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Adopted: May 3, 1979

RCCKY MOUNTAIN AIRWAYS, INC.
DeHAVILLAND DHC-6 TWIN OTTER, N235RM
NEAR STEAMBOAT SPRINGS, COLORADO
DECEMBER 4, 1978

SYNOPSIS

About 1945 m.s.t. on December 4, 1978, a Rocky Mountain Airways,
Inc,, DHC-6 Twin Otter, operating as Flight 217, crashed on a mountain
about 8 nml east-northeast of Steamboat Springs, Colorado. The I{light
had departed Steamboat Springs about 1855 on a scheduied flight to
Denver, Colorado, but was returning to Steamboat Springs after encountering
severe icing conditions. The flight crashed into a mountain at the
10,530-ft level. Of the 22 persons aboard, 2 died of injuries received
in the crash. The aircraft was destroved.

According to official observations, the weather at Steamboat
Springs about 25 min before the accident consisted ¢f an estimated
2,000~ft overcast ceiling and 6-mi visibility in freezing rain.
Acc-rding to surviving passengers, after the accident, snow was falling
at the crash site and a strong wind was blowing and gusting from the
west.

The National Transportation Cafety Board determines that the
probable cause of this accident was sever. icing and strong downdvatts
associated with a mountain wave which combined to exceed the aircraft's
capability to maintain flight. Contributiag to the accident was the
captain'as decision to fly into probabl> icing conditions that exceeded
the comditions authorized by company 4irective.
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1. FACTUAL INFORMATION

1.1 History of the Flight

On December 4, 1978, Rocky Mountain Airways Filght 217, a
DeHavilland DHC--6 Twin Otter (N25RM), operated as a scheduled passenger
flight betweén Rouztt County STOL 1/ Alrport, Steamboat Springs, Colorado,
and Denver, Colorado. Flight 217 was scheduled to depart Steamboat
Springs at 1645 2/ but was delayed because Flight 216, the inhound
flight from Denve~, had been delayed on departure from Denver and en
route by strong headwinds, Flight 216 landed at Steambcat sSprings about
1821. The same aircraft was used for Flight 217, and the same flightcrew
flew Flight 217.

Alr traffic corcrol (ATC) communications recordings disclosed
that, at 1821:42, the ce.tain called Denver Air Route Traffic Control
Center {Denver Center) by telephone and reported Flight 216's arrival at
Steamboat Springs; also he report:d "heavy,® mostly rime, icing in the
Steamboat Springs area between 17,000 ft and 10,000 or 11,000 ft. 3/ The
captain arranged for an instrumrmt flight rules (IFR) flight plan for
Flight 217 from Steamboat Spriugs to the Gill VOR via V.01 airway at
17,000 ft. He planned to cawucel the IFR flight plan at Gill and proceed

in accordance with visual {light rules (VFR) to Denver.

The company dispatcher, who was on duty at Denver the evening
of December 4, stated that the captain called him on tne telephone
shortly after Flight 216 landed at Steamboat Springs. The captain told
the dispatcher that the flight was long (about 2 hours) but was relatively
smuoth with no turbulence. Me had encountered "heavy'" icing during the
descent intc Steamboat Springs, but he teliesved that succeeding flights
could make 1r into Steamboat Springs without difficul:-y. He recommended
that, to avoid icing as much as possible, these flights stay above the
clouds until over Steamboat Springs and then descend.

The first officer stated that the flight from Denver was long--
just under 2 hours--because of high headwinds en route but that the
flight was smooth with no turbulence and with no prob.lems, except: for
the icing encountered during the descent into Steamboat Springs., The
first officer further stated that while on the ground at Steamboat
Springs he and the captaln removed about 3/4 din. of ice from the unpro-
tected frontal surfaces of the aircraft. They used their hands and
broomsticks to remove the ice which was mostly rime ice. They did not
use any deicing fluid.

Short takeoff and landing.
Unless otherwise noted, all times herein are mountain standard, based
on the 24-hour clock.

All altitudes hereln are mean sea leve® unless otherwise noted.
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According to the Rocky Mountain Airways station agent at
Steamboat Springs, Flight 216 radioed about 1815 and asked for the
current weather. The agent stataed that the weather was about 2,000-ft
overcast and 6-mi visibility, and that he gave this information to
Flight 216. After Flight 216 arrived, the agent refueled the aircraft
with 75 gals of jet fuel and refilled the oxygen tanks., Twenty passeagers,
including one infant, boarded the alrcraft. During the boarding and
afterwards, the station agent noticed that some very light precipitation
(soft ice crystals) was falling and that it froze on contact with the
ramp surface. The ceiling and visibility remained about the same,
however, and Flight 217 departed. According to AYC coammunications
recordings, at 1855:57, Flight 217 reported to Denver Center that it had
left Steamboat Springs at 1855 and was climbing to its assigned altltude
of 17,000 ft.

The first officer stated that he was flying the aircraft, that
he flew the published departure procedure and reversed course about
10,000 ft, that the flight crossed the Steamboat Springs nondirectional
radic Seacon (NDB) at 12,000 £t, and that he then intercepted V101
airway eastward. He farther stated that durzing the climb some light
freezing precipitation was encountered, that he could see the mocn and
stars overhead, and that the alrcraft entered a cloud bank about 12,500 1t
over the mountain ridge (Buffalc Pags area) just east of Steamboat Springs.
He continued the ~limb to 13,000 ft, but was unable to climb above
13,000 ft at a normal climb power setting and alrspeed. The captain
attempted to make the aircraft climb farther but he zlso was unsuccessful
in climbing above 13,000 ft. After entering the cloud bank, the fiight
encounter~-¢ precipitation and severe icing conditions, but the aircraflt's
deicing equipment wwas functicaing properly and was removing the ice from
the protected areas, including the propellers and windshield. He said
that tie precipitation at times was like '"slush.”

At 1914:41, Flight 217 reported to Denver Center, '"...we're
geing to have ro return to Steamboat.” The Denver Center controller
replied, "Rocky Mountain 217, whac's your position now?" Tlight 217
replied, ...we're on the ... 340 4/ radial of Kremmling, on the north
side....”

At 1915:03, the Denver Center controller transmitted, "Rocky
Mountain 217, you're cleared to Steamboat tn crulse 17,000." Flight 217's
response was unintelligible, and at 1915:11, the controller said, "Rocky
Mountain 217, proceed direct Steamboat at your discretion and let me
know, wha.'s your altitude now?" Flight 217 replied, "13,000." The
Denver Center controller than transmitted, "Rocky Mountain 217, roger,
change to advisory frecuency 1s approved, report your cancellation or
ground Lime on tnis frequency or through dispatch." No reply was recoried
from Flieht 217.

4/ The recording was not clear—the radial could havz been the 350° radial.
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At 1917:19, the Denver Center controller called the station agent
at Steamboat Springs on the telephone and told him that Flight 217 was
returning to Steamboat Springs, According to the agent, about 5 minutes
later Flignt 217 radioced him that it was returning Lecause of “heavy"
icing and recommended that other flights not attempt to fly into Steamboat
Springs.

At 1919:47, the Denver Center controllesr asked, '"Rocky Mountain 217,
you still on frequency?" Flight 217 replied, "Yas, still here.” The control-
ler made two vther transmissions to Flight 217 but received unintelligible
replies, At 1939:54, Flight 217 transmitted, "...want you to be aware
that we're having a little problem here maintaining altitude and proceeding
direct Steambozt beacon." The Denver Center controller said, "Roger,
what's your position now sir?" At 1940:14, Flight 217 replied, "...we're
on Victor 101 crossing the 335 of Kremmling.' The controlles then
asked, "Rocky Mourtain 217, Okay sir, can I give you any assilstance?"

Flight 217 replied, "Not now."

At 1944:34, the Denvec¢ Center controller received a radio
transmission that he believed was from Flight 217. The controller
replied four times to the transmission but received no response.

The aircraft's right wingtip struck a portion of a high-
voltage, electrical transmission line tower, causing a short clrcuit and
power interruption, which was recorded by the powerline authority as
having occurred about 1945. The aircraft came to rest about 50 ft from
another tower which is located at latitude 40°32'12"N and longitude
106°39'50"W. The elevation was 10,530 ft. The accident occurred at
night.

According to the first officer, when Flight 217 crossed the
355° radial of the Kremmling VOR, the captain bagan a 180° turm to
return to Steamboat Springs. Shortly thereafter, the aircraft entered
severe icing conditions for about 12 sec, and the captain was unable to
keep the alrcraft at 13,000 ft with maximum climb power applied. He
" lowered first 5° and then 10° of flaps to arrest the descent, but the
aircraft descended to 11,600 ft, The first officer sald that the pre-
stall buffet was occasionally encountered if the airspeed decreased to
about 85 kns. They were able to maintain 11,600 ft with 10° of flaps
extended and with the indicated airspeed between 90 and 100 kns, While
at 11,600 ft, the captain remarked that they were at minimum ohastruction
clearance aititude (MOCA) 5/ and that they '"had it made." The fixrst
officer said that the engines were running well and that the ica was
shedding from the propellers and from the wing deicer boots. On the
unheated portions of the windshield, the ice was about 1 1/2 to 2 ins.
tuick.

5/ The lowest published altitude in effect berween radio fixes on VOR air-
ways, off-alrway routes, or route segments which meets obstacle clearance
requirements for the entire route segment and which assures acceptable
navigation signal coverage only within 22 mi of a VOR.
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The first officer stated that during the return flight to
Steamboat Springs, the captain was navigating by reference to the Hayden
VOR, the frequency set in the No. 1 VOR receiver., The first officer was
using the No. 2 VOR receiver, and the Kremmling VOR, to obtain cross
fixes to determine the aircraft’s progress along V10l airway, because
the distance measuring equipment (DME) was inoperative. Also, the
automatic direction finder (ADF) was tuned to the Steamboat Springe NDB.
Shortly after crossing the 335° radial of the Kremmling VOR, the captain
flew directly toward the Steamboat Springs NDB. The {irst otfficer said
that they had no problems with the reception of signals from these
navigational aids.

The first officer said that shortly before the crash, the
aircraft encountered another area of saevere icing and began to descend
in a climb attitude at 800 to 1,000 fpm with maximum climb power on the
engines, 10° of flaps extended, and the indicated airspeed betweer 90
and 100 kns. He saw the ground about 1 1/2 sec before impact, pushed
the proveller levers full forward, selected full flaps, and advised the
captain to -urm the aircraft to tine right. He saw a bright blue flash
to his right just before the aircraft struck the ground.

There were no witnesses to the accident, However, a Colorado
State Highway employee, whu was traveling south on Highway No. 14 near
mile post 11 Y/ between 1900 and 1915, saw an aircraft's red and green
position lights to his right. The aircraft came out of clouds and
appeared lower than normal., The aircraft flew west or northwest. At
that time, there were scattered snow flurries in the area and strong
winds were blowing from the west. He sald the clouds did not completely
obscure the sky because he could occasionally see the moon.

Many of the passengers stated that a very light mist was
falling when they boarded the aircraft at Steamhoat Springs. During the
flight, they heard ice hitting the fuselage many times, but the flight
was smocoth with little turbulence. One passenger who was seated on the
right side of the aircraft saw lights on the ground about 3 to 4 min
before the crash. None of the surviving passengers was aware that the
flight was returning to Steamboat Springs and none of them was warned of
th. impending crash.

1.2 njuries to Persons

Injuries Crew Passengers

Fatal 1 1 0
Serious 1 13 0
Minor/None 0 6 0

Mile post 11 1is located 11 miles north of the intersection of Highwayvs 14
and 40. As measured on an aerial chart, it 1is about 12 nmi east of the
accldent site.




Domage to Aircraft

The aircraft was destroyed.

1.4 Other Damage

A powerlinme transmission tower was damaged slightly, and
several trees were damaged or destroyed.

1.5 Persconnel Taformation

The captain and first officer on Flight 217 were qualified and
certificated for the flight and had received the training required by
regulation. (See Appendix B.)

The captain and first officer reported for duty in Denver
about 1230 on December 4, 1978. They were scheduled to fly Flight 212
tv Steamboat Springs with an intermediate stup at Granby County, Colorado.
Flight 212 departed Denver about 1422 but was unable to climb above the
mountalns west of Denver because of adverse winds. Flight 212 returned
to Denver. Tue aircraft was refueled, and about 1626 the flightcrew
departed as Flight 216 nonstop to Steamboat Springs. Flight 216 arrived
in Steamboat Springs about 1821.

The captain had been off duty for 2 days before reporting for
duty on December 4. The first officer flew Flights 512 and 513 on
December 3, 1978. He completed duty about 2000 on December 3. The
captain was scheduled to fly Flight 512 f£rom Denver on December 5, 1978.

1.6 Alrcraft Informaticn

N25RM was owmed and operated by Rocky Mountailn Airways, Inc.
I+ was certificated and maintained in accordance with current regulations.
(See Appendix C.) N25RM was equipped with two VOR receiveirs, one ADF
receoiver, "ME, and two VHF transceivers. The ADF receiver was equipped
with two frequencv selector heads, but could receive and display navigational
information from only oae low/medlium frequency radio beacon at a time.
fhe DME had been removed for repair., Both radio magnetic indicators (RMI)
were placardad, "ADF needle on RMI sticks.™

N25RM was equipped with wing and horizontal stabilizer leading
edge pneumatically-operated deicer »oots, electrically neated propellers,
electricaliy heated windshields, electrically heated pitot tubes, and
engine air intake deflector shields. With intake deflector shields
extcnded, engine power 1s reduced abou: 3 percent. Addiltionally, N25RM
was equipped with modification 6/1933 to display indications of horizontal
stabilize- deicer boot pressurization.

-
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The DHC-6 Twin Otter was certificated in accordance with the
provisions of Civil Air Regulation Part 3 and special Federal Aviation
Regulation (SFAR) 23. Among othber requirements, SFAR 23, Section 34,
required '"tests of the ice protection system to demonstrate thac the
airplane is capable of operating safely in continuous maximum and
intermittent maximum icing conditions as described in FAR 25, Appendix C."

N25RM's maximum authorized takeoff gruss weight was 12,500 1lbs.
Its gross weight on departure from Steamboat S;rings was about 12,017 1bs,
with about 1,200 lbs of fuel aboard, and its center of gravity was
7ithin prescribed limits at 212,57 ins. The aircraft’s weight at the
time vf the accident was about 11,500 lbs.

1.7 Met.eorological Information

At the time of tha accident, north-~central Colorado was under
the influence of a strong pressure gradient between an area of low
pressure centered over southeastern Wyoming and an area ¢f high pressure
centered over northeastern Arizona. The pressure gradient caused strong
northwesterly winds over north-central Colorado.

The surface weather observations at the following times and
locations were, in part:

Steamboat Springs

1605 Clouds--ceiling estimated 3,500 ft overcast;
visibility--10 mi; temperature--25°F; wind--
calm; altimeter--29.77 1ins,

192G  Clouds--ceiling estimated 2,000 ft overcast
visibility~-6 mil; weather--freezing rain;

temperature--24°F; wind--calm; altimeter—-
29.65 1ins.

Clouds~-~ceiling estimated 2,500 ft bror:n,
8,000 ft overcast) visibility--10 mi;
temperature~-27°F; dewpoint--24°F; wind--
calm; altimeter—-29,73 ins; remarks-- snow
suowers unknown intensity north, east, wnd
south,

Clouds~-celling estimated 22,000 ft broken;
visibility—-20 mi; temperature !7°F;
wind—-280° at 18 kns, gusts to '8 kns;
altimeter~-29,.46 ins.; remarks--peak wind
290° at 42 kns at 1812.
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The Na.ional Weather Service's (NWS) radiosonde observation,
taken at 1700 at Grand Junction, Colorado, showed a relatively dry,
mixed, surface layer to a fro: :al inversion based about 7,200 ft with a
top at 7,700 ft. Above the inversion, there was a saturated and nearly
isothermal layer of air to about 13,000 ft. BRetween 13,000 ft and
24,000 £t, the temperature lapse rate was nearly standard and the air
dried rapidly with increasing altitude above 13,000 ft. The freezing
level was at the surface. The temperature in the isothermal layer was
about 24°F between 7,700 ft and 11,300 ft. This was the warmes:t tempera-
ture above the inversion.

At 1700, the radiosconde observation at Denver showed a temperature
inversion between 12,400 £t anu 14,300 ft. Above the latter altitude, the
lapse rate was nearly adiabatic. The freezing level was at 11,000 ft.

The highest temperature, 26°F, was at the top of the inversion layer.

The winds aloft observed at the time of the 1700 soundings
were as follows:

Grand Junctien

Height (¥Fr m.s.l.) Direction (°True)

6,000 025
7,000 150
8,000 195
9,000 240
10, 500 255
12,000 280
13,000 295
14,000 200
16,000 300
19, 000 300

6,000
7,000
8,000
9,000
10, 000
12,000
14,000
16,000
18,000
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The NWS received the following pilot reports (PIREPS)Y which
were pertinent to the accideut,

1750 Over Eagle, Colorado, at 13,000 ft, DHC~6
Twin Otter; remarks--1 in. rime fice during
descent into Eagle.

1827 Qver Steamboat Springs at 15,200 to 12,000
ft, DHC~6 Twin Ottex; remarks—-moderate rime
icing.

The N#S issued the followlng SIGMET's anr AIRMET's, valid for
the locationa and times indicaliad:

STGMET Charlie 2: Tssued 1425, vaidd 1425 to 1325--Flight
precautions over south central and southern mountains
of Wycming and eastern mountains of Colorado; frequent
moderate to occasionally {severe) turbulence below
22 0C0 ft with strong up- and downdrafte along the
eastern slopes. Conditions contiruing bevond 1825.

SIGMET Charlie 1: Issued 1825, valid 1825 to 2225--
repeated the precautions of Charlie 2 above.

ATRMET Echo 1: Issued 1430, valid 1430 until further
notice--Flight precautions over und near mountains
of northern and central Wyoming and western Colorado;
occasional moderate turbulence below 22,00C ft with
locally strong up- and downdrafts along zactern
slopes.

AIRMET Brave 1: Issued 1710, valid 1710 to 2310--Flight
precauticns, mountains of Wyoming aind northweztern
quarter of Coloraan freguently obscured ahove 8,000
to 10,000 ft, lecally above 6,000 to 8,000 ft with
valley ceilings below 1,000 ft and visibilities below
3 mi in sncw showers, with occaslonal moderate nmixed
icing in clouds and in precipitation abeve the freezing
lewel, Conditions spreading slowly southward and
continuing beyond 2310.

The forecast winds aloft for Grand Junction and Denver, lssued
by the NWS at 1041 on December 4 and valid between 1100 and 2000, were
as follows:

Grand Junction

Altitr.de (ft m.s.1l.) nirection (*rue)  Spead (ins)

9, 000 260 22
12, 000 290 43
18, 000 300 54
24,900 310 70




3, 0G0 290 33
12,000 300 51
18, 000 310 64,
24,000 310 85

According to an airline captain, who had departzd Tenver about
2000 in a Convair 580 and had arrived fu Hayden, Coulorado, about 2100,
he encountered headwinds of about 100 kns at 20,000 ft. During the
descent into Hayden, he encountered lighi to moderate rime icing at
19,600 ft and somewhere between 14,000 and 12,000 ft he encountered
heavy rime icing which continued until he descended below the clouds at
10,500 ft.

'The pilot of a Piper Navajo reported that about 1930, while en
route from Rawlings, Wyomirg, to Denver at 10,000 ftr, he encountered
winds of 80 to 90 kng from the rorthwest, He did not encounter any
icing although the aircraft was occasionally in clouds. The flight
conditions were mustly smooth bpur with periodic wmodervate chop.

Another pilot in a Cessna 4708, who had departed Denver about
1330 for Grand Junction via the V8 airway, entered an area oi strong
downdrafts west of Denver and east of the Continental Divide. Ha circled
back to Denver, climbed te 17,000 ft, and contirued west toward frand
Junciion. About 39 nmil east of Kremmling, he encounterc i rime icing and
accumulated about 2 ins. on the alrcraft. He was unable to maintairn
altitude after passing Kremmling and descended to 14,000 ft. He estimated
that tlwe winds were from the west at 80 tc 90 kns,

The pilot of a Convair 440 en route from Salt Lake City, Utah,
to Denver deviated uorth of course te Steambost Springs to help find the
cmergency locator transmitiexr {(ELT) of Flight 217. From 19,.00 £t he
could see rhe lights of Steamboat Springs, aand he saw a cloud bank that
extended ncrth fvom Rabbit Ears Pass along the ridge line toward Buffalo
Paga and bevond, He eatimated the winds at 19,000 ft to have been about
55 kns from 130°.

1.8 Alds to Navigation

The Routt County STOL Airport is equipped with a 100-watt NDB
which operates on 245 kHz. The beacon is owned and operated by Rocky
Mountain Airways. At the time of the accildent, the only published and
operational IFR approach into the airport required the use of this
beacon. (See Appendix D.)

The Hayden VOR/DME operates on 115.4 MHz and is one of the
navigational aids which form V10l airway. The Kater Intersection on
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V101 is fcrmed by the intersection of the 076° radial of the Hayder VOR
and the 355° radial of the Kremmling VOR. The lattz:r VOR operates cn
1.3.8 MHz., The Kater Intersection 1s located 44 mi east of the Havien
VOR, 31.5 nil ncrth of the Kremling VOR, and about 24 mi east of the
Routt County STOL Airpo-:. (See Appendix F.) The minimum en route
altitude (MEA) on VIOl from 10 mi east of the Bayden VOR to Kater Inter-
section is 13,000 ft. 7The MEA on V10l between Kate~ “ntersection and
Estus Intersection (285° radial of the Gill VOR at 46 mi) is 16,000 ft.
The * \'s are also minimum reception altitudes (MRA) for the nivigational
aid: avolved. There are no published minfmum obstruction clearance
altitudes associzted with these routes.

The Federal Aviation Admindistration (FAA) £1lizht checked the
ahove navigational aids at different cimes within 53 days after the
accident. The pertinent certificated parameters of the aids functioned
within prescribed iimits., Additionally, at the request of the Safety
Board, the FAA conducted special flight checks of these navigational
aids on January 18 and 19, 1979. 7T:e purpose of the special Fflight
checks was to determiie the condition of signal recepiion from the aids
below MEA along V10l airway between Kater Intersection and the accident
gire.

On January 18, beginning at Kafer Intersection at 12,500 ft,
the flight check aircraft was flowa along V10l toward the accildent site
and was descended to 10,500 ft at a point about 6 mi east of the site,
fignal reception during this descent and at 10,500 £t was sstisfactory
from all thvee navigational aids, The flight check aircraft continued
at 10,500 ft until about 1 mi east of the accident site, where it
climted to 11,500 ft about 1 mi west of the accident site. Sigpal
reception from the aids wae catisfactory throughout this maneuver,
except for some static during ADF reception at the beginning of the
maneuver. However, the Steamboat Springs NDB was easily readable and
the ADF bearing indicator deflected 4 2° maximum. Signal reception at
11,500 ft was good on ail three navigational aids,

On Jaruary 19, the flight check began about 4 mi northwest of
Hebron, Colorado, at 1.,500 ft. The ailrcraft was flown in a socuth-
westerly direction along the powerline te check for possible interference
with signal reception. The aircraft was descended to 10,000 ft and flown
to a point about 4 mi northeast of the accildent site. Signal recepiion
from all three navigational ails was setisfactory with ADF bearing
pointer deflections of + 2°. The aircraft them climbed to 11,000 ft
over the accident site. Signal reception remained satisfactory. The
aircraft then climbed to 11,500 ft toward the Steamboat Springs NDB
About 2 mi west of the accident sitc, the ADF bearing pointer deflerted
once *+ 5°. The NDB signal remained loud and clear and passage over the
NDB was clearly indicated.
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The flighbtcheck pilot conclutlzd than the powerlines appavently
had no adverse effect on signal recestiou from the Steamboat Springs
NUB, and all three navigational ailds functiloned satisiactorily throughout
the checks.

Denver Center 1s equipped with radar. However, radar coverage
along V101 airway between Steawboat lpringzs and Kater is limited and
unreliable below about 17,000 ft,

1.9 Comuunications

The Routt County STOL Airport is an uncocatrolled airport.

Rocky Mountain Airways had a direct telephone line betweeo its terminal
and Denver Center and a VHY radio that operated on 129,95 MHz, a ccmpany
frequency. Radio communications with Denver Center could be established
at relatively low altitudes in the Steambcat Springs area because of a
1imited vemote communications outlet (LCRC) collocated with the Hayden
VOR. Communications between Denver Center and Flight 217 were weak and
garbled at times when the flight was proceading west on Vil ailrway from
the Kater Intersection.

1,10 Aerodrome and Ground Fecilities

The Routt County STOL Airport is located 1bout 2 @i northwest
of he town of Steambost Springs. The airport has one nard-surfaced
runwvay, 14-32, which is 3,310 ft long and 75 ft wide. The runway is
equipped with medium intensity ruaway lights. The airport elevation is
6,879 ft.

1.11 Flight Recorders

NZ5EM + .5 not equipped with either a flight data recorder or a
cockpit voice recorder, and neither was required,

1.12 Wreckage Information

NZSRM crashed on the eastern slope of a mountain ridge near
the Euffalo Pass area. The slope 0f the ridge varied from LY to 6°,
The wreckage was located about 150 ft brziow the crest of the widge. The
wreckage was partially burled in snow, some of which had fallen after
the accident. The wreckage path was about 200 f: long and was oriented
on a magnetic heading of about 260°.

The aircraft first struck a portion of & high~voltage, electrical
tranamission line tower, dislodging a portion of the foreflap from the
outboard portion of the xight wing. The foreflap was found near the
bage of the tower. A 10-ft section of the outboard portion of the right
wing was severed and lying about 50 ft from the tower in the alrcraft's
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direction of flight. About 20 ft fartheir, a 5~f¢ section of the wing
was f{ound with a lerge dent (about 18 in, deep) in its forward edge.

The dent was about 12 ins 1in diameter. The balance of che right wing,
the right engine nacelle and engine, and the right propeller were
located about 15 ft farther along the flightpath. The fuselage and left
wing were ahout 270 ft from the base of the tewer., The left wing had
separated from the fuselage; it was Inverted and at a right angle to the
fuselage with 1its tip adi.cent to the fuselage. The left engine unacelle,
engine, and propeller remained with the wing and aiso ware inverted; the
engine had broken loonse from ine nacelle. The . ing tralling edge flaps
were extended to 10°,

The fuselage was nearly intact and was lying on its right
side; it came tc rest near the base of another transmission line tower,
the elevation of which was 10,530 ft. The empennage remained attached
ro the fuselage. The nose or the fuselage from just forward of the
windehield was wmissing. The windshield was shattered and was separated
from its cockpit frame. The cockpit roof on the pilot's side was missing.
When the wings separated, openings were created in the wing fitting
areas of the fuseiuge. The cabin windows remained intact. Tha baggage
pod had separated from its falred attachments on the bnttom of the
fuselage.

There was no ice on the left wing. Spanwise strips of ice
about /2 in. wide and 1/8 in. thick were on the 10-ft section of the
right wing delcing boo*. Spanwise markings on the boot indicated that
more ice may have been dis:i_uged by impact forces.

The left anu right failring areas of the horilzontal stabilizer
deicer boots contained rime {~e. The ice was about 1 1/2 Ins. thick aad
about 6 ins. leng. Theve was about 1/4 in, of ice on the top surface of
the left horlzental stabilizer; it extended aft from the delcer boot to
abovrt m. " horid. There was no ice ovn the elevators or on the visible
portior 7 the top surface of the right horizontal stabilizer,

Ice about 3/8 in. thick had adhered to each side of the wvertical
stabilizer. The idce extended from about 2 in, aft of the leading cdge
to the vortex generators. There was no ice on the rudder.

The left maln landing gear had 1 inu. to 1 1/2 ins, of ice
arounu the brake hub, The tire had ice about 1/2 in. thick around about
1/2 to 1/3 ¢’ the tire circumference.

The forward VHF radio antenna had 1 1/2 ins. of ice protruding
from a portion of its leadinp edge. 1t appeared that some ice mwy have
broken from this piece of i{ce. The JOR antenna had a 1/4-in.-wide strip
of ice along its leading edge.
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The right engine fulet had a 2/8~in.-thick by 2-in.-wide layer
nf ice over th» Jower 1/3 o: the inlet inner duct surface; there was no
ice on the engine intake jice screen, The louvered snow separator
screen on tie lesft engine was covered with ice and was in the retracted
positinn; its opzarating linkage was broken. There was no 1ce in the
left enpgine firnilawne screen or the inlet duct. The pitor tubes were free
of ice.

Theve was no evidence that the engines end propellers were not
capable of normal operation. The right propeller shaft had sheared
torsionally st of the spinner. The left —~ropeller remained atiached to
its engine. All prcpeller blades were free of ice except for a deposit
about 2 ins.-~by 35 ins. by 5/8 in.-tnick near midspan of one blade of the
right propelier,

Various conkpit ewitch pouitions and cockplt instrument readings
were recorded. Pertinent positions and readings were as follows:

Captain's Instruments/Controis

DPMF Indicator--missing, placarded, 'removed
for repair"

Attitude Indicator--60° right bank

Altimeter indication--10,615 f«

Barometric setting~--29.069 ins.

Course Select---253

Horizontal Situation Indicator (HSI) heading indicarion--
260°

Radio Magnetic Indicator (wumf) neading indication~--260°

BFMI Yearing indicat.rs—-both on 245°

Placerd on panel-~"ADF needle on RMI stlcks’

VOR/ADF selector switches-~hoth on ADF

Fuel Gages--~Aft—-370; Firward-325

First Officer's Instruments/Controls

Attitude Indicator--50° right hank
Altimpeter-—~face damaged

Course Select--253

HSI heading indication~-290°

RMI heading indication---26(0°

RMI bearing indicators— both oun 240°
VOR/ADF selector switches--No. l--broken;
No. 2--ADF

Placard on panel-~"ADF needle on RMI
sticks"




Radio Selector Panel

No. 1 Communications Radio (Jeft)--128.5 MH:
No. 1 Communications Radio (right)--124.8% MHz
No. ¢ Comunicaticens Radio~-129.0 MHz

No. 1 Nevigativn Beceiver (VOR)--115.4 MH:z
No. 2 Navigatlon Raceiver {(VOR)--113.8 MHz
ADF (left)--245 kiiz

ADF (right)--~573 kiz

Communications transfer switch--left

aADF function switch--ADF

ADF power gwitch~-On

All airfrane deice distributor valves, including electrical and
pnuematic connections, were Iintact; there was no evidence of fault in
these valves,

NZ25RM's cabin was configured to carry 19 passengers. Four
single-seat unite were positioned along the left side of the cabin, six
double-seat units were positioned along the right side of the cabin,
and three spring~down seats were attached to the rear cabin bulkhead.

Five seats remaincd attached to their moorings in the cabin.
These seats were the two aft seats in the row along the lefr side of the
cabin and the tl.ree seats at:tached to the rear bulkhead. A double-seat unit
w .8 loose in the cuabin, and 12 seats were outside of the aircraft; “hey
had been removed by passengers and rescue personnel.

The seat units exhibited varying amounts of damage-~~-primarily
failvres of floor attachwent pins, buckling of seat legs, and bending of
seat pans. All seatbelts remained intact and attached to thelr wmoorings;
one passenger seatbelt bad been cut.

The captain's seat was attached to the aircraft structure only
by torn sheei mefal which connected the seat pan to floor structure.
The seat was tilved 90° to the left and upward from its no.mal position.
The left cockpit acor was missing. The seatbelt was attached hut 'had
been cut, Tie sear was not equipped with a shoulder harness.

The first officer’'s seat was partially burled in impacted
snow. The visible upper portion of the seat was not damaged and the
syt apparently was secured to the floor, The seatbel: was attached lut
had been cut., The seat was not equipped with a shoulde~ harness.

1.13 Medical and Pathological Information

One of the passengers, a 26-year-old female, died +u the
alrp . .ane about 4 hours after the accident. She had been seated in the
middlie seat of the three seats attached to the rear cabin buikhead. An
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sutopsy disclosed tnat she “led from compression of the spinal cherd
after the flexion of vertebral fractures of the fifth cervical and the
third lumbar. She also hiad a fracrured rib.

The captain died in the hospital about 70 hours after the
accideat. He had sustained tiaumatic €orchead and facial injueries,
brain edema, multiple lacerations of the face and extremities, and
fractured ribs. An autopsy entablished that he died from multiple
traumatic ifujuriles,

The 13 seriously injured passengers sustained a variety of
injuries. Seven passengers had fractured spimal columns., Twco passengers
had concussions. Four passengers had fractured ons or more of their
limbs, and five passengers had severe facial or scalv lacerations., One
passenger had fractured ribs., Several of the passengers had one or more
of the above injuries.

The first officer had severe frostbite of rhe left hand,
moderate frostbite of both feet, bruises of the upper extremities,
internal biulseg, and minor cuts,

The six passengers whe sustained minor injurias, including an
8-month old infant, had wminor lacerations, bruises, abrasioas, contusions,
and sprains.

Toxicological examinations were not per-ormed,

There was no fire.

1.15 Survival Aspects

Pagsengers reported that, although the flight was quite umooth,
the "fasten seatbelt" gign remained 1lluminated throughout the flight.
The cabin lights were on before the craszh, snd they remained illuminated
for 4 to % hours after the crash. Most of the passengers recalled onlvy
one impact assoclated with the crash; however, several recazlled a minor
jelt to the right wing just before the main i{mpact.

{ne of the slighily injured passengers was a 20-year-old male
with extensive winter survival training. After the crash, he and one of
the female passengers cpened the aft cabin door. Then he and another
slightly injuved male passenger opened the bagpage compartment, obtained
warm clothin,. and distributed the clothing ro the other passengers.
They alsoc remvved some of the seats from the cabin to make it more
comfortable. They lined the pagzage compartment with empty luggage bags
and moved four passengers, two of whom were seriously injuved and two of




whom were kicking and moving uncontroliabiy, and the captailn into the
baggage compartment. Passengers with lesser Inturles took care of these
passengers.

The 2-year-cld passenger then attempted to dig the first
officer out of the snow that had entered the cockpit and that had trapped
the first officer 1m his seat. H2 was not succzssful because of exposure
to wind and blowlng snow and the compacted -pow surrounding the first
officer. He ancd snother passenger built a shelter of empty baggage
containexrs arourd the first officer in an effort to keep him warmn.

The alrcraft was equipped with an ELT. Also, the first officer
carried a portable ELT in his flight kit. At least one of these ELT's
activatad during the crash and iis signal was received by a nuzber of
aircraft flying «n the area, includiag a U.S. Air Force Reserve ¢-130
aircraft. The C-1.), which was not cquippec with any special direction-
finding equipment, fixed the locatiorn of the ELT about 12 mi east-
northeast of the actual crash site.

The Routt County Shezriff’'s Office in Steamboat Springs was
notified of the missing airpla-.. abeut 2025. Emergency rescue teams
were immediately formed and uispatched to the vicinity of Walden, Colorado.
The search and rescue teams used Sno-Cats and snowmobiles in the search,

One of the Sno--Cat operators used a poirtable ELT receiver/direction
finder to track N25RM's ELT signal to the wreckage. He arrived at the
crash site about 0600 on December 5, 1978,

About 0745, an emergercy medica. 'eam arrived and administered
treatment. lvacuation of the survivors frum the c¢rash site was compl eted
about 1130. The survivors were taken tc hospitals in Kremmling and
St eamboat Springs. Foor weathew, including falling and Llowing snow,
strong winde, and subfreezlpg temperatur=s, existed throughout the
scarch and rescae.

About 50 persons, including 6 crgaenized search aud rescue
tears, participated in the search. Thev used six Sno-Cats, five ambulances,
and an unknown rumber of snowmobiles and 4-wheei drive vehlcles.

The accident wa- survivable because the cccupilable space In
the cabin remained compiratively intact aid the impact forces, although
variable, were just at or below the failure limits of the occupant
restralit system. The impact forces were relatively low, because the
aircratt's groundsper was low (probably about 40 kns} and the fuselage
did not strike any rugid objects. Addltlonally, the cabin lights and
bagpage compartment lights remained illunminated for a considerable
length of time after the crash, which permitted survivors to perform
actiong that may have been impossitle to perform in the dark. Consequently,
retention of the lights probably contributed significantly to postaccident
survival.
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Another significant factor in survivatbility was the prompt
organization and dispatch of rescue teams., Although the teams were
hamperaed by poor weather, deep srow, rugged terraln, darkness, and some
misunderstanding about the probable location of N25EM, their perseverance,
sk11l, and de“ermination made an early location of the wreckage possible.
This timely location was important because pvor weather and darkness
prevented any form of air rescue. Consequently, the passengers' and
pilots' exposure to subf . eezing temperatures and other hazarde was
reduced to a minlmum,

The passenger who died was seated in an area where the probability
of survival was the greatest--in the middle seat of the three seats attached
to the aft cabin bulkhead. According to the aucopsy, other than crash-
related injuries, she was in good health. Apparently, however, the spinal
fractures near the lower neck were critical.

The first officer's Injuries probably werve iuflicted when his
unrestrained upper torso flailed during the crash and contacted cockpit
contrcls and structure. Had a shoulder harness been available and worn,
his injuries vrobably would have been less severe, He suffered frostbite
because he was tranped in his scat and was exposed to subfreezing temperatures.

The type, degree, and location of the captain's injuries indicate
that his unres:rained upper torso was forced forward and to the right by

decelerative forces., This movement probably permitted contict with the
control column, injuring hils ribs, and contact with the upper pertion of
the instruwent panel, causing some of his facial and head injuries.
However, since his sez: structure failed, protably because of snow that
was forcefully injected into the forward cockpit area, some degree of
unrestrained movement was allowed. Therefore, the Safety Board cannot
conclude that a shoulder harness would have lessened his injuries,
Nevertheless, ihe Safety Board believes that shoulder harnesses for
flightcrews are important safety and survival items, and we are pleased
that after June 1, 1979, these safety levices will be required under the
provisions of L4 CFR 135.171, for turbcjet alreralt and for aircraft
having a passenger seating confipuration of 10 seats or mere. However,

we also note that 14 CFR 13%.10(c) permits the FAA to yrant, under certain
circumstances, extensions of time to December 1, 1980, for installation of
gshoulder lLarnesses. Ve delieve that the FAA should not grant extensions
or ¢ime beyond June 1, 1979.

1.16 Tests and Research

The ADF receiver, two VOR veceivers, two RMI displays, and two
HST displays were removed and testc) as complete units. Appropriate
signals were gencrated by test equipment. The bearing indicators and
course deviation indicators funntioned properly. The ADF bearing indicators
functioned without any visible sticking and the maximum bearing difference
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between the test equipment and the ADF indicators was +3° to ~2°. The
compass card on one RMI was fixed against the instrument case by impact
damage, and it could not be tested., On the other RMI, osearing indi-~ations
were +4° differen’”. from the test equipment; after the case was tapped,

the difference was +2°. An instrument vibrator was not used during the

tests,
T 1.17 Additional Information
?fﬂp%f 1.17.1 Rocky Mountain A ‘ways Flight Operations Manual
§' ﬁf‘ The essential equipment 1list (EEL) in Rocky Mountain Airways'’

T Flight Operations Manual states that for IFR flight, an ADF receiver is
SV vequired only 1if one VOR receiver is inoperative and if the proposed

: route of flight or possible alternate route and their affiliated approach
o facilities require the usc of ADF,

Paragraph 6.19 of the manual provides, "Ite ceptain in command
of the aircraft is responsible for and is the final authority as to the
operustion of the aircraft.”

Paragraph 6.21-7 states that "When existing or forecast weather
on an approved flight route (scheduled operations) is such that safe
flight 1s questionable, the following procedures will apply:

“"a., The captain will carefully review the existing aud forecast
weather. If heavy turbulence, neavy icing 1/, severe weather, or
other meteorological huzards exist, the captain will attempt *..
file a tiight plan feor an alternate route. 7“he captain may
also request deviation from ARTCC due to weather.

"b. If no alternate rout: is feasible and delay is impossible
or impractical, the captain will then cancel the £1ignt due
to weather conditions."

Acrording to Paragraph 6.44-2.a., Flight Policieo, "Company
aircraft will neither be dispatched nor f£lown into known or forecast
heavy icing conditions.” Subparagraph b. provided thac aircraft could
be flown intec light or moderate icing conditilons provided they were E )L
fully equipped with operable deicing/enti-icing systems. Paragraph g |
6.46~-2.e. provided that "If the captain has good reason to believe that '
the weather condltions as forecast will not be encountered due to change
or later observed conditions, the restrictions of Para a. will not L

apply.”

7/ Equivalent of severe icing in the NWS3/FAA categories, 0
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1.17.2 Federal Avicztion Regulations

14 CFR 135.14%9{¢a) provides, 11 part, that:

"No person may operate an aircraft under IFR...unless it has
at least the following vadio comaunication and navigational
equipmen® appronriate to the facilitles to be used and able
to transmit o, and recelve from, at any place on the route
at least one ground facility:

K%
"(5) 1Two independent recelvers for navigation."

During an accident investligatilon invelving an aircraft using
low frequency —avigatjonal alds on an IFR route, the Safety Board requested
that the FAA furnish an official interpretation of this regulation. The
FAA replied, “Under these circumstances...it is our opinion that cperation
of the aircraft with only omne low frequency navigational receiver available
in the aircraft did not comply with the requirement in 135.159(a) {5),
gince that regulation required the aircraft to have at least two independent
receivers for mavigation, apprcpriate to the low froquency facilities to
be used on the particular rouce involved." 8/

1.17.3 Aircrait Performance

According to the aircraft manufacturer's puvllisted performance
data, a DHC-6-300, at a gross welght of 11,500 1bs with both engines
opevating at maximum climb power, can waintain an altitude of 19,500 ft
after 30 min of flight in clouds containing a cloud liquid water content
of 0.8 gm/meter3 at -10°C, with all deicing and antl-icing equipment
operating. According to FAa criteria, exposure to these conditionr can
result in severe lcing.

Also, a DHC-5-300, wlthout an ice accumulation can climb about
1,000 fpm ot 13,000 ft and about 1,150 fpm at 11,500 fr if it is operating
at maximum climb power, at its hest climb speed, with fts engine intake
deflectors extended, and at the same ftemperarurs and pressure altitude
conditions and gross weight as the accident atzcraft,

1.17.4 Flight 217's Approximate Grovnd Track

=
s

Fiight 217's approximate groand track was derived {from the
firat officer's statements, air traffic control communications recordings,
snd the known position of the necident site. (Gee Appendix E.)

g] Adrcraft Accident Report: Aliska Aeronautical Industries, Inc., near
Illiamma, Alaska, Septenber 6, 1977. (NTSE~AAR-78-5.)




1.17.5 Mountain Wave

Accordlng to Aviation Weather (Advisory Circr lar 00-6A) ,
published jointly by the FAA and NW5 in 1975, a mountain wave forms when
stable air crosses a mountain barrier, Under these circumstances, when
strong winds blew across a mountain range, large standing waves are
created dewnwind from “he mountalu and upward to the tropopause. Single
waves may develop, but more often they develop as a series of waves
downwind from the mountains. Although the waves ruwalic statlonary,
strong winds pass Chrough them. A strong mountain srave contains:

(1) Marked stability in the airstrean disturbed by the mountain,

(2) wind speeds zbo re 25 lns at gummic level, depending on the height of
the mountain range, and (3) wind direction within 30° of perpendicular
tc the range. Waves vary from 2 to 25 ml long.

Wave length is directly proportional to wind speed and inversely
proportional to stability. The amplitude of the wve is a function of
the size and shape of the mountain ridge, speed of the wind, ard stability
of the air mass. Strong winds in a stable air mass will decrease the
amplitude of the wave and increase its length. Conversely, lesser winds
in an unstable alr mass will increase the amplitude of fthe wave and
decrease its length.

If the air has sufficient moisture, lenticular cleouds form at
wave crests. Also, a cap cloud will form over the mountain ridge. As
the air ascends up the mcuntain ridge or wave crest, it is cooled to
saturation and clouds are formed. As the air descends beyond the ridge
or crest, the air is warmed and the cloud evaporates. Thus by continuous
condensation windward of the ridge or crest and evaporatior leeward, the
cloud appears stationary although the wind may be blowing at 50 kns or
more.

1.18 New Investigative Techniques

None,

2.  ANALYS.S

The flightcrew was certificated properly and was qualified for
the flight. They had recelved the off-duty time required by regulatlion,
and there was no evidence that mediral or physiological factors might
have affected tueir performance.

The aircraft was certificea-ed and maintained in accordance
with regulation: and approved procedures. According to the FAA's
official intespretation of 14 CFR 135.159, the aircraft was not properly
equipped, because %t had only one AJF receiver btut its route of flight
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included the use of a low frequency NDB as a navigatioual aid, Not-
withstanding this apparent violation of the regulation, there is no
evidence that the lack of a second ADF receiver aboard the aircraft
countributed to the accident., According to the first officer, the naviga-
tlonal equipment was functiloning properly even though the aircraft was
telow minimum reception ajtitude during the latter portion of the flight
and even though the ADF bearing indicators were placarded for "sticking.”
Tests of the navigational =z2quipment and flight checks of the navigational
aids support che first officer's statements in this regard. Therefore,
the Safety Board concludes that neither the lack of a second ADF receiver
nor .he ADF bLearing irdicators were factors in the accident.

Although it is pnssible that a navigational error led to a
premature descent and “he crash inito the mountain, there 1s nc evidence
to support such a possibllity., According to the first officer, neither
of the descentg=--first from 13,000 ft and then from 11,600 ft--were
intentional but were opposed ‘rith the full performance capability of the
aircraft. Although the flightcrew was probably not c-rtain of the precise
pesition (we thought we "had 1t made'), the Szfety Board believes that,
i nder such circumstances, a pilot familiar with the terrain in the area
would attempt to maintain at least 11,600 ft until definitely over the
Steamboat Springs NDB. The fact that the captain censidered 11,600 ft
the MOCA, even though erromneously, would tend to support such a belief,
because MOCA generally provides less terrain or obstacle clezrance than
MEA.

Since there was no published MOCA between Kater Intersection
and the Steamboat Springs NDB, it Ig not known how the captain arrived
at a conclusion that 11,600 {t was the MOCA. The only reference to such
an altitude on any of the applicable navigational charts appears on the
NDB~A approach chart for Stesmboat Springs between Jarve Intersection
and the NDB along the 136° bearing of the NDB. Consequently, although
Flight 217 was a considerable distance northeast of both Jarve and the
136° bearing, the captain probably considerea 11,600 ft the lowest
acceptable altitude between his positiorn along V101 airway and the NDE.
Since the captain was familiar with the area and must have known that a
10,804~ft mountaln peak was 1n his vicinity,, such a consideration is
plausible.

Theve was no evidence of failure or malfunction of the aircraft's
structure, powerplants, flight controls, or systema before the crash,
Flight 217's rate of fuel consumpticn would have been about 600 lbs per
hour. Consequently, although the flight's groundspeed during its return
to Steamboat Springs was vcry low, there was sufficient fuel aboard the
aircraft tc have completed the flight.

According to the first officer, the aircraft's deicing and
anti-icing systems were functioning properly and the engines were running
well. The postaccident condition of these systems ard the engines support
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the first officer's statements. The deicer boots were clear of ice
except for seversl spanwise strips on the outboard portion of the right
wing deicer boot. This type of residual ice formation is not unusual
after deicer boot activation during exposure to severe fcing conditions.

However, aerodynamic studies 9/ of the effects of residual ice
indicate that it can cause significant increases in airfoil drag and
decreases in 1ift coefficients, the magnitude of which varies mainly with
the chordwise extent of the residual ice, the angle of attack, and the
cloud liquid-water content. At high angies of attack and high cloud
liquid-water content, airfoll drag can increase as much as 50 to 100
vercent and lift coefficients can decrease 5 to 13 percent. Consequently,
because the excent of the icing is not known, its exact effects on
N25RM's deicer boots cannot be determined. However, the Safety Board
concludes that the residual ice prcbably contributed to performance
deg.adation.

The ice in the inlet fairing of the right engine's air intake
probably formed from snow that was melted by residual heat in the engine.
The absence of ice on the inlet air screens indicates that the engine
enti-ice systems were functioning properly. Therefore, the engiune power
should not have been affected excepi for the normal reduction of about
3 percent associated with extension of the int~-ke anti-ice deflectors.

Based on the meteorological evidence, the Safety Board
concludes that a strong mountain wave existed over the north-south
ridge of the mountains immediately east of Steamboat Springse. Moreover,
this wave was a relatively low amplitude, long wave. All conditions
were favorable to the generation of this phenomenon--a stable air mar
and high winds aloft near the elevation of the mountain ridge. The
evidence indicates that 'ne winds above an inversion laver in the area
were strong, probably 80 to 90 knsz at the level of the ridge line.
Additionally, the evidence indicates that the wave was probably at least
10 mi long because of the strong winds and stable air. In actuality, the
wave that extended eastward from the ridge was probably a complex sevies
of waves; therefore, the conditions that existed cannot be accurately
determined.

Strong mountain waves aire frequently associated with
relativel¥ 7igh surface winds. 1In fact, a recent publication for
aircrews 20/ states that high surface winds are the single most easily
recognizable clue that mountain waves might exist. However, the winds
at the surface in the Steamboat Springs area were light to nonexistent.
Therefore, an observer on the ground could have been misled about the

9/ Dean T. Bowden, "Effects of Pneumatic De-icers and Ice Formation on
Aerodynamic Characteristics of an Airfoil," National Advisory Committee
for Aeronautics, Technical Note 3564, February 1956,

10/ "Mountain Waves," Aerospace Safety, Department of the Air Force,
January 1979.
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existence of the wave aloft. The surface winds at Steamboat Springs
were near calm because of the bouvadary effect produced by a frontal
inversion aloft, which probably was somewhere between 8,000 ft and
10,000 £t. The inversion aloft is substantiated by the radiosonde
observations from Grand Jurction and Denver. Additionalily. the drizzle
and light freezing rain that fell at surface locations around Steamboat
Springs indicate that a warmer, above-freezing layer of air exisved
aloft. The inversion effectively geparated two alr masses--one ahove
the inversion with high winds and moist, relatively stable air, and

the otiier below the inversion with unsaturated, conditions.ily unstable
air and 1light winds. The inversion prevented the higher winde aloft
from penatrating to the lower air mass and {o the surface.

The radiosonde cobservation from Grand Junction algo disclosed
saturated alr above the inversion. The moist air above the inversion
would have been conducive to the formation of orographic and lewnticular
clouds near and leeward of the ridge of mountains east of Steariboat Springs.
Bccause of the atmospheric layering associlated with the inversion and
the near freezing temperatures in the inversion, precipitation in the
form of snow, rajn, freezing rain, and ice pellets, or mixtures of these
forms, would have existed at various altitudes depending on the temperature
at a particular altitude and the pattern of temperatures above that altitude.
These, generally, are the conditions described by the firat officer, sur-
viving passengers, and other pillots who were flying in the area near the
time of the accident.

The topography east of the accident site slopes steeply to a
comparatively large and level plain. The elevation of the plain varies
from about 8,000 ft to 9,000 ft. Consequently, considering the probable
wind speed at the crest of the ridge near the accident site, the probable
length of a simple mountain wave, and the topographical features east of
the ridge, downdrafts of up to 500 fpm probably existed along V10l
airway at least 5 mi east of the point where the airway crossed the
ridge line., This computation is based on the assumption that a simple
wave form existed. Howe'er, s -ce a complex wave more probably existed,
the langth of the vave, or waves, and 1ts associated downdraft component,
or components, could have been variable and significantly greater at
certain locations. For instance, because of probable venturi effecs in
the Buffalo Pass area, the wind speed and its downdraft component leeward
of the pass could have been much higher than at other locations.

The postaccident physical evidence supports the first officer's
contention that N25RM was shedding ice accretions from its protected
areas. However, the evidence also indicates that significant amounts of
ice had accreted to the aircraft's unprotected frontal surfaces and that
some residual ice remained on the wing delier boots. These accretions
obviously increased the drag on the aircraft and adversely affected its
performance capability. Additionally, the aircraft was exposed not only
to severe icing conditions but also to simultaneous, downdraft activity
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during its last 30 min of flight. Certification data indicate that
under the icing conditions alone N25RM should have been able to maintain
about 19,500 ft at maximum climb power. However, it is not possible to
determine how much of N25RM's perfcermance capabilitv was lost to

(1) increased drag caused by airframe ice, (2) incre~sed alrfoil drag
and decreased 1ift caused by residual ice on the deicer boots, and

(3) the effects of the downdraft activity. Since, according to the
first officer, none of the descents were deliberate but were opposed
with the full performance capability of the alrcraft, the Safety Board
concludes that airframe icing, residual ice on the deicer boots, and
downdrafts combined to exceed the capability of N25RM to maintain flight.
Moreover, since the ailreraf.. was not able to maintain flight under such
conditions, the accident probably was unavoidable after the captain
decided to reverse course and returun to Steamboat Springs.

TlLe captain's decision to return to Steamboat Springs apparently
was prompted by his aircraft's inability to climb above 13,000 ft before
arrival at Kater Intersection. He coold not have safely continued beyond
Kater without assurance that the aircraft could reach 16,000 fr within
a few miles east of Kater. Again, the Safety Board concludes that the
airframe icing, residual ice, and downdraft activity combined to inhibit
the aircraft's capability to climb. Additionally, the strong westerly
winds above 9,000 or 10,000 ft would have increased significantly the
aircraft’s groundspeed and would have significantly shortened the available
time in which to climb to 16,000 ft before arrival at Kater. If the
captain was not specifically aware of the high groundspeed, he might
have attributed the aircraft’s low altitude near Kater to performance
degradation caused by ice acecretion rather than the reduced time in
which to climb and the downdraft activity. Fe probably was not sware
of downdraft activity becaise of the comrarative smoothness of the
flight and the problems with ice accretion. Hcwever, under the circup~
gtances, *ls declsion near Kater to returu to Steamboat Springs was a
reasonablz decision because it appeared that his aircraft could not
climb to the MEA of 16,000 ft, aad there was no other alternative airport
available with an approved instrument approach procedure.

Even more crucial than the captain's decision te return to
Steamboat Springe was his decision to leave Steamboat Springs. The
captain was well aware of the strong westerly winds aloft between Steamboat
Springse awd Denver, because he had aborted an attempt to fly Flight 212
to Granby County that afternoon, and he had been delayed en route to
Steamboat Springs on Flight 216 by the strong winds. According to ATC
data and zircraft performance data, Flight 216 encountered headwinds of
about 103 kns at 17,000 ft along V10l airway between Litus Interegection
and Kate Intersection., Additionally, the. captain was well aware of the
icing corditions alcft between Kater and Steamboat Springs, because
Flight 216 encounterad what the captain described as "heavy icing"
during its descent into Steamboat Springs.
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The company's directives specifically prohibited flight into
"known or forecast heavy icing conditions...unlvss the captain has good
rezaon to believe that the weather conditions as forecast will not be
encountered due to change or later observed conditions.'" Additionally,
the directives provided that the captain, afier reviewlnpy the existing
and forecast weather, will use an alternate route to avoid heavy icing
and if an alternate route 1lg not feasible and delay is impossible or
impractical, the captain will cancel the fllght. Consequently, given
the above conditions and circumstances, the question arises as to why
the captain elected to fly Flight 217 to Denver over essentially the
same route he tad flown Flight 216.

The captain had considerable cxperience in mountain flying and
considerable experience in the DHC~6. Consequently, he Hrobably was
well aware of the ailrcraft’s performance capabilities and its capabilities
in at least moderate icing conditions., Additionally, he had successfully
completed a £1light through severe icing conditions. Therefore, he probably
wag not overly concerned about the icing conditions he might encounter
with Flight 217 over the same route,

Although the captain had to have been aware of the stroag
westerly winds at 17,000 ft, he may not have been aware that the stroag
winds alsc existed at lower altitudes, near the level of the mountain
ridge. This is because during Flight 216's descent into Steamboav
Springs, the winds below 17,000 ft probably were masked by the descent
and the flight's encounter with "heavy" icing. Similarly, any downdrafts
assoclated with a mountain wave, or waves, between Kater Intersection
and Steamboat Springs probably were masked, particuluarly since there was
little or none oif the turbulence commonly asscciated with mountain
waves,

Additionally, the calm wind on the ground at Steamboat Springs
probai ly gave no clue to the captain that a mountain wave existed over
the ridyge. In the captain's reports to the company dispatcher and to
Denver Center about lcing conditions in the Steamboat Springs area,
the captain made no mention of mountain waves or downdraft activity but
did comment on the smecothness of the flight. Consequently, the Safety
Board concludes that the captain of Flight 217 was not aware of the
mountain wave and downdraft activity east of Steamboat Springs and that
he elected to fly to Denver over Flight 216's route because he believed
that icing conditions were not severe enough to present & significant
hazard to the flight. The captain probably was correct about the icing
conditions because the ice asccumulated during Flight 217's flight was
not sufficient alone to have degraded alrcraft performance to the extent
that the aircraft was unable to maintain flight.

Although the avea forecast, the wincs aloft forecast, and the
appli~able SIGMET's and AIRMET's did not explicitly forecast the existence
of the high winds at intermediate altitudes or the existence of mountain
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waves, thev accurately described the conditions normally associated with
mountain waves--moderate to severe turhulence with strong updrafts and
downdrafts along the eastern glopes of the mountains. However, the
mount:iin wave, or waver, rhat existed over the ridge and plain east of
Steambcat Springs was not the common turbulent mountain wave. In fact,
the lack of either moderate or severe turbulence leeward of the ridge
may have contributed to a belief on the captain's part that mountain
wave activity did not exisr in that location, Consequently, the forecastsa
would not have been particularly helpful to the captain of Flight 217,
and there was no other weather Information readily availahle. that would
have been of benefit,

Given all of the circumstances surrounding the captain'e
decisfon to fly Flight 217 to Denver, the Safety Board concludes that
the captain'’s evaluvation of the weather conditions was crucial. The
clues associated with the existence of the mountain wave, or wavee, wers
subtle and deceptive, and they were obscured by other conditions that
probably occupied the captaln's attention. However, the captain knew
that severe fecing conditions probably would exist on the return flight.
Consequently, his decision tu return to Denver was contrary to the guidance
proviled in company directives and contrary to the interests of safe
flight. One of the most ser‘ous hazards asesoclated with exposure to
severe icing, even in properly equipped aircraft, is that aircraft
performance and -control can he degraded to the point where the introduction
of other complications easlly jeorardizes safe flight.

The Safety Board recognizes the difficulties associated with
the captain's decision to return to Denver. Twent; rassengers—-already
late for appointments, connections, or other activicies--were dependent
upon his decision to fly for timely transportation to Denver. Additionally,
N25RM was needed for flightss from Denver the following day, and the
captain was scheduled to fly trips from Denver the following day. The
company might have lost revenue and might have had to bear extra rosta
agsociated wita flights cancelled Yecause of adverse weathier. Th re was
little or no additional meteorological information readily available,
and there was little time for contemplation of the situastion if a timely
departure was to be made, All of these factors could gignifi:antly
influence a pllot's decision on whether o go, delay, or cancel,

On the cther hand, tae captain 1is the final authority on the
oparation of the aircraft. 1Inm the final analysis, after consultation
with pertinrent and knowledgeable sources, his judgment on safe operation
of the aircraft must prevail over all other judgmerts and influences.

To crecte an environment for objective and rational decisioumaking, the
pillot-in-command of an aircraft must have adequate weather information,
he must know the operational rules and regulations with which he ig
ctarged, he must know his limitations and those of his aircraft, and he
must be insulated as much as possible from managerial influences., In
this accident, except for the lack of detailed weuather infermation
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(informat.ion generally not available in sparsely populated, mountainous
areas), and the limited time avallable, there is no evidence that such

an environment did not exist, Hewever, if safety is to be given paramount
concidoration, airline wanajpement must agressively create and preserve
such an envrironmant.

3. CONCLUSIONS

g\ . bl e TR

Findangs

ll‘

The flightcrew was properly certificated and was qualified
for the £1.z7ht,

The airciaft was certificated and maintained in accordance
with FAL requirements.

The aircer.ft was not properly equipped according to FAA
intevpretation of 14 CFR 135.159, because it ".ad only one
low frequency navigational rec.iver but was flying an IFR
route partially deTined by a low frequency navigaticnal
ald; the lack of .1 second receiver was not a factor in
the accident,

Except for the aircraft's low freguercy navigational
system, there was no evidence of malfucction or failure
of the aircraft's structure, flight controls, powerplants,
or systems, including anti-icing and deicing systems.

There was evidence of pcssible ADF bearing indicator mal-
functions; however, according to the first officer, the
bearing indicators functloned properly, and functional
tests of the equipment indicated proper operation.

There was no evidence of fallure or malfunctlon
of pertinent navigational ailds.

Flight 217 encountered severe icing conditions within
15 minutes after departure from Steamboat Springs.

A low amplitude, long mountain wave, or waves, existed
over the mountains and plaia immediately east of
Steamboat Springs,

Flight 217 encountered westerly winds of 80 to 90 kas at
13,000 £t while en route to Kater Intersection,

Flight 217 encountered downdrafts associated with the
mountain wave; the average downdrafi. pro%»bly did not
exceed 500 fpm, but the downdrrafts could have been
stronger at certain locations.
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The combination of icing, strong tailwind, and downdrafts
pPrevented Flight 217 from climbing ahove 11,000 ft before
arrival at Kater Intersection,

The captain of Flight 217 elected to return to Stecamboat
3prings because he was not able to climb to MEA of

16,000 ft before arriving at Kater Inte:xsection and

because no other suitable alternativ: airport was avaiiable.

After reveraing course to raturn to Steamsoat Springs,
Flight 217 was not able to maintain 13,000 ft with maximiem
climb power and 10° of flaps extended.

Flight 217 was able to maincain about 11,600 ft with
mecimum ¢limb power and 10° of flaps extended for an
undetermined length of time.

When near the lee of Buffalo Pass avea, Flight 217
encountered gevere dovndrafts and wasg not al.is to
maintain fiight,

Flight 217 crashed on the lee of Buffalo Pass at an
elevation of 10,530 ft,

n the afternoon of December 4, the captain of Flight 217
éncountered headwinds in excess of 100 kns at 17,000 f¢
while flying Flight 216 from Denver to Steamhoat Springs;
alse, he encountared severe icing between 15,300 ft and
10,000 or 11,000 ft during Flight 216's descent into
Steamboat Springs,

The captain of Flighy 217 protably was not aware that
comparatively long, low ampiitude mountain wave, or

waves, existed over the mountain ridge and plain immediately
east of Steamboat Springs.

The captain's decision to fly Flight 217 was contrary to
company directives, because he knew that an encounter
with severe lcing east of Steamboat Oprings was likely.

The accident was survivable because the fuselage remained
comparatively intact and the variable 1mpact forces
generally did not exceed the limits of passenger restraint
systeno,

Postcrash survival condition: ware significantly improved
by several of the passengers who were not seriously
injured and by retention of interior 1ighting,
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fhoulder harriessess for the captailn and first ctficer
probably would have prevented some of the first officer's
Injuries and may have lessened the seriousness of the
captain’s injuries.

3.2 Probable Cauge

The National iransportation Safety Board determines that the
probable cause of this accicient was severe icing and strong downdrafis
associated wich a mountain wave which combined to exceed the alrcraft's
capabllity to maintain flight. Cortribucing to the accident was the
caprain's decision to £1ly into provable lcing conditions that exceeded
the conditions authorired by compary directive.

4. RECOMMENMDATIONS

As the result of this accident, the Safety Board is considering
recommendations in the following areas:

1. Survival training for cr ~«members who fly commuter air
carriers in mountainous aress.

2,  Mandatory installation of shoulder harnesses, without
exception, by June 1, 1979, on flightcrew seats of alrcraft
used in Part 135 opcrations.

BY THE NATIONAL TRANSPORTATION SAFETY BOARD

/8/ JAMES B. KING
Chairman

/s/ ELI00D T. DRIVEEK
Vice Chairman

/s/ FRANCIS H. McADAMS
Memher

/8/ PHILIP A. HOGUE
Member

May 3, 1979
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5. APPENDIXES
APPENDIX A
INVESTISATION AND HEARING

1. investigation

The Safety Board was notified that N25RM was misslag about
2300 ¢.s.t., on December 4, 1978. When onotified that the aircraft hasd
been found about 0830 e.s.t. on Decerder 5, the Safety Board immediately
dispatched an investigative team to rthe asccident area. Working groups
were established for operations/sir traffic control, weather/witnesses,
human factors, structures, and systems/powerplants. The Denver Fleld
0ffice supplie assistance in maintenance recoxds and avionic testing.

Participante in tie investigation included representatives of
the Federzl Aviation Administratioa, Rocky Mountain Airways, Inc.,
DeHavilland Afrcraft Corporation of Canada, Professional Alr Traffic
Controllers Organization, Alr Line Pilots Assoclat’ »n, and the Pratt &
Whitney Greup of United Technologies Corporation.

2. Public Hearing

There was no pubiic hearing or depositiunal proceedings.
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APPENDIX B
FPERSONNEL INFORMATION

Captain Scott A, Klopfenstein

Captain Klopfenstein, 29, was empluoyed by Rocky Mountain Air-
ways, Inc., on September 16, 1974. He held Airline Transport Pilot
Certificate No, 1849769 with airplane single and multiengine land ratings
and a type rating in DHC-~7 aircraft., His first-class medical certificate
was lssued October 10, 1978, without any limitations.

Captain Klopfensteln advanced to captain in the DHC-6 Twin
Otter on .ovember 21, 1975, He passed his last proficiency check on
October 17, 1%78. During his flying career, Captain Klopfenstein
accumelated 7,340 ilight-hours, 3,904 of which were in DHC~6 aircraft.
in the 30-, 60-, 3nd 90-day periods preceding the acccident, he had
flown 90, 189, and 265 hours, respectively,

First Officer Gary R. Colemsan

First Cfficer Coleman, 34, was employed by Rocky Mountain Air-
ways, Inc., on Jun2 5, 1978, He holds Airline Transport Pilot Certificate

No. 1883485 with airplane single and multiengine land ratings and
commercial privileges. He also hplds Flight Instructor Certificate

No. 1883485CFRI. His first-clasd medical certificate was issued June 15,
1978, without any limitations.

First Officer Colenan qualified as a first officer on DHC-6
aircraft on June 16, 1978, At the time of the accident, he had accu-
mulated a tote. of 3,816 flight-hours, 320 o/ which were in DHC-6 air-
craft. In the 30—, 60-, and 90-day periods preceding the accldent, he
had flown about 78, 150, and 201 hcours, respectively.
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APPENDIX C
AIRCRAFT INFORMATION

N25RM, 2 DHC~6~300, was manufactured by the DeHavilland
Aircraft Corpuration of Canada and was assigned serial No. 337. 1t was
equipped with two Pratt & Whitney Model PT6A-27 turbine engines. Each
engine was equipped with s Hartzell Model HC-B3TN-3D propeller.

NZ25RM had accumulated 15,145:22 hours of service. The left
engine had operated 6,137:58 hours since overhaul and the right engi:re
had operated 6,829:40 hours since overhaul. Equalized maintenance maximum
availability inspection No. 15 had been completed on November 29, 1978.
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APPENDIX D
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