NATIONAL TRANSPORTATION SAFETY BOARD
Office of Aviation Safety
Washington D.C. 20594
October 27, 1998

rological F: Report
DCA98MAD15

A. ACCIDENT
Location: 32 degrees 31 minutes north latitude 157 degrees 27 minutes east longitude
Date: December 28, 1997
Time: About 13407
Aircraft: Boeing 747-122, N4723U, United Airlines Flight 826 [UALS826]
B. WEATHER GROUP
Chairman:
Gregory D. Salottolo, National Transportation Safety Board [NTSB]
Members:
Donald Eick, NTSB
Bill Phaneuf, Air Line Pilots Association [ALPA]

Steven Chenault, Federal Aviation Administration [FAA]

Carl Knable, United Airlines

C. DETAILS OF INVESTIGATION

Note in the report all times Coordinated Universal Time [UTC] time based on the 24
hour clock unless noted. All heights above mean sea level (MSL) unless noted. All
directions with reference to true north unless noted. Z = UTC. McIDAS - Man computer
Interactive Data Access System. McIDAS is an interactive meteorological analysis and data
management computer system. McIDAS is administered by personnel at the Space Science



and Engineering Center at the University of Wisconsin at Madison. Data are accessed and
analyzed on an Hewlett Packard 9000/730 Workstation running McIDAS-X software.

Synoptic Situation

The December 28, 1997, 1200Z, Surface Analysis chart issued by the Japan
Meteorological Agency showed a low pressure center near 36 degrees north latitude
and 158 degrees east longitude, moving east-northeastward at 35 knots. An occluded
front stretched from the low southward to about 32 degrees north latitude and 158
degrees east longitude. At this point a cold front extend. . ...uthward and a warm front
extended southeastward. See Attachment 1.

Satellite Data

Geostationary Meteorological Satellite [GMS-5] data from the Japan Meteorological
Satellite were reviewed on the Safety Board's McIDAS Workstation. GMS-5 infrared
images for 1332Z and 14327 showed radiative temperatures of 262.4 degrees K [-10.8
degrees C] and 239.8 degrees K [-33.4 degrees C] at the accident location. Using
temperature data from the Medium Range Forecast [MRF] model for December 28,
1997 1200Z for a forecast time = 0 hour, cloud heights corresponding to the above
radiative temperatures are less than Flight Level 24,000 feet [FL 240] and about FL.
280. A GMS-5 water vapor image for 1332Z and 1432Z showed upper level moisture
in the area of the accident. A 5 pixel by 5 pixel box centered at the accident location
[GMS-5 infrared data, 5 kilometer resolution] showed the following:

Time: Image time in Z

MIN: Minimum radiative temperature in degrees C
MAX: Maximum radiative temperature in degrees C
Mean: Mean radiative temperature in degrees C

SD: Standard deviation in degrees C

Time MIN MAX Mean SD
1332 -28.6 2.0 -10.4 7.9
1432 -33.4 2.0 -17.3 10.7

The 1332Z GMS-5 infrared data showed a minimum radiative temperature of about
235.4 degrees K [-37.8 degrees C] about 17 nautical miles northwest of the accident
site. The 1432Z GMS-5 infrared data showed a minimum radiative temperature of
about 239.8 degrees K [-33.4 degrees C] within 2 miles of the accident location. These



temperatures correspond to cloud tops of about FL 300 and FL 280 respectively. The
1332Z GMS-5 infrared data showed cloud tops at about FL 360 about 31 nautical miles
south-southeast of the accident site. The time of the accident was approximately 1340Z.

Attachments 2 and 3 ... GMS-§ infrared images [Band=2}; 1332Z and 1432Z; 2
kilometers [blow up resolution]; color enhanced [Table THUNDERY]; accident location
noted by solid box.

THUNDER Color Enhancement Table

Temperature range 273 degrees K (-0.2 degrees C) tc =~ degrees C (-80.2 degrees C)

Segment # Temp deg K Temp deg C
1 273 -0.2

2 262.5 -10.7

3 252.5 -20.7

4 242.5 -30.7

5 232 -41.2

6 222 -51.2

7 212 -61.2

8 202 -71.2

Attachments 4 and 5... GMS-5 infrared images; 1332Z and 1432Z; .25 kilometer [blow
up resolution]; radiative temperature contours in degrees K plotted [interval = 2
degrees K]; solid box = accident location; colors correspond to cloud heights; green
FL 240 to <FL 280, yellow FL 280 to < FL 310, orange FL 310 to <FL 350, red to
white > FL 350 [heights based on MRF temperature data for 12/28/97 1200Z).

Attachments 6 and 7 ... GMS-5 water vapor images; time 1332Z and 1432Z; 1
kilometer [blow up resolution]; images are contrast stretched.

Attachment 8... GMS-5 infrared image; 2 kilometer [blow up] resolution; color
enhanced [THUNDER]; streamlines and wind speed in knots plotted; time 1332Z; solid
box = accident location [northern most point of line segment on image].

Attachment 9 ... Plot of MRF Temperature data [degrees C] versus Height [feet] for the
accident location.



Upper Air Data

MREF data for December 28, 1997 at 1200Z, forecast hour = O, were reviewed on the
Safety Board's McIDAS Workstation. The data showed westerly winds at about 105
knots at 300 millibars, westerly winds at about 125 knots at 250 millibars, and westerly
winds at about 140 knots at 200 millibars in the area of the accident. Significant
horizontal wind shears were evident in the area of the accident at 300, 250, and 200
millibars. A horizontal wind change of 71 knots per 100 nautical miles was calculated
for the area of the accident at 300 millibars. A vertical wind change [vector] of 13
meters per second [25 knots] between 300 millibars and 250 millibars was calculated
for the area of the accident. A maximum value of 20 meters per second [39 knots] was
noted about 115 nautical miles to the east of the accident location. Between 250
millibars and 200 millibars a vertical wind change of 9 meters per second [18 knots]
was noted. A maximum value of 20 meters per second [39 knots] was noted about 245
nautical miles northeast of the accident site.

In the standard atmosphere:
400 millibars = 23,574 feet
300 millibars = 30,065 feet
250 millibars = 33,999 feet
200 millibars = 38,662 feet

The following Attachments were developed from the 1200Z MRF data for December
28, 1997 [forecast hour = 0} using McIDAS. The solid box = the accident site.

Attachments 10 - 13 ... Streamlines and wind speed contours in knots for 400, 300,
250, and 200 millibars.

Attachments 14 and 15 ... Vertical wind change in meters per second from 300 to 250
millibars and from 250 to 200 millibars.

Attachments 16 -19 ... Contours of divergence, vorticity, deformation shear, and
deformation stretch at 300 millibars; units per second.

Attachment 20 ... Four panel chart of contours of temperature in degrees C for 400,
300, 250, and 200 millibars.

Attachments 21 and 22 ... Base map and base map for 4 panel chart.

Excerpts from Tokyo Radio
13:36:45Z UAL 826 UAL 826 roger and message for ATC UAL 826 at position 3231
north 15727 east encountering severe turbulence and requesting

any higher altitude over.

14:30:55Z Tokyo  Roger where did you encounter severe turbulence.



14:34:14Z UAL 826 UAL 826 we were at Flight Level 310 track 12 approximately
3230 north 158 to 159 east go ahead.

Attachments 23 - 32 ... Transcription of UAL 826 and Tokyo Radio.

In-Flight Weather Advisories

The following SIGMETSs were issued by the Japan Meteorological Agency on
December 28, 1997:

SIGMET 3 issued at 08407 and valid until at 1240Z...

Tokyo Flight Information Region [FIR] moderate to severe turbulence forecast between
Flight Level 29,000 feet to Flight Level 35,000 feet moving east-northeast at 15 knots
and intensifying. See Attachment 33 for area affected. The area encompassed by this
SIGMET did not include the accident location.

SIGMET 4 issued at 12407 and valid until 1640Z ..

Tokyo FIR moderate to severe turbulence forecast between Flight Level 29,000 feet
and Flight Level 35,000 feet moving east-northeast at 15 knots no change in intensity.
See Attachment 34 for area affected. The area encompassed by this SIGMET did not
include the accident location.

International Civil Aviation Organization [ICAO] Annex 3
The following was obtained from the ICAO document Annex 3 [1/1/96]...

SIGMET information..

SIGMET information shall be issued by a meteorological watch office and shall give a
concise description in abbreviated language concerning the occurrence and/or expected
occurrence of specified en-route weather phenomena, which may affect the safety of
aircraft operations, and of the development of those phenomena in time and space.

SIGMETs are issued for:

thunderstorms

tropical cyclone

severe turbulence

severe icing and severe icing due to freezing rain
severe mountain wave

heavy duststorm



heavy sandstorm
volcanic ash

See Attachments 35 and 36.

Aircraft Observations and Reports..

Each contracting state shall arrange, according to the provisions of this chapter, for
observations to be made by aircraft of its registry operating on international air routes
and for the recording and reporting of these observations.

The following aircraft observations shall be made:
a) routine aircraft observations during en-route and climb-out phases of the flight; and
b) special and other non-routine aircraft observations during any phase of the flight.

Special observations shall be made by all aircraft whenever the following conditions are
encountered or observed [partial list]:

a) severe turbulence

b) severe icing

C) severe mountain wave
d) thunderstorms

See Attachment 37.

Meteorological Report and Meteorologist Statement from United
Airlines

The following are excerpts from a report produced by a meteorologist at United
Airlines [ dated January 7, 1998] regarding the severe turbulence encounter of Flight
826 at **32.5 degrees north latitude and 158.9 degrees east longitude.

** Note the accident location was revised subsequent to the preparation of this report to
approximately 32.5 degrees north latitude and 157.5 degrees east longitude.

Based on information available, four significant features associated with turbulence
appear to be present at or near the incident site: thunderstorms with tops at cruise
levels, significant vertical wind shears, an inversion, and the difluence (splitting) of the
jet core. As such the turbulence could have been caused by: 1) flight through or near a
thunderstorm top, 2) strong vertical wind shear independent of the thunderstorm
environment, or 3) the interaction of the thunderstorms with the existing wind field
causing downstream turbulence. Information available at the time of this report
suggests either cause 2 or 3, as listed above.



Aircraft Weather Reports for a location of 32 degrees north latitude and 160 degrees
east longitude for the time period 1149Z to 1502Z were contained in the report.
Average wind speeds of 130 knots and an average temperature of -54 degrees C were

" noted for an altitude of 39,000 feet [ 2 aircraft reports]. Average wind speeds of 132
knots and an average temperature of -49.5 degrees C were noted for an altitude of
37,000 feet [ 6 aircraft reports]. Average wind speeds of 124 knots and an average
temperature of -48 degrees C were noted for an altitude of 35,000 feet [ 8 aircraft
reports]. Average wind speeds of 111 knots and an average temperature of -45 degrees
C were noted for an altitude of 33,000 feet [ 4 aircraft reports]. Average wind speeds
of 83 knots and an average temperature of -44 degrees C were noted for an altitude of
31,000 feet [ 2 aircraft reports]. One aircraft report of a wind speed of 55 knots and a
temperature of -38 degrees C at an altitude of 29,000 feet.

Vertical wind shears in knots per 1,000 feet of altitude were: 14 from 29,000 feet to

31,000 feet; 14 from 31,000 feet to 33,000 feet; 6.5 from 33,000 feet to 35,000 feet; 3
[ independent calculation shows 4] from 35,000 feet to 37,000 feet; and 1 from 37,000
feet to 39,000 feet. None of the 23 aircraft reports indicated the presence of turbulence.

A chart valid December 28 at 1200Z showed an area of scattered to broken
thunderstorms beginning at about 157 degrees east longitude. Low pressure was located
at about 30 degrees north latitude and 156 degrees east longitude.

A Significant Weather Chart issued by the Washington Regional Area Forecast Center
valid December 28 at 1200Z showed an area of frequent [5/8 to 8/8 coverage)
cumulonimbus from about 155 degrees east longitude to about 162 degrees east
longitude with tops to 42,000 feet.

A meteorologist working the midnight shift in the United Airlines Meteorology
Department [December 28 at 0515Z to December 28 at 1345Z] stated that to the best
of his knowledge, he had no discussions concerning and made no actions during his
shift that specifically related to Flight 826.

Attachments 39 - 50 ... Meteorological Report and Meteorologist Statement; from
United Airlines; January 14, 1998,

Weather Information Provided to Flight Crew

The following weather information was provided to the crew of Flight 826 prior to
departure:



a) Information regarding possible moderate turbulence vicinity 145 degrees east
longitude from Flight Level 28,000 feet [FL 280] to FL 380, and 160 degrees east to
170 degrees east longitude from FL 310 to FL 400.

b) Information regarding possible isolated [less than 1/8 coverage] cumulonimbus in the
vicinity of 155 degrees east to 160 degrees east longitude with tops to FL 380.

¢) Information from SIGMET 3 valid from December 28 at 0840Z to December 28 at
1240Z. SIGMET 3 called for moderate to severe turbulence between Flight Level FL
290 to FL 350. The area encompassed by this SIGMET did not include the accident
location.

d) Surface weather observations and forecasts for Narit .. ._pan and Honolulu, Hawaii.

e) A Significant Weather Chart valid December 28, 1997 at 1200Z issued by the
Regional Area Forecast Center [RAFC] Tokyo. Along Track 12 the chart showed an
area of forecast moderate turbulence the western extent beginning at about 158 degrees
east longitude. Along Track 12 occasional [1/8 to 4/8 coverage] embedded
cumulonimbus activity was forecast starting at about 161 degrees east longitude with
tops to 50,000 feet. A surface warm front was forecast to be located at about 32
degrees 30 minutes north latitude and 159 degrees east longitude.

f) The following Pilot Report [PIREP]... over 39 degrees north latitude 160 degrees
east longitude / time 0908Z / FL 350 / occasional light chop from 158:00 east
longitude to 162 degrees east longitude.

g) A Vertical Cross Section of weather conditions from Narita to Honolulu [36 degrees
north 150 degrees east, to 35 degrees north 160 degrees east, to 33 degrees north 170
degrees east ... Honolulu] prepared by the Japan Meteorological Agency. According to
United Airlines this information is only provided for certain routes.

Attachments 51 - 64 ... Flight Papers for Flight 826; from United Airlines; January 12,
1998.

Statements from Northwest Airlines' Crew Members

The following are summarized excerpts from a written statement provided by the
Captain of Northwest Flight 22:

The flight was from Narita, Japan [NRT] to Honolulu, Hawaii [HNL]. After leveling
off at FL 330 the Captain called Northwest 10 for a Pilot Report [PIREP]. A
crewmember of Northwest 10 replied "smooth so far, I'll give you a call if it gets
bad.” Northwest Flight 10 left Narita about 30 minutes ahead of Northwest Flight 22.



At this time Northwest Flight 22 could see the lights of UA826 about 20 to 30 miles
ahead. At about 1340Z the captain received a radio call from UA826. A crewmember
of UA826 noted that he "just experienced the worst turbulence of his career " and that
there were numerous injuries and possible aircraft damage. The Captain of Northwest
22 then turned on the seat belt sign and made a Public Address [PA] telling all Flight
Attendants and passengers to return to their seats and "strap in." The captain noted that
they did not "get a bump” and that there were no radar returns and no lightning. The
winds were exactly as forecast .. 270 degrees at 160 knots. The captain noted that
winds of 170 knots in the winter in the Pacific are normal.

The following are summarized excerpts from a written statement provided by the
Captain of Northwest Flight 80:

The flight was from NRT to HNL. The aircraft was a .;-747. In the vicinity of 160
east longitude they encountered moderate to severe turbulence [ Northwest Airlines
turbulence code 3 to 4 reported .. light to moderate to moderate turbulence] at FL 330
that lasted 2 to 3 minutes. The time was about 1220Z. This was followed by 10 to 12
minutes of light to moderate turbulence. The aircraft was controllable throughout and
the speed was reduced to Mach.81 to .82. After passing through turbulent area while in
smooth air aircraft suddenly swerved / lurched as if encountering a trough [roll cloud,
Jetstream, etc] for a brief duration. Prior to 160 degrees east longitude the seat belt
sign was turned on [in smooth air] based on a Northwest Airlines code 2 turbulence
forecast [light turbulence], which was accurate. Having done that, we avoided injuries
as this was the worst turbulence that I ever encountered.

Attachments 65 - 78 ... Submission from Northwest Airlines; January 6, 1998.

NTSB Questions to United Airlines

The following are answers to questions submitted by the NTSB to United Airlines.
Responses to these questions were received in a letter dated February 27, 1998.
According to United Airlines, the responses were compiled from discussions with the
captain of the incident flight, United's manager of meteorology, and United's ALPA
chief investigator.

1) The flight plan indicated a Flight Level of 35,000 feet [FL 350] at MASON. Why
was the aircraft not at this Flight Level [ATC or other reasons]?

Answer: NRT clearance delivery did not make FL350 available to the flight at

departure time. The incident flight was unable to obtain a higher flight level prior
to the event.

2) What type of weather radar was onboard?



Answer: C-band.
Was the radar functioning normally?
Answer: Yes.

What was seen on the weather radar? What was the location and intensity of the echoes
seen?

Answer: 50 to 60 miles ahead, to the right of course, there were some light green
(no amber or red) echoes. There was no visual sightings of lightning.

What tilt and range was the weather radar set on?

Answer: The radar was set on the 80 mile range with a § degree tilt down. The
crew occasionally scanned at 10-15 degrees down for confirmation of surface
return (functionality).

Does the radar have a turbulence display?

Answer: The radar has a "Precip Only," "Both" and "Doppler Only" modes. At
the time of the incident, the radar was set in the "Both" mode.

3) What weather information was received while enroute? How, from whom, and when
was the information received?

Answer: The incident flight received a ride report from an aircraft on the same
track approximately 30 miles ahead, at a higher flight level. The ride report was,
"occasional ripple, but basically a smooth ride." There were no reports of
turbulence received from other flights.

4) What were the cloud tops?

Answer: The pilots reported that they were in the clear from level-off at FL310
("stars above", tops below FL310).

5) What are crew procedures regarding when to turn the fasten seat belt sign on?

Answer: Attached are "OI" and "ALL WX" pages from our Flight Operations
Manual.

6) What information is provided by UAL to flightcrews regarding turbulence and
thunderstorms?

10



Answer: Basic weather is provided in the form of the computer generated Weather
Briefing Message (WBM). Any text forecasts of thunderstorms, turbulence
(CAT/mountain wave), or tropical storms valid for the route of flight are
included. These forecasts can consist of sigmets, convective sigmets, severe weather
watch areas, and company issued turbulence forecasts. The WBM also includes all
pireps / aireps of turbulence along the route of flight for the past three hours. All
crews are also provided with some form of high level significant weather product,
either in the form of an ICAOQ flight weather documentation package, Jeppesen
fax product, or via WSI Pilotbrief. In addition, dispatchers append last minute
thunderstorm / turbulence data to the flight plan release, as well as providing
voice / ACARS uplink of current data to enroute flights.

7) Was the crew aware that isolated cumulonimbus activity was forecast from 155
degrees east longitude to 160 degrees east longitude with tops to FL 380 [noted in the
Flight Release]? Was the seat belt sign on at 155 degrees east longitude? If not, why
was the seat belt sign not on?

Answer: As part of the flight planning process, the pilots did in fact review all
weather products available to them and briefed both flight attendants and
passengers on the possibility of turbulence along their flight path. Momentary
light turbulence was encountered at 145E. Because of this light turbulence, the
fasten seat belt signs was illuminated for approximately :15 minutes. The seat belt
sign was turned off because the turbulence disappeared and conditions smoothed.

8) Was the crew aware that moderate turbulence was forecast beginning at about 158
degrees east longitude from 33,000 feet to 40,000 feet [Significant Weather Prog
attached to Flight Release valid 1200Z 12/28]? Was the seat belt sign on at this
location? If not, why was the seat belt sign not on?

Answer: As part of the flight planning process, the pilots did in fact review all
weather products available to them and briefed both flight attendants and
passengers on the possibility of turbulence along their flight path. The turbulence
"event" occurred prior to 158E at 157-27E (agreed to location of the event). The
seat belt sign was on for passengers approximately two minutes prior to the event.

9) Was the crew aware of a forecast for moderate turbulence in the vicinity of 145
degrees east longitude from FL 280 to FL 380 [noted in Flight Release]? Was the seat
belt sign on at this location? If the seat belt sign was not on why was it not on?

Answer: As part of the flight planning process, the pilots did in fact review all
weather products available to them and briefed both flight attendants and
passengers on the possibility of turbulence along their flight path. Momentary
light turbulence was encountered at 145E. Because of this light turbulence, the
fasten seat belt signs was illuminated for approximately :15 minutes. The seat belt
sign was turned off because the turbulence disappeared and conditions smoothed.

1



10) What turbulence forecasting techniques do UAL meteorologists use? What weather
information do UAL meteorologists use in generating products? Where does the
weather information come from? What prompted issuance of the forecast for
cumulonimbus activity and turbulence noted in questions 7 and 9? What prompted
issuance of the forecast for moderate turbulence in the vicinity of 160 degrees east
longitude to 170 degrees east longitude from FL 310 to FL 400 [noted in Flight
Release]?

Answer: UAL meteorologists use standard turbulence pattern recognition
techniques that have been developed over the past 30 years and are used on an
industry-wide basis. This includes in-house developed CAT and mountain wave
techniques that have been adopted by many other organizations, including the
NWS and USAF.

UAL meteorologist have at their disposal a full range of meteorological data sets
including: All Family of Service alpha-numeric data including HRS, drops on two
FAA weather circuits, all NEXRAD data including composites and single site from
two sources - UNISYS and WSI, direct readout earth stations for GOES8 and
GOESY, a dedicated earth station for direct readout of GMS, vendor provided
METEOSAT data, lightning data, and all NWS DIFAX products. All of these data
sets are integrated on high power UNIX based workstations. In addition, this
information is supplemented by UAL automated ACARS weather downlink data.
UAL ACARS provides approximately 12,000 daily reports of winds, temperatures,
and peak vertical acceleration (turbulence).

Finally, all meteorologists have INTERNET access at their workstations, thus
providing access to all weather-related sites.

Data sources are as indicated above - vendors (UNISYS, WSI, Alden, GAI),
government, direct satellite readout, aircraft, and INTERNET.

The forecasts referenced in questions 7 and 9 came from monitoring of real time
GMS satellite data, pireps / aireps, and high level significant weather progs.

11) What weather products do UAL meteorologists issue related to turbulence and
thunderstorms? How are these products disseminated?

Answer: Routine forecasts of CAT / mountain wave are issued for the U.S. and
eastern Pacific. Thunderstorm forecasts are provided for the U.S., eastern Pacific,
and for all routes affected by thunderstorms generated by organized tropical
storms. Verbal briefings regarding turbulence reports, shears, significant
thunderstorms, etc, are provided to dispatchers on a routine basis.

12



Forecast products are provided in text based format via the WBM and the
mainframe data base. The same products are provided in graphic format to all
dispatchers and operations control personnel via an operational PC LAN.

Attachments 79 - 94 ... Answers from United Airlines and other data; February 27,
1998.

Summarized Excerpts to Questions

The following are summarized excerpts to questions submitted to the Deputy Chief
Investigator of the Japan Aircraft Accident Investigation Commission [reply dated
March 3, 1998] .

The Tokyo Aviation Weather Service Center (New Tokyo AWSC) of the Japan
Meteorological Agency (JMA) is responsible to issue SIGMET information for the
Tokyo FIR.

New Tokyo AWSC issues SIGMET information concerning turbulence, thunderstorms,
tropical cyclones, icing, and volcanic ash for the area above around 8,000 meters in the
Tokyo FIR in the following cases:

a) SIGMET information for turbulence is issued when an aircraft observation is
reported and the phenomenon is expected to continue; or the occurrence of severe
turbulence is expected by examining weather charts, GMS cloud imagery, etc.

b) SIGMET information for turbulence is issued when a cluster of cumulonimbus
clouds covers more than around a square of 100 kilometers by 100 kilometers.

¢) SIGMET information for thunderstorms is issued when a cluster of cumulonimbus
clouds covers more than around a square of 200 kilometers by 200 kilometers.
SIGMET:s for thunderstorms do not include references to associated turbulence.

Messages of SIGMET 3 and 4 were issued since the occurrence of severe turbulence
was expected by examining weather charts, GMS cloud imagery, etc.

There were no SIGMETs in effect for the time and area of the accident because by
examining weather charts, GMS cloud imagery etc, no occurrence of severe Clear Air
Turbulence (CAT) was expected around 32 degrees 30 minutes north, 159 degrees east
at nearly 1400 UTC on 28 December. Although a cluster of cumulonimbus clouds was
observed around the point, its scale was small and it was not expected to develop into a
large-scale cluster of cumulonimbus clouds.

13



The following Routine Air Reports were received from aircraft at 32 degrees north and
160 degrees east....

1312 UTC NWA 10 FL 350 CODE 0 (Smooth)

1339 UTC NWA 90 FL 350 CODE 1 (Occasional Light)

1351 UTC NWA 22 FL 350 CODE 0 (Smooth)

1502 UTC JAL 72 FL 370 No Turbulence

When Tokyo Radio relayed ATC speed instructions to UAL 826 at 1336 UTC, UAL
826 requested higher altitude due to encountering severe turbulence at 32 degrees 31
minutes north and 157 degrees 27 minutes east. Then Tokyo radio relayed the ATC
clearance for FL 330 at 1344 UTC. Later at 1410 UTC, UAL 826 requested ATC
clearance for returning to Narita, and UAL 826 replied upon questions from Tokyo
Radio, that they had encountered severe turbulence and ... .) numerous injuries on
board, numerous passenger injuries. Tokyo Radio asked UAL 826 where did they
encounter severe turbulence. At 1434 UTC, UAL 826 answered that they were FL 310
track 12, approximately 32 degrees 30 minutes north 158 to 159 degrees east. At 1436
UTC, Tokyo Radio informed this information to UAL, Tokyo Area Control Center,
and JMA as an AIREP special, JMA disseminated this AIREP special to the
Meteorological Watch Offices [MWOs] in the ICAO Asia and Pacific Regions, World
Area Forecast Center [WAFC] Washington, neighboring Regional Area Forecast
Centers [RAFCs], aviation weather offices of JMA and some airlines* at around 1438
UTC.

* this is an option for the airlines which have the necessary arrangements for the
distribution of meteorological information including SIGMET messages and AIREP
reports. United Airlines has not requested to JMA for such arrangements. According to
United Airlines they did not know about this arrangement. This is their first indication
that such an arrangement is possible [e-mail from United Airlines May 29, 1998].

Attachments 95 - 99 ... Questions supplied by the NTSB; January 6, 1998; and answers
from the Japan Aircraft Accident Investigation Commission; March 3, 1998.

Summarized excerpts to questions submitted to the Deputy Chief Investigator [letter
dated April 7, 1998].....

The following pilot report from Northwest Flight 80 was found:
NWARBOQ / 32 degrees north latitude 160 degrees east longitude / 1229Z / FL 330/
turbulence Code 3.

See Attachments 99A, 99B, 99C, 99D, 99E, and 99F.

Advisory Circular No. 00-30B [AC-00-30B]
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Summarized excerpts from AC-00-30B, Atmospheric Turbulence Avoidance:

Clear Air Turbulence has been defined in many ways, but the most comprehensive
definition is : "turbulence encountered outside of convective clouds.™ This includes
turbulence in cirrus clouds, in some cases in clear air in the vicinity of thunderstorms.
Generally, though, CAT definitions exclude turbulence caused by thunderstorms.

One of the principal areas where CAT is found is in the vicinity of the jetstreams. A
jetstream is a river-like flow of high-altitude wind following the planetary atmospheric
wave pattern, with speeds of 50 knots or greater.

CAT is most frequently found on the poleward side of the jetstream. It is additionally
common in the vicinity of a jetstream maxima.

CAT is very difficuly to predict accurately, due in part to the fact that CAT is spotty in
both dimensions and time. Common dimensions of a turbulent area associated with a
Jetstream are on the order of 100 to 300 miles long, elongated in the direction of the
wind, 50 to 100 miles wide, and 5,000 feet deep. These areas may persist from 30
minutes to a day.

The threshold windspeed in the jetstream for CAT is generally considered to be 110
knots. It is not the windspeed itself that causes CAT; it is the windshear or difference
in windspeed from one level or point to another that causes the wave motion or
overturning in the atmosphere that is turbulence to aircraft. Moderate CAT is
considered likely when the vertical windshear is 5 knots per 1,000 feet, or greater,
and/or the horizontal windshear is 40 knots per 150 miles or greater.

Jetstreams stronger than 110 knots (at the core) have potential for generating significant
turbulence near the sloping tropopause [a very thin layer marking the boundary between
the troposphere and the stratosphere] above the core, in the jetstream front below the
core, and on the low-pressure side of the core.

On charts for standard isobaric surfaces, such as 300 millibars, if a 20-knot isotachs are
spaced closer than 150 nautical miles [2 4 degrees latitude], there is sufficient
horizontal shear for CAT. This area is normally on the poleward (low-pressure side) of
the jetstream axis).

Turbulence is also related to vertical shear. If vertical shear is greater than 5 knots per
1,000 feet, turbulence is likely.

Curving jetstreams are more apt to have turbulent edges than straight ones, especially
jetstreams which curve around a deep pressure trough.

"Rules of Thumb" for Turbulence Avoidance...
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If jetstream turbulence is encountered with direct tailwinds or headwinds, the pilot
should consider a change of flight level or course since these turbulent areas are
elongated with the wind and are shallow and narrow.

If jetstream turbulence is encountered in a crosswind, it is not so important to change
course or flight level since the rough areas are narrow across the wind.

Monitor your radio -- pilot reports can be invaluable and if you get caught by "the
CAT," file a PIREP!

A Model for a Clear Air Turbulence Avoidance System.....
An appropriate initial and recurrent training program.
A dedicated planning/dispatch function.

A fully supported operational implementation of a pilot reporting/communications
system (not ATC based).

Attachments 100 - 108 ... AC-00-30B.
Selected Turbulence Encounters

Altitude in Feet.
G Load = Vertical Acceleration in G's ... Delta G's = Change in G's

Date Aircraft | Location _ Altitude | G Load | Delta
, ; . ' 1G's
11/3/75 DC-10 | Calgary, Canada | 33,000 +1.6-0.2 1.8
4/4/81 DC-10 | Hannibal, MO 37,000 +1.7-1.0 2.7
7/16/82 | DC-10 | Morton, NY 39,000 +1.6 -0.6 2.2

10/12/83 | DC-10 | Near Bermuda 37,000 +1.6-0.6 2.2
11/25/83 | L-1011 | Offshore, SC 37,000 +2.1-1.0 3.1
1/22/85 | B-747 Over Greenland | 33,000 +2.7-0.0 2.7
4/7/86 DC-10 | Jamestown, NY | 40,000 +1.8-0.4 2.2
9/27/87 | L-1011 | Near Bermuda 31,000 +2.2-0.5 2.7
11/12/87 | A-310 Near Bermuda 33,000 +2.0-0.6 2.6
140/88 B-767 Chicago, IL 25,000 +1.4-0.2 1.6
3/24/88 | B-767 Cimarron, NM 33,000 +1.7-0.2 1.9
6/6/89 DC-10 | Garden City, KS | 37,000 +1.9-0.9 2.8
6/16/89 | L-1011 | Jackscreek, TN | 24,000 +2.2-1.0 3.2
3/31/93 B-747 Anchorage, AK | 2,000 +1.8 +0.6 1.2
12/28/98 | B-747 Pacific Ocean 31,000 +1.4-0.8 2.2
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Data from NTSB Accident Report AAR-93-06; In-Flight Engine Seperation, Japan
Airlines, Inc., Flight 46E, Boeing 747-121, N473EV, Anchorage Alaska, March 31,
1993. UAL 826 accident included in the above Table.

The following relates the intensity of turbulence to the change in vertical G:
Moderate Turbulence ... Change in Vertical G of 0.5 to 1.0.

Severe Turbulence ... Change in Vertical G of 1.0 t0 2.0.

Extreme Turbulence ... Change in Vertical G greater than 2.0.

Source: U.S. National Weather Service.

Summary of Answers to Questions Submitted to Northwest Airlines

The following are summarized excerpts of answers to questions [see Attachments 109
to 113] submitted to Northwest Airlines [ letter dated April 8, 1998]...

NWA 80 did report the turbulence encountered and it was received by our Tokyo
dispatch office. The crew classified it as Code 3 [NWA definition code 3 is light
occasionally moderate turbulence]. The information transmitted did not accurately
reflect the captain's [NWA 80] description of the turbulence encountered [reference
Attachment 75] as "the worst I've ever encountered” as confirmed by subsequent
discussion with him. He should have assigned it a code 5 or 6 [code 5 .. moderate
occasional severe turbulence; code 6 .. severe turbulence].

Since the report was only for code 3 and since a Northwest Turbulence Plot [TP]
message was already in place for code 2 [light turbulence] in the area no further action
was taken by Northwest dispatch or meteorology. If a code S or 6 report comes in,
meteorology will immediately re-evaluate the current TP or issue one for Northwest
Flights if there is not one currently in effect.

Northwest pilot reports are not disseminated outside of Northwest Airlines because
there is no mechanism in effect to do so. Those reports given as part of international
flight's position reports are accessible to other airlines dispatch centers but, to the best
of my knowledge, are not routinely monitored by other airlines ( nor does Northwest
routinely monitor other airlines' reports).

Northwest has concluded an agreement with SkySource wherein our TP messages will

be accessible by other airlines or service providers. This still will not provide pilot
reports from Northwest flights.
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Meeting at the Naval Research Laboratory [NRL] in Monterey,
California

On July 16, 1998 a meeting was held at the NRL in Monterey, California to discuss a
review of the meteorology associated with the UAL 826 turbulence accident. Present at
the meeting were representatives from ALPA, UAL, FAA, the National Center for
Atmospheric Research [NCAR], and NRL. The following is a summary (composed
7/16/98) of NRL and NCAR findings [note in bold clarifications made to the original
summary]:

Satellite analyses indicated the presence of a rapidly-developing frontal wave system in
the 6 hours leading up to the incident, which suggested synoptic and mesoscale
circulation. A region of convective storms appeared to be forming [changed from to
form...NRL correspondence 12/15/98] to the southwest of this developing wave, just
prior to the penetration of this region by the accident aircraft [changed from
penetration of the accident aircraft ... NRL correspondence 12/15/98]; these cells
continued to develop rapidly after the accident, as evident in the satellite data.
Convection is at or just below the altitude of the aircraft altitude of FL 310 (9.5
kilometers and approximately -40 degrees C).

**COAMPS analyses indicated a rapidly deepening frontal wave and cyclonic
circulation developed in the 12 hours preceding the accident, which moved as it
developed to the east. The model appeared to confirm that a region of convection
existed [added to sentence ... NRL correspondence 12/15/98] to the southwest of the
primary wave, in the vicinity of the accident site. The model indicated a strong jet
stream immediately above the flight (60 meters/second from the west) and the
development of an extensive region of turbulence kinetic energy (TKE) immediately to
the east of the event region. There are indications of mesoscale gravity wave structure
in and around the system.

The turbulence linked to this incident may have been associated with convection
reaching up to or just below flight altitude, with a possible encounter within the
convective cell, or immediately above it, or adjacent to such a cell. [replaced the

sentence_Turbulence may hav n i with convection wi rbulen
reaching flight altitude, or clear air turbulence just above rising convection ... NRL

correspondence 12/15/98].

**COAMPS is an acronym for "The Coupled Ocean/Atmosphere Mesoscale
Prediction System" and it represents an analysis-nowcast and short-term (up to
48 hours) forecast tool applicable for any given region of the earth. COAMPS
includes an atmospheric data assimilation system comprised of data quality
control, analysis, initialization, and nonhydrostatic atmospheric model
components and a choice of two hydrostatic ocean models. The atmospheric

18



component of COAMPS can be used for real-data simulations, the analysis can
use global fields from the Navy Operational Global Atmospheric Prediction
System (NOGAPS) or the most recent COAMPS forecast as the first-guess.
Observations from aircraft, rawinsondes, ships, and satellites are blended with
the first-guess fields to generate the current analysis. For the idealized
experiments, the initial fields are specified using an analytic function and/or
empirical data (such as a single sounding) to study the atmosphere in a more
controlled and simplified setting. The atmospheric model uses nested grids to
achieve high-resolution for a given area and contains parameterizations for sub-
grid scale mixing, cumulus parameterization, radiation, and explicit moist
physics. Typical mesoscale phenomena that COAMPS has been applied to
includes mountain waves, land-sea breezes, terrain-induced circulations, tropical
cyclones, mesoscale convective system, coastal rainbands, and frontal systems.
The model grid size, usually referred to as grid resolution, can range from a
few hundred kilometers (synoptic scale) down to approximately one meter when
using the large-scale eddy (LES) mode. In practice, real data simulations are
typically made with resolutions of a few kilometers or larger, with LES
simulations limited to simulations of idealized data. The COAMPS model
domain covers a limited area on the earth. The actual dimensions used depend
on the scale of the phenomena the user is interested in simulating. The model
dimensions can be set so as to produce any rectilinear pattern and can also be
rotated to align with any surface feature, such as the terrain or a coastline.
COAMPS can be run with any number of nested grids, with the grid resolution
in any mesh one-third that of the next coarser mesh.

COAMPS also contains an option to utilize either the Modular Ocean Model
(MOM) or the Princeton Ocean Model (POM). In a fully-coupled mode, the
atmospheric and ocean models can be integrated simultaneously so that the
precipitation and the surface fluxes of heat, moisture, and momentum are
exchanged across the air-ocean interface every time step. Optionally, the
atmospheric model or either of the ocean models can be used as a stand-alone
system. At this time, the option to utilize an ocean model within COAMPS is
limited to our in-house R&D effort. Our plans call for exhaustive testing of the
capabilities of a fully-coupled system before this system is transitioned for use
to operations.

ational Resource Specialist
Meteorology
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TIME (2

11:42:44

~11:47:00

11:47:18

12:31:31

12:34:58

12:37:30

TRANSCRIPT |ON OF UAL826 AND TOKYO RADIO -

1997 28TH DEC
TIME:UTC

CALL SIGN COMMUNICAT IONS

UALB26

TOKYO
UAL826
TOKYO
UAL826
TOKYO
UAL826
TOKYO
UAL826
UAL826
TOKYO
TOKYO

UAL826
TOKYO

UAL826

TOKYO
UAL826
TOKYO
UAL8B26

TOKYO

UAL826
TOKYO
UAL826
TOKYO
UAL826

TOKYO

TOKYO
UAL826

TOKYO UAL826

STATION CALLING TOKYO GO AHEAD
REQUEST HIGH FREQUENCY FOR HONOLULU
SAY AGAIN YOUR CALL SIGN

SAY AGAIN

SAY AGAIN YOUR CALL SIGN

UAL826 ALFA FOXTROT DELTA KILO

MAKE PRIMARY 3455 SECONDARY 4666
3455 4666 THANK YOU '

TOKYO UALB26 RADIO CHECK ON 3455
JUST STAND BY PLEASE

BREAK UAL826 STAND BY SELCAL CHECK
ALFA FOXTROT DELTA KILO

(SENT SELCAL SIGNAL) —

.SELCAL CHECK UAL824 ...ER 826

TOKYO

TOKYO CONTROL UALB26

SAY AGAIN YOUR CALL SIGN OVER

UALB26

UALB26 GO AHEAD

CHECK SMOLT AT 1230 FLIGHT LEVEL 310 ESTIMATE
MASON 1300 32 NORTH 160 EAST NEXT

UAL826 TOKYO ROGER REPORT MASON 3455 PRIMARY

4666 SECONDARY

ROGER UAL826

TOKYO

TOKYO RADIO UAL826

UAL826 TOKYO GO AHEAD-

ROGER PLEASE TO THE ATC UAL826 REGUEST FLIGHT
LEVEL 350

“REQUEST FLIGHT LEVEL 350 STAND BY ONE CALL YOU

BACK
UAL826 TOKYO
ER 826 GO AHEAD

L



13:04:10

"3:36:45

13:44:35

13:48:23

13:55:29

TOKYO

UAL826

UAL826
UAL826
TOKYO

UAL826

TOKYO

UAL826
TOKYO
UAL826
TOKYO

UAL826

TOKYO

TOKYO

UAL826
TOKYO

UAL826

TOKYO
UAL826
TOKYO
UALB26
TOKYO
TOKYO
UAL826

TOKYO

ATC ADVISES UAL826 UNABLE ANY HIGHER DUE TO
TRAFFIC OVER

0-KAY UAL826 THANK YOU

TOKYO UAL826

TOKYO TOKYO UAL826

UAL826 TOKYO GO AHEAD

UAL826 MASON 1300 FLIGHT LEVEL 310 ESTIMATING

32 NORTH 160 EAST AT 1348 30 NORTH 170 EAST NEXT
FUEL 153.4 MINUS 40 270 DIAGONAL 130 OVER
TOKYO ROGER UAL826 AND TOKYO STAND BY SELCAL
CHECK ALFA FOXTROT DELTA KILO

(SENT..SELCAL SIGNAL)

ROGER UAL826 ,

UAL826 TOKYO (SENT SELCAL SIGNAL) UAL826 TOKYO
ANSWERING SELCAL

CLEARANCE ATC CLEARS UAL826 MAINTAIN MACH POINT
84 DUE TO TRAFFIC OVER

UAL826 ROGER AND MESSAGE FOR ATC 1JAL826 AT POSITION

3231 NORTH 15727 EAST ENCOUNTERING SEVERE -

TURBULENCE AND REQUESTING ANY HIGHER ALTITUDE OVER
UALB26 TOKYO STAND BY YOUR REQUEST

UAL826 TOKYO (SENT SELCAL SIGNAL)

GO AHEAD TOKYO

UAL826 CLEARANCE ATC CLEARS UAL826 CLIMB AND
MAINTAIN LEVEL 330 REPORT REACHING MAINTAIN MACH
POINT 84 OVER

ATC CLEARS UAL826 CLIMB TO AND MA:NTAIN 330 MACH
84 REPORT REACHING

TOKYO

UAL826 FLIGHT LEVEL 330

UAL826 REACHING FLIGHT LEVEL 330 TOKYO ROGER
TOKYO UAL826 POSITION :

UAL826 STAND BY ONE STAND BY ONE

UAL826 TOKYO GO AHEAD

UAL826 POSITION 32 NORTH 160 EAST AT 1352 FLIGHT

"LEVEL 330 ESTIMATING 30 NORTH 170 EAST AT 1446

FUEL 131.9 MINUS 44 290 DIAGONAL 110 OVER
TOKYO ROGER CONTACT SAN FRANCISCO 4666 PRIMARY

6532 SECONDARY AT FIR GO AHE




()

14:10:85

14:17:05

UALB26
TOKYO
UALB26
TOKYO
UAL826
TOKYO
UAL826

TOKYO

‘UALB26

TOKYO
UAL826
TOKYO

UAL826

TOKYO

UAL826
TOKYO
UAL826
TOKYO

UAL826
TOKYO
UAL826

TOKYO

UAL826
TOKYO
UAL826
TOKYO

ROGER 4666 PRIMARY AND SAY AGAIN 3ECONDARY OVER
SECONDARY 6532 OVER .

6532 THANK YOU

TOKYO

TOKYO TOKYQO UAL826 OVER

UAL826 TOKYO ER GO AHEAD GO AHEAD

YES SIR NO CONTACT 14 4666 AND AT PRESENT
POSITION WE ARE GOING TO DIRECT PRESENT POSITION
DIRECT 33 NORTH 160 EAST AND TURNING TO TOKYO
REQUESTING CLEARANCE FOR ATC

UAL826 TOKYO ROGER STAND BY CHECK AND CALL YOU
BACK STAND BY ON THI'S FREQUENCY

UAL8B26 ANSWERING SELCAL _

UAL8B26 CLEARANCE FOR YOU ARE YOU READY TO COPY
ER ROGER GO AHEAD

ROGER ATC CLEARS UAL826 TO NARITA AIRPORT VIA 33
NORTH 160 EAST DIRECT MASON OTR1S SMOLT THEN DIRECT
OVER

0-KAY UNDERSTAND ATC CLEARS UALB2t; 33 NORTH 160
EAST DIRECT MASON OTR15 SMOLT DIRECT OVER

READ BACK (S CORRECT TOKYO ALSO ATC REQUESTS
PRESENT POSITION AND ESTIMATING TiME AT 33 NORTH
160 EAST OVER

ROGER SIR AND DID THEY GIVE OUR ALTITUDE OVER
SAY AGAIN PLEASE

WHAT. | SAY AGAIN, WHAT ALTITUDE IN THE CLEARANCE
OH ROGER 0-KAY CHECK AND CALL YOU BACK SOON AND ARE
YOU NOW MAINTAINING 330

WE ARE MAINTAINING 335 335 OVER

MAINTAIN 365 ROGER CHECK ALTITUDE STAND BY PLEASE
UAL826 1S ESTIMATING 33 NORTH 160 EAST AT 1530
OVER .

OH ROGER TOKYO AND GIVE ME YOUR PRESENT POSITION
WiTH COORDINATE OVER

POSITION IS 3240 NORTH 16122 EAST OVER

~CONFIRM 2416 NORTH 16122 EAST IS YHAT CORRECT

32 3234 THAT'S 3234 NORTH OVER
ROGER TOKYO COPIED AND STAND BY FOR ALTITUDE

STAND BY PLEASE




o/

14:19:10

14:21:09

14:22:15

14:24:32

14:29: 10

TOKYO

UAL826

TOKYO

UALB26
TOKYO
UAL826
TOKYO
UAL826

TOKYO

TOKYO
UAL826
TOKYOQ

UAL826

TOKYO

UALB26

TOKYO
UALB26
TOKYO
UAL826
TOKYO
UAL826
TOKYO
TOKYO

UAL826
TOKYO

UAL826

UAL826 TOKYO

826 GO AHEAD

ROGER ATC CLEARS UALB26 MAINTAIN FLIGHT LEVEL 330
OVER

0-KAY UNDERSTAND MAINTAIN FLIGHT I_LEVEL 330 UAL826
TOKYO :

TOKYO UAL826

UAL826 TOKYO GO AHEAD

ROGER REQUEST ATC FOR 350 OR 370 WE ARE STILL
ENCOUNTERING TURBULENCE ‘ :
ROGER TOKYO UNDERSTAND STAND BY YOUR REQUEST CALL
YOU BACK

(SENT SELCAL SIGNAL)

UAL826 GO AHEAD

ROGER TOKYO REQUEST YOUR REASON FOR RETURN TO
NARITA AND SAY YOUR ETA NARITA OV:R :
ROGER SIR WE WILL GET BACK TO YOU THE ETA.WE HAVE
ENCOUNTERED SEVERE TURBULENCE , AND HAVE NUMEROUS
INJURIES ON BOARD, NUMEROUS PASSENER INJURIES
JAL8S TOKYO STAND BY STAND BY PLEASE

BREAK UAL826 TOKYO ER COULD YOU SAY AGAIN REASON
FOR RETURN TO NARITA PLEASE

ROGER SIR. WE HAVE HAD 1T AN ENCOJINTER WAS SEVERE
TURBULENCE AND WE HAVE NUMEROUS SSRIOUS INJURIES
ON BOARD OVER

ROGER TOKYO AND STANDING BY YOUR ETA NARITA

ROGER ROGER

TOKYO

TOKYO UAL826 ETA

ROGER GO AHEAD UAL826 GO AHEAD

UAL826 ESTIMATING TOKYO AT 1625 OVER

ROGER TOKYO THANK YOU

UAL826 TOKYO DO YOU READ

(SENT SELCAL SIGNAL)

GO AHEAD TOKYO

~ROGER TOKYO UAL826 ATC ADVISES UNABLE ANY HIGHER

DUE TO TRAFFIC BUT FLIGHT LEVEL 310 IS AVAILABLE
REQUEST YOUR (NTENTION OVER

STAY 330 OR GO HIGHER NO LOWE

-



14:30:55

14:34:14

14:46:00

14:47:57

14:53:10

14:55:27

15:36:17

TOKYO
TOKYO
UAL826
TOKYO

UALB26
TOKYO

UAL826
TOKYO
UALB26
TOKYO
UAL826

TOKYO
TOKYO
UALB26
TOKYO

UALB26

TOKYO
UAL826

- TOKYO

UAL826
TOKYO

lIALL826
TOKYO
UAL826
UALB26
TOKYO

UALB26

TOKYO
TOKYO

ROGER TOKYO 330 STAY 330 TOKYO ROBER

BREAK UALB26 TOKYO |

GO AHEAD 826 »

ROGER WHERE DID YOU ENCOUNTER SEVIERE TURBULENCE
OVER

SAY AGAIN

ROGER WHERE WHERE DID YOU ENCOUNTER SEVERE
TURBULENCE

JUST RIGHT BACK TO YOU T0O BUSY

ROGER TOKYO

UAL826

STATION CALLING TOKYO

UAL826 WE WERE AT FLIGHT LEVEL 310 TRACK 12
APPROX IMATELY 3230 NORTH 158 EAST TO 159 EAST GO
AHEAD

ROGER THANK YOU SO MUCH THANK YOU

(SENT SELCAL SIGNAL)

UAL826 GO AHEAD |

UAL826 TOKYO ATC ADVISES UAL826 FL.IGHT LEVEL 350
IS AVAILABLE REQUEST YOUR INTENTION OVER

ROGER LEAVING 330 TO 350 AT THIS TIME AND WE'LL
REPORT REACHING

JUST A MOMENT PLEASE JUST A MOMENT PLEASE

UAL826 STAND BY

UAL826 TOKYO

GO AHEAD

ATC CLEARS CLIMB AND MAINTAIN FLIGHT LEVEL 350
REPORT REACHING OVER

LEAVING 330 CLIMBING TO 350 CALL YOU REACHING
(SENT SELCAL SIGNAL)

(NO REPLY HEARD)

TOKYO UALB26 YOU'RE CALLING GO AHEAD

UALB26 TOKYO HOW MANY.PASSENGERS WERE INJURED BY
SEVERE TURBULENCE?

O-KAY AT THIS TIME WE- HAVE UNKNOWN. WE ARE COUNTING

STILL. WE ARE TALKING TO OUR CONTRCL CHICAGO.WE HAVE

TO GO CALL YOU BACK
ROGER A
(SENT SELCAL SIGNAL)

s




UAL826 UAL826 ANSWERING SELCAL

TOKYO ROGER WE ARE STANDING BY POSITION REPORT 33 NORTH
160 EAST ~
UAL826  ROGER STAND BY ONE
TOKYO STANDING BY
15:38:05 UAL8B26  TOKYO UAL826
TOKYO = UALB26 GO AHEAD
UALB26 33 NORTH 160 EAST 1431 FLIGHT LEVZL 350 MASON 1557
| SMOLT NEXT
TOKYO SAY AGAIN MASON ESTIMATE -

UAL826 MASON 1557

TOKYO +ESTIMATE MASON WILL BE 1657?

UAL826 STAND BY ONE NEGATIVE 15...1557 {3 THE CORRECT
TIME FOR MASON - '

TOKYO PLEASE VERIFY MASON ESTIMATE 1557

UAL826 WE ESTIMATE FROM MASON. ESTIMATING 20 ... 18
MINUTES FROM MASON CORRECT 1557

TOKYO ROGER HOW ABOUT TIME OVER 160 EAST 1431
UAL826 14311431 —
TOKYO RGGER IF YOU KNOW LET ME KNOW HOW MANY [NJURED

A PASSENGERS ON BOARD
UAL826 WE HAVE MANY MANY INJURED PASSENGERS AND WE'RE
: STILL COUNTING
TOKYO ROGER

16:02:35 UALB26 TOKYO UAL826
TOKYO UAL826 TOKYD

UAL826  MASON 1557 FLIGHT LEVEL 350 ESTIMATING SMOLT 1653
AND FUEL FUEL IS 80.5 MINUS 48 275 DIAGONAL 155
OVER
TOKYO ROGER 826 ESTIMATE SMOLT 1653 AND REQUEST REQUEST
ETA NARITA
. UAL826  O-KAY STAND BY
16:03:45 UAL826  UAL826 1S ESTIMATING NARITA 1725 OVER

TOKYO ETA NARITA 1725 AND ESTIMATE SMOLT 1653. S THAT
| CORRECT?
UAL826  ““THAT'S CORRECT )
TOKYO ROGER TOKYO. CONTACT TOKYO CONTROL 133.6 AT 146
EAST ‘ |

R OF INJURIES

UAL826 133.6 AT 146 EAST AND WE HAVE A NULS



16:20:02

TOKYO
UAL826

TOKYO
UAL826

TOKYO
UAL826
TOKYO
TOKYO
UAL826
TOKYO

UAL8B26
TOKYO

UAL826

TOKYO

UAL826
TOKYO
UAL826

FOR YOU

UALB26 GO AHEAD

0-KAY PASSENGERS WHO NEED TO SEE UOCTOR IS 37 37
AND FLIGHT ATTENDANTS ER 9 OVER .
ROGER 826 INJURED PASSENGERS 37 AND FLIGHT
ATTENDANTS 97

THAT IS ER ... THAT'S AFFIRMATIVE THAT IS A
CURRENT ESTIMATE, REMAINDERS MORE

SAY AGAIN |

WE ANTICIPATE ADDITIONAL INJURIES

ROGER COPY

(SENT SELCAL SIGNAL)

TOKYO UAL826 GO AHEAD ‘
UALB26 ATC REQUESTS UALB26 NUMBER OF PASSENGERS
AND CREWS REQUEST SOULS ON BOARD '
ROGER THAT NUMBER IS 388 388 IS OM BOARD

ROGER COPY THANK YOU ADDITIONAL REQUEST TO YOU
I'VE GOT YOUR SOULS ON BOARD 388 HOW ABOUT GREW
NUMBER? —

STAND BY ONE NUMBER OF CREWS 19 NINETEEN

SOULS ON BOARD 388 INCLUDING CREW 19.1S THAT
CORRECT?

THAT' S AFFIRMATIVE

ROGER THANK YOU

ROGER




16:40:55

16:41:41

16:42:30

16:42:52

16:42:58

UAL826

ACC
UAL826

ACC
UAL826

ACC

UAL826
UAL826
UAL826

ACC

16:43:43 ACC

16:44:01

16:45:09

16:46:45

UAL826

ACC
UAL826

ACC
UAL826

ACC
ACC
UAL826
ACC

UAL826
ACC

UAL826

e ——— e ——— —

Tokyo, UAL826, how do you read?
UAL826, Tokyo. loud and clear, squbwk ., correction,
verify at FL350.

Affirmative, maintain 350.

i
UAL826, squawk 2506. ' t
2506, thank you, 826. '

UALB26, ah, request estimate time Brrival at Narita
airport.
Stand by.

Ah, UAL826 --+ , stand by.
UAL826, estimating Narita at ah, 1 ---, 7 -+ ah, 26,
over. i

UAL826, roger.

UAL826, ident. _ —
Roger.

UAL8B26, radar contact 225 miles sdutheast of NRE.
Understand, UAL826, and ah, say iﬁ just ah, request-
ing fastest possible route to the fairport, over.

Ah, UAL826, woul!d you say again, please?

Affirmative., sir. We ex *** , requast expedite arrival,
because we have numerous injuries fon board.

UAL826, understand. we' || advise Narita approach.

UAL826, cleared via present position direct, ah,
november, NRE.

Present position direct Narita, UAL826, thank you.

UAL826, Tokyo.
Go ahead.

“Ah;-.826, Narita approach wants to}know. ah, wants to

confirm the number of person, | mean, ah, injured
person, forty-six? ,

Affirmative, sir, we have, ah, we'have 46 that need.
ah, immediate medical attention. Waghave other that
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|

ah, have minor injuries. :

ACC 826, roger. ;

!.

16:55:00 ACC UAL826, at your discretion, descend and maintain
10000, QNH 3019. |

i
UAL826 Pilot discretion, 10000, 3019, rogér.

17:00:32 ACC UAL826. latests ONH 3020.
“ UAL826 Roger, 826.

17:12:02 ACC UAL826, now contact Narita approach on 125.8, good
day. '
UAL826 1258, good day.




17:12:10

17:13:10

17:15:00

17:20:34

17:20:50

17:21:35

17:21:48

17:26:02

17:27:00

UAL826
APC

UAL826
APC

UAL826

APC

UAL826

APC

UAL826

UAL826
APC

UAL826

APC
UAL826

UAL826
TWR

UAL826

THR
UAL826

TWR
UAL8B26

|
|

Narita approach, UAL826, 135 for 10000.

UALB26, Narita approach, fly headﬂng 280 for vecter
to final approach course, runway @4 ILS final approa-
ch course, descend and maintain 4

280 for vectors and descend to 4000 UAL826

UAL826, high speed descent is appnoved speed at
pilot’'s discretion. |

Narita weather at 1700, wind 020 degrees at 8 knots,
visibility 25 km, cloud broken 45q0. temperature 4,
dew point minus 2, QNH 3020. |

Copied weather, 3020, 826.

UAL826, We are preparir;‘ambulancés for you, and do
you need any assistance except ambulance?

Negative, copied about ambulances, negative fire
trucks. |

UAL826, turn left heading 270. '
270, UALB26. -

Request right turn, UAL826.
UAL826, turn right heading 310, d4scend and maintain

3000, 8 miles from outer marker, cleared for ILS run-
way 34 approach.

Cleared ILS 34, 3000, 826.

UAL826, contact tower 118. 2.
Good day.

UAL826, 8 miles ILS 34.
UALB26, Narita tower, cleared to [and runway 34, wind.
020 degrees at 8 knots.
Cleared to land.

~UAL826, turn right to alfa then tdxi to papa 6.
Alfa, papa 6

 UAL826, contact ramp contro! 121. 7é
Roger, good day.

"
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CHAPTER 7. SIGMET AND AIRMET INFORMATION, AERODROME WARNINGS

AND WIND SHEAR WARNINGS

7.1 SIGMET information —
general provisions

7.1.1

SIGMET information shall be issued by a meteoro-

logical watch office and shall give a concise description in
abbreviated plain language conceming the occurrence and/or
expected occurrence of specified en-route weather phenomena,
which may affect the safety of aircraft operations, and of the
development of those phenomena in time and space. The
information shall be indicated using one of the following as

appropriate:
&) at subsonic cruising levels:

thunderstorm
— obscured
— embedded
-~ frequent

— squall line

OBSC TS
EMBD TS
FRQ TS
SQL TS

— obscured with heavy hail -©BSC TS HVYGR
— embedded with heavy hail EMBD TS HVYGR

— frequent, with heavy hail

FRQ TS HVYYGR

— squall line with heavy hail SQL TS HVYGR

tropical cyclone
— tropical cyclone
with 10-minute
mean surface wind speed

of 63 km/h (34 kt) or more

turbulence
— severe turbulence

icing
— severe icing

— severe icing due to
freezing rain

mountain wave
— severe mountain wave

duststorm
— heavy duststorm

sandstorm
— heavy sandstorm

volcanic ash
— volcanic ash

ANNEX 3

TC (+ cyclone name)

SEV TURB

SEV ICE

SEV ICE (FZRA)

SEV MTW

HVY DS§

HVY SS§

VA (+ volcano name,
if known)

b) at transonic levels and supersonic cruising levels:

turbulence
— moderate turbulence MOD TURB
— severe turbulence SEV TURB
cumulonimbus
— isolated cumulonimbus ISOL CB
— occasional cumulonimbus OCNL CB
— frequent cumulonimbus  FRQ CB
hail
— hail GR
volcanic ash
— volcanic ash VA (+ volcano nan

if known)

-Note.— Guidance on the preparation of SIGMET messay
is given in Attachment F. -

7.1.2 SIGMET information shall not contain unnecesss
descriptive material. In describing the weather phenomena |
which the SIGMET is issued, no descriptive mater
additional to that given in 7.1.1 shall be included. SIGMI
information conceming thunderstorms or a tropical cyclo
shall not include references to associated turbulence and icit
However, the occurrence of heavy hail with thunderstorm sh
be indicated.

7.1.3 SIGMET information shall be cancelled when t
phenomena are no longer occurring or are no longer expect
to occur in the area.

72 Format and exchange of
SIGMET messages

7.2.1 A SIGMET message shall contain the followi
information as necessary and in the order indicated:

) location indicator of the air traffic services unit servi
the flight information region or control area to which t
SIGMET message refers; for example, ¢ YU

Note.— In cases where the airspace is divided intc
Alight information region (FIR) and an upper flig
information region (UIR), the SIGMET is identified
the location jinds of the air traffic services w
less, the SIGMET messa
within the lateral limits

v



CHAPTER 5. AIRCRAFT OBSERVATIONS AND REPORTS

5.1 Obligations of States

Each Contracting State shall arrange, according to the pro-
visions of this chapter, for observations to be made by aircraft
of its registry operating on international air routes and for the
recording and reporting of these observations.

5.2 Aircraft observations
The following aircraft observations shall be made:

a) routine aircraft observations during en-route and climb-
out phases of the flight; and

b) special and other non-routine aircraft observations
during any phase of the flight.

5.3 Reporting of aircraft observations
during flight

5.3.1 Aircraft observations shall be reported by air-
ground data link. Where air-ground data link is not available
or appropriate, aircraft observations shall be reported by voice
communications.

5.3.2 Aircraft observations shall be reported during flight
at the time the observation is made or as soon thereafier as is
practicable.

5.4 Routine aircraft observations

54.1 Recommendation.— When air-ground data link is
used and automatic dependent surveillance (ADS) is being
applied, automated routine observations should be made every
15 minutes during the en-route phase and every 30 seconds
during the climb-out phase for the first 10 minutes of the flight.

5.4.2 When voice communications are used, routine
observations shall be made during the en-route phase in
relation to those air traffic services reporting points or
intervals:

a) at which the applicable air traffic services procedures
require routine position reports; and

ANNEX 3

b) which are those separated by distances comresponding
most closely to intervals of one hour of flying time.

5.4.3 Recommendation.— For helicopter operations n
and from aerodromes on off-shore structures, routine obser
vations should be made from helicopters at points and times &
agreed between the meteorological authorities and 8
helicopter operators concerned.

5.4.4 In the case of air routes with high-density air traffi
(e.g. organized tracks), an aircraft from among the aircrd
operating at each flight level shall be designated, at approxi
mately hourly intervals, to make routine observations i
accordance with 5.4.1 or 5.4.2, as appropriate. The desig
nation procedures shall be subject to regional air navigagios
agreement.

5.4.5 In the case of the requirement to report during th
climb-out phase, an aircraft shall be designated, at_approxi
mately hourly intervals, at each aerodrome to make routin
observations in accordance with 5.4.1.

5.4.6 When voice communications are used, an aircraf
shall be exempted from making the routine observation
specified in 5.4.2 when:

a) the aircraft is not equipped with RNAYV equipment; or
b) the flight duration is 2 hours or less; or

c) the aircraft is at a distance equivalent to less than on
hour of flying time from the next intended point ¢
janding; or

d) the altitude of the flight path is below 1500 1
(5000 ft).

54.7 Recommendation.— When voice communicatior
are used, additional exemptions may be prescribed by region
air navigation agreement for flights over routes and areq
with high density air traffic and/or with adequate synopti
networks. Such procedures should take the form of exemptic
or designation procedures and should:

a) make it possible for the minimum requirements fi
aircraft observations of all meteorological office
concerned to be met; and

Wle 1o implement and preferab
not i ) ion of individual cases.

V15



Annex 3 — Meteorological Service for International Air Navigation

5.5 Special and other non-routine
aircraft observations

5.5.1 Special observations shall be made by all aircraft
whenever the following conditions are encountered or
observed:

a) severe turbulence; or
b) severe icing; or
€) severe mountain wave; or

d) thunderstorms, without hail, that are obscured,
embedded, widespread or in squall lines; or

¢) thunderstorms, with hail, that are obscured, embedded,
widespread or in squall lines; or

f) heavy duststorm or heavy sandstorm; or
g) volcanic ash cloud; or
h) pre-eruption volcanic activity or a volcanic eruption.

Note.— Pre-eruption volcanic activity in this context
means unusual and/or increasing volcanic activity
which could presage a volcanic eruption.

In addition, in the case of transonic and supersonic flights:
i) moderate turbulence; or
j) hail; or
k) cumulonimbus clouds.

5.5.2 When other meteorological conditions not listed
under 5.5.1, e.g. wind shear, are encountered and which, in the
opinion of the pilot-in-command, may affect the safety or
markedly affect the efficiency of other aircraft operations, the
pilot-in-command shall advise the appropriate air traffic
services unit as soon as practicable.

Note.— According to Chapter 4, 4.12.1 and Chapter 7,
7.6.2, icing, turbulence and, to a large extent, wind shear, are
elements which, for the time being, cannot be satisfactorily
observed from the ground and for which in most cases aircraft
observations represent the only available evidence.

5.5.3 Recommendation— When reporting aircraft
observations of wind shear encountered during the climb-out

and approach phases of flight, the aircraft type should be
included.

5.5.4 Recommendation.— Where wind shear conditions
in the climb-out or approach phases of flight were reported or
Jorecast but not encountered, the pilot-in-command should

/196

Chapter §

advise the appropriate air traffic services unit as soon as
practicable unless the pilor-in~command is aware that the
appropriate air traffic services unit has already been so
advised by a preceding aircrgft.

5.6 Content of air-reports

5.6.1 When voice communications are used, the elements
contained in routine and special air-reports shall be:

Routine air-reports

Message type designator

Section 1
(Position information)
Aircraft identification
Position or latitude and longitude
Time
Flight level or altitude
Next position and time over
Ensuing significant point

Section 2
(Operational information)
Estimated time of amival
Endurance

Section 3

(Meteorological information)

Air temperature

Wind direction

‘Wind speed

Turbulence

Aircraft icing

Humidity (if available)

=

Special air-reports

Message type designator
Section 1
(Position information)
Aircraft identification
Position or latitude and longitude
Time
Flight level or altitude
Section 3
(Meteorological information)
Condition prompting the issuance of a special air-report, to
be selected from the list presented under 5.5.1

Note I.— Air-reports are considered routine by default.
The message type designator for special air-reports is
specified in the Procedures for Air Navigation Services —
Rules of the Air Traffic Services (PANS-RAC,
Doc 4444




&/ UNITED AIRLINES

World Headquarters

January 14, 1998

Mr. Bob Benzon

National Transportation Safety Board
490 L'Enfant Plaza, S.W.
Washington, D.C. 20594-2000

Subject: Meteorology Report and Meteorologist Statement, Flight
826, December 28, 1997
DCA98MAO015

Dear Mr. Benzon: S— -

Enclosed you will find our meteorological report. Also enclosed is a
statement from one of the meteorologists on duty at the time of the incident.
In the case of the report and statement, I have not sent Mr. Wataki of the
JAAIC a copy. If you wish this to be done, let me know, and I will send
immediately.

Sincerely,

Jeff Plantz !

Flight Safety

Box 66100, Chicago, Illinois 60666, ® Location: 1200 East Algonquin Road, Elk Grove Township, Illinois 60007



To: NTSB From: OPBWX- Allen Motew

January 8, 1998

STATEMENT FROM ALLEN MOTEW

NTSB:

I was requested by my manager, Carl Knable (United Airlines
Meteorology Department) to supply a written statement regarding
any discussions/actions that took place prior to the accident of
Flight 826 on December 28, 1997.

I was one of three meteorologists working the midnight shift
(2315CST-0745CST) on December 27-28, 1997 and to the best of—
my knowledge, had no discussions concerning and made no actions
during my shift, that specifically related to Flight 826,

I first became aware of the accident by hearing about it on the
television news that following evening (December 28, 1997).

Mﬁ/

Allen Motew
Meteorologist
United Airlines




UNITED AIRLINES

To: WHQFS - Jeff Plantz FROM: OPBWX - Carl Knable

January 7, 1998

METEOROLOGICAL REPORT, FLIGHT 826-28 DECEMBER 1997, NRT-HNL

INCIDENT

Severe turbulence encounter, FL310, at 32.5N 158.9E, with numerous
injuries and one fatality.

GENERAL CONDITIONS

A strong cold front extended from 45N162E southwest to 34N1S50E, and
then to the west into southern Japan. Ahead of this front, a large
area of showers. and thunderstorms had developed. The southern end of
this thunderstorm area intersected the track of Flt. 826 (see
attachment 1). Based on GMS IR satellite images, thunderstorms were
building rapidly in the vicinity of the incident, with tops estimated
to range from FL290 to FL390 (see attachments 6, 7 and 8).

Aloft, a wide band of strong winds, with maximum wind speeds of 140-
150 knots, extended from central Japan into the central Pacific (see
attachment 2). This area of strong winds appears to consist of a
branch of the subtropical jet and a parallel branch of the polar jet.
In the vicinity of incident, the jet stream branches appear to
diverge.

There were approximately 23 AIREPS available over checkpoint 32N160E
between 28/1149Z and 28/1502Z (see attachment 4). The AIREPS show
wind speeds between 55 and 135 knots, with significant shears (14
knots per thousand feet) between FL290 and FL330 (see attachment 5).
In addition, an analysis of the reported temperatures suggests a
strong inversion, with a base near FL310. None of the 23 reports
indicated the presence of turbulence.

FORECASTS

The high level significant weather chart valid at 28/1200Z indicated
the presence of the polar and subtropical jet cores, the cold front,
and an area of frequent CB’s near the incident site (see attachment

3). Clear air turbulence was not forecast.

Tokyo had issued a series of sigmets, calling for turbulence in

advance of the cold front. 1In the series, sigmet 4 was valid for the
time of the incident, and called for moderate to severe tur
from FL290 to FL350. The area covered by this sigmet did
the incident site or any part of the flight track.




SUMMARY

Based on information available, four significant features associated
with turbulence appear to be present at or near the incident site:
thunderstorms with tops at cruise levels, significant vertical wind
shears, an inversion, and the difluence (splitting) of the jet core.
As such, the turbulence could have been caused by: 1)flight through
or near a thunderstorm top, 2) strong vertical wind shear independent
of the thunderstorm environment, or 3) the interaction of the
thunderstorms with the existing wind field causing downstream
turbulence. Information available at the time of this report
suggests either cause 2 or 3, as listed above. )

ATTACHMENTS
e 1: Surface chart/sigmet plot - 28/12002
e 2: Airep plot - 28/0200Z to 28/15002
e 3: High level significant weather chart - 28/12002
e 4: AIREP summary - 28/1149Z to 28/15022
e S5: AIREP wind/temperature plot - 28/1200Z
e 6: @S IR image - 28/13342Z -
e 7: GMS IR image - 28/14352Z
e 8: Combined IR/AIREP analysis - 28/1334Z
K
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AIRCRAFT WEATHER REPORTS AT 32N 160E FOR THE TIME PERIOD 28/1148Z TO 28/1502Z

WIND ALTITUDE TEMP |FLIGHT #[TIME UTC] AVG WIND | AVG TEMP ' VERTICAL SHEAR
SPEED KNTS/1000FT
290135 390 54 J208 1305 130 KTS 54
200125 390 54 J74 1442
1KT

290140 370 49 Jo58 1206 132 KTS 49.5
290135 370 £0 J308 1150
290130 370 50 J108 1231
280130 370 S50 J72 1502
290130 370 49 AAR232 | 1450
280130 370 -49 J109 1433 .

IKTS
290135 350 52 J208 1056 124 KTS 48 e
280120 R0 46 J56 1205
290120 330 47 N§2 1149
290115 350 48 N816 1226
290115 350 -48 N16 1228

_ 290130 350 47 N22 1351
- 290125 350 46 NSO | —1339 —

280130 350 -49 J&8 1423 !

6.5KTS
290100 | 330 45 N80 1228 111 KTS 45
290130 30 43 J70 1332
280105 30 -45 CMig08 1251
290110 30 44 us26 1352

14KTS
290080 ;. 310 45 J76 1334 83KTS | 44
290085 10 43 ANA10S | 1241

14785
280055 290 38 N76 1240 S5 KTS 38
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&/ UNITED AIRLINES

World Headquarters

January 12, 1998

Mr. Bob Benzon

National Transportation Safety Board
490 L'Enfant Plaza, S.W.
Washington, D.C. 20594-2000

Subject: Flight Papers, Flight 826, December 28, 1997
DCA98MA015

Dear Mr. Benzon:

Enclosed you will find the flight papers for the subject flight. The contents
include:

Signed Release  —

Flight Plan Forcast

Section of the Plotting Chart Pertaining to the Flight
Weather Briefing Message

Weather package obtained locally (Narita)

I am also sending, via company mail, a copy to Mr. Jun Oka, United Airlines,
Nartita station operations for delivery to Mr. Atuhiko Wataki, Accident
Investigation Commission of Japan. I will also fax Mr. Wataki and Mr. Oka

a copy of this coverletter in advance. The material was not fax transmitted
as I felt it would loose clarity in the process.

Sincerely,

Jeff Plantz g

Flight Safety

cc: Mr. Jun Oka, United Airlines for Mr. Wataki - JAAIC
Encl.

Box 66100, Chicago, Illinois 60666, ¢ Location: 1200 East Algonquin Road, Etk Grove Township, Illinois 60007
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AERODROME FORECASTS FOR HNL BOUND

ism)mmmmmmcsummmmm
— 28, 0700UTC DEC 1997
SELECTED WEATHER ABBREVIATIONS
BFG FOG EATGHES  FC FUNNEL CLOWD PO DUST DEVILS SG  SNOWGRAINS
BISN BLOWING SNOW FU SMOKE RA RAN ) SQ SQUALL
BR MIST FZ FREEZING RE RECENT SN SNOW
DRSN LOW [RIFTING GR HAIL SA DISISTORM SAND~ TS5 THINDERSTORM

SO HZ DUSTHAZE STORM RIZING +  HEAW
DZ  DRIZZE Ml SHALLOW DIST OR SAND - LIGE
FG__FOG PE JCEPELIETS  SH SHOWERS
SELECTED JCAD LOCATION INDICATORS
RIA NBW TOKYO RXC NBW CHITOSE RXCH HAKODATE
RIS SENDAT RN NAGDYA RJEB KANSAL/INTL
RJTT TOKYO INIL PHNA BARRERS POINT — PWAK WAKE
PHNL AONOLLLU PHOG_FAULUL PHIO HILO

——— R 260606 35006KT 9999 FENO30 SCTOSO

RICC 280606 30015KT 9999 BKNO30 TEMPO 1521 2000 -SHSN
RJISS 280024 29012KT 9999 SCT030 TEMPO 0109_29020630KT
RINN 280606 30008KT 9933 FEW030
RIBB 280606 35008KT 9999 FENO30

RJTT 280606 34012KT 9999 FEWO30 BKNOSO BKN200 BECMG 0911
05010KT !

PHNA 272121 12010G1SKT 9999 SCT030 SCT050 QNH30O2INS 128/007
TEMPO 2121 -SHRA S CT025 BKNO4S BECHG 0507 O4006KT 9999
FEMO30 SCTOS0 QMH30OSINS T16/15Z NO ANDS AFT 2223 NEXT
2821 LAST

~
-—-—7’”’[ 2805202 280606 07010KT PESM SCT025 SCT045 TEMPO 0606

~SHRA SCT025 BKNO4O

PHOG 280520Z 280606 0G010KT PESM SCT02S SCT04S TEMPO 0620
~SHRA SCT020 BKNO30 FM2000 0701SG2SKT PESM SCT02S SCT045
TEMPD 2006 -SHRA SCT02S BKNO40O AMD NOT SKED TIL 182

.- (PN TN [ RN -~ Sy '.., Ml

PHTD 2805207 280606 VRBOIKT P6SK SCTO2¢ t
SHRA BKNO18 OVCO40 FM2100 13008KT I
TEMPO 2106 -SHRA BKNO2S 0VCO040

RICH PHAK NIL=



’;‘ IROPICAL CYCLONES ST OF 1A0F AEF MOT OFPICTED (M THIS CHBAT
1

FBPN _ JMJ.

VALID TDE

2812002 DEC 195
RAFC TOKYO « men
SIGHX FL 250-4¢

TROPOPAUSE/MAX. WIND
FIXED TINE PROGNOST
CHART (F GSN ouTPlIT




oipe | | |\t
y/////////

azmm &/ m&ﬁzmm m

i THOHT STAT N1 U3IJTdI0 T0N Jdo IUss du 13u3 Iate wwnw




e

- [\

>'&

~'y

s,

1300(300hPa) JMJ
.o
281200Z DEC 1997
oKY0

TOP. WONTIVE 1 24 M.
5.T. 271N QEC 1997

X~

¥

S ) ” wmé,,'so e §,‘_“ oS
i So W : . ‘
* “\5‘6 “y‘5”§"43§43'\*’t§'
% )
R P ea ey wo @
> By, o .
At -3 \\—,71-1»‘”#
. ., \i\ g
“&;' L | -0 S
TN vty 6
S
) v .
' " J)Y ’,( ”F
- >l .
2 s

- B

oF U

>3






- | wwense!? !E-!u -.___...,..DP |
IS o . 5 |
I S T R T R ik o I
NS : . J : z.:n. ) _;—&..ndn-éowuommH
ﬂm V—m %:w INJW/ nm.\ﬁ/ ) . . dﬁ. . . . : ) V.wn *, . ' o i
. " 5 : | x ,w, L
% ._m "=, 4 ) Y : ~ m«.
. i Mm - s.&m/!.o 5 s ) W & " 3 ¢
A3 o g Yo t )
] o
. ) |

L




MEMO

NORTHWEST
AIRLINES

TO: Bob Benzon - NTSB From: Larry Ganse
Date: Tuesday, January 06, 1998 5101 Northwest Drive
Department N7180

St. Paul MN 55111-3034
Phone

Fax
OVID LRGANSE

Subj: NWA pilot reports & meteorological
information for Dec 28, 1997, in the
vicinity of 32N/160E

— e ——————

Bob, - -

Here is a quick description of the attached documents.

1. NWA generated upper air depiction for the pacific region applicable to the

date/time of the accident. This chart is issued to each departing NW flight.

NWA generate surface analysis, also issued to each departing flight.

A piot of the NW turbulence plot (TP) applicable at the time of the accident.

This was plotted by NWA meteorology in Tokyo after the accident.

The text copy of the NW TP message plotted in (3) above.

The statement of the Captain of NW fit 22. This flight was in the same area as

UA 826. The information is self explanatory.

6. The statement of the Captain of NW fit 80. This flight transited the area approx.
90 minutes ahead of UA 826 at FL 330.

7. The statement of the Captain of NW 10 which was the flight 30 minutes ahead
of UA 826 and transited the area at FL 330.

8. The statement of the Captain of NW 76 which transited the area approx. 80
minutes ahead of UA 826 at FL 290.

N

o s

If there is anything else we 6an do to be of assistance, please feel free to call. | will get
back to you on the plan to brief FAA on our TP program.

Regards,

S —
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Air Satety Keport 4/ v - - o (&)
Capain: A)H/E' &5.8 Jn-n ] Luupluyvr No: 0?3923 u
Fiest Ofticer: _ DT E.VE SE cTrvan A CLJ} loyee No.: 115260

Sccond Officer: B‘Q uce (amllert o YJFF 1997 Lm@gte No.. 227 668

- S R )
Lead F/A: Mike . SR “$inpid}ee No.:
Dispatcher. ':4 FL‘_QHT Employ:c No.:

(B A .,_AJ‘\ -t
Ocher Crew: \.\{ L ‘ ~, &
Due$%38  Da_[fL Mo 77 ¥ LEL mens ' {2 (LTC)
Flight No.: jo From: /\RT- To: HNL Divert To: —_—
Location/Fix: _Q PRENK { boe L 37 A NASA ASRS Filed? Y or@(Circlc)

-ALCType: D 747 aACNo:__ 663F Logbook Ref: ___~—

" Emcrgency Deleared? Y or@( ircle)
Flight Phase: (Circle Onc) Parked/ Pushback/ Powceback/Taxi-Out/Takeotf/Iniial Climb/ Chmcsccni/
Approacli/landing/Taxi-la/Towing

Altitude/Flt Level: FL 3 30 ft Runway No.:. 3¢
1AS/Mach: ___{Y gﬁ‘ ko Runway Conditiun: Dry/Wet/Ice/Snow/Slush
Fuct Jettisoned: — 1Ls.
Cantiguration: OI"\-/ / ®) nJ / U £ / L{ /0 / M /3
Auto Pilot Auto Thrust Gear Fap Slac -
Significant W / : / / ()Odé— [f
- Raiu Stow Icing Tuchulence

Accual Wxe 2704// 50 / L{I\/L / QQ?IL / = l&é{ /

Wind Vis Ceiling Temp QNH

Descripiion Of Incident: CC—QAQ A 774/(644'—6/\/ £ pﬂmﬁ 7; ((A 8020/ Jéc—

/) N Vicimire oF [60E ye EvcounTieed Moderare, %ﬁﬁe{
/L«&At(t.é/\/cp‘ rCodf__/?AE/’K_Q-J) ®. 330 Wren Lasre d /23
/WIJLHTQS'f Eoccowed fy (012 Mmures or Licur/ModecsTE -
AiRceAFT  Was  ConTrotsppe Trrouckour fs W Reduced
7" ﬂ/ 6!15’7_ due.ve Tiqrs TiE .

3) O Arree  Fossive  Tacoacy Tardacen7 HReq HWnice Y
S/MQTH AR, Asecearr Saddediy Segerved
Enconnreamle A TRuckd (Lo Coud Terseesn £r<

) Prioe. To (606 We Tyewed Ceardcer Siens O (8w Smoors 4/4L
B:«f{ on/ _Code 2 FoR €chsT, Wiaicy Was Accyesr,

;)H&JM’L__@AE Tuar. L Knbd ﬁqu{c.d (vTuries, As Tays Tukbrcne

sl@e— T He  Ubes— Toar Zove Eved Epcouwred
é} A-r 1646, We Cupwoed TZacs, To FACiurmaTE AL 370 /390,

Pilots, Dupalchers Fill out reporan as much detail as pos\s:hk and hand 0 stauos agent upon compictiva of flight. Note
list of veportuble incidents on hack of form for reference.

Sution Agents: FAX (o the Fhight Salery Office, a1 612.726-4292 and send vriginal s vugh company mnail to Department

{iny | ctop) NTI8RQ, Munne olis.
(Wi 073023 o

Jowry eld- Hapry M Ypa |




- INUSAARA VT AU L (AR avadas same | =~
Air Safety Report % PS’ \ Cc /. &)vsb \@

Capuain: Z?O'\/ MQe Me s Employee No.: b1 Y C/P

Firsc Officer: J it AMVYerS Emplovee No:
7 -

Second Officer: (Aar f;\/ S (/] Ll Employec No..

Lead F/A: Emplovec No.:

Dispatcher: Emplovee No. /AL
Other Crew:
Date: = V Da EC Mo 77 Ye Time:
Flight No.: w / 0 From: l-/ !?-T To: /‘{ o 7 Divert Te: g
LocationsFix:_-Ars __o0oF o  WTRT oM TRaK /P NASKASH led?
A/C Type: 147 A’C No: top/ Logbook Refats
Emergency Delcared? Y or N (Circle) ‘

Flight Phase: (Ciccle One) Parked/Pushback/ Powerback/ Taxi-Out/ Takeoff/I nitial Climb/ Climb@Dcscent/
Approach/Landing/Taxi-In/Towing

RS Filed? Y.

T
-,

Ahtitude/Flt Level: 3 ; 0 : ft Runway No.:
LAS/Mach: . P kes Runway Condition: Dry/Wet/Ice/Snow/Slush
Fucl fettisoned: Ibs.
Configuration: " / L7 / y / -
Auto Pilog Auto Thrust Cear Flap © Slac
Signiticant Wi / / / Z” 7A 7—
Rain Snow Icing : Turbulence
Actuul Wx: / / / / .
Wind Vis Ceiling Temp QNH

Description Of Incideau: FLT 21 depar EJ MET g fZ- J Z—L /j( <

oN Th«cé (L o T wal Jbie -!!;c:‘/ Lr ﬂn.r.tr.é/f (s ‘-J*’ -2

L heurs jACTO. Me s Fron W &S Mmf‘é_ ¢ # hes T Kur
Ta avod furb. FLT 7[:’65.1'-?(/ Throwgbh atcq ot _Cx/-((/?a/
kb -e)fij[,:vuy‘ , Yery liq LT Turh (Code I/), T here

wekr=e ~NO r(?:wq‘ s/ area [A/o rader  refur~s
Other Information: _/~ 0 Uﬁf’—rkv«‘-{ Ilq L tairy \ . F‘—T_ /0 ’Z-l-”vflf;c_f
- \ ./ / Te . )

£FC A aﬁp/r»ay.w,f., lv N 9 i ale - «&-x'p.//\/-r,./(‘d
A0 QL}"’"Q‘C‘*”‘F Cu X T—i\gy (wer< at  Fe 33 o

< Q{ﬂfruq(-(ql Ur’(lx Code { '[‘(4/-‘ . UA'L- &Ly,
WS L v ahead ot  [FLT /0 C  Fir Ceve !
30 = experigcod Ceveic Cler MAor Turk,
Signatuce: %\ _[(/ SO V:\

Puocs/ Dispatchers: Fill out report in as rmuch detail as possiblc and hanc to stauon agen
list of reportable incident va bark of form for reference.

of flight Notc

Station Agéhu: FAX to the Rlight Satewy Otfice. at 612.776-8292 and send vnginal thr
(mail swap) N7LRQ, an('ap(\u&.

Decpartment

OP-794 FORM NO 7-A2I8 140



Air Sdely Report

Captain: Employee No.:

First Officer: Employee No.:

Second Officcr: Employee No.:

Lead F/A: Emplovee No.:

Dispatcher: Employee No.:

Qther Crew:

Date: Da Mo Yr Time: (UTC)
Flight No.: From: To: Divert To:

Location/Fix: NASA ASRS Filed? Y or N (Circle)
A/C Type: A/C No.: Logbook Ref:

Emergency Delcared? Y or N (Circle)
Flight Phase: (Circle Oue) Parked/Pushback/Puwerback/ Taxi-Out/ Tuhcoff/ Initial Climb/Climb/Criise/Descent/
Approach/Landing/Taxi-In/Towiag

Aldtude/Fle Level: ft Runway No..
1AS/Mach: : kts Runway Condition: Dry/Wet/Ice/Snow/Slush
Fucl Jettisoned: Ibs.
Configuration: / / / / -
Auto Pilot Auto Thrust Gear Flap Slat
Sigaificant Wx: / - / i / — -
Rain Snow Icing ' Turbulence
Actual Wx: / / / /
Wind Vis Ceiling Temp QNH
Desceiption Of Incident: TL\'Q - “as @ T r) p“’ r SCq 77:""’ c/
Thuvder sTorm Ly Area - Wpp<fp W x
df‘tg(‘fwv ¢ bart Shywe d /ljfj.éff Code (=
\ atbe a T Ner “werk j,; ]'—/*r/A/JMQj/pA/;‘
oA vy s '\ka\(z,L\ woar~sed 0'{" 1\(-4;-9“/-'?"(&
1) [RIES a"£'Ok . T here wus ar ol Qin v Thy
QOther (nformation: Piie f?ru 1 ok -ef/h.,\,,,cﬁ,l /_)\/ n )
-em-/!ﬂ CM_-\jrj rﬁa;rlru‘A m* 4 Q Fe &
Rad) o 6 A [ ¢ 'p(.fa'f‘: U AL Lk
e Svy-erx Tuwr b o

—_—

A
Signature: e ——————

T — —<
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World Headquarters
February 27, 1998

Mr. Bob Benzon

National Transportation Safety Board
490 L’Enfant Plaza S.W.

Washington, D.C. 20594-2000

Subject: Flight 826, December 28, 1997, NRT-HNL, N4723U, Turbulence
Encounter, NTSB DCA98MAO015

Dear Mr. Benzon:

This document responds to questions asked by Greg Salottolo and Don Eick in a
memo dated January 21, 1998, received by e-mail on January 30. The responses
were compiled from discussions with the captain of the incident flight, United’s
manager of meteorology and United’s, ALPA chief investigator.

1) The flight plan indicated a Flight Level of 35,000 feet [FL 350] at
MASON. Why was the aircraft not at this Flight Level [ATC or other
reasons])?

Answer: NRT clearance delivery did not make FL350 available to the flight at
departure time. The incident flight was unable to obtain a higher flight level prior
to the event.

2) What type of weather radar was onboard?

Answer: C-band

Was the radar functioning normally?

Answer: Yes

What was seen on the weather radar and what was the location and
intensity of the echoes seen?

Answer: 50-60 miles ahead, to the right of course, there were some light green
amber or red) echoes. There was no visual sightings of lightning. .

What tilt and range was the weather radar set on?

Box 66100, Chicago, Illinois 60666. ® Location: 1200 East Algonquin Road, Elk Grove Township, Illinois 60007



Answer: The radar was set on the 80 mile range with 5 degree tilt down. The crew
occasionally scanned at 10-15 degree down for confirmation of surface return
(functionality).

Does the radar have a turbulence display?

Answer: The radar has a “Precip Only”, “Both” and “Doppler Only” modes. At the
time of the incident, the radar was set in the “Both” mode.

3) What weather information was received while enroute? How, from
whom, and when was the information received?

Answer: The incident flight received a ride report from an aircraft on the same
track approximately 30 miles ahead, at a higher flight level. The ride report was,
“occasional ripple, but basically a smooth ride.” There were no reports of turbulence
received from other flights.

4) What were the cloud tops?

Answer: The pilots reported they were in the clear from level-off at FL310 (“stars
above”, tops below FL310) _
5) What are crew procedures regarding when to turn the fasten seat belt
sign on?

Answer: Attached are “OI” and “ALL WX" pages from our Flight Operations
Manual.

6) What information is provided by UAL to flight crews regarding
turbulence and thunderstorms?

Answer:

Basic weather is provided in the form of the computer generated Weather Briefing
Message (WBM). Any text based forecasts of thunderstorms, turbulence
(CAT/mountain wave), or tropical storms valid for the route of flight are included.
These forecasts can consist of sigmets, convective sigmets, severe weather watch
areas, and company issued turbulence forecasts. The WBM also includes all
pireps/aireps of turbulence along the route of flight for the past three hours. All
crews are also provided with some form of high level significant weather product,
either in the form of an ICAO flight weather documentation package, Jeppesen fax
product, or via WSI Pilotbrief. In addition, dispatchers append last minute
thunderstorm/turbulence data to the flight plan release, as well as providing
voice/ACARS uplink of current data to enroute flights.



7) Was the crew aware that isolated cumulonimbus activity was forecast
from 165 degrees east longitude to 160 degrees east longitude with tops to
FL 380 [noted in the Flight Release]? Was the seat belt sign on at 155
degrees east longitude? If not, why was the seat belt sign not on?

Answer: :

As part of the flight planning process, the pilots did in fact review all weather
products available to them and briefed both flight attendants and passengers on the
possibility of turbulence along their flight path. Momentary light turbulence was
encountered at 145E. Because of this light turbulence, the fasten seat belt signs
was illuminated for approximately :15 minutes. The seat belt sign was turned off
because the turbulence disappeared and conditions smoothed.

8) Was the crew aware that moderate turbulence was forecast beginning at
about 158 degrees east longitude from 33,000 feet to 40,000 feet [Significant
Weather Prog attached to Flight Release valid 1200Z 12/28]? Was the seat
belt sign on at this location? If not, why was the seat belt sign not on?

Answer:

As part of the flight planning process, the pilots did in fact review all weather
products available to them and briefed both flight attendants and passengers on the
possibility of turbulence along their flight path. The turbulence “event” occurred
prior to 158E at 157-27E (agreed to location of the event). The seat belt sign was on
for passengers approximately two minutes” prior to the event.

9) Was the crew aware of a forecast for moderate turbulence in the vicinity
of 145 degrees east longitude from FL 280 to FL 380 [noted in Flight
Release]? Was the seat belt sign on at this location? If the seat belt sign was
not on why was it not on?

Answer: As part of the flight planning process, the pilots did in fact, review all
weather products available to them and briefed both flight attendants and
passengers on the possibility of turbulence along their flight path. Momentary light
turbulence was encountered at 145E. Because of this light turbulence, the fasten
seat belt signs was illuminated for approximately :15 minutes. The seat belt sign
was turned off because the turbulence disappeared and conditions smoothed.

10) What turbulence forecasting techniques do UAL meteorologists use?
What weather information do UAL meteorologists use in generating
products? Where does the weather information come from? What prompted
issuance of the forecast for cumulonimbus activity and turbulence noted in
questions 7 and 9? What prompted issuance of the forecast for moderate
turbulence in the vicinity of 160 degrees east longitude to 170 degrees east
longitude from FL 310 to FL 400 {noted in Flight Release]?

Answer:
e UAL meteorologists use standard turbulence pattern recognition techniques t
have been developed over the past 30 years and are used on an industry-



basis. This includes in-house developed CAT and mountain wave techniques
that have been adopted by many other organizations, including the NWS and
USAF.

o UAL meteorologists have at their disposal a full range of meteorological data
sets including: All Family of Service alpha-numeric data including HRS, drops
on two FAA weather circuits, all NEXRAD data including composites and single
site from two sources - UNISYS and WSI, direct readout earth stations for
GOESS8 and GOESY, a dedicated earth station in Hawaii for direct readout of
GMS, vendor provided METEOSAT data, lightning strike data, and all NWS
DIFAX products. All of these data sets are integrated on high power UNIX
based work stations. In addition, this information is supplemented by UAL
automated ACARS weather downlink data. UAL ACARS provides
approximately 12,000 daily reports of winds, temperatures, and peak vertical
acceleration (turbulence).

¢ Finally, all meteorologists have INTERNET acces: at their workstations, thus
providing access to all weather related sites.

e Data sources are as indicated above - vendors (UNISYS, WSI, Alden, GAI),
government, direct satellite readout, aircraft, and Internet.

e The forecasts referenced in questions 7 and 9 came from the monitoring of real
time GMS satellite data, pireps/aireps, and high level significant weather progs.

11) What weather products do UAL meteorologists issue related to -
turbulence and thunderstorms? How are these products disseminated?

Answer:

* Routine forecasts of CAT/mountain wave are issued for the U.S. and eastern
Pacific. Thunderstorm forecasts are provided for the U.S., eastern Pacific, and
for all routes affected by thunderstorms generated by organized tropical storms.
Verbal briefings regarding turbulence reports, shears, significant
thunderstorms, etc., are provided to dispatchers on a routine basis.

e Forecast products are provided in text based format via the WBM and the
mainframe data base. The same products are provided in graphic format to all
dispatchers and operations control personnel via an operational PC LAN.

Sincer

Jeff Plantz
Flight Safety
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TURBULENCE

Turbulence can be encountered from a
variety of sources. Turbulence Intensity
Critena apply to all sources of turbu-
lence.

Turbulence Assoclated With .
Thunderstorms Turbulence and
windshear within thunderstorms, or in
the vicinity of thunderstorm tops and
wakes, downbursts, and gust fronts.

Clear Air Turbulence Occurs in the
free atmosphere away from visible
convective activity. CAT includes
high-ievel frontal and jet stream turbu-
lence and strong vertical windshears.

Mountain Wave Turbulence Pro- -

duced in connection with mountain
lee waves. It may include high
amplitude mountain waves, rotors,
turbulence in highly sheared layers
near the tropopause and near the sur-
face.

SEVERE TURBULENCE Do notinten-
tionally conduct flight through areas of
known severe turbulence. If the weather
“forecast for the route of flight is for “oc-
casionally severe” turbulence, be alert
tor PIREPs and other indications of the
actual level of turbulence present. If
informed of the presence of severe tur-
bulence, take the following action:

- in the vicinity of the departure airport,
seek departure routing that avoids the
turbulent area, it possible, or delay de-
parture until conditions improve.

- En route, change altitude and / or
route in order to avoid the reported
area.

In the vicinity of the destination air-
port, seek descent and approach to
avoid the reported area. If avoidance
is doubtful, consider hoiding until the
situation improves (PIREPs, LLWAS,
TDWR, etc.) or consider diversion.

TURBULENCE ENCOUNTERS A ra-
dio report is required by FAR when
severe turbulence is encountered. A
logbook entry is also required. UA policy
requires that turbuience of moderate or
greater intensity be reported as soon as
possible via Acars or radio (refer to RE-

QUIRED REPORTS in the EMER-
GENCY / IRREGULAR chapter). When
the report is received, CHIDD informs
the following:

- Other flights providing information on
alternative altitudes and/or routes.

In the event of severe or greater
turbulence, Maintenance at the arrival
station. This provides the planner an
opportunity to position inspection
personnel. The aircraft must be in-
spected after severe turbulence is
encountered.

In the event of severe or greater
turbulence, System Operations Con-
trol. This provides the controller an
opportunity to adjust aircraft routing
regarding inspection requirements.

CABIN NOTIFICATION OF
TURBULENCE

Expected Turbulence When turbu-
lence is anticipated, tum on the
Fasten Seat Belt sign and make a PA
announcement. Give the Flight Atten-
dants an estimate via interphone
(such as within two minutes) of when
the turbulence will be encountered to
permit them to tie down serving carts
and stow other loose items before
taking their seats.

Unexpected Turbulence If turbu-
lence is encountered unexpectedly,
cycle the fasten seat belt sign off and
on three or four times and make a PA
announcement advising the passen-
gers and flight attendants to be
seated immediately. The chime
associated with the Fasten Seat Belt
sign will provide added emphasis to
the passengers and flight attendants.
Flight Attendants will advise the fiight
deck of any injury or damage due to
turbulence.

TURBULENCE DURATION CRITERIA
Occasional less than 1/3 of the time.
Intermittent 1/3 to 2/3.

Continuous More than 2/3

Note: Turbulence not associated with
convective clouds should be reported
as CAT or as turbulence associated
with mountain wave.

FLIGHT OPERATIONS MANUAL
ALL WEATHER
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TURBULENCE INTENSITY CRITERIA

Condition /

AGARS Code Airplane Reaction Cabin Reaction % Crew Actions
Light No appreciable Occupants may feel a Captain
Chop C:,m g‘ ﬂ&““"",g' g" ht :}'a‘" 8983151 seat | o 'Seat belt signs on at Captain's option.
attitude. , rapi elts. Unsecure . :
and & o api objects reman stable. PA made Instructing passengers to be seated.
1 rhythmic bumpiness Colffee is shaking Flight Attendants
occurs. slightly but not splashing | « Language Qualified Flight Attendant (LQFA), if on
out of cup. No difficulty board, translates flight deck safety announcement.
in walking. e Verify passenger seat belts fastened, bassinets
unoccupied, and infant/child secure in approved
Momentary, slight, Walking and cant seat.
Turbulence | ematic changes in maneuvering may be e Secure unattended carts on tiedowns; secure
aftitude and/or attitude | difficult. Coliee is loose cabin, galley, and SC items.
2 oceur. ‘h;k‘"g but "°" e Verily lavatories unoccupied.
splashing out of cup. e Continue service with caution, Be aware that

service may need to be modified or discontinued

depending on intensity and duration of turbulence.
Seat belts may be required for all flight attendants.
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TURBULENCE INTENSITY CRITERIA (Cont.)

Aggr;‘dg 'g?)ée Airplane Reaction Cabin Reaction Crew Actions
Moderate Rapid bumps or jolts without | Occupants feel Captain
Chop arpreciable changes in definite strain ¢ Seat belt signs must be on.
3 altitude or attitude. against seat belt. ¢ PA made instructing passengers and flight
Ur;?lecutr)ed tO%e":f‘S attendants to be seated.
Moderate | Changes in altitude or i sp?aihﬁ,‘;'ou? of | Fiight Attendants
Turbulence | attitude occur, airspeed cup. Very difficultto | ® Discontinue service.
fluctuations occur, but the walk and maneuver | ® Set cart brakes but leave cart in its present location.
4 a»rp:an'e remains in positive | cang. s Cover coffee pots/wine bottles or place on floor.
conlrol. e Sit down in nearest passenger seat or jumpseat. If
seat is unavailable, sit on floor and hold on.
¢ If possible, Language Qualified Flight Attendant
translates safety announcement.
Severe Large, abrupt changes in Occupants forced Captain
Turbulence | altitude/attitude occur. violently against o Seat belt signs must be on. ,
Usually large airspeed seat belts. ¢ PA made instructing passengers and flight
5 fluctuations occur. Airplane | Unsecured objects attendants to be seated.
may be momentarily out of tossed about or { cabi Lanci
Intentional | o0t 01, Maintenance lifted from the floor. * Inspect cabin after experiencing severe or extreme
Flight : h turbulence.
Prohibited writeup and airplane Walking is
inspection required. impossible as is Flight Attendants
standing without ¢ Discontinue service.
. , i i d on. If seatis ilable, si
Extreme Airplane tossed violently holdm' on :o L gg “c’i:vgg ﬁggrhol seat is unavailable, sit
Turbulence | apout; practically impossible | sopeor D o ‘ . o
h 'tpl i y Impo support. e If flight deck is unable to make PA, command
rtoronal s(: rﬁg‘u:gl.da nyaczuse passengers 1o sit down and tasten seat belts.
n g{: 'g:‘a Maintenance writeup and ¢ If possible, Language Qualified Flight Attendant

Prohibited

airplane inspection required.

transtates safety announcement.

SANI'THIV d4.LINN 4

868349

$6-XM 1V




&Y UNITED AIRLINES 28 NOV 97 0167
PUBLIC ADDRESS DEPARTURE DELAY NOTIFICATION
ANNOUNCEMENTS After advising the First Flight Attendant,

PUBLIC RELATIONS POLICY Thede-
gree of customer service we offer adds
value to our product, and the more value
we offer, the more passengers we will
carry. As a pilot, you can use the PA
system as a customer service iool to
enhance safety and leave positive
impressions with our customers. A
pleasant, accurate, well-timed PA an-
nouncement is an effective and well-
received method of communicating to
our customers that we care about their
safety, comfort and schedule. When
making PA announcements to passen-
gers, cockpit crewmembers should
identify themselves as Captain, First
Officer or Second Officer.

Outside the cockpit, you can also
communicate that we care about our
customers through face-to-face com-
munication. Greet passengers when
passing through the boarding area and
stand at the cockpit door while passen-
gerc deplane. When in the terminal and
time permits, answer questions, give
directions, and offer assistance. When
possible, greet passengers and intro-
duce yourselfi. In the eyes of our
passengers, you are more than a pilot -
you are United Airlines.

There are three types of PA announce-
ments: (1) mandatory, as required by
the FAR's, (2) mandatory, as required
by United policy, and (3) standard
announcements, which are preferred as
a matter of United policy. It is also
United's policy that at no time should the
use of the PA system detract in any way
from the safety of the flight or any
operational duty. While there is also no
requirement that any announcement be
made verbatim, the thrust of each
announcement and the situation under
which it is made should be essentially
the same.

the Captain is responsible for making
timely and appropriate delay announce-
ments to customers onboard the
aircraft. The Captain will make initia!
contact with the CSR working the flight
atthe podium to determine if there is any
known delay. If there is a known delay,
the Captain will contact the Zone Con-
troller or Station Agent to determine the
details. Both the Captain and the CSR
will then coordinate their information so
that any delay given to the customers in
the boarding area will mirror that of any
delay information given to customers
onboard the aircraft by the Captain. Il
there is no known delay, the Captain
should proceed onboard the aircratt for
normal duties.

Once onboard the aircratt, if the Captain
notices any problem or activity which
would cause a delay, or if any
information (ATC, weather, etc) is
communicated to the flight which could
conceivably cause a delay, the Captain
should immediately relay that informa-
tion to the Zone Controller or Station
Agent. If a delay of limited and known
duration occurs, this will be communi-
cated directly to the Captain via
ACARS, e.g., “BAGS 10.” If a defay oc-
curs which has the potential to be
lengthy or is poorly defined, such as a
mechanical problem, a voice contact is
essential. The Captain will be contacted
via ACARS, e.g., "CALL ZONE", or by
VHF radio.

FLIGHT OPERATIONS MANUAL
OPERATING INFORMATION
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The Captain should then communicate
to the passengers the reason for the de-
lay and its duration, as well as when the
flight is expected to leave or when to ex-
pect further information. If there isn't
sutficient information to provide a well-
defined explanation, the Captain should
tell the passengers what is known at that
moment. During irregular operations the
Captain should keep passengers in-
formed at least every 10 minutes.
Irregular announcements and depar-
ture delay notification should be
handied by the Captain rather than by
the CSR. The Captain may assign these
departure delay announcement duties
to another cockpit crewmember.

if the pilots are not on board the aircraft,

due to irregular operations, the CSR will
make the announcements. It is also a
United policy that, during the doot close-
out announcement, the CSR apologize
for those things requiring an apology, af-
ter which cabin and cockpit crewm-
embers should not apologize further.
While it is appropriate to express
empathy, sympathy, regret, etc., itis im-
portant to let the passengers know that
1) our number one interest is safety, 2)
we care about people, and 3) we will do
all we can to get to the destination in the
scheduled time or better. The sample
announcements are designed to do just
that.

SAMPLE PUBLIC ADDRESS AN-
NOUNCEMENTS Examples of
required and other standard announce-
ments are provided below. From time to
time, ask Flight Attendants how well the
announcements are received. It is eas-
ier to improve when you receive
feedback on your performance.

ANNOUNCEMENT LIMITATIONS
During critical phases of flight, limit
announcements to those required only
for the safe operation of the airpiane.
Sterile Cockpit Procedures (refer to
STERILE COCKPIT, under FLIGHT
OPERATION in this section) outlines
these limitations. The announcements
appropriate for critical phases of flight
are listed under REQUIRED PA AN-
NOUNCEMENTS, in this section.

- Avoid airline abbreviations, acro-
nyms, jargon, and detailed
explanations of procedures or duties.

- Limit use of PA during periods when
passengers are aslesp or watching
video presentations.

- Exclude the flight attendant rest area
in the tail of the 747-400 when making
general PA announcements during
cruise. Use code #46 on the inter-
phone control panel.

- ATC communications or commercial
radio broadcasts may be connected
to the appropriate channel of the
passenger entertainment system, or,
il duties permit, listen to the program
and relay pertinent information to pas-
sengers using the PA system.

REQUIRED PA ANNOUNCEMENTS

Note: On DC-10-30F freighter, couri-
ers must recelve all announcements
required for Flight Attendants and
passengers.

Prior To Takeoff This announce-
ment must be made at least two
minutes prior to takeoff. Flight atten-
dants must notify the cockpit it they
are unable to compty. if the flight
attendants cannot compiete their
preparations in the time remaining,
the First Flight Attendant will notify the
cockpit and the Captain will delay the
takeoff until he is assured that all is in
readiness for takeoff.

“Flight attendants, prepare for take-
off.” - This must be a stand-alone
announcement not combined with
any other PA announcement. Flight
attendants are trained to listen for pre-
cisely these words.

FLIGHT OPERATIONS MANUAL
OPERATING INFORMATION
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Prior To Landing At least five min-
utes prior to landing:

“Flight Attendants, prepare for land-
ing.” - This must be a stand-alone
announcement not combined with
any other PA announcement. Flight
attendants are trained to listen for pre-
cisely these words.

On flights of six hours or more, the
cockpit will coordinate with the First
Flight Attendant / Chief Purser it more
than five minutes’ notification time is
needed. :

Fasten Seat Belt Off Make this
announcement in conjunction with
tuming the seat belt sign off the first
time after takeof!.

“Ladies and gentlemen, this is
Captain (First Officer or Second
Officer) . We have tumed off
the seat belt sign. however, we
sometimes encounter bumpy air, so
for your safety, keep your seat belt
fastened at all times while seated.”
(Optional) “In keeping with our
excelient on-time record, we expect
an on-time arrival today in

(station) at” _ (time).”

Fasten Seat Belt On Any time the
fasten seat belt sign is turned on
during flight, an announcement will be
made. It atall possible, give atleasta
10 minute waming.

Anticipated Turbulence “Ladies
and gentlemen, this is Captain (First
Ofticer or Second Officer). We have
reports from other flights that are
experiencing some bumpy air
ahead. Because of this, we are tum-
ing on the fasten seat belt sign in
about minutes. If you need
to get up, now would be a good time
to do so.”

Turbulence “Ladies and gentie-
men, this is Captain (First Officer or
Second Officer) . We have
reports from other flights that are
experiencing some bumpy air
ahead. Because of this, we are turn-
ing on the fasten seat bett sign and
ask that for your safety everyone
retumn to their seats and fasten their
seat belts.” If applicable, “This also
requires that flight attendants be
seated. We will tum the seat belt
sign off just as soon as we retum 1o
smoother fiight conditions, thank
you.”

Note: Flight Attendants must be
given a time element (such as
within 2 minutes) via intercom
when asking them to be seated
under these conditions. Exclude
this announcement from the flight
attendant rest area in the tail of
the B-747-400. Use code #46 on
the interphona control pane!l.

Preparation For Landing “Ladies
and Gentlemen, this is Captain
(First Officer or Second Officer)
. Inabout 10 minutes we will
be tuming on the fasten seat belt
sign for our final descent and land-
ing.it* -+ adtogetup, now would
be a wo < uMe to do s0.” Then, fol-
low witt “Ladies and gentiemen,
this is Captain (First Officer or Sec-
ond Officer) ________ again. In
preparation for landing, the fasten
seat belt sign has been tumed on.
We ask that you retum to your seats
and fasten your seat belts securely.
Thank you.”

Reinforcing the Seat Belt Sign

- There are occasions when the seat

belt sign is on and passengers ignore
it. FAR's require compliance. When a
flight attendant informs you that the
seat belt sign is being ignored, an an-
nouncement form the cockpit should
be made to ensure safety.

During Taxi *Ladies and gentle-
men, this is Captain (First Officer or
Second Officer) . The seat
belt sign is on, which requires all
passengers to be seated with their
seat befts fastened. This is an FAA
requirement and is for your safety.
Anyone moving about the cabin
must immediately retum to their
seals and fasten their seat befts.”

Enroute °“Ladies and gentiemen,
this is Captain (First Officer or Sec-
ond Officer) . The seat belt
sign is on, which means all passen-
gers must be seated with their seat
belts fastened. We have/expect to
encounter(ed) some bumpy air
which could increase at any
moment and possibly cause people
standing or walking to lose their
balance. Anyone moving about the
cabin must immediately retum to
their seats and fasten their seat
belts. This is an FAA requirement
and is for your safety.”

FLIGHT OPERATIONS MANUAL
OPERATING INFORMATION
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Unexpected Turbulence Inthe case
of unexpected turbulence encoun-
ters, a PA announcement should be
made waming the passengers and
flight attendants to be seated. The
Captain should contact the First Flight
Attendant by interphone. After being
seated, the First Flight Attendant may
reinforce the cockpit call by making a
PA announcement to the passengers
to be sure their seat belts are
fastened.

Smoking and Ventilation Problems
“Ladies and gentlemen, this is
Captain (First Officer or Second
Officer) _____. We are presently
experiencing some cabin ventilation
problems. Federal Regulations re-
quire that we provide a non-smoking
environment for non-smokers and it is
necessary 1o tum on the no-smoking
sign at this time. For the safety and
comfort of everyone, we ask passen-
gers seated in the smoking section to
refrain from smoking. As soon as
conditions permit, we will tum the no
smoking sign off.

STANDARD PA ANNOUNCEMENTS -
ROUTINE OPERATIONS This list of
announcements represents the type of
information Marketing has determined
that most passengers would like to hear
from the cockpit. On short range, muilti-
leg flights, these announcements
should be shortened (a B-737 Captain’s
“welcome aboard” announcement when
going from CID to OMA would be
shorter than a B-747 announcement
from JFK to NRT, yet a weicome aboard
from the Captain is appropriate for
both). On airplanes with no Second
Officer, the First Officer may make the
announcements.

Welcome Aboard “Good moming
(aftemoon, evening), ladies and gen-
tiemen, I'm Captain (First Officer or
Second Officer) ________ and |
would like to welcome you aboard.
We are pleased to have you fly with us
today, and we’ll do everything pos-
sible to make this a pleasant flight.
We'll be pushing back for an on time
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departure (if appropriate) in just a few
minutes and taxiing to the runway.
You can help by taking your seat as
soon as possible since we can't move
the airplane until all passengers are
seated with their seat belts fastened.
We will make Air Traffic Control
communications available on channel
# of the passenger entertain-
ment system (f appropriate). For
those of you without headsets at the
moment, they will be made available
during our climbout. We invite you to
enjoy the fine service of our profes-

sional flight attendants. We're going '
. to have a great flight.”

Weicome Aboard (More Than 15
Minutes Behind Schedule) “Good
moming (atteroon, evening), ladies
and gentiemen, I'm Captain (First
Officer or Second Officer) ______
and | would like to weicome you
aboard. We are pleased to have you
fly with us today, and we'll do every-
thing possible to make this a pleasant
flight. We'll be departing today at
______(time), and you can help us to
depart more quickly by taking your
seat as soon as possible since we
can't move the airplane until all
passengers are seated with their seat
belts fastened. | would like to assure
you that my entire crew and | will do
everything we can to get you to

(destination) as soon as
possible. We will make Air Traffic
Control communications available on
channel # of the passenger
entertainment system (if appropriate).
We will be underway in just a few
minutes, and we invite you to enjoy
the fine service of our professional
fiight attendants.”

Note: Long range flights having an
extra crewmember should add a
sentence that says, "Since this is a
long range flight, we have an extra
crewmember on board. If you see a
uniformed cockpit crewmember in
the passenger area, don't be con-
cered. We will have a tull crew in
the cockpit at all times.”

FLIGHT OPERATIONS MANUAL
OPERATING INFORMATION
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Pre-Takeoff Example listed under
REQUIRED PA  ANNOUNCE-
MENTS.

Fasten Seat Belt Example listed un-
der REQUIRED PA ANNOUNCE-
MENTS.

Flight Information These an-
nouncements must comply with
Sterile Cockpit procedures. “Ladies
and gentlemen, this is Captain (First
Officer or Second Officer) .
Our planned flight time to (sta-
tion) is (time). We'll be
cruising at an aftitude of ___thousand
feet and a few points of interest we'll
be passing over are ____. We are
planning an on-time arival at

.. (location) at ______
(time)**We will do everything possible
to make your flight comfortable.”

Progress Report

When Delsyed and Behind
Schedule “Ladies and gentlemen,
this is Captain (First Officer or Sec-
ond Officer) with a progress
report. {landmark) is to our
right. We are right on our computer
flight plan (or ahead of computer
plan) and still estimating arrival at

(station) at (previously
given ETA). We trust you are enjoy-
ing the flight.”

When Planning On Time Arrival
or Within 15 Minutes “Ladies and
gentiemen, this is Captain (First
Officer or Second Officer)
with a progress rfepon.
(landmark) is to our right. We are
still planming an on-time arrival at

and we trust you are
enjoying the flight.”

Preparation For Descent “Ladies
and gentlemen, this is Captain (First
Officer or Second Officer) .In
a few minutes I't be tumning on the
Fasten Seat Belt sign, as we will start
our descent into (station) (if
appropriate). The weather in

(station) is . We are estimating
our arrival (use “on-time,” if appropri-
ate) at (time). We hope you

have enjoyed the tlight as much as we
have flying it for you."

'Preparation For Descent (When 15

Minutes Or More Behind Sched-
uled Time) “Ladies and gentlemen,
this is Captain {First Officer or Second
Officer) _____. We plan to arrive at
__ (location)at _____(time).
In a few minutes, I'll be turning on the
Fasten Seat Beft sign, as we will start
our descent into (station) (if
appropriate). The weather in
(station) is . We hope you
have enjoyed the flight as much as we
have flying it for you."

Moderate Turbulence Example
listed under REQUIRED PA AN-
NOUNCEMENTS.

Ventilation Problems Example
listed under REQUIRED PA AN-
NOUNCEMENTS.

No Smoking Sign The NO SMOK-
ING sign is to be used only to indicate
no smoking. It is not a signal for flight
attendants to begin service after
takeoft or to take their seats. Leave
the NO SMOKING sign ON for the en-
tire flight.

Passengers Up When Seat Belt
Sign Is On Example listed under RE-
QUIRED PA ANNOUNCEMENTS.

Parallel Approaches (When landing
at CLE, DEN, DFW, LAX, SEA, SFO,
etc.). This announcement has been
coordinated with United’s FAA Princi-
pal Operations Inspector and can be
given when below 10,000". “Ladies
and gentiemen, this is Captain (First
Ofticer or Second Officer)
When we land at (station) we
will be making what is known as a
parallel approach. This means that
you might see another airplane from
400' to 1,000’ away which will be land-
ing on a runway paralle! to ours. This
is a nomal landing procedure for
landing at (station) and is no
need for concem.”

FLIGHT OPERATIONS MANUAL
OPERATING INFORMATION
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Missed Approach (Give as soon as
possible after executing the miss,
work load permitting. This announce-
ment is not a violation of sterile cockpit
procedures and may be made below
10,000 feet.) “Ladies and gentiemen,
this is Captain (First Officer or Second
Officer) _______. As you can hear and
feel, we have added power and
elected 1o discontinue our approach
because _______. Everything is nor-
mal and under control even though we
realize that it may have come as &
surprise (o you. We will be ianding in
approximately minutes” OR
“"We are proceeding to our altemate

and we'll give you further details in a

few minutes.”

PA ANNOUNCEMENTS - IRREGU-
LAR OPERATIONS United's policy is
stated under PUBLIC RELATIONS
POLICY above. lmregular operations
announcements should be made by the
Captain. However, the Captain may
designate other crewmembers as the
situation requires. In order to comply
with Sterile Cockpit procedures, Irregu-
lar Operations announcements must be
made on the ground when the airplane
is parked with the parking brake set, or
in the air above 10,000. Those
announcements which are made in con-
junction with armmemergency and which
contribute to the safe operation of the
airplane may be made at any time
" regardless of altitude or the airplane
being parked.

When at the gate, if the Customer Serv-
ice Representative is not present, the
cockpit crew should be proactive and
contact the station control center by
radio or telephone, make an inquiry
through Acars (refer to ACARS under
ESTIMATED DEPARTURE in the
ACARS chapter), or investigate using
any means available in order to keep
passengers updated as to the state of
the delay. Passengers will invariably
have a more positive state of mind if
they receive timely, accurate in-
formation from a cockpit crew that
seems sincerely concemed about them,
their safety, and getting to their destina-
tion as rapidly as possible.

Engine Torching During Start “La-
dies and Gentlemen, we have just
been informed by the ground crew
that some fuel which had pooled inthe
engine torched off during engine start.
While engine torching can certainly be
spectacular in appearance, it is not
dangerous and we ask that you treat
the incident calmly.

CABIN SAFETY ANNOUNCEMENTS
On ferry and training flights to which no
Flight Attendants are assigned, it is the
Second Officers responsibliity (First
Officer on two-pilot crews) to make the
following announcement:

Prior to Takeoff “Ladies and Gentle-
men, this is (First Officer or Second
Officer) please direct your
attention to the Safety Information
card located in the seat pocket in front
of you and follow afong as | cover the
important safety features of this
airplane.”

Carry-on Baggage "Ensure that all
carry-on items are securely stored
either under the seat in front of you
or in the overhead bins.”

Exits *!f you are sitting in an exit
row, you will be required to assist
the crew in an emergency. | you are
unable to perform the functions
described in the front of the safety
Information card, please advise the
crew at the end of this announce-
ment.”

“Locate the two emergency exits
nearest your seal. In some cases
they may be behind you. If evacu-
ation is necessary, fioor lighting will
automatically illuminate to guide
you to an exit.”

FLIGHT OPERATIONS MANUAL
OPERATING INFORMATION
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Flotation (Overwater Equipped)
“This airplane is equipped with life
vests which may be found under,
between or beside your seat and is
identitied by a red strap. Follow the
instructions shown on the Safety
Information card.”

Flotation (Domestic) “This
airplane is equipped with floatable
seat cushions. Follow the instruc-
tions shown on the Safety
information card.”

Oxygen “if needed, an oxygen
mask will drop from the compart-
ment above your seat. (On smoking
flights, extinguish your cigarettes
when you see the mask.) Place the
mask over your nose and mouth
and tighten the straps as neces-
sary. The flight crew will advise you
when the mask is no flonger
needed.”

Seathelts, Seatbacks, Tray Ta-
bles “For takeoff (landing), fasten
you seatbelt tightly across your lap,
place your seatback in the full
upright position and lock your tray
tables in place.”

FLIGHT OPERATIONS MANUAL
OPERATING INFORMATION
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Missed Approach (Give as soon as
possible after executing the miss,
work load permitting. This announce-
ment is not a violation of sterile cockpit
procedures and may be made below
10,000 feet.) “Ladies and gentiemen,
this is Captain (First Officer or Second
Officer) ______. As you can hear and
feel, we have added power and
elected to discontinue our approach
because . Everything is nor-
mal and under control even though we
realize that it may have come as a
surprise to you. We will be landing in
approximately minutes” OR
“We are proceeding to our alternate
and we’ll give you further details in a
few minutes.”

PA ANNOUNCEMENTS - IRREGU-
LAR OPERATIONS United's policy is
stated under PUBLIC RELATIONS
POLICY above. Irregular operations
announcements should be made by the
Captain. However, the Captain may
designate other crewmembers as the
situation requires. In order to comply
with Sterile Cockpit procedures, Irregu-
lar Operations announcements must be
made on the ground when the airplane
is parked with the parking brake set, or
in the air above 10,000. Those
announcements which are made in con-
junction with an emergency and which
contribute to the safe operation of the
airplane may be made at any time
regardless of altitude or the airplane
being parked.

When at the gate, if the Customer Serv-
ice Representative is not present, the
cockpit crew should be proactive and
contact the station control center by
radio or telephone, make an inquiry
through Acars (refer to ACARS under
ESTIMATED DEPARTURE in the
ACARS chapter), or investigate using
any means available in order to keep
passengers updated as to the state of
the delay. Passengers will invariably
have a more positive state of mind if
they receive timely, accurate in-
formation from a cockpit crew that
seems sincerely concerned about them,
their safety, and getting to their destina-
tion as rapidly as possible.

Engine Torching During Start “La-
dies and Gentlemen, we have just
been informed by the ground crew
that some fuel which had pooled in the
engine torched off during engine start.
While engine torching can certainly be
spectacular in appearance, it is not
dangerous and we ask that you treat
the incident calmly.

CABIN SAFETY ANNOUNCEMENTS
On ferry and training flights to which no

Flight Attendants are assigned, it is the -

Second Officer's responsibility (First
Officer on two-pilot crews) to make the
following announcement:

Prior to Takeoff “Ladies and Gentle-
men, this is (First Officer or Second
Officer) _______, please direct your
attention to the Safety Information
card located in the seat pocket in front
of you and follow along as | cover the
important safety features of this
airplane.”

Carry-on Baggage “Ensure that all
carry-on items are securely stored
either under the seat in front of you
or in the overhead bins.”

Exits “If you are sitting in an exit
row, you will be required to assist
the crew in an emergency. If you are
unable to perform the functions
described in the front of the safety
Information card, please advise the
crew at the end of this announce-
ment.”

“Locate the two emergency exits
nearest your seat. In some cases
they may be behind you. If evacu-
ation is necessary, floor lighting will
automatically illuminate to guide
you to an exit.”

FLIGHT OPERATIONS MANUAL
OPERATING INFORMATION
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Flotation (Overwater Equipped)
“This airplane is equipped with life
vests which may be found under,
between or beside your seat and is
identified by a red strap. Follow the
instructions shown on the Safety
Information card.”

Flotation (Domestic) *This
airplane is equipped with floatable
seat cushions. Foliow the instruc-
tions shown on the Safety
Information card.”

Oxygen “lf needed, an oxygen
mask will drop from the compart-
ment above your seat. (On smoking
flights, extinguish your cigarettes
whaen you see the mask.) Place the
mask over your nose and mouth
and tighten the straps as neces-
sary. The flight crew will advise you
when the mask is no longer
needed.”

Seatbelts, Seatbacks, Tray Ta-
bles “For takeoff (landing), fasten
you seatbelt tightly across your lap,
place your seatback in the full
upright position and lock your tray
tables in place.”

FLIGHT OPERATIONS MANUAL
OPERATING INFORMATION



ATTACHMENT C-1:

01/07/98 11:11 B202 314 6319 NTSB MAJ INVESTS @oo2

NATIONAL TRANSPORTATION SAFETY BOARD
Office of Aviation Safety
Washington D.C. 20594

In order to assist us in the investigation of the accident involving United Airlines Flight

826, that occurred on December 28, 1997 at about latitude 32:30 north and longitude

159.00 east at about 1410Z, please provide written answers to the following questions:

1) What office or agency issues SIGMETs for the Tokyo FIR?

2) What are the criteria for issuance of SIGMETs?

3) Why were SIGMETs 3 and 4 for moderate to severe turbulence issued? What reports
- and/or meteorological analyses prompted issuance of these SIGMETs?

4) How were these SIGMET:s disseminated?

5) Why were there no SIGMET: in effect for the time and location of the accident?

6) Were turbulence reports received in the area covered by SIGMETSs 3 and 4?7 What

and when were these reports received [please provide reports]?

7) Were turbulence reports received in the area of the accident durning the time frame

1300Z to 1500Z? What and when were these reports received [please provide reports]?

8) Did you receive a severe turbulence report from UAL 8267 When and how did you

receive this report? What actions did you take when you received this report?

9) What techniques are used to forecast turbulence in the Tokyo FIR?

Thank you in advance for your reply.

National Resource Specialist
Meteorology

January 6, 1998

Phone:
FAX: 202.314.6339
e-mail;



ATTACHMENT C- 2: Meteorological Information (Answers to the Questionnaire from NTSB
NRSM)

This papers were prepared by the AAIC of Japan in cooperation with related organizations to
answer the questions from above mentioned body on faximile message dated on January 6, 1998
attached from Mr. Robert Benzon NTSB major investigation Div. of the official faximile letter.

(1) What office or agency issues SIGMETs for the Tokyo FIR?

The New Tokyo Aviation Weather Service Center (New Tokyo AWSC) of the Japan
Meteorological Agency (JMA) is responsible to issue SIGMET tnformation for the Tokyo FIR.

(2) What are the criteria for issuance of SIGMETs?

New Tokyo AWSC issues SIGMET information concerning turbulence, thunderstorms, tropical

cyclones, icing and volcanic ash for the area above around 8000 m in the Tokyo FIR in the
following cases:

(a) SIGMET nformation for turbulence 1s issued when
an aircraft observation of severe turbulence is reported and the phenomenon is expected to
continue; or
the occurrence of severe turbulence s expected by examining weather charts,
Geostationary Meteorological Satellite(GMS) cloud imagery, etc.

(b) SIGMET information for turbulence ts issued when a cluster of cumulontmbus clouds
covers more than around a square of 100 km % 100 km.

(c) SIGMET information for thunderstorms is issued when a cluster of cumulonimbus clouds
covers more than around a square of 200 km X 200 km.
SIGMET:s for thunderstorms do not include references to associated turbulence.

(3) Why were SIGMETs 3 and 4 for moderate to severe turbulence issued? What reports and/or
meteorological analyses prompted issuance of the SIGMETs?

Messages of SIGMET 3 and 4 were issued since the occurrence of severe turbulence was
expected by examining weather charts, GMS cloud imagery, etc. Considering limitation of the
JSorecast techniques on turbulence, these messages were described as moderate




turbulence.

In both cases, no observations of severe turbulence were reported from aircraft. Details are as
follows:

- By examining weather charts at 0000UTC on 28 December, a developing low was observed
at 33° N, 150° E and moving toward the east— northeast. Numerical Weather Prediction
(NWP) guidance for turbulence valid at 1200UTC on 28 December indicated an area of
strong vertical wind shear suggesting the occurrence of turbulence over around the
developing low.

On GMS cloud imagery, a distinct cirrus streak corresponding to a secondary jet stream
was observed tn the west edge of a cloud area associated with the developing low at 0000UTC
on 28 December arid thereafter. Besides, a dark area suggesting the existence of a stable
layer was recognized adjacent to the cirrus streak on GMS water vapor imagery.

- It 1s generally known that an area of strong vertical wind shear exists in a stable layer
along a jet stream to the north of a developing low, and severe turbulence 1s expected to
occur tn such an area. Therefore New Tokyo AWSC judged that severe turbulence was
expected around the cirrus streak and issued the messages of SIGMET 3 and 4 concerning
moderate to severe turbulence for the area surrounding the cirrus streak. o

(4) How were these SIGMETs disseminated?
The messages of SIGMET 3 and 4 were disseminated :
to Meteorological Watch Offices (MWOs) in the ICAQ Asia and Pacific Regions, World
Area Forecast Center (WAFC) Washington, neighboring Regional Area Forecast Centers

(RAFCs) in accordance with the regional Air Navigation Plan;

to Common Aeronautical Data Interchange Network (CADIN) of the Japan Civil Aviation
Bureau (JCAB) via the exclusive communication line; and

to some atrlines on an on— line basis (see note).

(5) Why were there no SIGMET:s in effect for the time and location of the accident?

By examining weather charts, GMS cloud imagery etc., no occurrence of severe Clear Air
Turbulence (CAT) was expected around 32° 30° N, 159° E at nearly 1400UTC on 28
December. Although a cluster of cumulonimbus clouds was observed aroundg scale




was smail and it was not expected to develop into a large— scale cluster of cumulonimbus clouds.
No SIGMET information, therefore, was issued.

(6) Were turbulence reports recetved in the area covered by SIGMETs 3 and 4?7 What and when
were these reports received [please provide reports]?

Following reports for turbulence besides temperature and wind were received by Tokyo Radio as
Routine Air— Reports from atrcraft’s which passed the area of SIGMET 3 and 4.
In each reports, time indicates when the aircraft passed 39° N and 160" E.

(a) 0911UTC NWA26 39N160E F310 CODE 3(LIGHT, OCCASIONAL MODERATE
TURBULENCE)

(b) 1109UTC UALS818 39N160E F310 LIGHT TURBULENCE

(7) Were turbulence reports received in the area of the accident during the time frame 1300Z to
150072 What and when were these reports received [please provide reports]?

Following reports for turbulence besides temperature and wind were recetved by Tokyo Radio as
Routine Air— Reports at 32° N and 160° E.

In each reports, time indicates when the aircraft passed 32° N and 160" E.
(a) 1312UTC NWA10 F350 CODE 0 (SMOOTH)
(b) 1339UTC NWA90 F350 CODE 1 (OCCASIONAL LIGHT)
(c) 1351UTC NWA22 F350 CODE 0 (SMOOTH)
(d) 1502UTC JAL72 F370 NO TURBULENCE

(8) Did you receive a severe turbulence report from UAL 8267 When and how did you receive this
report? What actions did you take when you received this report?

When Tokyo Radio has relayed ATC speed instructions to UAL826 at 1336UTC, they requested
higher altitude due to encountering severe turbulence at 3231N15727E. Then Tokyo radio has

relayed the ATC clearance for FL330 at 1344UTC.

Later at 1410UTC, UALS26 requested ATC clearance for returning to Narita, and UAL826
replied upon question from Tokyo Radio, that they had encountered severe turbulence and ( have )
numerous injuries on board, numerous passenger injuries.

' 4




Tokyo Radio asked UAL826 where did they encounter severe turbulence.

At 1434UTC, UALS826 answered that they were FL310 track12, approximetely 3230N158 to
159E. At 1436UTC, Tokyo Radio informed this information to UAL, Tokyo ACC( Area Control
Center ) and JMA as AIREP special. JMA disseminated this AIREP special to MWOs in
the ICAO Asta and Pacific Regions, WAFC Washington, neighboring RAFCs, aviation weather
offices of JMA and some airlines(see note) at around 1438 UTC on 28 December.

AIREP special is as follows that reporting by Tokyo Radio.
UAL826 SEV TURB AT F310 TR12 3230N159E

(9) What techniques are used to forecast turbulence in the Tokyo FIR?

Turbulence associated ‘with cumulonimbus clouds and Clear Air Turbulence (CAT) are
Sorecasled in the following manner:

(a) turbulence associated with cumulonimbus clouds is expected around developing
cumulonimbus clouds. Forecasters find out an area of unstable atmospheric conditions with
weather charts such as upper analysis charts and NWP upper prognostic charts.

Then, they watch GMS cloud 1magery paying attention to the unstable area.

(b) CAT 1s expected in the area of strong vertical wind shear. Accordingly forecasters examine
the atomospheric flow (jet stream etc.) and meteorological conditions (temperature distribution
etc.) with weather charts, NWP guidance for turbulence, GMS cloud imagery and aircraft
reports to estimate the area of strong vertical wind shear.

Note: This is an optional action for the atrlines which have the necessary arrangements for the
distribution of meteorological information including SIGMET messages and AIREP reports.
United Atrlines has not requested to JMA for such arrangements.




NATIONAL TRANSPORTATION SAFETY BOARD
Office of Aviation Safety
Washington D.C. 20594

Atsuhiko Wataki (Mr.)

Deputy Chief Investigator

The Aircraft Accident Investigation Commission
Ministry of Transport
Telephone:
Fax: +81 -3-3580-7973

Dear Sir:

Please provide the following additional information to assist us in the investigation of the
accident involving United Airlines Flight 826, that occurred on December 28, 1997 at
about latitude 32:31 north and longitude 157:27 east at about 1336Z.

According to a written statement from the Captain of Northwest Flight 80 [NWA 80}, a
B-747 enroute from NRT to HNL at FL 330, moderate to severe turbulence was
encountered in the vicinity of 160 degrees east at about 1220Z on December 28, 1997.
The Captain reported the encounter which lasted 2 to 3 minutes as Code 3 to 4. The
captain stated that the turbulence was the "worst that I've ever encountered." This
encounter was followed by 10 to 12 minutes of light to moderate turbulence.

Did you receive any reports from NWA 80? Did you receive this report? If you
received this report what actions were taken? What actions would normally be
taken given a report of moderate to severe turbulence (Code 3 to 4)? Would you
expect such a report to be provided to Tokyo Radio?

Thank you in advance for your reply.




(s D
Gregory D. Salottolo
National Resource Specialist
Meteorology
April 7, 1998
Phone:
FAX:202.314.6339
e-mail:
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AIRCRAFT ACCIDENT INVESTIGATION COMMISSION
MINISTRY OF TRANSPORT

2-1-3, Kasumigaseki. Chiyoda-ku,
TOKYO 100. JAPAN
August 27. 1998

Mr. Robert Benzon

Investigator in Charge

Major Investigation Division

National Transportation Safety Board
490 L'Enfant Plaza East, S W.
Washington. D.C. 20594-2000
Facsimile: +1-202-314-6319

-
Subject: NWA Flight 80 in Relation to the Accident Investigation on UAL 826
and some other information

Dear Sir:

This is in reply to vour facsimile letter dated April 23, 1998 to which question from
Mr.Gregory D. Salottolo was attached. In this connection, please refer to my letter
addressed to you dated May 1. 1998.

As herewith attached. we prepared our answer to the question above. This answer
was prepared by the AAIC of Japan based upon the written information from the
Civil Aviation Bureau which correspond to the answer but was written mostly in
Japanese.

We deeply apologize to vou that it took long time until we arrange our answer to
the question above.

Meanwhile, Mr. M. Kitazawa. former Investigator-General, moved to the Civil
Aviation Bureau and | have succeeded him. I, however, still remain to be the
Accredited Representative of the UAL 826 case, though Mr. T. Yabuki, Deputy
Chief Investigator. was appointed as the “group chief’ of the AAIC investigators
engaged in the UAL 826 case.

Mr. T. Yabuki was also appointed as the Investigator- in- Charge of the UAL 801
case in place of me.

We expect that our answer this time will be helpful to you, and if you have further
question of request, please feel free to contact us at any time.

Sincerely,

Astuhiko Wataki
Investigator-General

and Accredited Representative
AAIC of Japan

99D



Answer to the questions from the NTSB concerning weather conditions

(The questions were enclosed in the lettef of April 28, 1998 which was sent by
Mr. Robert Benzon, an investigator-in-charge of the accident involving the
United Airlines Flight 826.) :

Regarding your questions, the AAIC obtained the following information from
Civil Aviation Bureau of Japan (JCAB).

Question 1. Did you receive any reports from NWA 80 ?
Answer : Appended herewith is a report received from NWA 80.

Question 2. Did you receive this report ?
Answer : The JCAB did not receive any of the foliowing information on turbulence, which
is referred in the NTSB questions, from NWA 80.

®OReport on encountering a “Moderate to Severe Turbulence” at
approximately 160 degrees east longitude at around 1220 UTC.

@ Report on a subsequent *“CODE3 TO 4" turbulence which seemed to have
lasted for a couple of minutes. _

@ Report on a “Light to Moderate Turbulence” which seemed to have lasted
for 10 to 12 minutes.

However, the report on turbulence we received from NWA 80 is, as indicated
in the appendix item 3, "encounter CODE 3, i.e. Light, Occasional Moderate
Turbulence” with the position report at 32N160E FL330 1229UTC. Tokyo Radio
notified Tokyo Area Control Center (ACC), Meteorological Agency and
Northwest Airlines of this report.

According to the NWA Flight Operations Manual, “CODE 3" is defined as
“Light, Occasional Moderate Turbulence”, "CODE 4’ is defined as “Moderate
Turbulence” and “CODE 5" as “Moderate, Occasional Severe Turbulence”. .

Question 3. If you received this report what actions were taken ?
Question 4. What actions would nomally be taken given a report of moderate to severe
turbulence (Code 3to 4) ?

Answer for Q3 and Q4 : Iif a report on turbulence categorized as “Light to Moderate
Turbulence® is received, Tokyo Radio will notify the report to the related ACCs,
Meteorological Agency, and an Airine which operates the aircraft which
provided the report (the Airine) or a contracted company which provides
operational services (the Contracted Company). if a report on turbulence
categorized as *Moderate Turbulence”, “Moderate to Severe Turbulence” or
more severe level of turbulence, i.e. not less than “Moderate Turbulence”, is
received, the report will be notified as “AIREP SPECIAL" to the related aircraft
following the aircraft which provided the report as well as the related ACCs,
Meteorological Agency, and the Airline or the contracted company.

For example, if a report on “CODE 3" turbulence is received from NWA
aircraft, Tokyo Radio will notify the related ACCs, Meteorological Agency, and
Northwest Airlines of the report. If a report on “CODE 3 to 4", “CODE 4" or 1



severe level of turbulence is received, Tokyo Radio will notify the report as
*AIREP SPECIAL" to the related aircraft following the NWA aircraft as well as
the related ACCs, Meteorological Agency, and Northwest Airlines.

Question 5. Would you expect such a report to be provided to Tokyo Radio ?

Answer : If an aircraft encounters turbulence which is categonized as not less than
*Moderate”, the aircraft shall notify the related Air Traffic Services Units of the
turbulence as °‘AIREP SPECIAL" in accordance with the ANNEX 3
(Meteorological Service for International Air Navigation) to the ICAO convention
and the Procedures for Air Navigation Services / Rules of the Air and Air Traffic
Services (PANS-RAC). Based on the above rule, the JCAB should be provuded
such a report from the aircraft. :



Q Advisory
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1. PURPOSE. This Advisory Circular (AC) describes to pilots, aircrew members,
dispatchers, and other operations personnel the various types of clear air turbulence
(CAT) and some of the weather patterns associated with it. Also included are “Rules of
Thumb” for avoiding or minimizing CAT encounters. Appendix 1 provides a sample
Atmospheric Hazards Advisory and Avoidance System that air carriers can tailor to
their specific needs. -

2. CANCELLATION. AC 00-30A, Rules of Thumb for Avoiding or Minimizing
Encounters With Clear Air Turbulence, dated November 21, 1988, is cancelled.

3. RELATED READING MATERIAL.

a. AC 00-6A, Aviation Weather.

b. AC 00-45, Aviation Weather Services (current edition).

¢. AC 61-23, Pilot’s Handbook of Aeronautical Knowledge (current edition).
4. BACKGROUND.

a. In 1966, a National Committee for Clear Air Turbulence officially defined CAT as
“all turbulence in the free atmosphere of interest in acrospace operations that is not in or
adjacent to visible convective activity (this includes turbulence found in cirrus clouds not in
or adjacent to visible convective activity).” Over time, less formal definitions of CAT have
evolved. The Aeronautical Information Manual expands the basic CAT definition as
“turbulence encountered in air where no clouds are present.” This term is commonly
applied to higher altitude turbulence associated with windshear. Thus, clear aj
or CAT has been defined in several ways, but the most comprehensive g
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“turbulence encountered outside of convective clouds.” This includes turbulence in cirrus
clouds, within and in the vicinity of standing lenticular clouds and, in some cases, in clear
air in the vicinity of thunderstorms. Generally, though, CAT definitions exclude turbulence
caused by thunderstorms, low-altitude temperature inversions, thermals, or local terrain
features.

b. CAT was recognized as a problem with the advent of high altitude jet operations in
the 1950’s. CAT is especially troublesome because it is often encountered unexpectedly
and frequently without visual clues to warn pilots of the hazard.

5. DISCUSSION.

a. One of the principal areas where CAT is found is in the vicinity of the jetstreams.
A jetstream is a river-like flow of high-altitude wind following the planetary atmospheric
wave pattern, with speeds of 50 knots or greater. There are, in fact, three jetstreams: the
polar front jetstream, the subtropical jetstream, and the polar night jetstream.

(1) The polar front jetstream, as it’s name implies, is associated with the polar
front or the division between the cold polar and warm tropical air masses. The mean
latitude of the jetstream core varies from 25° north latitude during the winter months to
42° north latitude during the summer months. It is the center of the planetary wave
pattern and as such meanders over a large portion of the hemisphere throughout the year,
particularly during the winter months when it is most intense. Although the polar
jetstream varies in altitude, the core is most commonly found around 30,000 feet and it is
generally best depicted on the 300 millibar constant pressure map.

(2) The subtropical jetstream is a very persistent circumpolar jetstream found on
the northern periphery of the tropical latitudes between 20° and 30° north latitude. It
normally forms three waves around the globe with crests over the eastern coasts of Asia,
North America and the Near East. Like the polar front jetstream, the subtropical
jetstream is most active during the winter months and often intrudes well into the
southeastern United States. It is generally higher than the polar front jetstream with the
core between 35,000 and 45,000 feet.

(3) The polar night jetstream is found in the stratosphere in the vicinity of the
Arctic Circle during the winter months and does not have a significant affect on air travel
over the United States and southern Canada.

b. CAT associated with a jetstream is most commonly found in the vicinity of th
tropopause (a very thin layer marking the boundary between the troposphere a
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stratosphere) and upper air fronts. Analyses of the tropopause are issued by the National
Weather Service on a scheduled basis. In the absence of other information, the
tropopause will generally have a temperature of between -55°C. and -65°C. In some
cases, it will be at the top of a cirrus cloud layer. Clouds are very seldom found above the
tropopause in the dry stratosphere (a layer typified by relatively small changes in
temperature with height except for a warming trend near the top), except in the
summertime when occasionally large thunderstorms will poke through the tropopause and
spread anvil clouds in the stratosphere. CAT is most frequently found on the poleward
side of the jetstream (the left side facing downwind). It is additionally common in the
vicinity of a jetstream maxima (an area of stronger winds that moves along the jetstream).

c. There are several patterns of upper-level winds that are associated with CAT. One
of these is a deep, upper trough. The CAT is found most frequently at and just upwind of
the base of the trough, particularly just downwind of an area of strong temperature
advection. Another area of the trough in which to suspect CAT is along the centerline of
a trough area where there is a strong horizontal windshear between the northerly and
southerly flows. CAT is also found in the back side of a trough in the vicinity of a wind
maxima as the maxima passes throigh. ’

d. One noteworthy generator of CAT is the confluence of two jetstreams. On
occasion, the polar front jetstream will dip south and pass under the subtropical jetstream.
The windshear effect of the jetstream between the two jetstreams in the zone of
confluence and immediately downstream is often highly turbulent.

e. CAT is very difficult to predict accurately, due in part to the fact that CAT is spotty
in both dimensions and time. Common dimensions of a turbulent area associated with a
jetstream are on the order of 100 to 300 miles long, elongated in the direction of the wind,
50 to 100 miles wide, and 5,000 feet deep. These areas may persist from 30 minutes to a
day. In spite of the difficulty forecasting CAT, there are forecasting rules that have been
developed to identify those areas where CAT formation is likely.

f. The threshold windspeed in the jetstream for CAT is generally considered to be
110 knots. Windspeed in jetstreams can be much stronger than 110 knots and the
probability of encountering CAT increases proportionally with the windspeed and the
windshear it generates. It is not the windspeed itself that causes CAT; it is the windshear
or difference in windspeed from one leve!l or point to another that causes the wave motion
or overturning in the atmosphere that is turbulence to an aircraft. Windshear occurs in all
directions, but for convenience it is measured along vertical and horizontal axes, thus
becoming horizontal and vertical windshear. Moderate CAT is considered likely when
the vertical windshear is 5 knots per 1,000 feet, or greater, and/or,
windshear is 40 knots per 150 miles or greater.
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g. Depictions of the upper air structure, discussed in paragraphs Sc-f, are found in
AC 00-6A, chapter 13.

h. The majority of the following guidelines were developed initially by the
International Civil Aviation Organization’s (ICAO) Sixth Air-Navigation Conference of
April/May 1969, but have been expanded based on recommendations from the
Department of Defense, the National Transportation Safety Board, and the Federal
Aviation Administration.

(1) Jetstreams stronger than 110 knots (at the core) have potential for generating
significant turbulence near the sloping tropopause above the core, in the jetstream front
below the core, and on the low-pressure side of the core.

(2) Windshear and its accompanying CAT in jetstreams is more intense above
and to the lee of mountain wave ranges. CAT should be anticipated whenever the
flightpath traverses a strong jetstream in the vicinity of mountainous terrain.

(3) Both vertical and horizontal windshear are, of course, greatly intensified in
mountain wave conditions. Therefore, when the flightpath traverses a mountain wave
type of flow, it is desirable to fly at turbulence-penetration speed and avoid flight over
areas where the terrain drops abruptly, even though there may be no lenticular clouds to
identify the condition.

(4) On charts for standard isobaric surfaces, such as 300 millibars, if 20-knot
isotachs are spaced closer together than 150 nautical miles (2-1/2° latitude), there is
sufficient horizontal shear for CAT. This area is normally on the poleward (low-pressure)
side of the jetstream axis.

(5) Turbulence is also related to vertical shear. From the tropopause
height/vertical windshear chart, determine the vertical shear in knots-per-thousand feet.
If it is greater than 5 knots per 1,000 feet, turbulence is likely.

(6) Curving jetstreams are more apt to have turbulent edges than straight ones,
especially jetstreams which curve around a deep pressure trough.

(7) Wind-shift areas associated with pressure troughs and ridges are frequently
turbulent. The magnitude of the windshear is the important factor.

i. Although CAT is difficult to predict, there are a number of things to look for and to
remember that will help reduce the likelihood encountering CAT. In concert with a good
tracking system and pilot reports, knowing the characteristics and signs of CAT can
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prevent an incident from occurring. Until practical airborne detectors are developed,
pilots are urged to use the “Rules of Thumb to Assist in Avoiding or Minimizing
Encounters With Clear Air Turbulence” in the next paragraph.

6. “RULES OF THUMB” FOR TURBULENCE AVOIDANCE The following
“Rules of Thumb” apply primarily to the turbulence associated with the westerly
jetstreams.

a. If jetstream turbulence is encountered with direct tailwinds or headwinds, the pilot
should consider a change of flight level or course since these turbulent areas are elongated
with the wind and are shallow and narrow.

b. If jetstream turbulence is encountered in a crosswind, it is not so important to
change course or flight level since the rough areas are narrow across the wind.

¢. If turbulence is encountered in an abrupt wind shift associated with a sharp
pressure trough line, establish a course across the trough rather than parallel to it.

d. If turbulence is expected because of penetration of a sloping tropopause, watch the
temperature gauge. The point of coldest temperature along the flightpath will be the
tropopause penetration. Turbulence will be most pronounced in the temperature-change
zone on the stratospheric (upper) side of the sloping tropopause.

e. If possible, when crossing the jet, climb with a rising temperature and descend with
a dropping temperature.

f. Weather satellite pictures are useful in identifying jetstreams associated with cirrus
cloud bands. CAT is normally expected in the vicinity of jetstreams. Satellite imagery
showing “wave-like” or “herringbone” cloud patterns are often associated with mountain
wave turbulence. Pilots should avail themselves of briefings on satellite data whenever
possible. (See AC 00-6A, chapter 13.)

g. Last, but not least, monitor your radio - - pilot reports can be invaluable and if you
get caught by “the CAT,” file a PIREP!

7. INFLIGHT AVIATION WEATHER ADVISORIES. The primary weather
products used to disseminate information on atmospheric turbulence, both convective and
CAT are the Inflight Aviation Weather Advisories (WST, WS, and WA). All inflight
advisories in the conterminous United States are issued by the Aviation Weather Center
(AWC) and disseminated as follows:
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a. Convective SIGMETS are issued on a scheduled basis at H +55 and are labeled E (
(castern third of the continental United States), C (central third of the continental United
States) and W (western third of continental United States). They are issued for
thunderstorms and related phenomena, when they are present. The Convective SIGMET
will state NONE when the required conditions are not present.

b. A SIGMET contains information on specified weather phenomena of an intensity
and/or extent that concerns all pilots and operators of all aircraft. The phenomena that
require SIGMET issuance are turbulence (including CAT), icing, widespread dust and
sand, volcanic eruptions and volcanic ash.

c¢. AIRMETS are issued to advise of significant weather phenomena at intensities
lower than those that trigger SIGMETS.

d. This information is available to pilots through the en route advisory service (flight
watch), SIGMET alerts broadcast on air route traffic control center frequencies, and over
the hazardous in-flight weather advisory service (HIWAS).

8. RECOMMENDATION. All pilots and other personnel concerned with flight

planning should carefully consider the hazards associated with flight through areas where

pilot reports or aviation weather forecasts indicate the presence of CAT including (
mountain wave turbulence.

W s
W. Michael Sacrey {

Acting Deputy Director, Flight Standards Service q
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APPENDIX 1. A MODEL FOR A CLEAR AIR TURBULENCE
AVOIDANCE SYSTEM

1. BACKGROUND.

a. There are three key elements in an effective Clear Air Turbulence (CAT) avoidance
system. These three elements are:

(1) an appropriate initial and recurrent training program,
(2) adedicated planning/dispatch function, and

(3) a fully supported operational implementation of a pilot reporting
(PIREP)/communications system (not ATC-based).

b. There is no mystery or magic involved, only the awareness and involvement of three
critical functions that are a part-of any safe air operation. A truly effective systeri is based on
training, internal communications, and full operational involvement in the process. The rather
simplistic model presented is primarily oriented to air carrier operations and represents a “best
practice” as developed by industry.

2. OPERATIONAL CONCEPT. The first step in avoidance of atmospheric hazards,
especially turbulence, is to examine available weather information for planning flight operations.
Direct access to a meteorological support service (in-house or outside source) by the operator’s
planning and dispatch function is a major factor in a successful turbulence avoidance system.
Forecasting of areas of probable turbulence is essential and the graphic depiction of the impacted
airspace on operationally useful plotting charts is highly recommended. Aircrews and
dispatch/operational control personnel must be thoroughly trained in the techniques of timely
and accurate pilot reports, and the subsequent plotting and relay of those reports throughout the
operator's route structure. An efficient communications system must be established and
supported to permit quick and easy interchange of flight critical information between the aircraft
and the operational control function. However, management philosophy toward the CAT
problem is a crucial element in an effective turbulence avoidance system. Management must
establish the avoidance of atmospheric hazards as a high organizational priority, Management
must be willing to expend resources on the safest operational practices and resist the expedient.
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3. AMODEL SYSTEM.

a. The philosophy of avoidance and dedicated training are an integral part of an effective
system. There can also be adjuncts to a turbulence avoidance system (one airline company has
expanded its system to include other atmospheric hazards, such as thunderstorms, icing, ozone,
and volcanic ash).

b. Successful turbulence avoidance and tracking is initiated in the planning and preparation
phase of operations through the acquisition of applicable weather data and products. A
suggested product list includes:

(1) Alphanumeric weather information such as surface observations.
(2) Area and terminal forecasts.
(3) Wind and temperature forecasts.

(4) National Weather Service (NWS) in-flight advisories (SIGMETS, Convective
SIGMETS and AIRMETS).

(5) Upper air charts, graphical radar summaries or composites.
(6) Satellite imagery.

¢. Incorporating current data processing and computer plotting techniques will facilitate the
analysis and plotting of areas of possible adverse atmospheric turbulence. Software routines are
available that will provide the analyst convenient means to track areas of interest. An example
of this capability is the automated plotting on map overlays of an adverse weather area by using
a “mouse” to “click” on the key features of the computer image.

d. Archiving and distributing turbulence information is the next step in the process. The
product(s) should be stored in easily-accessed data bases for use by the operational
control/dispatch personnel and should be available for periodic review by the generating office.
Aircrew dispatch packages should contain not only the current turbulence advisories, but also the
latest applicable PIREPS generated by the system. Accurate and timely pilot reporting is also
essential to an effective turbulence and tracking system.

€. A basic component in any tracking/avoidance system is the supporting communications
system which facilitates the free and easy flow of turbulence information between aircrew,
dispatcher, and meteorological support function. Timely operational control advisog urate
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CAT forecasts, and feedback through conscientious pilot reporting are the heart of effective
avoidance of either convective or clear air turbulence. Without efficient air/ground
communications, an air carrier can not ensure the timely delivery of this extremely perishable
information to the appropriate operational components. Less than efficient communications wil
result in an ineffective program for the tracking and avoidance of clear air turbulence or any
other atmospheric hazards.

f. Finally, the short- and long-term success of a carrier’s turbulence avoidance and tracking
system requires a dedicated and continuing training program for aircrews, dispatchers,
meteorologists and other operational contro] personnel. Training should begin with a reasonabl
detailed exposure to the science of the atmosphere and the meteorological techniques/products
involved in turbulence forecasting. This should be followed by continuing recurrency classes
all personnel concerned with flight operations and operational control.

4. RECOMMENDED PRACTICES.
a. Comprehensive training for aircrews, dispatchers, and meteorologists.

b. Establishment of a full meteorological support system (either in-house or outside source;

c. Thorough preflight planning including concentrated examination of upper air wind
patterns.

d. Accurate tracking of jet streams.

e. Acquisition of satellite imagery for aircrews and operational control centers and
dispatchers.

f. Graphical depictions of forecast areas of turbulence on planned routes of flight.
g. Use of appropriate plotting charts for facilitation of pilot reporting.

h. Establishment of an efficient and effective communications system administered by the
operator to support the company’s pilot reporting system.

i. Promulgating a corporate philosophy of avoidance as the first line of defense.
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NATIONAL TRANSPORTATION SAFETY BOARD
Office of Aviation Safety
Washington D.C. 20594

Larry Ganse

Northwest Airlines

5101 Northwest Drive

Department N7180

St. Paul MN 55111-3034
Phone

(612) 726-8292 Fax

Dear Sir:

Please provide the following additional information to assist us in the investigation of the
accident involving United Airlines Flight 826, that occurred on December 28, 1997 at
about latitude 32:31 north and longitude 157:27 east at about 1336Z.

According to a written statement from the Captain of Northwest Flight 80 [NWA 80], a
B-747 enroute from NRT to HNL at FL 330, moderate to severe turbulence was
encountered in the vicinity of 160 degrees east at about 1220Z on December 28, 1997.
The Captain reported the encounter which lasted 2 to 3 minutes as Code 3 to 4. The
captain stated that the turbulence was the "worst that I've ever encountered." This
encounter was followed by 10 to 12 minutes of light to moderate turbulence.

Did you receive any reports from NWA 80? Did you receive this report? If you
received this report what actions were taken? What actions would normally be
taken given a report of moderate to severe turbulence (Code 3 to 4)? Are Northwest
pilot reports of significant weather conditions [ turbulence, icing, etc] disseminated
outside of Northwest Airlines? How is this information disseminated to outside
interests? If not disseminated why is this information not disseminated?

Thank you in advance for your reply.
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Gregory D. Salottolo
National Resource Specialist
Meteorology

April 8, 1998

Phone:
FAX: 202.314.6339
e-mail:
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