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18.Abstract

About 1127 P.s.t., on January 20, 1981, a Cascade Airways, Inec,, Beech 98A, operating &s
Flight 281, crashed during an instrument approach in instrument meteorolegical conditions at
Spokane In{ernational,.qér%?rt. The sireraft hjt_e. hill about 4.5 miles_from the runwa
thnazhold el an elevation 2,546 feet. The minimum descent altitude for the Instrume

approsch procedure Was 2,760 feet. Of the nine persons aboard Flight 201, seven were kitled
and two were injured seriously.

The instrument approach procedure the fiightcrew used required .hat an aititude of
3,500 feet be maintained until the aircraft passed the final approach fix, located 45 miles
from the runway threshold. The eireraft impacted the ground near the iccation of the find
approach fix, which was about 1,800 feet southeast of the Spokane VORTAC.

The Nsticnei Transportation Safety Board determines that the probable cause of the
eccident was a premature descent to minimum descent altitude {(MDA) based on the
flighterew’s use of an incorrect distance measuring equipment (DME) frequency and the
flighterew's subsequent failure to remain at or above MDA, Contributing to the cause of the
accident wes the design of the DME mode selector which does no? depict the frequency
selected and the failure of the flighterew to identify the localizer DME fecility.
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NATIONAL TRANSPORTATION SAFETY BOARD
WASEINGTON, D. C. 20584

AIRCEAFT ACCIDENT REPORT
Adonted July 21, 1831

CASCADE AIRWAYS, INC.
BEECHCRAFT 994, N39%0C4,
SPGKANE, WASHINGTCN
JANUARY 20,1981

SYNOPSIS

About 1127 P.s.t., on January 20, 1981, a Cascade Airwsys, Inc.,, Beech 82A,
cperating as Flight 201, crashed during an instrument approech in instrument
meteorologieal conditions at Spokane International Airport. The aircraft hit e hill about
45 miles from the runway threshold at an elevation of 2,646 feet. The minimum descent
gititude for the instrument approach procedure was 2,765 feet. Of the nine persons
ebo: »d Flight 201, seven were kiiled and two were injured seriously,

The instrument approach procedurc the flightcrew used required that an
gititude of 3,500 feet be maintained ua*’l ?he aircraft ru.3ed the find approach fix,
iocated 4.3 miles from the runway threshoid. The aircraft impacted the ground near the

loeation of the final approach fix, which was about 1,800 feet southeast of the Spokane
YORTAC.

The National Transportation Safety Board determines that the probable cause
of the accident was & premature descent to minimum descent aititude (MDA) based on the
flighterew's use of an incorrect distance measuring equipment {DME) frequency and the
flighterew's subsequent failure to remain at or ebove MDA. Contributing to the cause of
the accident was the design of the DME mode selector which does not depict the

frequency selected andé the failure of the flightcrew to identify the localizer DME
facility.

1. FACTUAL INFORMATION

1.3 History of the Flight

On January 20, 1981, Cascade Airways, Ine., Plight 201, a Beech 834,
N390CA, was being operated as a scheduled 14 CFR 135 passenger flight between Seattle,
Washington, and Spokane, Washington, with intermediate en route Stops at Yekimae,
Washington, and Moses Lake, Washington.

The flightcrew reported to the Cascade Airways op-rations facility in
walle Walla, Washington, about 0500 1/ and conducted the preflight activities aceording
to Cascade Airways procedures. They departed Walla Walla at 0604 as the flighterew of
Flight 930 and made one scheduled en route stop at Richland, Washington, before errfving
at Seattle at 0733.

1/ AL times herein are Pacifie standard, based on the 24-hour clock.
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Fiight 201 departed Seattle on schedule et 0805 or an instrument fiight plan;
however, it wes 13 minutes behind schedule when it stopped at Yakime and 25 minutes
iste when it arrived af Moses Lake, Washington, at 0950. Both iate arrivals were the
result of weather delays. Although Flight 201 had been scheduled to depart Moses Lake at
0835, the departure was delayed untii 1055 because of weather conditions at Spokane.
-0 crewmembers and seven passengers Were on board when Flight 201 departed Moses
Lake. Based on radio transmissions of Flight 201, ix was determined that the first officer
was probably fiying this flight segment.

The en route portion of the flight to Spokane Was uneventful. At 1118:15,
Flight 201 contacted the Spokane Approach Control West arrival Controiier and reported
8,000 feet and ATIS 2/ information MIKE. Information MIiKE was: 'Spokane international
information MIKE 1803 special observation, measured ceiling 200 broken, visibility
1/Z mile, fog, temperature 31, dew point 31, wind 020 degrees a: 7, altimeter 30.19,
gpeet vecters for ILS approach landing runway 21, advise on contact you have
informaticn MIKE."

The nest arrival controller responded: "Ceascade 211, Spoxane approach, ident,
fiy heading 0530 vector ILS (21} final approach eocurse maintain 6,000."

At 1116:46, the contreller transmitted, ""Cascade 201, we iust changed the
runways, Sir, runwey 3 is in use, wing 030 at 8, turn right heeding §70." Flight 201
ackrnowledged this transmission. At 1118:35, the controller said 'Cascade 2Ri turn right
heading $80, be a vector for spacing, they still go: aireraft lined up for 21." Fiight 201
acknowledged and was instructed to descend to 4,000 fee?.

At 1121:08, the controller said, “Cascade 201, yourll be vectored zcross final
for spacing.” At 1121:50, the west arrival controller hended off Flight 201 to the local
eontrolier. The position of Rlighi 261 was given by the west controller as 18 miles
southwest of the Spokane VORTAC. 3/

At 1122:10, Flight 210 asked, "Spokane, 201, ere they gonna turn the beck
coursz 0X?" The controller responded, "Yes sir, they will here shortly, they still got =
United Jet on finel about € 4 mile final for 21,  Flight 201 acknowledged this
transmission. At 1122:23, the controller said, ""Cascade 201, turn left heading 834."

At 1123:35, ~he controller insiructed, ""Cascade 251 turn left heeding 366" end
at 1124:12, he said, "Cascade 201, localizer should be up 6 miles from OLAXKE, 4/ eleared
for the approach.” At 1124:16, Flight 201 replied, 'There it is, we're eciesred for the
approach, 201."

A 1125:45, the controlier instructed Flignt 201 to contect the Spokane tower.
At 1125:50, Flight 201 repiied, "Roger.” This was the last transmission from Flight 281,

About 1127, the zireraft crashed into a plowed field e? iatitide 47°32°40" N
and 117°37'36® W longitude. The initial point of impact was on slightly rising terrain at en
elevation of 2,546 feet. The aircraft became airborne again, went over e hilitop, and
ezme to rest 1,380 feet from the initial point of impact, at =n elevation of 2,455 feet.
The initial impact point was about 1,770 feet southeast of Spokane VORTAC,

2/ Automatic Terminel Information Service
3/ A ecolocated very high frequency omnirange station and uitre-high frequency tactical
air navigation aid.
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One ground witness saw the aircraft hit the ground and become airborne again. 4
second witness saw the sireraft when it became airborne after the initial impact. Betn
witnesses saw the aircraft turst into flames after it came to a halt. The witnesses, who
were below the impact area, said the hilltop was obseured by clouds and fog.

Both surviving passengers hed boarded the aircraft in Yekima. One surviver was
seated on the right side of the aircraft opposite the main exit with his seatbelt fastened
securely. He said the Eight had been routine, the visibility at altitude was good, %< he
saw patches of fog o the ground. He said that he was not aware of the nearness of the
ground until the initial impact. He felt the aircraft "lurch-up:' and the right wing wwent
up. As he looked out he could see trees but not the ground. The aircreft was in &
nose-level attitude after the initial impact, but shortly after, the nose went down. He
braced himself for the crash. After the aircraft came to rest he was not in his seat but

was in the aisle facing the rear. His seat had separated from the mounting brackets on
the cabin wall. The aisle ficor legs were not Pound.

The second surviver was seated in the third seat aft of the cockpit on the Ieft side
of the aircraft. He said the flight was uneventful en route to Spokz-: and he e»uld see
patchy ground fog. He recalled that he heard no public address anncuncements from the
flightcrew during the flight, although there was a series ¢f clieks from the speaker.
Neither he nor the other survivor recalled the seatbelt sign in the cabin. Restated that
the aircraft made a series of turns during the arrival in the apokane area, end at one point
he heard what he though? was the landing gear being rezyeled twice before it was finaily
put down. He also heard e loud buzzing sound from the cockpit and saw a red light sn the

instrument panel. He believed the light came from the cockpit area where the lending
gear handle was located.

According to the second survivor, there were no unusual engine noises durinz the
series of turns, end the flightcrew appeared to perform routine duties in an unhurried
manner. He had his seatbelt fastened with about 1inch of slack in it. The aircreft was in
the clouds, and be had no ground reference until just before the first impaet with the
ground, when he saw the ground and trees and was surprised at the low altitude of the
aircraft. He felt a scraping under the aircraft and immediately put his head in his iap in e
brace position. Before he could bend over completely, the aircraft made the first impact
with the ground, There was no warning from the flightcrew, nor was there an ebrupt pull
up of the aircraft before the impact. Engine noise levels remained unchanged. The initial
impact was severe, and he stated that he saw two passengers who <id not have their
seatbelts fastened, thrown from their seats. The aircraft became airborne egain and went
straight ahead in a nose level attitude. The nose went down, he felt seraping again, and
the aircraft hit the ground for the second time. His head was throv:n into his knees, ané
his body was shoved forward. Wren he recovered from the crash, he found that he was
still strapped in his seat, but was on his back in the aisle. His seat was attached to the
cabi~ floor, but the wall mounts had separated. He crawled out of the wreckage and was
abcut 15 feet from the aircraft when he saw the engine blowup and flemes and smoka
engulf the cabin interior. At the same time, he saw the other surviving passenger move,
ana he returned to the aircraft to help drag him out of the wreckage. As they rolied sway
from the wreckage, he saw the aircraft in flames. Both passengers stated that they
believed that the fire started in the right engine.

4/ OLAKE - OLAKE Intersection is the final approach fix for the leealizer 3 instrument
approach procedure and is located on the centerline of the spprosch course, 45 miles
from the runway 3 threshold.



1.2 Injuries to Persons
Injuries Crew Pgssengers Others Total
Fatal 2 5 0 7
Serious 0 a 0 2
Minor/None a ] 8 g
Total 2 7 0 g
1.3 Damage to Aireraft

The aircraft was destroyed.

i.d QOther Damsge

There was some damage to the wheat field where the aircraft made the initial
ground impact.

1.3 Perscnnel Information

Both pilots were qualified end certificated for the flight and had receive6 the
training required by current Federal regulations. (See appendix B.)

Both pilots hac reported for duty at 508, end each pilot had 15 hours of
off-duty time since the previous workday. They had been on duty for 6 hours 27 minutes
ana had flown 3 hours 20 minutes when the accident occurred.

1.8 Aircraft information

The aircraft, a Beech 98A, was certificated and maintained in accordance With
applicable regulations. (see appendix C.) The Mode C altitude encoding capability of the
altimeter had become inoperative during ar: 2arlier flight on January 20, 1081, and had not
been repaired when the accident occurred. #owever, € Mode C reporting capability was
not required for Cascade Airways operations.

The aircraft was equipped with two Pratt & whitney Aircraft of Canada, Lid,
PTS A-27 turbopropeller engines and twe Hartzell Mode! No. RC~B3TN-3 propeliers. The
aircraft was within center of gravity limits, was below the maximum sliowable weight
limit, and was carrying 1,350 pounds of jet-A fuel when it departed the Moses Lake
airport.

1.7 Meteorological information

The area forecast for Eastern Washington, issued by the Neationai Weather
Service (NWS), called for ceilings and visibilities below 1,000 feet and 3 miles in fog et
the time of the accident. The terminal forecast between 0800 a d 1200 for Spokane
International Airport was for visibilities varying from 1/4 to 3 miles in fog. There were

no in-flight weather advisories applicable to the time or the location of the aceident.

Surface weather observations for Spokene internstionsi Airport, taken by 2
NWS observer were, in part, as follows:

1108--Megsured ceiling--300 feet t)_rolfgni
) i

‘ ) visibility--2 mi, fom
wind--020° at 7 kns; altimeter setting-~30. H . s 22
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1129-~436 feet scattered; visibility 2--mi, fog; wind--840° at 3kns;
altimeter setting--36.18 inHg.

1.8 Aifste Navigatioﬁ

Plight 201 was msking a localizer instrument approach to runway 3 at the
Spokane International Airport. The localizer and distance measuring e¢guipmeni (DME)
information for the approach procedure Is provided by the locealizer transmitter st the
airfield, 0.3 mile from the runway 3 threshsld, The Spokane (GEG) VORTAC s located
about 45 miles from the runway 3 threshold and is about 1,800 feet northwest of the
ioegtizer 3 centerline. {See figure 1.)

An aircraft can be vectored to tine localizer course by sir traffic control
{ATC), in which case, the piot would no: have to tune the Spokane YOXTAC, except for
orientation 10 the area. If = pilot is intercepting the 10 DME are to proceed to the
loealizer course, he would have to use the Spokene VOXTAC DME information for
navigation guidence to intercept and fly the DME arc.

As soon as an eircraft is cleared for the instrument approeeh, the procedure
reguires the flightcrew to tune and identify both the localizer 2nd DME frequencies
{18£.¢ IQLJ). Course guidance and distances from the airport would be derived from the
localizer freguency. Once the aircraft is on the localizer centerline, ?he only use for the
Spokene VORTAC would be for genera! orientation or identification & the OLAKE
intersection with the 115° radial, which would be epplicable if the pilet hac! no DME, chose
not to use the DME, or elected o use the VORTAC crossing radial as 2 backup to the
DME.

A pilot is required to maintain 3,500 feet until the 42 DME point {or the 115
redial) is reached. At that point, the aircraft can be descended to the minimum descent
aititude of 2,760 feet. If the runway environment for runway 3 IS not in sight by the
§.2 mile DME point, a missed approach Is required. At the missed approach point, an
aireraft wouicd be 393 feet above the runway touchdown zone and 8.5 nile from the
runwey threshold. The spproazh procedure contains « visual descent peint (VDP) which is
signified by a "V" in the profile visw of the chart. Descent should begin st this point,
loeated ai the 0.8 mile DME, to fly a 3" descent to the runway provided the aircraft is et
MDA. However, o descent s authorized uniess the runway or the runway environment IS
seen by the pilct.

The instrument appreseh navigation equipment for runways 3 and 21 is
designed so that the navigation aidz for both runways cannot operste simultanecuslv. ?0r
example, the instrument landing system (IL&} to runway 21 was in use when FRlight 201
srrived In ?he Spokane area. As e result, the localizer 3 instrument approach aids could
not be activated until the ILS approaches were completed, and the ILS equipment was shut
down. =an interlock device precludes the activation of one instrument approach system
while the other equipment is operational. The transition from one system to the other ean
be accomplished in less than 15 seconds,

Federal Aviation Administration (FAA) flight and ground checks of the
Spokene VORTAC end localizer facilities on the day of the accident found that ali
components were operating properly.

1.8 Communications

There were no known communications gifficulties.
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34 Aerodrome and Ground Facliities

11 Fiight Recorders

The aircraft was not equipped, nor wes it required to be equipped, with flight
recorders.
1.32 ¥reekage and Impect Informstion

The saireraft struck the ground st an eievstion of 2,645 feet. The hilltop
elevation wes 2,670 feet. The initiel impact was in e plowed wheat fieid s a meynsetie

neacing of 35°. The ground marks in the fieid were three parsilel, shallow tracks, sbout

52 feet iong and 5 1/2 feet apart. The track widths eorrespond to the lending gear widihs
of € Beech 894 sircraft.

All three lending gears, the landing gear assembilies, &rid pieces from the Lower
part of the fuselage were scattered slong a line extending about 275 feet beyond the
ground tracks. A measurement Of the main gesr actuators indicated thst the gears were
in the full down position at impact. In addition, E tip from the left engine’s propeller, e
wing spar strap cover which had been in the lower baggsge ped, and the lower fuselage
?Gtatfﬁg hegeon were found in the same genersl ares.

The main wreckage was located on the opposite side of the hili, about
1,380 feet from the initial impaet point, at an elevation of 2,455 feet. After the aircraft
made fina! ground contact on a heading of abut 355 it slid ebout 75 feet before the left
#ing struck € rock which caused it o turn left to a heading of about 358°,

The wings remained attached to the fuselage, but the upper right wing forward
giteeh beit was stripped! and the fitting for the boit was broken. The empennage hed
separated partiaily from the fuselsge and was positioned sbout 45° to the left of the
fuselege. Al flight control surfaces were intact end attached io the aircraft. The
ai’eron, rudder, and elevator fight eontrot cables were intact and exhibited nc preimpact
damege. The flaps were gttached to the wings and were in the 38 percent down position,
which was determined by & measurement of the fiap actuator screwjacks.

The fuselage was relatively intact after impact, although there wes a break
aft of the point where the right wing foired the fuselage. The cockpit and cabin areas
were burned severely in the postcrash ground fire. The entire upper portion of the
fuselage from the cockpit eft was destroyed Sy fire. The side wails were burned down to
the caoir end cockpit Roor on the left side and to the bottom of the window iine on the
.y side of the fuselage. in addition, the cockpit instruments, navigation radies, end the
DME mode selecior were burned severely.

The navigation communications units mounted in the center instrument panel
were recovered. The No. 1 eommunications receive- was tuned to the Spokane gpproach
control frequency of 124.2. end the No. 2 unit was tured to the company frequency, 131.3.
Both navigation receivers were tuned to 108.9, which was the Spokane iocalizer 3
fregueney. The No. 2 DME switch on the DME mode selector WaS engaged: the No. 1
DME, the HOL, and tine RN AY switches were in the off position. Both altimeters Were
destroved and no information could be derived from then.
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Tre engines had seperated from the wings buf were connected {0 tne wings by
zsbies. Both propellers, including the individual blades, remained atiached to their
respectiive engines. The biades of both propellers were intaet and complete with the

exception of one biade of the left propeiler. The blade damage was generally bending in
the it direction with some torsional twisting., There weas 2 smail amount of ‘eading and

o

trailipg edge biede damsage. Boeth engines received ground fire damsge.

The Iefl engine’s exhaust cuet displayed some torsional-type counter oropeller
rowztiongl twisting and some eompressive huckling., The right engine exhsust duet did not

exnibit any notable torsional-iype counter propeller rotational twisting. FHowever, an
internai examinsation of {he power turbine rotzting labyrinth sesl of the right engine
indicated heavy cireumierential rubbing over 3805

The complete examination of the engines and propeilers diselesed no evidence
of any preimpect meifunctions. All engine components were in normal condition except
f impaet and/or ground fire damage.

1.33 Medieg! and Pathelopicsl Informeation

Postmoriem examinetions were conductel to determine the extent of the
injuries anc preexisting or incapeacitating disease {or the flighterew and the injuries to the
passengers. Toxicologiesl examinations of the {flighterew were negsative for hasie, geidie,
anc¢ neutrai drugs. No ethyl alcohol was present. '“est results for carboxyvhemogliobin
eoneentration ¢id not exceed 3 percent {a trace level) for anv of the seven fatalities,

Both flighterew members died of extensive impact irauma csused by mauitinle
fractures end interna! injuries. The examinetions of the flighterew 5Sid not revesl anv
preexisting or incapaciting disease which would have gffected their gbhiiity to eonduct the
flight. Four pessengers who reezived fatal traumetie injuries also evidenced thermal
burrs, whils ail oceupants received various {ractures of the extremities. Two passengers
received skull fraetures, and five passengers evidencer gulmonary hemorrhages.

One surviver had fraectures tc hoth ankles, s fractured fibuls, and facisl
lagerations; the other survivor had a fraecture of the ribs and a compression fraeture of
the back, a fractured femur, multinie soft tissue injuries, and burns to his ieft leg.

The aircraft was burned severely duringy the posterash {ire, and {Iames singed a
iree aboutl 65 [ee! ebove the wreckage.

Aceording 1o one surviver, the fire did not stari untii the aireraflt came to
rest. Although the exset ignition source was not determined, the fire stirted in the ares
o1 the right engine and spread throughout the enlire fuselage.

A stete trooper who resched the airerafy about 18 minutes after the sccident
stated that he saw only smoke coming from e airoraft until he moved closer to the
fuseisge anc saw the interior of the ccckpit on fire.

3.15 Survival Asperts

i

All seven fatalities received extensive impact injuries. Thermal injuries
cecurred from the posterash fire byt were not the eause of death. The aireraft fuselage
remained relatively intact andg its shape was meaintained. However. several sests and the
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he occupants and the

downwerd and forward

The cspleins and first officers seats f{giled in 2
direetion. Both ses! boitom frames sepurated {rom the leg siructures. The legs of the
egptein's seat remained atrached o the floor irazhks, while the legs of the first officer’s
seat separeted from the floor traeks. The eapiain's lap belt buckie was found latehed and
with the shouider herness metel fittings aitached. Although the firsy officer had not used
n R * i

Mgst of the passenger seatls had separated from the {loor mounting tracks and
were found in ;.Ae forward ares ¢ the cabin. Strustural demsage to the passenger seats
incdieated high downwerd and longitudinal cecelerative foress, which inflicted downlosad

damgge 10 ses 1"3':195 ar-c leg structures, Seatl lsgs tvpically Separated from floor tracks
Y : . =

T

2d evidence of beﬁ mg in 2 "orw zrd Zirection. Wall attach peints for the seats

The pabin interior was burned severeiy. As & resull, no intaet seatbeits were
Tound. Two metal-to-metal passenger seatbell nuckles were found in the latched
condition while twc others were found uniatoheds the other buekles were not found.

3,18 Tesis gnd Researeh

The Safety Beard dizassembicd and ingpected the gircraft's engines and
prepeliers. The ieft ani right engines ted {or evidence of rotational

e
]
i
¢h
7
o
‘;1
if
doty
!;Q h
3

Tvoen rompenents, The left engine
feilowin mponents: the propellesr shaft cil
: &3 £
the f

e it
- - -5 s 3 3 - L B
conteet betweean the various rotating end stst
1

exhibited rotetionsl eontact marks on the
.%

transfer tube snap ring, the threaded forward edge of ithe first stage reduetion zear

parrier, the rear face of the tuz"-::ine dise ant b trees, the ouiside edge of the
DC@‘*E? turbine disg hub. the power turkire 9 seals, the forwargd face of the
wewer tarbine &ise, the siaior housing assembly e turnine, the inner and outer
interstage airsea! baflie; the outer pe;i;:hﬂ r side of the stator vene outer
iztform; the {ront interst ge c*”a& heffis nlate and ou ot beffle edge; the compressor
turbine zise: and biudes 32 ne d::Cr?;‘_‘*‘.(fi‘ e citach points,  The right engina

exhibited rolationsel contael marks on ihe mponents: the power turbine
rotating labw‘?ts; sesl, the rear face ¢f the turbine <isc, the remaining ait ched blade fir
trees, the rear side of the inner and outer rings of the power turbine stator, the turbine
intentag segling baflfle end Diate rims, rmd the centrifugal com{sressor 1mpeue‘ and
impelier housing.

Eed n(‘*‘#”t ST onrerm

of 1be

> ider arm on
was coneistent with the blade bem in the low
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217 Additional Information

pO-Y I Caseade Airways, Ine., Operating Procedures

Cascade Airways, Inc. was authorized to conduct air taxi operations as an air

arr;e:' e::~wed in air transportation utilizing aircraft of 12,500 pounds or less maximum

B d gross weight in accordance with 14 CFRrR 125. The company had been

for about 11 years and operated 12 Beech 99A aircraft and 3 Bandeirante

ireraft. Cascade Airways employed abut 90 pilots and transported about
sengers in 1880,
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g}ze following procedures and policies were extracted from the Cascade
2. Flight Operations Manual:

RESPONSIBILITY OF ALL CREWMEMBERS

A. Al crewmembers are responsible for bringing to the stten-
tion of other crewmembers, particularly the pilot-in-
command, any condition, occurrence, procedural error Or
malfunetion which may affect the safe conduct of the flight.
Crewmembers shall never assume that other crewmembers
ere also aware of such matters without verification.

* ¥ X

AIRPORT/ROUTE FAMILIARIZATION

A Notwithstanding maintenance of route/airport qualification
requirements of FAR end company policy, the captain shall
be responsible for assuring himself that he is familiar with
current airport conditions, applicable instrument approach
procedures, departure procedures, arrival procedures and the
enroute proeedures which may be used in the conduct of the
planned flight. The cnptain shall discuss with Flight Control
any such matters in question before the dispatch release is
signed.

* % %

fIi. INSTRUMENT APPROACHES

A.  Approach check list shell be completed 5 to 10 minutes
before beginning the approech.

B. Both pilots shall be responsible for reviewing instrument
approach chart, or charts, well before beginning the
transition to the approach, or the actual instrument
approach. The approach chart shall be retained in a position
of ready reference by both pilots while the approach is being
conducted.
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Piiots in command are reminded that the landing and takeoff
minimum provided by the Instrument Approach Chart are the
lowest legel minimums under normal! flight conditions.
Flights shall not cperate at Iower minimumr without
exercising the pilot's emergency authority. Pilots in
command are responsible for evaiuating the prevailing flight
conditions at the time the instrument approach is being
conducted ang for adjusting the published minimum upward in
the interest of safe completion of the flight when those
conditions dictate.

Acco. .ing to its Director of Training, the Cascade Airwsys procedure in
praparing for the localizer 3 epproach wes thei the No. 1 NAV receive: should heve been
tunad to the Iocallzer facility {148.8 1OLJ}, and ?he frequency would heve been identified.
The N2. 2 NAV receive? eculd have been tuned to the same frequency, or to the Spokane
YORT

h
OR AC 61755 GEG), 10 mark the passage of the fiaal approach fix.

The Cescade Airway Flight Standards Manual contains the following
procedures:

APPROACH

Wwhen p-a tiesi, usugily 5 minutes from sirport of intended landing, the
oilot fiving will "order the “Approach’: Checklist.

APPRCACH

PILOT NQT FLYING {challenge} & {respond)

1.  Heading and Altimeters Cr-CKXD/SET
2. Radios & MKRS Cr-8ET
. Pex Briefing COMPLETE
3. Ceabin Sign BOTH
5. Prop Sync OFF
5. Autofeather C-ARMD

The Cascade Airway crew coordination procedures required thst once the
Approach” checklist was completed, the pilct not flving would announce the following
infermation concerning the LOC 3 instruntent procedure:

The Spokane fieid elevation - 2,572 {t.

inbound Heading and Check OBS Setting - 225°

Minimum Descent Altitude - 3,760 it.

Missed Approach Point -.2 DME

Missed Approach Procedure -  Climb te 5,800 ft.
Direct to PHORT
LOM and Mold.

The crew cpordination section of the Flight Standards Manual required the
foliowing procedures:

A. Prepearation for Instrument Approsch

-

i A1l instrument approsches have certain basics in ecommeon.
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a. Good descent planning
b. Carefui review of the approach plate
c. Accurate flying and good crew coordination

2. Approach checkiist shouid be completed approximately five
minutes before beginning approach so that the pilot can give
his undivided attention to flying the ai: “ane.

3. Prior to reaching the Initia} Approach Fix IAF}, both pilots
will review the approach plate anc¢ it will be left out and
visible to the nenflying pilot through out the approach
procedure. The pilot flying will specify ?he radio aids
required and wili crosscheck that the correct aids have been
selected, tuned and identified.

*+*

Approach Clearance

When cleared for an approach, descend to the iowest MEA or initial
approach altitude as soon as possible. If in holding pattern at final
approach fix descend to precedure turn altitude.

* ¥ X

Pilot Duties Durinz the Approach

i. Flying the Aircraft

Duty - Fiy the aircraft in normal procedures for type of
approach being fiow:.

Ceilouts - As appropriate for gear end flap managen:ent,
poewer settings, check:ists, ete.

2. Altitude Awareness During Non-Precision Approaches

Puty - Advise the non flying pilot of aititude changes during
the approach.

Callouts - When vacating eititudes, callout for example
leaving procedure turn altitude for minimum sltitude,
inbound for crossing the final approach fix "Leaving 4,000 for
3,500" etc. as appropriate.

Non Fiving Piiot Duties During the Approech

i.  Final Course Interception

Duty - When the localizer or lide slope starts moving in
from full deflection, callout to flying pilot.

Callout - "Localizer Alive” and "Glide Siope Alive.”



3.

The landing checkiist shouid

Instrument Monitoring

inbound, erosscheck flight
n instruments. Report any
o flving pilot.

Duty - After final apprcach f
instruments and menitor amga
diserepancies, {lags or warnings t

ix
tio

Celiouts - As eppropriate.

F}ight Path and Performance Deviations

Duty - During the approsach, advise the {iving pilot when
more than onhe dot deviation exists in loeglizer or glide siope.
when airspeed is more than 3 knots from desired approach
airspeed, and when the descent exceeds 1,000 FPM,

Callouts - "Localizer™ for more than one dot deflection,
"Glide Slope™ for more than cone dot deflection, "Airspeed”

for more than 3 knot devisticn, "Sink Rate” descent exceeds
1,000 FPM,

have bDeen comdieted st the finel sppreac

n iz,

At that point, the {laps should have been positioned according to the particular situation,
but nermally would be in the 30 perec eni dem posn,o . The lgnding gears should

been extended and the landing and texi

4.

ired,

Dutyv - Stgndsrd Calicut ' £
from "STANDARD CALLOUTS" char

CONDITION/LOTATION STANDARD CALLOUT
Final Fix in>ound Beacon, VOR, ete. £t
{Altimeter and instrumen? Time
crosscheck) No flags lor _ figes?
308 £t above minimums 258 fe instruments and
zitimeters
X—-cheek
400 7t above ™ 400 T
300 7t above a0g it
200 1 above 200 £y
106 1 g~ove mind 100 f1
Minimum sit? :_'ciﬂ N TUNWEaY in

e
3
9 &
B
'.Ul

TURWAY in
missed spproach.

wes
i

Establishing Visual Contae?

Duty - The non (ving piict will Jook fo:' visual cues cutside
the aireralt when calling out the iss* 3G {eet of sltitude

L i
ehange. Cues will normaily come from seeing the TUnway,
runway threshold., azpproseh Lights, se{; ience flashes, lead in
tights or other martings, “ng pilot of visuel cue
ir

nsignt.

have
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Cellouts - "Minimums - no contact"” or "Approach

Lights 12:38," "Runwasay in Sight,” etc.

NCTE: Cell out exactly what is seen. Do not report "runwey
in sight™ until the runway is actually in sight.

Failure to Establish Contact

Duty - Advise frying pilot that published aititude minimums
have Seen reached and/or missed approaeh point has been
reached anc there are no visual cues.

Callout - "Minimums/Time Up - No Contact.”

Execuling M'"sed Approach

Duty - Assist flying pilot in managing power, fiaps, gear end
checkiist per normal operating procedures. Advise flying
pilot if aircreft descends below minimums. Set radios to
missed approach procedures.

Ceallouts - As appropriate.

MISSED APPROCACH

A.

A Missed Approach Will be Executer When:

1

No visual cues are gvaileble after reaching DH on the
Missed Approach Point {1 AP} as appropriate.

x

Visual cues are iost after descending below DH or ¥ OA.

With reference to the runway, the aireraft IS not
positioned and tracking such that e safe landirg can be
gecompiished.

14 CFR 91.1:17{p): Limitations on use of instrument anorosch proeedures
fother than Category II) states:

(o} Descent below MDA or DH. No person may operate an aircraft
below the prescribed minimum descent altitude or continue an
approach helow the decision height unless-

The eireraft is in a positich {rom which & normal approach to
the runway of intended landing can be made; and

The approach hresheld of that runway, or approach lights or
other markings identifiable with the approach end of that
runway, are clearly visible to the pilet.

1.17.2 Cascade Airweys Training Program

Cascade Airways training program consisted of initial ground end flight
training and recurrent ground schocl. In addition, regular flight echeeks were administered
tc pilots by company check girman end FAA inspectors. Some instrument flight treining
was conducted at Spokane international Airport,



Caseade Alrwavs administered an airport quslifiestion
The program wes reviewed by esch pilot during recurrent training. Viewgraphs 3 ma
for each instrument approsch procedure at esch of the 17 airports served by the -ccr:;.am-
The pregram was updeted periodically to include new procedures, or to reflect changes In
xisting procedures. The lcealizer 3 procedure was & part of the program.

=
-

1.37.8 Previous Ineidenis Relsted to the Loealizer 3 Instrument Appreach Prodelinsd

Several pnilots ceontacted the Safeiy Boeards invesiigation team U
ineident in which they were invelved in procedural rrors  durin
loeslizer 3 instrument spproach procedure. None of the pilots filed &n Aviaticn
Reporting System (ASRS) report with the National Aeronautics and Space Admin'st
*'\‘ASA} be"o"e the aceident. The pxlots stated that they did no+ repo*‘t tn\, inciden

hca *o fz:e %bRS reaor.a. Additionally, the Safety Board requesied that \%
ASRS files for similar incidents. The records search revezled that there were ‘w
incidents where the wrong DME was used, but neither incident was st
internationg! Airport.

o An gir taxi pilot with more than 5.003 total flight houwrs znc
sceompanied by en instrucior pilet was {iving the iocsl'v”'
procedure in simulated insirument conditions. The piiot
that he had tuned the Spokane VORTAC, placed the DME
"heid” position to retain the Spokane DME infermation, a*" ti.ea
tuned the runway 3 localizer. He descended to the minimum
descent altitude of 2,760 feet after he reached 4.2 miles irom the
Spokene VORTAC. The instructon pilot edvised him of the arvor
He stated he was not prepared for & locelizer with 2 DME and was
expecting the YORTAC to read the distance {rom the airport, ¥
eiso stated thet he had flown gii the instrument gpproaches in the
Spokane area that day in two different sirersitl.
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o A U.S. Air Foree instructor pilot was administering instrument
flight training tv an experienced pilot. During the locelizer 2
approach, the pilot tuned the Spokane VORTAC instead of inc
localizer DME and began a descent 4.2 miles before resaching
OLAKE intersection. The instruetor pilot recalled that the air
traffie controlier twice questioned their report that thev had
passerd OLAKE. However, both Alr Foree pilots believed thev ware
following the D”o"edure cor-rectzv so the controllers anqmmm
not csuse concern. The instructor pilot cautionsd the pilet al

about
the terrain. The descent was stopped and the anp"oam waEs
compieted under visual conditions. The instructine pilot stated that
the incident had occurred on & hot day at the end of a tiring Tigh:
He believed that fatigue and workload may have contributed ao i
zrror. Onee on the ground the two pilots discussed the proce

andé determined what error had been made. Later, eclasstoo™

discussions with 11 other experienced Air Foree pilots indgic t{ A
thet all 11 pilots were confused with the procedure.

ief pilot for & major publie utilityv company tuned the Spolane
C;‘RTAC and begen a desceni tc 2,760 feet while abonr § 3‘?2fe§
from the Spokane VORTAC. Tre pilot was fiving & loes




approach in instrument met ccra?.og*cs_l eon éitions. An air traeffic

controlier obser;ed the aireraft's position and altitude data locek,

and he advised the pilot 1o pull up., The pliot ﬂi.;. bed back to 2

safe aititude, &n ormal landing was made. As a result of the

\.0'1 roiler’s prompt getions, he received a letter of commendation
m his supervisors,

¢ "L
*m
o
"“1

tate Aeronsutics oificial descended orematurely
r :‘Dcﬂd wre when he used the Spokane YORTAC
ion. He stetad he was advised by ATC of this

E, ané that he had the feeling someathing was
wrong, He z'eporf:eé OLAKE and descended. When he broke out of
the vndercast, he realized he wsas in the wrong position. He
ttributed his error 1o being rushed snd his Inattention 1o the

T

<]
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tance ;:zf

0 An Air Foree pilot, fiving under the hood during & instrument
aining Tiight, selecied the Spekane YVORTAC rather than the
iocalizer channsl during a loesglizer 3 instrument approsch. He
began & prem. "ure descent to MDA but wss advised by the saf }

giiot of the error when the sirerafi approached the zerram wes-t of

e VORTAC. The pllot discussed the approach with six other Alr
F ree pilots later, and mest of them expressed some confusion with
ithe procedure.

1.17.4 Alr Teraffic Conw ol

The west arrival air traific coniroller and the arssistant Spokane tower ehief

tated h&t the A; C hcmc‘} ing of Fi ght 201 was standard., The deecis:on to change runwayvs

t e the visibility was improving so that

were not needed. The assistant
L

the lower minimums af ordec by v 2w
he runway switeh just beflore Fligh ’J

ol

?:
chief statc? that {reffic conditions o
ogieal deeision.

et
0

The Direetor of Training for Cascade Airwevs stated that he expected
Caseade pno,.s to Jnders&a ¢ and adhere to the ATC .F.S truetions issued to Flight 261, He
'3':1 not believe the ATC instructions caused significent additional workicad. However, he
iated that the prepsration for the new insirument approach procedure, coupled with t‘ne

b3 .a“ewerms for the epproach, would inerease the coekpit workload.
hree ATC personnel testified that thev had Leen aware of only one previous
invoiving 2 procedural error on the ioeelizer 3 approeeh. No ASRS report or FAA
nternal report was submitted by anv of the individusis. The assistant chief stated he was
g to learn of tne other ircidents ':m civing the localicer 3 procedure. Furiher, Do

t

< w3

stated that if he had peen awarz of the ingidents he would have informed the loeal
Gener «iation Distriet Office ard his 5’;“(“ SUpericrs.,
3.17.- “iuman Performsanee

f@htcrew Behavioral Prolile.~-The caplain was considered knowledgeable,
age. .+ oonf t by his peers gnd supericrs. He hed a reputation as g professional
whe o Lper ted ’m’s aircralt sceording 1o established procedures. He reportedly was
2ons . - -and firm in his cockpit decision-making process. Pilots who had flown with

s ot SIOAOERRT i,
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hie was always gheasd of the aireraft and the ATC sitha"'m, and readily adapted

g evenis. The pziots also said he had en even disposition and éz net exhibit
ust\atse or anger in stress situstions. He did not telk mueh in the coexpp heezuse he
H i the coekpit noise level in the Beech 994 precluded normal conversational speech.

1 was consicared & good manager of the cockpit who reiled on crew
.pz sh flight duties. When he was not flving, he would handle the
it weas the consensus of the other CTaseade pilots that he probabiy
woule not overrule the fi.r'sL officer, except in guestions of sefety, when the first officer
was fiving the a eraft,

3

""%e capiain and his family lived in Seattie. Washington, However, he shered
an apartment in Walls Walla, Washington, during the week to meet his {light schedule. He
normally sae'u weekands at home.

O

There were no indicstions that the eaptein had any significant health, family,
or personal problems. On & professional level, the eaptain had been concernnd with a
satisfgetory performance report that he had submitted to the company on g Caseade Tirst
officer. The captain felt he should have submitted & poor oe“fovmance report which
would have resulted in the termination of the first officer r, rather than allowing him to
coniinue Levoend his probation time., He discussed these concerns with his peers on the
night before the sceident,

On the day before the sccident, the ceptain flew in the morning and went off
duty at 1430. The captain stayed at the airport for part of the afterncon and conversed
with other Cascade erﬂp}ovees That evening he played racguetball with another Cascade
pilot before returning to his apartment. According to the Casesde employaes he had
gontact with, the caDlain appesred to be depressed and had stated that he had hed a "bad™
day. The "bad” dav started with "erummy” flyving tha! day and extended to his poor
performenee in racquetball. In addition, he had had mechanical problems with his
motoreyele and his bievele,

Cascade amployees who had contact with the ecapigin on the dav of the
aceident stated that he eppesred normal and that he was "in goed spirits.” He called his
wife during the stop in Seettle. She stated that he sounded fine and he related no warries

Lilad 15

Gr concerns,

The first officer, who lived in Walla Walle, Washington, with his family, had no
significant family, professional, or personsl problems. According to his neers and
supervisors, he was very quiet and was content with his position with Cascade Airways.
Cascade empleyees who had conteet with him on the dav of the saccident satec
that he eppeared normal and was cheerful and in good spirits. He had planned a trip %o
ms.t his pax ents on the following day and had traded Z workdavs for one in order to

rrange his sehedule.

Flighterew Operaiional Behavior.--When Flight 201 departed Yakimeg at 09811,
t’m ceptain d d not sign the weight and baignce form. Acecording to the station meansger,
".it ‘A‘i 't like him to miss that," When Flight 201 arrived at Moses T.eke, the wesather
cenditions were, in part: indefinite ceiling 300 feet, skv obscured, visi hny miles, fog.
The tvwev com oiler instructed Flight 201 to report the outer marker inbound GLI"”E,' its
IL8 approach to & landing on the runway. The flighterew did not reaov-* the outer marker
io ifre tower, nor <id they reguesi or receive landing ciearance at Moses Lake, Departi
Moses Lake, the flighterew misread their clearance an" used the wrone flight E’i..""ﬁ'}&" on

[ ——
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several occasions during the flight. Cascade Airway manegemeni and other pilots Stated
that the flighterew WBS very professional in the conduct of their duties and they eculc not
expiain their performance on Flight 201 at Moses Lake and Yakima.

Distance Measuring Ecuipment.--The aircraft was equipped with e single-unit
DY¥E angd e Collins Avionics Company TCX-451 DME Mode Selector. {See figure 2.) The
pusiibutton mode selector allowed a pilot to select mileage readings from either
navigation receiver by selecting the DME NAV Selector 1 or 2. In addition, a pilot eould
select the DME "Hold" position, which would allov him to display DME mileage from one

tion i ivi 2 gui

%ad?;n f\l,Jvrb(I:It?orqe(\:/\?z!l\s“gglerc]:%g(llgaélr? narﬁ gxr-sngﬂg[llgv%%g ifIrI(l)Jrrnnir?etsée% rc])(\j/eStt te!o(?epress?éedn htoqg
seiector. For example, if the No. 2 navigation receiver was tuned to the Spokane
VORTAC with the No. 2 LME selector in use, DME mileage would be displaved from :he
Spokane vORTAC, It"the pilot then selected the "DME Hold," the DME information would
continue to come from the Spokane VORTAC, regardless of the seleeted frequency in the
So. 2 navigation receiver. The pilot would have to select the "DME NAV 1" or "DME NAV
2" position to get DME informatior? from the stations tuned in each receiver, When the
"Hold" position was selected, the pilot had no indicatio~ displayed on the instrument panel
of the source of the BME information; he was required to remember the navigstion ail
used for the DME readout. Neither ti:e FAA nor Collins Avionics required that & readout
of the "Holg" {previously selected) frequency ne displayed in the cockpit.

A Collins Avionies spokesman stated that the TCR-451 DME Mode Selector
was designed to meet FAA criterie. However, there is no requirement in FA A Technical
Standard Orders for human faetors Or human engineering tests of approved eguipment.
Collins Avionics employs iwe human performance special.its who, in addition to other
duties, look at equipment for human engineering criterie. The spokesman stated that
Collins studies eacii piece of avionics equipment for log: ., -eadability, flvetility, cockpit
placement: and practicsl pilot irterface. The company reportedly he! received no
complaints iram users on inadequacies or confusing aspects of the TCR-451 DYE Mode
Selector.

Cockpit Noise Lev ;.--The Safety Board investigators supervised the
measurement ¢f the cockpit noise lewels in a Cascade Airways, Inc., Reech 98 using
General Radio Precision Sound Level Meter and Analyzer. The measurements were taken
a a point just to the right of the captain's head. A power setting of '35 percent
reyolutions per minute {rpmj} and 1,100 pounds of torque were used during the
megasurements.

The ec2kpit noise level was measured at '37 decibels ¢B{A} 5/ which equates to
a speech interference level {SIL} 6/ of 85.5 dB. The dB{A) and SIL valves measured in the
599A fail with the range wherelace-to-face communications are difficult, and e voice
range between shouting and maximum wvoecal effort, are required. Beech Aireraft
Corporation stated that the cockpit "inflight” SIL of 85.5 compared favorabiy with Reech
data, and the "Speech communications should not b2 a problem at two feet.” Reech date
also indicated e noise levei of '34.1 dB{A} a? power settings used during en epproach. This
23{A} levei requires the same voice range ss 7 dB{A).

3/ Quantative noise level measurement. . . , _
5/ The sound pressure level the speech signal at the listener's ea? must be for € wiven

ncise condition to be heard reliably.
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Figure 3.~-Beech 3%A instruinent panel.
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1.18 Uselut or Effective Investization Technigues
None

Z. ANALYSIS
2.1 The Aireraft

The sirereft was_certificated, eguipped, and maintaired in accordance with
regulstions and approved procedures. There was ne evidenee of & feilure of the aireraft's
fiight controls, systems, structure, or powe“a’ants. Although the Mode C function of the
gltimeter was inoperative, it was not xeqmr*a for the fli grt and it had no effect on the
accuracy of aititude displays in the copkpit., Since the flighterew had flown the aireraft

n four E‘Lghts before the geeident and had made fowr mst*u’zeﬁ eppreoaches without an
apparent altimeter error, including an iLS st Moses Lake, the Safety Board concludes that
the altimetry system on Flight 28; functioned properly.

b + o

2.2 The Flighicrew

The *’hm.‘cvew was certificated properly and was qualified Jor the {light,
"193 hag hed ibe off-duty time required by reguiziiaa. The flighterew had recelved the
und and fiight Eraining reguired by reguiation. In addition, they had undergone the
-"or::pany azz‘po‘- qualification prograrmy which included & review of the instrument
apsmac‘“ avoee ures at Spokane International Airpori. The program ineluded a review of
he loceiizer 3 procedure.

4 U(g w-]
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2.3 Operation of the DME

8 ding gear down and the fleps in
ne ‘:snd:’n;' o‘weckhq* had been completed. Cascade
t be geeomplished at the final approach fix,
OLAKE intersection was also the point after which
! 300 feet, to the minimum deseent altitude of 2,760 feet.
Based on these Jacts, the Safely Boeard conciudes ti st the flighterew descended to MDA

at some point before OLAKYE intorseciion beeause of the incorrect identification of
LAKRE intepsection., The incorrect (dentificstion of OLAKE intersection could have
resuited from eny one of three errers made by the flighicrew:

{1} Boir navi f:nt on radicos co:_e‘a-d heve been tuned to the localizer
39.8} tut retained the Spokane VORTAC DME milesage
dispiev tnrough the selection of the “"Hoid” button. Thz No. 2
seleetor mev have been selected just before impact when the error
was noteld nutl before corrective action was teken.

{2y The Nc.2 navigstior ra d‘o could have been on the &pokane
YORTAC dar:ng the entire approach with the No. 2 NAV selected,
The first officer eouid have nee". using the No, 1 NAV reeceiver for

icealizer guidance untii just before impact when the frequency on

the Neo. 2 navigation receiver was neted and retunsd o the
loealizer frequeney.

{3} The fii ghterem eould have misinterpreted the approech chart end
descended using the Spokane &ﬁRT mileage. The navication
racdios could have been retuned prope rEx ,\;hen the error was noted
fust before impact,



The Ssafety Board was not able to determinsg precisely which event was the
primary reason for improper use of the he incorrect identifieztion of CLAKE
inlersection. Esach error would have been influenced equally oy cockpit workicads and
ave ;Eaceé the aireraft in the identical poysiecal

dis tr&c?mns. and each error would h 1 L

lcecation just be*‘o*‘e impset, Howse ve?, the use of the Spokane VORTAC frecuency in the
¥o. 2 navigation receiver and the mis i nlerpre a‘i!ozﬂ of the approach chart were less likely
to rave cecurred for several reasons. Boin navigslion radios were tunaed to the loeslizer
frequency at impact. This would et have besn possible if the Spokane VORTAC was

being used for DME information unl

! 2 navigation radio to the local frequency. ¥ this did ocecur, either because the
Spokane '-\,'GR”‘ AC was used mistaker. L because the approach ehart was misiniarpretag,
t is not likely tna.. the flighterew would heve noted the error and retuned the navigation

a¢iois), and vel remainad below MDA without making any stiempt to olimb
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ave
ess the fiighicraw discovered the errcr ang refuned
n £
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The ineccrreet use of the Spokane VOR —’&C in the No. 2 navigation receiver
end ithe misinterpretation of the approseh ch&rz cannot t}e compietely discounted,

However, the Safety Beard believes that the incorrect use of the DME mode seiector and
thz "He;c’ fynetion, and thereby the use of the wrong DMFE, is a more plausiblie analysis of
the zoeident sequence.

The {lizhterew enticipated &0 instrument me“oach to runway 21 when thev
first contzcted Spokane Approach Conirol. In asecor Ga nce with company procedures the
No. I navigation receiver would have been tuned to the IS 21 frecguency and the No. 2
receiver would have besen tuned to the Spokane E’OR'{‘Ap. fter the f’;igh{erew was

formed of ihe runway and approach change, the MNo. 1 receiver would have heen tuned to
152.¢ for the localizer 3 approach procedure. The second receiver pre. )aoy would have
remaings o0 the Spokane VORTAC for orientation 1o the airport an” *he approach coursa.

A

The Spokane VORTAC weas the only navic'atmﬂ gio available to the flighterew since the
> w light 20! was vectored onto the localizer course,

¢ rlignt 2491 belwesn 1118148 ang 1124:72 was in
& , novzh 'f‘qig‘r.‘{ 201 was uitimatsiv placed on the
ioesil 4 fﬂet. The flighterew had ampie opportunity to review the
HeTer-08: z ¢ ﬁur:?g the vecters, githough they were not zhie o identifv the
lopeeiizer freility because it wes 0t 0D erat;anal until gboeut 1134:12.  Under these
gireumstances it would have been :'easona‘a‘:e for *‘”e ceptein to select the "H Ed" sosition
on the UMT mode se iec or a;te* the flight received a veotor of 2807 at 1123225 si inoe the
airoraft was within 2 miles of the localizer ccurse and was on an intercepnt vaector 1o that
eourse. The No. 2 na mga ion receiver could have been tuned 1o ihe Zaoaéi'aer' '-mfi ihe
mirerglt’s distance positien from the VORTAQ and the girport would still

.

zined through the Spokane VORTAC DME information displaved in the ¢
csnfigﬂatéeﬁ aisc wowd have recuced the wor:«“om once the localizer was activaied by

Spokane ATC fseility because the fii gmc w would hsve b 1 to selec: the DME
oF No. 2 position on the mode selector to receive ihe o ocper DVME information.

h
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The Safety Board believas thal {wo kev events probably caused the flighterew
to omit selocting DME NAV 1 op ¢ 1o begin the premaliu-u descent below the minimum
withorized altituges. ’T e first oceurr ed &t 1124:1Z when Fl:ght 201 weas at 4,000 feet and

was jess tnan a mile from the localizer course centerline. The centroller traensmitted
"Caseade 201, 1oca;zze should be up, € w7 from QLAKE, cieared for the
gporoachl” Four seconds after the coniroller st ied (e transmission, the crew
responded, "There it is, we're ecleared for the s~ o 2817 At that point the
flighterew's attention weas probabiv on the movemen -f > locslizer incdicater &nd the
aooproach olegrance. Tne aciual position of the sireraft gx given by the coniroller —-



iles from OLAKE intersection -- ecuid net h
e*be*wzse they would not have deseended oelo:
-nﬁe“wﬂtzon, which would require a z’iylng time of &
conciudes instead that the flighterew siigned ihe
began an immediate descent onee ihe aporoech
mistakenly believed they were almost gt OLAHFE in
miles short of i,

The secend key event whieh the
operation of the DME was the Eandinb ge the
approach ciegrance was received, TOT Y 70z
was 1o descend irom 4,000 to 3,500 *‘e t. the
descent, the captain showld have put the ion
end identified the localizer frequency. Howes tes
sefore the e*'as?*. & buzzer scunded in ' xg=
described the light es co*‘nng I*‘O”‘z ehe ar rear
hendle contains a red light whieh lluminates an frim s T g of
a buzzer if the landing gear is not extend whan the b s are reduced Lalow
79 pereent of the eﬂgme aaeed The survi ' ' s Slowed
b¥ two eveles of the land ing gear. It it are
aciuaily the gear lowering into pisce, which sand
the flaps lowering into place. The distracti Fear
warning devices would have ocrurred &t P the
navigation radios and the DME mode selec ted
ir front of the captszin, he preobablv low @ 28

probebly temporarily diverted fo the Aa;.d..; - gear and he landrg sherdiist and away from
the BME mode selector and the navigationsg!

With the landing ge&z’ down &nd
cockpit wouid have appesred te be configurad
normelly have been tuned to the localizer fre:
the centerline of the localizer. However, ti
selecior was in the "Hold" position end th
the Spokane VORTAC. The ﬁaghtc?‘ew W
DME mileage sinee the use of the o
cispiav. As e resuit, shortly sfter the g
have read 4.2, which apparently ind
CLAKE Intersection and {urther descent

d

This =equence of evenis is QEHUS?D‘.
the DAIE eould have occurred. The en
since the aireraft would have moved S
point from the VORTAC in 534 seconds ¢r jess. A

W ; i5 that the only indication avaliaghle
arrived at OLAKE intersection was =z 4.2 DME ¢
the localizer frequency, the 4.2 DME indieation

I . with the mode selector in the "Hold
the éescen% from 3,500 feet was staried,
tention outside the cockpit and probahiv
eiector. Sinece the first officer
¢ initielly with establisting Ef“;

r, he would have been c¢oncen

of the radios to the capiain
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A pilsusible explanation, end one which would explein why the DME mode
seleetocr was found in the No. 2 position after the accident, is that as Fligitt 231 neared
he DME point where a missed approach would be reguired, the eaptain realized that he
should have the approach iights in sight. He would have rechecked the DME mileage
display, if only to determine the point where the missed approash was to commence, In
cheeking the DME displav, he could have discovered the improper position of ?he "Hold"”
button, and then selected the No. 2 button. The same logic co:udd be applied to the use of
the VORTAC frequency in the No. 2 receiver. However, the ceptain could have seiected
the No. 1 button on the DME mode selector and then retuned the No. 2 navigaticn radio to
the localizer frequency. If this had occurred, it is unlikely that the first officer would
have continued to fly the aircraftbelow MDA without starting e climb. ‘since the aircraft
was traveling 0.2 mile each 6 seconds and was near the hill whern such an error was noted,
there was tog¢ iittle time for cocrective measures to be made before the impaet., The
impaet marks On the aircraft and the observations of the survivors indicate that no
attempt was made by the flightcrew to elimb in the seconds before impaet. However,
even tiSseries nf events also does not justify 2 descent below DA of 114 feet.

The events of the accident established that E premature descent to IiDA was
made by the flightcrew. Therefore, the Safety Board attempied 1o detlermine whv a
well-trained, professional flightcrew would fai: te utilize 5 criticsl piees of squipment,

When Flight 261 arrived in the Spokane area, several events occurred that
increased the flightcrew’s workload, or eould have distracted them curing required cockpit
Drocedures. The change of runways end the new instrument appreach procedure would
have resulted in a new approach chart review and briefing. Although the ccekpit workload
was increased, there was ample time to complete the approach chart femiliarization,
During the ATC vectors, Flight 201 was given turns for spaeing, which irciuded vectcrs

across the finel approach course and then away from the course. 1t is possible these
vectors ied the flighterew to believe that the sireraft was 100 cicse to the i anoproach

the flighterew to accept the DME mileage from the Spokane VORTAC &s the mileage
from the localizer DME transmitter. Testimony ‘rom other pilots who have made similar
errors illustrates that they faited to realize their situation even when guestioned by ATC.
Perceptions are farmed by sensory inputs, pas: experiences: xnd expectations, or probsabie
occurrences. These processes form the basis for decision-making. Assceiated with
expectations is familiarity with the environment, and the flightcrew of Fiight 2631 was
familiar with the Spokane environment. The fact that, after the iznding checklist was
completed, the eockpit appeared to be configured properl;; may well have reinforced the
pilots’ expectations regarding their position or! the approach.

Finally, since the localizer frequency was not activated until the aircraft was
neariy on the localizer course, a situation was creeted that required the flightcrew to
navigate on the course before the navigation aid was identified. The normal procedure
was to tune and identify the localizer frequency and then intercept the localizer course.
Flight 201 was on the course when the localizer was activated. in a short period of time,
the fiightcrew had to establish ?he aircraft on the course centerline, identify the locsalizer
facility, and begin a descent to the find approach altitude. During this time, the
flighterew failed 10 jdentify the proper DME faeility, which resulted in the incorrect DME
frequency no: being discovered. The Safety Roard believes that this accident, ss wd as
similar incidents involving other pilots, could have Seen avoided if the loccalizer had been
identified properly before the approach procedure was commenced.

Despite the premature descen: to MDA, Fiight 2Fl would have cleared the
terrain if that altitude had been maintained. However, the elevation of the peoint of
impact was 2,546 fee?, 114 feet below MDA. The Safety Board examined several
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possibilities which eculd expiain Why the aircraft was below MDA, but could not
determine the reascn With eeriainty. 1t is possible the first officer allowed the aircraft to
descend below, MDA as € result Of poor pilpting, technigue. .1t is also possjble that the
;8R3crew had acquired IS A P Yo E8Rtact and decided XS SRS ER RS PR
¢ mequire visual confset with the approach light system which they believed to be

directly ahesd. Finelly, the descent could heve been intentional when the aircraft had
reached the 3.8 DME point from th s;:lok%zne VORTAC whi}%:h ?he fii%ht rew rplax have
erroneously believed was the visual descent point shown on the approach chart. ever,

even e the visual descert point, descent was authorized only if the runway environment

was in sight. There is no factual basis to support any of these reasons for descent below
MDA. However, descent below MDA under the conditions existing for Flight 201 wes

2.4 Coekpit » oiee/Flight Date Recorders

As in other cases involving commuter aircraft, ¢he Safety Board's analysis of
the sceident was hindered by the lack of a cockpit voice recorder {CVR) on the aircraft.
On Aprit 13, 187§, the Safetrv Board issued szfety recommendations A-78-37 through -29,
which eaiied for the development of CVRs and flight date recorders {EDR} on complex
general aviziion aireraft. These recommendat:ons were reiterated in the Safety Boards
speeial study on commuter eirline safer? on July 22, 1980.7/ The FAA has proposed
ridemsking on this subject, but to date NO requirement has Seen established for CVvRs and
FIDRs sa eomplex multiengine aireraft used by commuter air carriers.

The Safety Beards accident investigation experience with air carrier aircraft
as proven that CVRs and FDRs sre valusble tools in identifying aircraft design
: perational problems. and other subtle human factors influences which can
ribute to an gecident.  In aimast every sccident investigation involving these
rders during the pas? 13 vears, one or both of the recorders provided investigators
elues necessary to oiece together the eircumstances of the accident. The analysis of

ident would have benefitted greatly from E CVR in order to provide information
he zetivities end procedures Of the flighterew. As E result, the Safety Board
in urges the FAA to expedite rulemaking to require recorders on complex general

aviation gireralt in accordance With recommendation A-78-27 through -29.
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2.5 Behavior Factors Affecting Performance

The Safety Boards human performance investigation revealed several events
in the flighterew’s beekground which had concerned each pilot during recent days., These
events were the ecaptsin's “bed” previous day and his expressed concern regarding s
performance report that he had Submitted on a first officer, and the first officer's pianned
trip to see his parents. The first officer had rearranged his work schedule to make the
trip. The Safety Roard was not able to determine if these events would have had a
speetfie influence on the flighterew's capabilities or served as a distraction to cockpit
procecures 0N the day of the eccident. However, for some reason the fiightcrew failed to
comply with ATC instructions when landing at Moses Lake, and they fsiled tc request
clearance o land a? Moses Lake. These events, coupled with the failure of the captain to
sign the dispateh reieese e? Yakime indicates that the flightcrew weas not performing
consistently at € normail level of p_roficien_(;y. The Safety Roard was not sble to define
specificaily the ceuse of the reduction of fiightcrew efficiency.

¥
w's

7/ Special Study: Commuter Airline Safety (NTSB-AAS~806-1), Julv 22, 1980,




oecupation with personai problems or
interfere with pilot performance. In
e précisely such human factors to the
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tne operation and the display of the DME mode
Tre design of the mode selector allows & pilot to
o:’ ‘"e "'rieic nosition. However, when the "Hold"
: the source of the DMFE mileage and hoth
" f:o c;::“:er sta*;u ns.  As a resuit, the pilot is reguired to
which the ﬂzsumce information is derived. Although
Si o'rz;::e': oy an amber light, it is possible the light mayv
i nazl or pilot attention factors. Finally, the mode
r seiectors which is not specificallv labejed with
nis dis ; yed. While the "Hold" feature allows a
seiecting ngatlon freguencies, the added memory
miher tithe, sugh a3 when the cockpit worklead is

*

7o belleves thet the flighterew of Flight 201 was familiar with
the op i2s of the Celiins T R-451 DME "10@e Selector. However, the
presen Tormation when the "Hpid" selection is engaged did * npose an
gdgition ¢ reguirement during a period of incressed cockpit aectivity
withou < ate visual reminder of the source of the mileage. As a result,
the Sz that 2 different mezns of noting the selection of the "Hold"
Sution, sueh s 4 readeut display of the {requency in "Hold,” should be considered by the
FAA for o7 zimllar couinmrent,

]
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Aporoach Chart Depietion

A major concorn o:f“ ihe Safety Board in the field phase of the investigation and
oubii ing was ihe development and testing requirements for approach
procedures and ihe céepéctisn of the Spoksne airport localizer 3 approach chart, After
severgl pliots fndica:ed that each had selected the incorrect navigation aid and had
descended prematurel. during a iocalizer 3 instrument approach, the Safety Board issued
safety *enommend&tm“s A-81-39 through -42 to the FAA on Mareh 30, 1981, The
enaiysis of the localizer 3 chart indicated that a pilot eould misinterpret the procedure
and use the wrong nevigstion facility for DME information. A note or a caution op the
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approach chart eoncerning the proper naviga_lrion faeility was not included, although some
similar instrument procedures did eontain this aid te users.

The Safety Board initiglly suspected that the flightcrew may bhave
misinterpreted ?he instrument procedure, and the testimony of several pilots did reveal an
unsafe condition with the localizer 3 spprosch chart. However, the Safety Bosrd now
concludes that the facts involved with Flight 201 bo not indicate that the flightcrew
misinterpreted the precedure. The most perssuasive fact in support of this sonelusion is
that both navigation radios were tuned to the locelizer frequency. It is possibie that the
Slightarew descended initi ally with the Spokane VORTAC tuned on ore navigation
receiver. However, it is unlikely that the flighicrew would heve noted the error and
retuned the receiver to the loecalizer "‘eque‘.-v and still remained below MDA, If the
Spokane VORTAC had been set mistakenly, an immediate ascent would have Seen started
at least in the time it took to retune the nawgatlon receiver. Additionally, Caseede
Airways procecdures reguired that both navigation receivers be tuned to ?he loealizer
frequency at ?he final epproach fix. Tinslly, the Spokane VORTAC probably would not
intentionallv he used during the loealizer 3 insirument approach procedure as long as the
DME sssceisted with the localizer wes cperations! and the aircraft was established on the
finel approach 2ourse.

vo aspeets Of the investigaticn of the previous incidents involving the
locatizer 3 ::‘;St-"?:.meni: approach procedure end the development requirements for
irgirument o ures are stili of eoneern to the Safety Board. First, none of the pilots
invoived in ?rev?eus incidents submitted reporis 1o the ASRS program. Each pilot
testified thal he thought his mistake was an iscisted instance an3 a result of his own
error. As a result, the oolential safetlv fzazar"" was never brought 1o the attention of the
agencies which eould take corrective getion. The FAn and NASA have demcnsirated tre
canpsbility and willingness to respond n a pesitive manner to the safety deficiencies
reporter: trrough the ASRS8. However, the ;»‘:stem can be effective only if pilots and
cs’;t:o,’;e s of the procedures, hsve access to the reporting forms, and
conseigntioy the forms. The Saf 2ty Peards investigation of the aCC|dent
revegled that o pilots are ci‘!’”{‘? etely unfamiliar with the ASRS despite intensive
elforts by NASA ! licize t3e program. The Safetv Board urges NASA
and particulariy IO eﬂ‘Dhaalze the ASRS program through the various general
aviation pregrams. In addition, ali certificated end commuter air earrier companies
should be urged o review the ASRS program with pilots at scheduled training sessions.
Finelly, aviation crgenizations, such as the aireraft Owners and Pilots Association. are
encouraged to publicize the ASRS program through organizational publications.
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The second concern of the Safety Roerd invoives the laek of attention to
human performance end human engineering standards in the development of instrurent
approach procedures. A review oF the development program for instrument procedures
indicates that the process used by the FAA is adequate to produce a high quality,
technical document. However: our investigation revealed that the requirements regarding
the incorporgtion of human performance standards in spproach charts are not adequate,
no: are the approach charts developed or reviewed by personnel who have training in
human eagineering end performance fields. FAA personnel who develop and review
instrument approach procedures are highly qualified technicians and pilots. The Safety
Board nelieves that these individuals may oveziook procedural shortcomings or ambiguous
chart instructions because of their familiarity with instrument procedures and their
experience. The average pilot may not have the ability to deal with areas of potential
confusion, as in the incidents involving the localizer 3 approach procedure at Spokane
international Airport. As e result, the Safety Board conecludes that the FAA should
incorporate formal human performance and human engineering criteria into instrument
appreach procedure development and review.



http://Cesce..de

2.8 Crashworihiness Survivabilitv

The aecident was techniecally classifist as “not survivabie” for the [lighterew

v n
or the passerngers, despite the fact that two sassengers did surcive. Although the fuselage
remained generally intast, the {allure of the sests and the !:»'«:S'ram'f syetem tiedown chain
and the very digh longitudinal anc downward g-loads csused the total crash sequence 0
excee& the restraint system strength ancd hvmen iolerances 1o g E ords for a seatbelt-ordy

oW e &
strzined geounant.

' ¥ o fmeior whieh resuwited in the injuries and {atslities to the
oceupants was the dewnward foree v that was geners te*"’ at the second impaet with
the ground, The fi T 3 5 3 , vetl gieneing conizet which sheared the landing
gears end damaged the fuselage carge pod, The loss of {lving speed and the resulting
steep Jiighipath angle o : Saateek T ces on: the occcupants upon impact which

Nt ge. The magnitudes of the g-loads were indicated by
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*a. ere probal l} £ ren :

he severe nature and Zegree of injuries 1o the oceupsnis. The downward failure of the
tc-,, wing attaeh i‘&:ting and fraciure of the tsisection further subsiantiate the severity of
ihe vertical g-loads that were fransmitied to the fuselage and the oceecupants.

ne geeident, L 70 passengers
»:-d of the cras by the first
rs bent over nd put their
tened :eeureh: aithough one

were injured - -riously, and

technique was
der’;:};':s::- : . WhD i o3 acang their
sodies T the tvulnerable situstion wero ab woth witl he 9:~fo=:c that were
-E”"I“f‘&i}‘ Dev rimg 2 oF an uner hermore, they
«»e:' »:-’n the failure of

H (3 the bodv in s

The lifesaving potentisl of the brece Sosition has alse been demonstiraied in
other airereft seeidents invesligated Dy the Selety Pourd. 8/ On Octoder 4, 1879, the
Salely Hogrd issuec saloiv recommendations A-T3-T78 through -78, which addressed the
reed to delermine the opticnal brace position Tor verious seat designs. Additionally, the
recommendations urged the FA A to insure that information on the brace position is
inciucded In zir ecarrier (raining and thet the "\-ece position (8 inciuded on passage briefing
ecards and it the prellight briefings. The circumstances of ihis aoeident underscore the
continued Importance ¢f the brace position. Therefore, the ‘-‘-aie‘iy Roard reiterates the
need for the FAA to take posiiy ™ measures on this saf Dtv 5

3/ Awrerafl Sceident Regort-"Atantic City Alrlipes. ine.. Deolavilland DHC-6. Twin
Diter, Ni19140., Cape May County Airport, New Jarsey, December 12, 1978" (NTSB-AAR-
T7-12n Alreraft Aceident Reg:w"‘—”“ockv “ountain Airways, Inc., DeHavilland DHC-§,
Twin Otter, N25R Y, Nesr Steamboat Sorings (c: aredo, Tecember 4, 19787 (NTSR-AAR-~
79-6);  Aireraft Aceident Renort-"New “”w Airweays, Inc.. Sikorsky SBi-L, NBSI&PA,
Newark, New darcey, Aprtl 1%, 18T INTER-AAR-TH-14) and
Alreraft fsC“;!’;’f‘* Repori-"lrownuast  Airlines, Ine,, Pefiaviliand DHC-6-200, N&SDE
Roekiand, Maine, May 30, 19787 INTER-AA 2-20-5).
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BY THE NATIONAL TRZANSPORTATION SAFETY BOARD

/s JAMES B, XING
Chairman
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787 FRANCIR H. McADAMS
Yiember
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. APDENDIZES

APPERDIX 4

INVESTIGATION AND HEARING

A atie:*fa, ransportation Safsety Beard was notified of the acczde 1t about

iz . oo January 0, 1981, end :mmadaten gispelched an i?VGS{Egﬁ» tegm to .ne
srene, Investigative grouds were established for o :>e. ations/witnesses, gir t*azfac con t"oi_.
Teberrringy, numan {aaer:, human ae':fcr::‘a nee, poweralants, and ai-worthiness.

Parties o ne invesligation wer2 the Federal Avistion Administration,
Jaiezde Alrwavs, Ine.. Beech Alrerafl Co*ﬁc*at:on, Frofessional Alr Traffie Centroller
Crganization, Harizell-Propeller Ine., and Pratt & Whitnev Alrereft Growp.

. 2ublie Hearing

A s-dey sublic hesring was held in Smk%"e Wwashington, beginning on April 7,
PERI. Parmlies re;reses‘:e«:f &t the hezring were the Fadersl Aviation aAdministration,
L - Fal

& simwavs, Inc., Professionsl Als Traffie O s.n:ra;lers Organization, end Tearmsters
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AFPPENDIX B
PERSONNEL INFORMATION

Captain David N. Weinberger

Captain Weinberger, 36, was employed by Cascade Airways, Ine., on April 28,
1973. He was upgraded tc Beech 998 captain on March 19, 1976. He held Airline
Transpert Pilot Certificate No. 1736852 with an airplane multiengine land rating and
commercial privileges in sirplane single engine lané¢ with type ratings in the B-707 and
B-720., His first-ciass medical certificate was Issued on September 1, 1980, with no
limitations.

Captain Weinberger was a member of the U. S. Air Force Reserve and he was
gualified as an aircraft commander in the C-141 aireraft. He had accumulated about
11,688 total flight hours of which about 2,943 hours were military flying hours. He bad
flown about 7,000 hours in the Beech 88A, all of whiech was accumulated while employed
by Cascade Airways.

Captain Weinberger had flown 51 hours in the 24 hours before ?he aceicent.
In the last 90 days and 30 days, he had fiown 223.5 hours and $2 hours respectivelv.
During the 24 hours before the accident, he had 9 hours of duty time and 15 hours of crew
rest.

Captain Weinoerger pessed his last proficiency check on September 15, 1880,
and his iast line check on ¥Mareh 11, 1980.

Fierst Officer Paul H. Davis

Mr. Davis, 32, was employed by Cascade Airwevs Inc., as a Beech $94 first
officer on September 11, 1978. He held Airline Transport Certificate No. 17683335 with an
airplane muitiengine land rating and commerecial privileges for airplane single-engine
iznd. He also held a flight instructor rating. His first-class medica: certilicate was
issued on Nay 26, 19880, with no Limitation. His medical certificate had reverted to a
second-class certificate once the 6-month period had elapsed However, it remained e
vaiid certificate,

Mr. Davis had accumulated about 8,242 total flight hours, of which gbout
3,102 hours were in the Beech 98A. He had flown 257.0 hours in the preceding 3¢ days,
&nd 85.9 hours in the preceding 30 days. He had flown 5.1 hours in the 24 hours before the
accident. In addition, he had been on duty ¢ hours and had 15 hours crew rest during the
24 hours before the accident.

Mr. Davis passed his last proficiency check on September 11, 1880,
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APPENDIX C

AIRCRAPT INFORMATION

The aircraft was issued a standard airworthiness certificate on April 24, 18685,
it was msaintained under a continuous maintenance program which scheduled inspections
each 110 hours. The aircraft had a total of 23,322.4 airframe hours.

N380CA was equipped with two Pratt & Whitney Aircraft of Canada, Ltd.,
PTEA-27 turbopropeller engines and two Hartzell Model No. HC-B3TN-3 prepellers,
information pertaining to the powerplants and sropeilers is as follows:

Left Engine Right Engine

Left Propellez  Right Prooeller

Serial No. PCE~-4033¢ PCE-40214
Total Time 17,757.2 hr 18,877.4 hr
TSO 4,657 hr 5,946.1 hr
Date of

Installstion 3-5-79 8-26-79

EU-1911 BU-2584

UNK UN¥

2,159.4 tr 3,416.8 nir
7-21-80 8-29-79

BTG, IOWETRNMENT BRINTING DFEIOL o Wirl =T lewl:
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