONTENT

you have a0 steering

okay

alright

please stand by we are going o hit somethin’ here
want your’s locked
yoah | dea’t have okay lock me up

you’'re locked ia

okay hit the brakes we're guana’ hit this # here

okay

ws’re guaaa’ do okay here hang on

AIR-GROUND COMMUNICAT 10N
nmes
SOURCE

CONYENT

S9
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