ANV
dH e T

A

PB207932 information is our business.

STUDY OF LESSONS TO BE LEARNED FROM
ACCIDENTS ATTRIBUTED TO TURBULENCE

NATIONAL TRANSPORTATION SAFETY BOARD,
WASHINGTON, D.C

15 DEC 1971

Doc :

NTSB . DEPARTMENT OF COMMERCE
AAS ional Technical Information Service
71

© 01




TECHNICAL REPORT STANDARD TITLE PAGE

1. Report No.
NTSB-AAS-71-1

2.Government Accession No.

3.Recipient's Catalog No.
fB 257595

B, Title and Subtitle

5.Report Date

Study of Lessons to be Learned from Accidents ___E_Dgcgmhgf 15. 1971 _
Attributed to Turbulence -Ee;form'NQ Organization
ode
7. Author(s) 8.Performing Organization
Report No.

9. Performing Organization Name and Address

Bureau of Aviation Safety

. Naticnal Transportatién Safety Board

Washington, D, C. 20591

10.Work Unit No,

Tl.Contract or Grant No.

13.Type of Report and
Period Covered

12.5Sponsoring Agency Name and Address

NATIONAL TRANSPORTATION
Washington, D. C. 20591

SAFETY BOARD

Study of Air Carrier
Turbulence Accidents 1964 -

1969

14.Sponsoring Agency Code

15,.S5upplementary Notes

-

16.Abstract

The study deels with 97 turbulence-involved U. §

from 196L-1969.

. air carrier accidents occurring
Based on the detailed investigation of those accidents, there

is discussed lessons to be learned primarily from the point of view of the

meteorclogist, the air carrier and the pilot.

Observations are made and con-

clusions drawrn in regard to such factors as the adeguacy of CAT {(clear mir
turbulence} versus thunderstorm-associated turbulence forecasts, the use of
alrborne weather radar as a thunderstorm avoidance tool, airborne weather radar
maintenance problems, the requirement for real-time cGa-a in the cockpit, CAT

detectors, turbulence associated
derived from cockpit voice recorders end flight data recorders.

.. NATIONAL TECHNICAL

“Reproduced by A
INFORMATION SERVICE j
U S Depariment of Commerce -
Springfield YA 22151 " -0 .

losses, the nuisance problem and information

O

17.Key Words

Turbulence experience, Accidents Injuries, Aircraft
Danmage, Category of Weather Involvement, Type Power
vs., First Phase of Operation, Accident Rates, air-

borne weather redar, its use, prcblems, turbulence

forecasts, turbulence avoidance, CVR informatiom.

18.Distribution Statement

Released to Public.
Unlimited Distribution.

19.5ecurity Classification | 20.Security Classification [21.No. of Pages | 22.Price
(of this report) {of this page) -y $3.00
UNCLASSIFIED UNCLASSIFIED :
NTSB Form 1765.2 (11/70) i




GENERAL DISCLAIMER

This document may have problems that one or more of the following disclaimer
statements refer to:

This document has been reproduced from the best copy furnished by the
sponsoring agency. It is being released in the interest of making
available as much information as possible.

This document may contain data which exceeds the sheet parameters. It
was furnished in this condition by the sponsoring agency and is the best
copy available.

This document may contain tone-on-tone or color graphs, charts and/or
pictures which have been reproduced in black and white.

The document is paginated as submitted by the original source.
Portions of this document are not fully legible due to the historical nature

of some of the material. However, it is the best reproduction available
from the original submission.



FOREWORD

This study of Lessons to be Learned from Accidents Attributed to Turbulence was prepared by
Meteorologist Alan I. Brunstein, National Transportation Safety Board. He presented the paper in
London, England, at the Royal Aeronautical Society in May 1971. The occasion was the International
Conference on Atmospheric Turbulence sponsored jointly by the American Institute of Aeronautics

and Astronautics (AIAA), the Canadian Aerospace Institute (CASI) and the Royal Aeronautical
Society (RAeS).

1l
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NATIONAL TRANSPORTATION SAFETY BOARD
Washington, D.C. 20591

Adopted: December 15, 1971

STUDY OF
LESSONS TO BE LEARNED FROM ACCIDENTS ATTRIBUTED TO TURBULENCE

Part I. Turbulence Experience

National Transportation Safety Board records
for United States air carriers during the past 11
years show a total of 755 accidents, 147 of
which involved turbulence. The discussion which
follows concerns itself with the accidents oc-
curring from 1964 through 1969, since these
data are more easily retrievable because of the
conversion of Safety Board records to Auto-
matic Data Processing methods. During the
1964-69 period, the total number of air carrier
accidents was 441, including 97 involving
turbulence. Turbulence-involved accidents are
defined as those in which turbulence was cited
as a probable cause or related factor, as well as
those in which turbulence was cited as a type of
accident.

It is readily apparent from the air carrier data
summarized in Tables 1 and 2 that approximate-
ly one out of every five total accidents over the
6-year period was a turbulence-involved ac-
cident, but that only one out of 16 fatal ac-
cidents was turbulence-invalved. An optimistic
look at Table 2, Injuries, and Table 3, Aircraft
Damage, shows that in the total of 97 accidents,
more than 90 percent of those aboard the air-
craft sustained either minor injuries or none at
all, and more than 90 percent of the aircraft
involved sustained either minor damage or none
at all. The optimist might consider, then, that

atmospheric turbulence is really no more than a
nuisance generally and is of minor concern.

On the other hand, with 228 fatalities, 127
persons injured seriously, five aircraft destroyed,
and four damaged substantially, we are forced to
consider that turbulence is one of the major
weather problems to be encountered by aircraft
in flight. It should be kept in-mind that the
turbulence ocurrences considered here are those
meeting the criteria for an accident, ie., a
person suffered death or serious injury or the
aircraft received substantial damage. We are
aware that there were many relatively serious
turbulence encounters not in our record books
simply because the latter two criteria were not
met and, therefore, the encounter was not
required to be reported.

Little comment is required in regard to Table
4, which separates the clear air turbulence
(CAT} involved accidents from those which
occurred in association with convective activity.
It does, however, highlight the fact that, despite
the carriage and use of airborne weather radar
equipment, there are many accidents in the
convective category.

In view of the changing character of air carrier
fleets, it is not surprsing as shown in Table 5
that more than three-fourths of the accidents
involved turbojet aircraft. Table 5 also shows
that the most favored flight regime for the ac-
cidents was in normal cruise (almost 65 percent)
with the next most favored flight regime being



the descent phase (almost 20 percent). Dis-
cussions of accidents are never quite complete
without a mention of accident rates. According-
ly, Table 6 has been assembled to show the
turbulence accident rates per 100,000 atrcraft-
hours and the rates per million miles flown.
Except for 1968, the latter rate decreased
steadily over the 6-year period.

Part II. Case Studies and Lessons Learned

There are many lessons to be learned from
those accidents attributed to rurbulence. One
basic lesson is that, regardless of the excellence
of airborne weather radar equipment and the
efficiency of its operator, that equipment was
always intended to have been used as a thunder-
storm avoidance tool and was never intended for
use as a thunderstorm penetration aid.

This philosophy regarding the use of an
extremely valuable electronic device was
expressed by the Safety Board in a letter to the
management of all U.S. scheduled air carriers
several vears ago following a series of thunder-
storm-involved catastrophic accidents. The
Board was well aware at that time, as it is now,
that all of the carriers did have procedures and
policies regarding appropriate use of airborne
weather radar during severe weather conditions.
Concern was expressed that nonadherence to
these policies and procedures might have been
involved. Fortunately, the catastrophic type of
severe weather-involved accident occurs in-
frequently and the overall U.S. air carrier safety
record was and is outstanding. The past 2 years,
1969 and 1970, have been particularly note-
worthy.

Nevertheless, accidents involving turbulence
associated with convective activity do occur. of
the turbulence-involved accidents from 1964-69
at least 58 occurred in or near convective
activity. It is recognized that, in some of these
cases, the flightcrews were aware of the
turbulence potential, but that deviations were
not authorized by Air Traffic Control because of
conflicting traffic or other airspace problems.

There were also numerous cases in which the
pilots indicated that their weather radar did not
reveal thunderstorm activity to them in the area
in which the turbulence encounter took place.
There are documented cases in the latter cate-
gory wherein photographs were taken of ground-
based weather radarscopes within a few minutes
of the accident and show thunderstorm cells of
such intensity that one is forced to conclude
that a properly operating and properly operated
airborne weather radar set would have revealed
the activity.

One such case involved a regularly scheduled
air carrier flight of a DC-8 which encountered
severe turbulence and hail upon penetration of a
thunderstorm during cruise westbound over the
central United States at Flight Level 390. Six
passengers were injured, two of them seriously,
and the aircraft was damaged as follows: Nos. 2
and 4 heat exchangers damaged, all four engine
chin scoops cracked at island, No. | engine PT2
probe damaged and bent, left cabin heat ex-
changer door damaged, fuselage skin just aft of
radome lifted, radome damaged — replaced,
splitter betwecen Nos. 3 and 4 -compressors
damaged, left wingtip window cracked,
numerous static wicks missing, five seat tables
damaged, hole in right aft lavatory ceiling, isola-
tion band on vertical stabilizer damaged and
right horizontal stabilizer damaged.

The turbulence was encountered between
about 1545 and 1552 G.m.t. within ap-
proximately 50 nautical miles of an operating
WSR-57, long range, ground-based weather
radar, whose operator was photographing the
Plan Position Indicator (PPI} scope. Figs. 1, Z,
and 3, are enlargements of several of those
photographs. In all three photographs, the radar
was on the 250-mile range and the range markers
were at 50-mile intervals. In Fig. 1 and 2, which
were taken during the turbulence encounter,
there was 1/2 degree antenna uptilt, while in
Fig. 3, taken shortly after the encounter, the
antenna uptilt was 3°, Cell penetration is
estimated to have occurred at about the 50-mile
range marker east-northeast of the antenna.
Tops in that cell at the time of the encounter



were reported by the radar operator as 51,000
feet.

Fig. 4 is a reproduction of a portion of the
flight data recorder graph associated with this
accident. It can be seen that the maximum
vatiance in vertical acceleration was from + 2.23
g's to -0.99 g or an incremental peak variation of
3.22 g’s, while several variations of more than 2
g’s are noted. During the worst of the encounter,
airspeed fluctuated as much as 52 knots, the
heading varied 20° and there were two succes-
sive altitude losses of almost 1,000 ft. Although
the turbulence in this case has been categorized
as severe, the variations in the parameters above,
particularly the variation in vertical acceleration,
meet the criteria for extreme turbulence.

The caprain of the flight later stated that just
prior to the encounter the flight was on instru-
ments, the weather radar was on the 150-mile
scale, 4° to 5° downtilt, the seat belt sign was
on, the air was slightly choppy, light ice was
encountered and anti-ice systems were activated.
When the turbulence and hail were encountered,
the Area Control Center was asked for a vector
out of the weather, but the flight was informed
that they were unable to comply because they
were not ‘“painting” any weather. Various
adjustments were made to the airborne radar,
but “‘there was no echo.” The ATC radar
controller later confirmed the captain’s stace-
ment regarding his inability to provide the
requested vector and indicated, inter alia, that
the traffic control radar was operating on
circular polarization and that “weather’” didn’t
start to show on his radar until it had moved
eastward another 25 miles. It was also learned
that ground checks of the airborne radar showed
that it was fuctioning normally.

Another DC-8 flight at the same altitude and
about 30 miles, or 4 minutes behind the first
DC-8, requested and received clearance to
deviate from course and rernained in the clear
about 15 miles south of the original route. That
flight confirmed the large, strong echo shown in
Fig. 1-3. Neither the company nor the National
Weather Service (NWS) forecasts warned of

severe thunderstorm activity for the area and
time pertinent to this accident.

During the period 1964-69, the Bcard's
records show that at least 34 accidents occurred
in clear air. The clear air turbulence accidents
listed are those for which available information
indicated that they were not associated with
convective activity. One of the CAT accidents
occurred during a regularly scheduled eastbound
flight of a Boeing 720B, in cruise at Flight Level
370, over the western portion of the north-
central United States at 1937 G.m.t. The crew
indicated that the flight was above a scattered
cloud deck whose tops were estimated as having
been some 4,000 to 6,000 feet below the air-
craft. There was mountainous terrain below,
Because of turbulence described as “light
turbulence” or “light chop,” the seatbelt sign
was turned on 15 minutes or more prior to the
encounter of concern. An appropriate announce-
ment had been made by the captain. According
to passenger statements, the turbulence became
progressively worse. During the worst of the
turbulence encounter, a male passenger left his
seat to assist in securing his infant grandson who
was in the seat directly in front of him. The man
was observed to have been thrown against the
overhead, then slammed to the floor, striking
the armrest of an aisle seat. Because of the
seriously injured passenger, the flight diverted
and made an emergency landing at a relatively
nearby airport. No other serious injuries were
reported and there was only minor damage to
the aircraft.

A reproduction of a portion of the flight data
recorder graph concerning this flight is shown as
Fig. 5. It is evident that considerable turbulence
was experienced for about 3 minutes and the
worst of the occurrence took place during a
period of approximately 30 to 40 seconds.
During that period, the maximum incremental g
forces were about 4.8, ie., from about+3 g's to
-1.8 g. Heading changes were relatively minor
and just prior to the maximum g forces, the
captain had begun a normal descent in order to
vacate the area of turbulence. The airspeed
fluctuated about 40 kts. and built up during the



beginning of the descent, but diminished as the
turbulence diminished then increased as the
turbulence ceased. Safety Board records show
that company forecasts called for CAT, but in
areas adjacent to the latter occurrence. Some
National Weather Service forecasts, including
SIGMET, did indicate that CAT was anticipated
over an area which included the one in which
the accident occurred. It is interesting to note
that when the flightcrew was interviewed, they
stated that the temperature dropped 10° ap-
proximately 3 to 'S5 minutes prior to the
rurbulence encounter. As in many other cases of
CAT, this one generated 2 number of detailed
meteorological studies, or aftercasts, including
one by the Safety Board. Those studies agreed
generally that the area in which the accident
took place was characterized by the proximity
of the jet stream core, a cold air trough, it was
at or close to the tropopause, and that mountain
wave conditions probably existed. There was
some doubt in one of the studies in regard to the
contribution of the mountain wave effect, since
the winds, even though strong, were not from
the most favorable direction for strong moun-
tain wave formation over the area of concern. It
also appears that, in this particular case, large
vertical wind shears did exist, but probably
several thousand feet below the altitude of the
pccurrence.

Particularly in those accident investigations in
which the Board’s meteorological staff becomes
involved, there is an attempt to assess the
adequacy of available forecasts. Unfortunately,
data are not available for the total 97 turbulence
accidents. The data on forecast adequacy are
available for 74 of those accidents and show
that, for 58 cases, or almost 78.5 percent of the
time, the forecast was considered to have been
substantially correct. In the remaining 16 cases,
or approximately 21.5 percent of the time, the
weather was considered to have been worse than
forecast. A review of the adequacy of the CAT
forecasts indicates that the ratio of good to bad
in the CAT cases was about 2 1/2to 1, while in

the thunderstorm cases, the ratio was about 4
1/2 to 1. The obvious lesson to be learned here

is that there is room for considerable improve-
ment in the forecasting of CAT. In fairness to
the meteorological community, it is recognized
that the majority of these accidents occurred
regardless of the adequacy of the forecasts and it
is also recognized that good forecasting has no
doubt been at least partly responsible for keep-
ing the trurbulence accident statistics to their
current levels. However, it is noted that in half
the fatal turbulence-involved accidents, the fore-
casts were not posted in the ‘“substantially
correct’’ column. '

"Until our understanding of the atmosphere is
more comprehensive and has led us to develop

" CAT forecasts which are much more accurate

than they are today, there is a continuing
requirement for an efficient, economical,
airborne CAT detection system. Ground-based
CAT detection would also” be desirable,
particulary in terminal areas.

Following the several thunderstorm-involved
catastrophic accidents, and the Board’s letter to
U.S. air carrier management mentioned earlier, it
became apparent that large segments of the
industry were reviewing, amending, and up-
dating their safety and training programs, as well
as some of their operational procedures. At
about that time, a Government/Industry meet-
ing was convened to discuss generally the subject
of severe weather avoidance. Those discussions
might be considered as having revealed a series
of lessons to be learned from involvement in
thundérstorm type turbulence. Most of the
lessons were learned well, but our accident
statistics would indicate that a certain amount
of homework still needs to be accomplished.

Like any other piece of equipment, air-
borne weather radar is not perfect but, as
pointed out previously, a properly operating and
properly operated set is an invaluable tool for
the avoidance of hazardous weather conditions.
Some carriers, having had problems maintaining
the equipment, have changed over 1o solid-state
equipment which represents a big step forward
in maintenance reliability. At least one large
carrier has learned that poor water drainage
from the radome, which was made of a honey-




comb material, has caused signal interference. As
a result, their radomes are being replaced. The
new radomes are made of a fluted material to
enhance water drainage. Unfortunately, a
properly operating radar is of limited value
unless the operator is not only familiar with the
mechanies of the system, but he must be trained
adequately in its operational use with consider-
able emphasis on the interpretation of the
weather echoes displayed. While all carriers have
some type of training program for pilots in the
use of airborne weather radar, there are some
which require more formalizing. At the
Government/Industry meeting mentioned above,
the lack of recurrent training was also
emphasized. :

A most valuable lesson learned as a result of
turbulence-involved accidents, and by
complaints of the pilot group, is the requirement
in the cockpit for up-to-date information
concerning the location, intensity and move-
ment of thunderstorm activity and for CAT
information as well. Real-time information is
also required at originating points and at en
route stops. The U.S. Government services have
made progress in expediting the flow of weather
radar information, particularly via the National
Facsimile Network and in the not too distant
future the flow of data via weather teletype
should be expedited by means of a new and
improved system. Meanwhile, in order to
provide pilots with as near real-time data as
possible, several U.S. air carriers have rented
drops on a Government teletype netwark which
carries, among other things, raw weather radar
data, i.e., weather radar observations made and
transmitted almost immediately.

One .of these carriers plots the weather radar
data, CAT information and other material such
as forecasts on a special plotting board located
at their headquarters. The information is coded,
sent to outlying stations and is also transmitted
directly to the affected aircraft. A flightcrew
member plots the coded message on a special
chart and deviations are planned accordingly. It
15 interesting to note that since the system
became operational in October 1968, the Safety

Board’s records show that the aircraft of that
carrier have not been invclved in a single

turbulence accident.

Another method for obtaining real-time in-
formation is by means of radar remoting. The
radarscope image 1s displayed at locations
remote from the radar equipment, either by
microwave links or by scan conversion wirh
telephone line connections. The telephone line
links are either dedicated lines with constant
readouts, or can be on a dial-up basis. This
allows government forecast centers to receive
pictures from selected radars at great distances.
There is also considerable air carrier interest in
the dial-up capability.

Radar remoting is expanding rapidly in the
NWS. At the beginning of 1971, there were eight
transmitters and 32 receivers installed. By the
end of the year, there should be a total of 25
transmitters and 49 receivers in operation. It is
anticipated that eventually all long-range
weather radar will have transmitters, and all
forecast and warning offices will have receivers.
By the end of 1971, there will be approximately
50 long-range radars in operation. This would
mean that in the not too distant future, it will
be possible, for the price of a telephone call, to
receive a radarscope picture, either on a tele-
vision monitor or on a facsimile receiver, from
about 50 locations in the United States. This
capability could certainly revolutionize the
dispatching and routine ~£ aircraft.

Some years agv, as a result of a catastrophic
accident involving severe turbulence shortly
after takeoff, joint action was taken by Aus-
tralian Civil Aviation and Meteorological au-
thorities to develop a system to provide advice
and guidémce to ﬂights in the terminal areas, in
order for pilots to avoid severe convective
activity. The experimental system has been in
operation at three of the larger terminals,
Sydney, Brisbane, and Melbourne, and is known
as the Joint Approach Control Meteorological
Advisory Service (JACMAS). Based on radar
storm cell information from ATC radar, AIREPS
and other visual observations, ATC authorities
may close airspace or authorize diversions. The



system is in effect within a 50-mile radius of the
three airports mentioned.

Additional dissemination of JACMAS advice
is made by broadcasting it in plain language over
the appropriate NDB and VOR channels. Flighs-
crews have been informed that, on occasion,
there have been areas which were forecast to

contain severe turbulence, but have been '

reported by pilots to have been clear. Accord-
ingly, pilots were instructed to regard the
information received as an ‘‘advisory service.”
However, one of the basic principles of the
JACMAS system was that clearances issued to
insure that aircraft do not enter areas of severe
turbulence are mandatory, and a pilot who
considers that a clearance is unnecessarily
restrictive should request an alternative clear-
ance and advise the reason. If ATC approves the
alternative, the pilot must accept full respon-
sibility for the intended course of action. It is
understood that evaluations of the JACMAS
system indicated that it had, in fact, provided
effective storm warning information in the three
areas where it was in operation and that there
were plans to remove the “experimental” label.

Air carriers have learned that the economic
penalties of rturbulence accidents are severe.
There are no current figures available on the
economic loss, but, according to a study made
by the Flight Safety Foundation for the
National Aeronautics and Space Administration,
in 1964 there was a total (U.S.) expense at-
tributable to turbulence of $18,090,000. That
figure did not include loss of use of grounded
aircraft, loss of employable time by injured
occupants, and overhead involved in settling
claims for injuries. There is lictle reason to
assume that the losses are any less today.

An interesting sidelight to turbulence accident
investigation is the use of new techniques. One
means of postaccident determination of the
existence of turbulence is the cockpit voice
recorder (CVR). This device reflects not only
intracockpit conversation (which might be
related to the subject), but the sound of objects

being tossed about on the flight deck, the “tin
-canning” sounds made by the aircraft as it en-
counters successive air masses moving from dit-
ferent directions, sounds of hail and/or heavy
rain striking the airframe and other sounds
within the cockpit. In addition, on aircraft
whose CVR is powered by Direct Current, such as
the turbo-Convairs and the F-27, FH-227 series,
there is installed an impact switch on the CVR
power circuit which causes electrical power to
be removed when the associated accelerometer
senses a fore-to-aft acceleration of 2 g’s or more.
This type of power failure cannot be rectified -
until after landing. In the case of an F-27 which
lost a wing in CAT conditions over Alaska, this
type of power shutdown was observed to have
occurred coincident with the wing failure.
Another new technique is the use of weather
satellite pictures expecially for areas from which
data are sparse. Jet streams may be located,
some wind information may be inferred,
convective clouds as well as lenticulars may be
located and identified, as may many other local
and synoptic scale features.

To summarize the main lessons learned from
curbulence-involved accidents it can be said that:

1. Turbulence is one of the major in-flight
weather problems.

2. Airborne weather radar is an excellent
thunderstorm avoidance-tool.

3. Airborne weather radar must be maintained
and operated properly.

4. Training should be formalized in the use
and interpretation of airborne weather
radar.

5. Recurrent airborne weather radar training
is desirable.

6. CAT forecasts need considerable improve-
ment.

7.CAT detection systems, airborne and
ground-based, are needed.

8. Real-time weather data are needed on the
ground, and most certainly in the cockpit.




BY THE NATIONAL TRANSPORTATION SAFETY BOARD:

D

December 15, 1971

/s/

Isf

Is/

/s}

/s/

JOHN H. REED

Chairman

OSCAR M. LAUREL

Member

FRANCIS H. McADAMS

Member

LOUIS M. THAYER

Member

ISABEL A. BURGESS

Member



THE FOLLOWING STATISTICAL TABLES ARE BASED ON
TURBULENCE ACCIDENTS INVOLVING U. S. AIR CARRIERS, 1964-1969

TABLE 1 — ACCIDENTS
TOTAL ACCIDENTS YEAR TURBULENCE ACCIDENTS
79 1964 15
83 1965 14
75 1966 13
70 1967 13
71 1968 22
63 1969 20
441 97 J
TABLE 2 — INJURIES
FATAL  SERIOUS MINOR  NONE TOTAL
PILOT 5 - - 92 97
COPILOT 5 - - 91 96
CHECK PILOT - - - 2 2
FLIGHT ENGINEER 3 - 1 80 84
NAVIGATOR - - . 4 4
CABIN ATTENDANT 9 50 42 245 346
EXTRA CREW - 1 - 12 13
PASSENGERS 206 76 198 6021 6501
TOTAL 228 127 241 6547 7143
INVOLVES 97 TOTAL ACCIDENTS INCLUDING 6 FATAL ACCIDENTS _]

TABLE 3 — AIRCRAFT DAMAGE

YEAR DESTROYED SUBSTANTIAL MINOR NONE TOTAL
1964 2 2 3 8 15
1965 - 1. - 13 14
1966 1 - - 12 13
1967 - - 3 10 13
1968 2 1 2 17 22
1969 - - 2 18 20
TOTAL 5 4 10 78 97




TABLE 4 — CATEGORY OF WEATHER INVOLVEMENT

YEAR CAT CONVECTIVE ACTIVITY UNKNOWN* TOTAL
1964 5 9 1 15
1965 2 12 - 14
1966 4 7 2 13
1967 4 8 1 13
1968 10 11 1 22
1969 2 1 = 20

TOTAL 34 58 5 97

*The investigations of these cases are under the jurisidction of other governments and
the data were not available.

TABLE 5 — TYPE OF POWER VS. FIRST PHASE OF OPERATION

PISTON TURBOJET TURBOPROP ACCIDENT PERCENT

INITIAL CLIMB 2 - - 2 2.06
CLIMB TO CRUISE : 8 1 9 9.28

NORMAL CRUISE 6 50 7 63 64.95

DESCENT 2 15 2 19 19.59

UNCNTRLD. DESCENT - 1 - 1 1,03

INITIAL APPROACH 1 . . 1 1.03

OTHER - - 2 2 2.06

ACCIDENTS 11 74 12 97

PERCENT 11.3 76.3 12.4

TABLE 6 — TURBULENCE ACCIDENT RATES BY
AIRCRAFT HOURS AND MILES FLOWN

TURBULENCE ACCIDENT RATE
PER 100,000 PER MILLION
TURBULENCE AIRCRAFT-HRS. AIRCRAFT-Mi. AIRCRAFT- AIRCRAFT-

YEAR ACCIDENTS FLOWN FLOWN (000) HRS. FLOWN  MILES FLOWN
1964 15 4,312,764 1,336,867 347 ol

1965 14 4,690,882 1,536,395 298 009

1966 13 5,104,984 1,768,458 255 007

1967 13 5,868,842 2,179,739 222 006

1968 22 6,404,260 2,498,848 328 009

1969 20 6612161 2,736,815 302 007

|ToTAL 97 32,993,893 12,057,122
| 9
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