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at Charlotte. the NTSB stated that the 
crew's nonpertinent conversations 
"were disrraccive and reflected a casual 
mood and lax cockpit atmosphere, 
which continued throughout the re- 
mainder of the approach and which 
contributed to the accident" In the Dal- 
las-Fort Worth accident. the NTSB.said 
that "had the captain exercised his re- 
sponsibility and asked the flight atten- 
dant to leave the cockpit or, as a 
minimum, stopped the nonpeninent 
conversations, the 25-minute taxi time 
could have been used more conswc- 
tively and the flap position discrepancy 
might have been discovered." 

The cocbit of an aircraft durina taxi- 

Numerous accidents and 

serious incidents have 

occurred wken the jliglzt 

crews diverted their mention 

from the tasks at Iwnd and 

engaged in activzlies 

unrelated toflying. 

- 
out or approach is neither the time nor the p&ce for 
nonflight-related conversation. Numerous accidents and sc- 
rious incidents have occurred when flight crews diverted 
their anention from the tasks at hand and engaged in activi- 
ties nnrelated to flying. 

In 1981, the US.  Federal Aviation Administration (FAA) 
enacted Federal Aviation Regulations (FARs) part 121.542 
for air carriers and part 135.100 for air taxi ope". 
f l ight  Crewmember Duties," also known in the industry as 
the "sterile cockpit rule:' are the subject of these two parts 
of the FARs. These regulations prohibit crcwmcmbers from 
performing nonessential duties or activities while the air- 
Cran is in a "critical phase of flight." 

The FARs define "critical phase of flight.' as all murid 
operations involving taxiing, takeoff and landing and all 
other flight operations conducted below 10,ooO feu (3.050 
meters) m v  sea level (MSL). except cruise flight. 

The Federal Register explains the FAA's rationale for the 
rule making: "Critical phases of flight ._. .IT the phases 
of a flight in which the flight mew is busiest, such 8s 

during takeoff and landing and instrument approaches. 
When many complex tasks .IT performed in a shon time 
interval. distracting events could cause mors and signifi- 
cant reductions in the quality of work performed. The 
performance of a non-safety related duty or activity when 
flight crew workload is heavy could be the critical went 
which precludes a flight mewmember from performing 
an essential task such as extending the landing gear prior 
to touchdown.") 

Ihm arc situations w h m  10,ooO feet MSL might be an 
insufficient boundary for defining the critical phase of 
flight. At high-altitude airports, 10,000 feet above 
ground level (AGL) may be a more appropriate boundary. 
For flights with cruise altitudes below 10,ooO feet MSL. 

, I  
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crews can use a specific distance 
from the airport or the beginning of 
descent as a signal to begin sterile 
cockpit procedures. 

The FARs never intended to prohibit 
functions that are necessary for flight 
safety. Items that must never be stifled 
include: accomplishment of check- 
lists, crew callouts, procedural dis- 
cussions, voicing safety concems and 
crew interactions such as acknow- 
ledgments and commands. Con- 
versely, because they are not related to 
the safe operation of aircraft the 
regulations specifically prohibit the 
following during critical phases of 
flight %on-safety related [radio calk] 

as ordering galley supplies and confirming passenger 
connections, announcements made to passengers promoting 
the air carrier or pointing out sights of intenst and W g  
out company payroll and related mords. _.. eating meals. 
engaging in nonessential ConveMtions within the coclrpit 
and nonessential communications between the cabii and 
cockpit crews, and d i g  publications not related m tbe 
proper conduct of the flight ... ." 

Responsibility To Maintain Sterile 
Cockpit Shared by Crewmembers 

The regulations are carefully worded to appomon the 
responsibility of keeping the cockpit "sterile": "Regard- 
ing crewmember involvement with nonessential 
activities: No flight crewmember may engage in, nor m y  
any pilot in command permit ... nor may any fight 
crewmember perform ... ." Responsibility for main- 
taining the sterile cockpit is on each crew member. If any 
duties except those duties required art conducted during 
the critical phase of flight, the pilot in command must not 
permit them to continue. 

The FAA also places the regulatory responsibfity in the 
hands of companies: "No cenijkcue holder ahall r q u h  ... 
my flight crcwmemkr [to] paform any duties during a 
critical phew of flight except those duties r q u h d  for the 
safe opaorion ofthe aimaft." [Italics added for Cmphn*a.l 

The following rcpon wps SUbmitIcd to tbe U.S. National 
Aeronautics and Space Administration (NASA) Aviation 
Safety Reponing System (ASRS).' The repon illusmtes 
how poorly designed company procedures can contribute 
to unsafe conditions. 

"Distracted by flight acteadant with passenger count. We] 
took off, and to this moment, I do not remember being 
cleared for takeoff. This had the potential for a 'Canary 

u-3 
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Problems Identified in a Nonrandom Sample of 63 
Aviation Incidents and Events Related to 

Sterile Cockpit Violations 

2% 8% 

48% 

14% 

14% 
~~ ~ 

Altitude Deviations General Distractions 

Course Deviations [7 Near-Midair Collisions 

Runway Transgressions Takeoffbndings - No Clearance 

3ource: US. National Aeronautics and Space Administration. Aviation Safely Reporting Swem 

Figure 1 

distracrion of the passenger announfemt [caused us 
to o\ershootl altitude [by] 500 feet [ I52 mners].-An 
additional nine similar repons w m  among the 63 in 
the ASRS review. 

* Sighrsecing 

"Nowhere does Webstcis [Dictionary] &fine 'sight- 
seeing' as an activity that is essential to-rbe safe 
operation of air&" said the ASRS researcbas who 
found three such q o n s  in its review. "when sight- 
seeing is conducted by flight cmvmembers below 
1O.OOO feet, not only is it potentially dangerous, but it 
is illegal." 

The cockpit voice recorder (CVR) "ipt of 
Flight 212 illustrated tht danger of sightseeing 
(page 5). 

-It is apparent that during this discussion a consider- 
able degree of the flightcrew's anention was dincred 
outside the cockpiL" the NTSB said rllir panicular 
distraction assumes significance beeauK during this 
period the aircraft descended through ... mC altitude 

which should have been mainmud until it crossed ... 
the final approach fix FAF)." 

Flight Attendant 
Notification Policies Vary 

Becaw the ccckpit should m a i n  smile below 1O.ooO fect 
MSL, cabin u c w s  med a method of detamining whetha the 
a h a f t  is shove or below 1O.OOO feet. A 1988 U.S. Depart- 

mcu1tieS dc" ' .  gp"cdselywhcDstailemdrpitproce- 

flight anendants, and of rbe 35 flight atta~dans from 16 
airlineswho"dcd,80prrrntsaidthatthcircompenics 
had a signal 01 policy to indicate when sterile axkpit pmcc- 
durrswae m effect. NNnth+less. someconfusion was sug- 
gents by tkrrspolldents; snnc flight anadants sratcd that 
thek airlioes bad such pmccdrms, while orhen from me 
same airlines said M) S u c h p n l c t d ~  umc in pace. 

Flight anendants rrpaea several different procedures by 
flight m w s  for notifying the cabin crews when slerile cock- 
pit proccdws w m  required. "Some airlines have advo- 
cated tht IQminutc rule. ix., the stcrile cockpit rule should 

"t ofT.mzportztioncncrT)rrpcac highlighted cabin crew 

mucs Wac m &st' m rscadms sumyed pilols and 
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procedures are in effect is an indicator light above the cockpit 
door or on the annunciator panel.” Unlike a discrete tone or a 
PA announcement, this method was less likely to be missed or 
confused with another signal, according to the repon For 
optimum performance, a light should be installed near the 
cockpit door and adjacent to the interphone on each flight 
attendant communications panel. The indicator light’s major 
disadvantage is that it requires installation 

Misinterpretations of 
Sterile Cockpit Are Possible 

Although the sterile cockpit was implemented to in- 
safety by minimizing distractions during critical flight 
phases, there is evidence to suggest that safety can 6e im- 
paired by misunderstandings. An airline captain, for ex- 
ample. was observed reprimanding his first officer’for 
accomplishing the der-takeoff checklist below 10,OOOfcn 
The first officer’s actions. however, were entirely a w n -  
ate because the checklist function was required for flight 
safety and was clearly stated 85 such in the company’s 
operating procedures. 

Misunderstandings can also prevent importan1 safety- 
related information from reaching the flight deck. 

,Wight attendants, many already intimidated by the author- 
ity and mystique of the flight deck arc cxpccted to deter- 

c 
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mine which situations are essential lo the safe conduct of 
the flighs” according to Rebecca Chute and Earl Wiener in a 
recently published crew communications study.’ “Rather 
than take the chance of being wrong and thereby br&ng 
the law or, at the very leasl, embarrassing tbemselves and 
perhaps subjecting themselves to a reprimand from the cap- 
tain, they [may fail to] communicate valuable, safety- 
related information to the pilots.” 

In 1984, a United Air Lines Boeing 727 encountered a 
severe wind shear on takeoff from Stapleton International 
Airpon, Denver, Colorado, U.S. The wind shear caused 
the takeoff roll to be excessively long, resulting in the 
727’s underside being dragged through the localizer 
antenna at the departure end of the runway. The antenna 
punctured the fuselage and remained lodged there. The 
cockpit crew was unaware that the aircraft had struck the 
antenna, but could not determine why the aircraft would 
not pressurize. The flight attendants. on the other hand 
had heard and felt a loud thump and vibration shonly after 
takeoff, but did not notify the cockpit crew because of the 
senior flight attendant’s desire to adhere to the sterile 
cockpit procedures. Capt. Ricky Davidson, cbairman of 
the U.S. Air Line Pilots Association’s (ALF’A) Accident 
Survival Committee, said, “It is crucial [that flight 
anendants] understand that i t  is better to risk interruption 
and break the sterile cockpit rule than to fail to 
communicate.- 

( 

Violations of the Sterile Cockpitlabulated in Review of 63 
NASA ASRS Reports Involving Sterile Cockpit Noncompliance 

A 

Extraneous Conversation 

Distraction by Flight Attendants 

Nonpertinent Radio Calls 

Public Address Announcements 

Sightseeing 

0 10 20 40 

Source: U.S. National Aeronautics and Space Administration. Avialion Safety Reporting System 

c Figure 2 
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* 
Roben L Sumwalt 111 is president of Aviatrends, a 
company thor specializes in aviation safety research and 
consulting. In this capacity, hr serves fhr U.S. National 
Aeronaurics and Space Administration Aviation Safefy 
Reporting System (ASRS). as a research consulfont. 
Sumwalt is also a captain for a mjor  U.S. air cam& 
where he has served as an airline check airman and 
instructor pilot. He is a regular contributor to 
Professional Pilot magazine. 

Of at least equal importance to us, the author is a frequent contributor 
to Flight Crew View8 mostly through his articles under Flight Safety 
Foundation headings. Even mre important8 Captain Smualt flies a 
Ming 737 M0/400 for -it. 

.. . . 
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report. Moreover, it appears that there is a level of ani- 
mosity between the two crews that may be based on a 
lack of awareness and understanding of the duties of the 

* Psychological isolation -personality differences, mis- 
understanding of motivations. pilot skepticism and 
flight attendant ambivalence about chain of command; 

other crew members during flight. 

In the captain's view. the flight attendant did not comply 
* Regulatory factors - sterile cockpit confusion and 

licensing issues; and, 
with his request for a meal to be served immediately and 
exhibited a lack of concern for his well-being and, there- 
fore, that of the flight. In addition, he believed that the 

* Organizational factors - administrative segregation, 
training differences and schedules. 

flight attendant vioiated the "sterile cockpit" regulation 
[US. Federal Aviation Regulation (FAR) 121.542)] by 
entering the cockpit below 10,000 feet to remove the 
meal trays. The captain's view is also intensified by the 
perception that the flight attendant is only answerable to 
the marketing department, making the chain of command 
on board the aircraft ineffectual. 

Some of the differences can be traced to the origins of 
the professions themselves. The first flight attendants 
were known as "skygirls." They were required to be 
under 25 years of age, weigh less than 115 pounds, be 
under 5 feet 4 inches (162.6 centimeters) tall, single and 
female. The height and weight restrictions originally were 
based on aircraft weinht and balance limitations. (Today. - - -  ! Several changes in aviation compel a re-examination 

of the safety implications of cockpitlcabin communi&- 
tion: crew resource management (CUM). previously.con- 
fined to the cockpit"; the emergence of the twg-pilot 
crew. even on wide-body jets and trans-oceanic routes; 
and the recognition by the US. National Transportation 

this is not a consideration. but their weight is still moni- 
tored for marketing reasons.) In addition to serving box 
lunches to passengers, duties included swatting flies be- 
fore takeoff and cleaning passengers' shoes during the 
flight. Subservience and compliance were important at- 
tributes in the skygirls. 

Safety Board (NTSB) of the critical role of cockpiucabin 
communications in accidents and incidents.' A 1930 manual admonished them to 

"maintain the respenful resme of the 
Deficient crew communication has been 
cited in a number of accidents and inci- 
dents as a contributing factor. In 1989 an 

*Air Ontario Fokker F-28 crashed on take- 
off at Dryden. Ontario. resulting in 24 
fatalities. An investigation found that flight 
attendants withheld critical information 
(wet snow on the wing) for a number of 
complex reasons. Among those reasons 
cited were professional respect, an as- 
sumprion that the pilots were aware of all 
pertinent information and a reluctance to 
second-guess the pilots.' 

This reluctance was also evident in the January 1989 British 
Midlands Boeing 737-400 accident when the captain re- 
ported (over the public address system) a problem with 
the right engine, but the passengers and cabin crew could 
see fire on the left engine. The error went uncorrected 
and the captain proceeded to shut down the only good engine. 

An examination of accident and incident reports, includ- 
ing federal agency repons and repons in aviation history 
books, and visits by the authors IO joint training classes 
of cockpit crews and cabin crews, suggest that five basic 

Several changes in 
aviation compel 

Q re-examination 
of the safety 

well-trained servant when on duty." 
Interactions between the pilots and 
skygirls were guided by another rule 
to "treat captains and pilots with shict 
formality while in uniform. A rigid 
military salute will be rendered as they 
go aboard and deplane."' Passengers 
liked the attentive service that the sky- 
girls offered. and airlines grew to view 
the skygirls as a marketing asset. In 
the decades since the inception of 
inflight service, the image ofthe flight 

attendant has been glamorized and popularized in the 
media and by the air carriers themselves. 

The role of the commercial aviator evolved from daredevil 
barnstorming and the bravado of the coast-to-coast air mail 
flights of the 19205." 

While the populations of both cultures M now large and 
diverse, members of the two groups still exhibit some 
characteristics that have ken imbued by tradition and val- 
ued by their peers and management. An independent spiris 
for example, is still prized among pilots, and a gracious 
demeanor is well renarded in flieht attendants. 

i 

implicatioiis of 

communication ... 
cockpit/cabin 

- " 
factors have influenced the differences between the two 
cultures and perpetuate the division and the problem. 
The factors BIT: 

The commercial airliner has long been divided into two 
geographical environments: the cockpit and the cabin. 
Each environment has distinct boundaries, svace con- 

* Historical background - origins of the jobs and their 
influence on personal attributes and attitudes today; 

*Physical separation - lack of awareness of other's 
duties. responsibilities and problems, each influenced 
by lack of physical proximity: 

straints and technological differences. The& physical 
differences have ramifications when a member of one 
crew enters the other crew's domain. 

The physical bamer of the cockpit door exacerbates com- 
munication difficulties. The lack of contact results in 
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The stewardesses were also forbidden to conduct conver- 
sations with pilots on duty or to enter the field office 
except when necessary. Remnants of this historical phi- 
losophy still characterize some crew member interactions. 

David Adams. Australian accident investigator. observed: 
”If you look at almost any company, you will usually find 
that the cabin attendants and the flight crews are very very 
clearly separated. They work for different branches of the 
company in most cases. The culture is one of almost complete 
separation. Yet the fact of the matter is. in a safety situation, 
these two sections of the company have to work together. 
And the consequences of not efficiently working together 
quite often means a bunch of people get killed.“’ 

Compounding the departmental obstacles, crews often work 
together for only one or two flights of a sequence. They c h  
work with as many as four or five different crews in one day. 

Additional research supported the concept that familiar- 
ity played an imponant role in the quality of flight operations? 
It was found that post-duty flight crews performed at a 
higher operational level than pre-duty crews. In fact, 
there were no cases uhere pre-duty crews were rated 
better than post-duty crews. This finding was attributed 

13 
i t  has become increasingly vital that cabin crews be knowl- 
edgeable concerning aircraft systems and architecture. 
Valuable time can be wasted in the inaccurate transfer of 
information. especially when pilots cannot leave the flight 
deck to validate the accuracy of the information. In the 
1989 United Airlines Sioux City accident, a flight atten- 
dant told the cockpit crew there was damage to the “back 
wing.”’O The second officer proceeded to the cabin and 
looked at the wing. but the damage was to the horizontal 
stabilizer rather than the wing. [The DC-IO was flown by 
manipulating the power controls of the two engines that 
remained functioning after a third engine’s fan rotor failed 
and caused the loss of all the aircraft’s hydraulic controls. 
The aircraft crashed at the airport 45 minutes after the 
engine failure. Of the 285 passengers and 11 crew mem- 
bers aboard, 174 passengers and 10 crew survived.] The 
implications of an inadequate command of aircraft termi- 
nology and mechanical knowledge are potentially sen- 
ous. Fortunately. in the Sioux City situation there w u  
sufficient time available and enough personnel in the 
cockpit to check the flight attendant‘s information. In a 
more time-critical situation. valuable time could be wasted 
rediagnosing the problem or taking the wrong solution 
path. to the fact that post-duty crews had in- 

creased familiarity, more accurate expec- 
tations and comfon with each other’s style 
of communication. It should follow that 
the entire flight crew would function at a 
higher level if given an opportunity to 
develop a rappon and a smooth operating 

Despite the fact that there is mnch 
anecdoral evidence of coordinatid dif- 
ficulties between the cockpit and the 
cabin crews. no empirical data ex- 
isted on the depth and breadth ofthese 
issues. Therefore, a survey was con- 

Formal briefings 
and introductions 
can alleviate some 
o f the  detrimental 
-.I - - - -  

ducted of crew members at two U.S. 
airlines to investigate communication 
issues between the two cultures based 
on the five identified factors. Only 

impact of short 
crew pairings. 

system. 

Although cabin c r e w  typically board a 
flight 45 minutes before departure. pilots 
often join the flight minutes before or 
during boarding. Briefings and introductions are there- 
fore often precluded by this lack of availability. Formal 
briefings and introductions can alleviate some of the 
detrimental impact of short crew pairings. A briefing can 
establish expectations, ret the tone for crew intwctions. 
address particular problems or requirements for a flight and 
serve as a refresher for emergency and security proce- 
dures. At the very least, an introduction can set the tone 
and open communication for ongoing requests and clari- 
fications. The omission of briefings and introductions 
can carry serious implications in emergency situations 
when crew members must work as a team but mpy not 
have met each other prior to the flight. 

Training exaggerates the problem by creating gaps in the 
instruction that crews rtceive. Flight attendants from one 
airline, for example, were trained for nine years that in 
an emergency they could expect to receive four critical 
pieces of information from the cockpit crew: type of 
emergency, signal to brace, signal to evacuate and time 
available to prepare. To a person, the airline’s pilots had 
never heard of this procedure and even had difficulty 
guessing what the four pieces of information were. 

’ 

4 

the data on organizational factors w i i  
be reponed here. 

The subjects in this study were 177 current line pilots 
and 125 flight attendants who voluntarily returned 
surveys (302 total). 

The general survey comprised 30 objective ques- 
tions designed to probe the five identified factors with 
multiple choice, yeslno and five-point saIe responses. 
For example. the following itempbraKa for fight attendants 
investigated sterile cockpit confusion: ”How oftm you 
unclear under which specific circumstances it is rwrp 
priate to intcnupt the sterile cockpit?% fd6wing question 
was designed to measure flight attendant reluctance to 
communicate with the flight deck -If turbulence Oecnrs 
and the flight deck docs not turn on the seat belt sign. how 
often do you call them and ask for it to k Nned  on?” Equi- 
valent questions were asked of the pilots in appro- 
priate language. Both of these questions offered a five 
point range of response options from ‘heva” to “fqumtl~..” 

Of the 800 surveys distributed, 302 were completed and 
returned for a response rate of 38 percent. 

. 
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(. I 1 . I Crew Rankings of Briefing Toplcs I In Order of Importance 

W” FE## cmr h w  7 2  
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?t  Source: Rebecca D. ChuldEarl L Wiener ..._ 

Figure 2 

briefed at all. This would result in the majority of the‘cabin 
crew not receiving a briefing from the flight deck as well as 
the impression that those briefings were infrequent. An- 
other factor could be that the lead flight attendant was not 
passing the information to the rest of the cabin crew, leav- 
ing the impression that there had been no cockpit briefing. 

Having established that crew briefings are desirable. what 
-kind of information should be conveyed? Crews were 

very clear about which elements of a briefing were imporrant 
to them. They were asked to rank each element in tenns 
of importance or to indicate that a topic was not imponant by 
leaving it  blank (Figure 2). Both flight attendants and 
pilots ranked setting the tone for crew communication as 
the most important element of a briefing. Flight attendants 
ranked emergency procedures as a close second; however. 
pilots ranked weather as the second most important topic. 
Both regarded information about crew meals as least 
important. Flight attendants rated discussion of security 
information higher than the pilots. 

Two items probed the frequency of flight attendant- 
initiated introductions and pilot-initiated inuoductions. OIUX 
again there was considerable disagreement between pilots 
and flight attendants regarding their perception of the ire- 
quency of introductions (Figure 3 and Figure 4, page seven). 

Flight attendants repeatedly requested pilot briefings and 
introductions. The study asked respondents to complete 
the sentence “1 like it when pilots ... .” 
Resvonses included: “Hold briefines - or at least intra- 

t 
\. 

- 
duce themselves and establish communication”; ‘‘Introduce 
themselves and give a shon briefing regarding communi- 
cation, etc. It shows respect”: and, “Introduce themselves. 
give us a briefing on what they like to do in emergencies. 
Let us know about any problems that may arise including 
weather and delays.” 

Pilots also requested anecdotally that flight attendants go 
out of their way to introduce themselves. although to a 

15 
lesser extent This is consistent with findings that US. 
pilots scored low relative to flight attendants on a 
dimension where importance was placed on the coordination 
of cockpit and cabin crew.’ Consequently. it appears fiat 
each crew often waits for the other to introduce themselves. 

These findings provided the first empirical evidence that 
problems existed in cockpitkabin coordination and 
communication. The crews perceived that they operated 
as two distinct crews with many barriers between them. 
These findings indicated that each group believed that it 
was doing a good job of trying to communicate with the 
other, but the other group’s efforts were inadequate. They 
appeared to recognize that a gulf existed between them. 
and wanted to reduce the distance by administrative 
unification and longer crew pairings. In addition, cock- 
pit crews may have been underestimating the gravity 
with which flight attendants viewed briefing topics such 
as security and emergency procedures. 

Issues about crew communication and coordination have 
been successfully addressed by CRM. CRM has been 
defined as “using all available resources - information. 
equipment and people to achieve safe and efficient flight 
operations.* 

CRM has been widely recognized and used by airlines 
throngbout the world because of its value to the improve- 
ment of communication and coordination of flight crew 
members. Thus. a model exists that could extend CRM 
beyond the flight deck to the cabin crew. Data suggest 
that CRM training could bring these two disparate cultures 
into greater cohesion. 

Another resource that yields valuable data is NASA’s 
ASRS program. ASRS is a confidential. anonymous reporting 
mechanism for all types of safety-related aviation incidents. 

To date, the reports have primarily come from pilots and 
conuollcrs. although it is intended to be used by mechanics. 
flight attendants and even passengers. However. flight 

Contrasting Perceptions of the Frequency of 
Pilot-initiated Introductions to the Cabin Crew 

1 2 a 4 . s  
N m r  s”ss Fnannay 

Source: Rebecca D. ChuWEad L m e r  
Figure 3 
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U.S. Federal Avlation Regulations 
Part 135 
Flights 
Serious injuries 

flight atlendant 
passenger 

Mlnor Injuries 
US. Federal Avlatlon Regulations 
Part 121 
RlQhtr 
Fatal injurka 

. Serious injuries 
flight attendant 
pass%nger 

Minor InJurIar - flight attendant - passenger 

19 

Pha8a of Fli#ht 
Total Climb hlIn -rlt 

1 0 1 0 
1 0 1 0 

111 [ 01 Ill I 01 
101 to1 101 
0 0 0 

to1 

Phaoe oi Flight 
0 

Totll Cilmb CNl88 D.pwn 
54 5 29 20 
1 0 1 0 
n 4 43 51 

t 37l I 21 I 221 I131 
1411 I21 t 211 I181 
320 1 1oB 121 
t 701 101 13al 1321 
t=1 111 1w I 891 

f. requirements to be seated *ith belt fastened except for 
takeoff and landing. 

Although passengers outnumbered flight attendants 20 to one 
on turbulence-accident flights. flight attendants 
sustained serious injuries nearly as often as passengers 
(Tables 5-7, page 4). The majority of these injuries occurred 
while flight attendants were conducting normal duties or 
were attempting to secure the cabin and passengers after 
the seat belt sign had been illuminated. 

Fifty-five percent of all reported serious injuries occurred 
during the cruise phase of flight. and nearly 40 percent 
occurred during descent (including approach). Most seri- 
ous injuries (60 percent) occurred after the seat beltsign 
had been illuminated in adequate time for passengers to 
comply. In all except one of these cases, passengers who 
were injured had failed to comply with the seat belt sign 
and verbal instructions by the crew. 

The most common types of serious injuries for both flight 
attendants and passengers were fractures of the leg/ankle/ 
foot and bacWspinal injuries (Table 8, page 5). In some 
accidents. loose objects in the cabin, such as serving 
carts, caused serious injuries. Further study is recommended 
to determine the extent to which loose objects and interior 
cabin design contribute to serious injuries. 
.* 
Turbulence-related injuries are preventable. Of the 5.501 
passengers, 281 flight attendants and 132 flight crew 
members on board turbulence-injury flights, only one 
serious injury was documented in which the injured person 
was restrained by a seat belt. Passengers who disregard the 

J' 
\ 

stat belt sign and verbal crew instructions expose them- 
selves and flight attendants IO unnecessary risk. 

Flight attendants arc at the greatest risk of turbulence- 
related injuries because they often continue working after 
the seat belt sign is illuminated unless advised by the flight 
crew to discontinue cabin service. Even flight attendants 
so advised are frequently delayed in being seated because 
they are securing equipment and checking passenger seat belts. 

The relative infrequency of turbulence-related injuries 
on Part 135 commuter flights merits further study. Although 
some reasons for this appear obvious - shorter flight 
segments. less room to move about and lower cabin 
ceilings - some knowledge gained from studying this 
type of operation might be applied to reduction of turbu-. 
lence-related injuries in Part 121 operations. 

While emerging technology enhancing the pilot's ability 
to predict and/or avoid turbulence may result in fewer 
turbulence-related accidents. steps can be taken now to 
reduce injuries at little or no financial cost 10 camen. 

These steps include increased flight attendant enfom- 
ment of seat belt sign compliance, increased flight crew 
and flight attendant awareness of turbulence risk to 
flight attendants, improved cockpitlcabin communica- 
tions and promotion of increased passenger awareness 
of the need to use seat belts at all times except when 
movement about the cabin is necessary and permissible. 
A joint govcmment/industry effort should be initiated to 
determine the most effective way of communicating this 
important message to airline passengers. +FCV 

c 
* Minor injuries on flights in which no serious injury occurred are not included in this analysis. 

Source: US. Fsdaral Aviation Administration. US. N a t w n a l T r a ~  Sabty Boam 
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Part 121 
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flight attendant 
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passenger 

passenger 
Minor injuries 
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13 
17 
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I 51 
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TABLE 5 -Turbulence-related lniuries - Seat Belt Sian Not Illuminated 1982-1991 

SGious injuries 
flight attendant 
passenger 

flight attendant 
passenger 

Minor Injuries 

- 
14 0 12 2 
I 61 to1 t 5 1  I11 

111 I 81 t 01 I T  

I 7  I 01 I 7  I 01 
t17l I 01 d7 t 01 

0 24 0 24 

rbulencej 
Phase of FligM 

Climb Cruise Descent 

t 51 
55 
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U.S. Federal Aviation Regulations 
Part 121 
Rights 
Fatal Injuries 
Serious Injuries 

Minor injuries 

.. 

flight attendant 

flight attendant 
passenger 

passenger 

TABLE 6 - Turbulence-related Injuries - Seat Belt Sign Illuminated 
With Insufficient Time to Restrain Occupants* 1982-1991 

US. Federal Aviation Regulations :. L Phase of Flight I 

PhaseofRight ' . 

Total Climb CnrlM Descent 
34 4 15 1 5  
1 0 1 0 

18 25 47 4 
I 191 I11 

.I 91 t 161 
119 120 

t 401 I 01 I 81 [=I 
Pool I 11 Ill11 . [ 881 

t 91 I 91 
I 281 I 31 
240 1 

Pari 121 1 Total I Climb I C N h  I D & e n t  
Fliahts i 7 I 0 I 5 I 2 

TABLE 7 - Turbulence-related Injuries - Seat Belt Sign Illuminated 
In Adequate Time to Restrain Occupants 1982-1991 

1 U.S. Federal Aviation Regulations I 

wrce: US. Federal Aviation Administration, US. National Tramportation Sal* Board 

. ,  ~- ~. .. . . 
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Advances in Medicine and Data Technology 
Will Bring Dramatic Changes to Civil 

Aeromedical Certification Process 

Healthier lifestyles, new medical treatments and computer 
teclinology are making it easier for  pilots to achieve and 

maintain medical flight certification. 
2 -  

Stanley R. Molder. M.D. 
Wright State University School of Medicine 

Dayton, Ohio, U.S. 

'he first minimum medical standards for pilots were 
stablished in Germany in 1910.' These standards, and 
tandards developed in other countries in the following 
'ears, were developed by military authorities to prevent 
~eople who might not be fit for military flight operations 
rom becoming, or remaining, military pilots. 

The era of human flight began during a time when tuber- 
ulosis was rampant. Streptococcal throat infections caused 
heumatic heart disease as well as kidney disease; typhoid 
ever was widespread, and poliomyelitis caused perma- 
lent disabilities in survivors. After recovery from child- 
iood diseases such as measles, chicken pox, mumps and 
liphtheria, millions of individuals experienced permanent 
Idverse effects. The life expectancy during this period in 
he United States was about 50 years of age. 

bring World War I. some physicians assigned to exam- 
ne pilots were given flight training. and the term "flight 
urgeon" was coined by the U.S. military.' Aflight surgeon 
nanual was published by the US. Government Printing 

Office, and the standards and tests it contained empha- 
sized selecting people who could perform flight duties in 
addition to military missions.'A school for military flight 
surgeons was established in New York in May 1919 and 
subsequently moved to Brooks Field,Texas, in December 
1922.' As military flight surgeons returned to civilian 
life after World War I. some of them became civilian aviation 
medical examiners when aU.S. fedcd regulatory program 
was established in 1926.' 

The new civilian standards were relatively simpk (less h 
two pages in a very small boowet) and had provisions for 
waivers.' U.S. civilian medical stnndprds remained rrlatively 
unchanged until 1958, when the U.S. Fedcd  Aviation 
Agency (FAA) [laterthe Federal AviatiOa Admbisdonl was 
established and additional morc-sptcific standards were 
prepared. The standards were PropOKd in 1959 for a h  
of the three classes of medical nrtificucr.'The requirement 
for a resting clecvocardiogram (ECG) at age 35. age 40 and 
each year thereafter was developed by the FAA for Class I 
medical certificates (for airline transportpdou) at that time. 

, '- - .. . . . .. .. 
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Expected Years of Additional Life' 
..- - . . . - - 

i A L L R A C E S ~  -1 
53.3 I 
59.8 

: 30.1 35.1 
Female : 41.0 36.8 i 40.6 

1 AGE/SEX' WHITE BLACK 
j Age20: Male 54.0 1 ' 46; 

: Age40: Male 
Female t 603  

35.6 

I . 

Age50: Male 1 26.7 22.5 * ___- 
Female j 31.6 28.2 

13.2 I 
Female ~ 19.1 17.2 ! 

I i as I 

I Age65 Male 15.2 ! - ~ 

.:----- - 
*Age in 1990 (1) A s  an individual becomes older, the individual's likelihood for addiiional years of life will increase. 

i 
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(2) Includes respondents whodid not identify themselves as Black or White. Can include those of 
Asian, Native American, Eskimo or Pacific Island origin. 

I Source: US. Depanment of Commerce. Bureau of the Census 

high-performance career. Thus. the bencfi!s of enhanced 
population health and advances i n  science. medicine and 
aeronautics must be appreciated by air crew members 
and applied in  their private and working lives. The same 
holds true for modern flight surgeons who. after dcvel- 
opinp trust. should \Cork with air crev members to pre- 
vent disease and obtain special issuances where indicated. 

Progress Made in Establishing 
Common Medical Standards 

Ideally. all countries should have the same civil medical 
standards within flight operations categories. The Inter- 
national Civil Aviation Organization (ICAO) based in 
Montreal. Canada. works to establish common medical 
standards. Significant progress has been made in recent 
decades in the establishment and adminisfration of agreed- 
upon civil medical standards among ICAO member countries. 

The United States. Canada. Great Britain and Australia 
have been leaders in the individualization of medical 
certification for those pilots who do not meet cenain 
published medical standards. This can be attributed in 
pan to the large number of general aviation pilots 
in these countries, which has provided a substantial data 
base on special issuances (or similar procedures) that 
allow pilots who have disqualifying medical histories or 
conditions to fly. Many other countries are now modify- 
ing their medical certification procedures accordingly. 

In the 21st century, the flight medical examination may be 
achieved by interactive television and computer. The pilot. 

that would interact in real time with the aviation medical 
examiner. The examiner would have a video conference 
from the office with the pilot at home. taking the pilot's 
medical history and noting the acquired biomedical dara, 
including sensbry, neurologic. cardiovascular and 
interactive psychomotor coordination tests relevant IO fly- 
ing.O These tests exist in prototype today.* If a medical 
problem that requires further evaluation exists. a referral 
to the FAA or an appropriate specialist could be made. 

For those pilots w*ho immediately meet the medical stan- 
dards, the medical cerfificate could be issued and uans- 
mitied to the pilot's computer printer. If the pilot does 
not meet the standards, a deferral or denial letter would 
be sent. The data on such actions would be sent to the 
FAA cenfral medical facility where a permanent record 
would be maintained. 

A potential dividend of such a certification system would 
be the capability to download preventive medicine lifestyle 
data to pilots, tailored IO the individual pilot's medical 
needs. This would help pilots to remain healthy and to 
achieve a long flying career. 

The a b r e  approach would markedly diminish the time and 
costs of periodic physical examinations. In the United States. 
for example, 900 examiners are currently entering the 
history and physical data on the pilots they examine into 
their personal computers and are transmitting these data 
by telephone to CAMI. All routine ECGs collected on 
Class I pilots in the United States are also transmitted by 
telephone to CAMI for computer assessment. These 
activities are the beginning of the future for civil air crew 

while at home. may use biomedical data acquisition modules video certification.-+ 

\J-v 
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The April 30,1990, accident occurred at 2138 local time. 
It was a scheduled domestic flight operated by Frontier 
Air Ltd. and originated in Timmins, Ontario, at 2043 
local time. Moosonee is located in northeastern Ontario 
near lames Bay. 

The aircraft struck trees while on a heading of 230 de- 
grees. About 432 feet (132 meters) from the point of 
initial impact, the charred remains of the fuselage were 
found, along with inboard sections of both wings, cock- 
pit and both engines and propellers, according to the TSB 
report. 

Moosonee Airport is located on the north shore-of the 
Moose River, just east of the town. The surrounding 

\ 

a 

I 
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Beechcraft C99 Airliner 
The B99, the predecessor of the C99, first flew in 
1966 and deliveries began in 1968. A large mairi cargo 
door allowed the aircraft to be used for either all-cargo 
or cargolpassenger operations. The C99. with increased 
power and systems refinements, was first delivered in 
1981. It has a service ceiling of 26.080 feet (8,560 
meters) and a range of 910 nautical miles (1,686 kilo- 
meters). 
The C99 was certified for operation with one pilot. but 
US. Federal Aviation Regulations require two pilots in 
commuter air carrier operations. There are about 23 
C99s in operation in the United States and about 52 
Dperating in other countries. 
The accident aircraft was configured lo accommodate 
15 passengers. It was equipped with two Pran (L. Whitney 
PT6A-36 engines rated at 715 standard horse power. It 
has a cruising speed of 245 knots (454 kilometers per 
hour, 282 miles per hour) at 16,000 feet (4.880 meters). 
.%": Jane's All !he World3 Air"  

27 
terrain is flat, and vegetation consists of trees about 25 
feet (8 meters) high. The area was flooded from melted 
ice and snow packs at the time of the accident. 

"Darkness, cloud cover and flooding created a ... fealure- 
less visual environment," the TSB said. 

' 

The report added "Because the terrain is flat and be- 
cause the Moosonee town lights are oriented more later- 
ally than longitudinally on this approach, a pilot's ability 
to perceive angle is limited. There are no approach lights 
on runway 24, nor is there a visual approach slope indi- 
cator system (VASIS)." 

The TSB said that by using a helicopter at night at the 
same altitudes, it was determined that the runway lights 
could be seen down to the tree level at the accident site. 

Weather at the time of the accident was reported as esti- 
mated ceiling 400 feet (122 meters) above ground level 
(AGL) broken, 1,000 feet (305 meters) AGL overcast, 
visibility four miles (6 kilometers) in intermittent light 
rain and winds from 270 degrees at four miles per hour. 
The captain of the accident flight reported layers of cloud 
throughout his en route descent from 7,000 feet (2,135 
meters) to an initial approach altitude of 1,500 feet (457 
meters). The captain reported no turbulence, precipita- 
tion or icing during the descent. 

The TSB report said the captain reported that a lower 
layer of cloud was based at about 900 feet (274 meters) 
AGL and that "when he broke out of the cloud on final 
approach at about nine nautical miles [I7 kilometers] on 
the distance measuring equipment (DME), he could see 
clearly the airport lights." 

Passengers also reported that the aircraft was clear of the 
clouds at that time and that the airport was in sight before 
the accident. 

The captain, 25, had logged a total of 2,423 flight hours, 
of which 298 hours were in the Beechcraft 09. The first 
officer, 35, had logged a total of 1,038 flight hours, of 
which 102 were in the C99. The captain held an airline 
transport pilot certifnte. The first officer held a com- 
mercial certificate. 

The TSB said tbe captain's last night of flight training 
was logged on Aug. 24, 1987, in a twin-engine Piper 
Seminole. 

But the TSB noted that the captain had flown a twin- 
engine Piper Navajo PA-31 and the 0 9  at night without 
receiving any on-type night training, which is required 
by Canadian air navigation regulations. The TSB said the 
captain's last night flight logged before the accident was 
April 10, 1990. 
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The TSB concluded: “The fact that there is a design eye 
position that guarantees certain fields of visibility, but 
which cannot be achieved for a pilot the size of the 
[accident] captain because of cockpit layout and control 
interference is a problem in this type of aircraft. 

‘The captain on this flight was unable lo adjust his seat 
lo achieve the DERP and, therefore, was unable to %e 
anything below the nose of the aircraft without either 
leaning forward andlor stretching or by lowering the 
nose, thereby introducing a descent. 

“Measuring the captain in the C99 seat position he used 
during the accident flight and later repositioning him to 
achieve the DERP resulted in two specific findings. First, 
in order for him to see the runway lights, from breakqat 
below the cloud to impact, as he indicated, the aircraft 
would have had to be in, and continued to be in, a de- 
scent. Second, he could not achieve the DERP beiause 
the seat could not be elevated high enough.“ 

Cockpit crew coordination was also lacking, the TSB 
report said. 

29 
“According to the captain, this was not done,” the TSB 
report said. “Moreover, it is clear that the captain was not 
referring to his altitude throughout the visual approach. 
If either of these two requirements had been done, it is 
likely that the descent would have been arrested prior to 
impact.” 

The TSB said a lack of a company crew-pairing policy 
also contributed to the accident. It said the captain and 
first officer had been in their respective crew positions 
for less than one month. 

Based on its investigation, the TSB recommended that 
the Department of Transport provide guidance to air car- 
riers in setting up crew-pairing plans, encourage the con- 
tinuing implementation of crew resource management 
and human factors training and take steps lo ensure that 
“pilots receive appropriate guidance for positioning their 
eyes a% or close to the DERP.” 

The TSB also called on the Department of Transport to 
“validate its current procedures for checking that carriers 
provide the required multi-engine night training.” 

The report said the captain was not aware of the fist 
gtficer’s activities in the final portion of the flight and 
that the first officer may have been directing his atten- 
lion outside the cockpit. The TSB said that company 
procedures for a night visual approach required that the 
pilot not flying call out the airspeed and altitude every 
100 feet (30 meters) below 500 feet (152 meters)AGL. 

”Transport Canada’s process for ensuring compliance with 
night training requirements is inadequate,” the TSB IC- 

port concluded. e pcv 
I 
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replied that he could investigate the possibility of a north 
landing. The captain told the controller to “wait ‘til we 
get a little closer and look at it. The radar at this range is 
not really as accurate as it is when we get in 40,50 miles 
L64.4. 80.5 kilometers] away,” the report said. 

For about the next IO minutes the captain and first of- 
ficer discussed what they observed on their airborne weather 
radar. “The captain indicated they were 80 miles [128.8 
kilometers] out, that he saw ‘yellow scud‘ on the scope. 
and they were *not looking at anything that even ap- 
proaches red.”’ the NTSB report said. Minutes later, the 
captain and first officer agreed that they were seeing red 
returns. The report said that one of the crew commented, 
“Red should be a really bad cell.” 

Two minutes later, the flight deck crew saw a b r i l l i h  
flash of light and the cockpit area microphone picked up 
a rumble that sounded like thunder. “Everything appears 
to be functioning,” the flight engi- 

At 064758, AAL 102 was descending to 3,000 feet (915 
meters). and received a broadcast from ATC that DFW 
weather was 1,400 feet overcast. visibility 2‘h miles, with 
thunderstorms. rain showers and fog. The wind was 140 
at 11. altimeter 29.49 inches, and all aircraft were told to 
expect a south landing. 

The controller told AAL 102 to expect the instrument 
landing system (11s) Runway 17L and stated the localizer 
frequency. The captain acknowledged by repeating the 
localizer frequency and asked, ‘Wow’s it look coming 
down final on your radar?” The report said that the 
controller replied, “I show an area of weather at 15 
miles [24‘kilometers] either side of DFW Airport, pro- 
ceeding straight north 15 miles on each side for about30 
miles [48.3 kilometers].” 

The captain then asked, “Okay, can you give us a good 
heading then to come in on?” The controller responded 

that he could give a good heading to 
neer said. The report said ;hat sev- 
eral passengers and flight attendants 
reported a possible lightning strike. 

The NTSB said that the captain told 

faad a big blast of lightning,” and said 
‘that he didn’t believe the airplane had 
been struck by it. “He [the captain] 
again requested a landing to the north. 
The controller expressed his doubts 
that a nonh landing would be approved, 
but assured him that he would for- 
w7ard the request,” the report said. 

AAL 102 was handed off from the 
ARTCCC to DFW approach control. 

control. the captain verified the status 
of his request [for a north landing]. 
but was told that DFW’s southbound departures would 
preclude landing to the north.” the report said. Shortly 
Ihereafter, the captain asked for a 5 0 - d e p  htading change 
to deviate around weather. which the controller approved. 

At 0645:31, the captain stated on the cockpit micro- 
phone. “I don’t know what the [expletive] happened with 
this radar.” This prompted the first officer to ask. “Is it 
not working or is it working?” the report said. 

The report said that the flight engineer briefed the captain 
and first officer on the current ATIS [automatic terminal 
information service]: “Echo, 1.400 [feet (427 meters)] 
overcast, 2% miles [four kilometers] visibility, winds 220 
at 6, [altimeter) 29.48 inches (998 millibars], lightning 
cloud-to-cloud, cloud-to-ground, thunderstorms moving 
northeast and pressure falling rapidly.” 

the localizer. but there was weather all 
the way down the final approach 
course. The captain then asked if the 
weather was moving. The controller 
replied that the weather did not appcar 
to be moving. and he gave a heading to 
intercept the localizer, the report said. 

“At 065033, the captain radioed, ‘I 
don’t lhink we’re going to be able 10 
do that, that’s a pretty big red area 
on our scope about 90 degrees, and 
that’s about what we% looking at. 
We’re gonna have to. just go out I 
guess and wait around to see what’s 
going on here.”’ the report’said. The 
controller told AAL 102 that eight 
miles [12.9 kilometers] south of their 
position, a McDonnell Douglas DC- 
8 was intercepting the localizer at 

Two milzutes later, the flight 
deck crew saw a brilliant 

air traffic control (ATC), “We just flash of light and the 

cockpit area inicrophone 

picked up a rumble that 

sounded like thunder. 

‘‘Everytlzi~~g appears fo 

be functioning, ’) theflight 
“On initial radio contact with approach engineer said. 

3,000 feet and had reponed a smooth ride. 

The captain responded, -Okay, we’ll head down that way 
then and, worse comes to worse, we’ll go Out from there.” 
the report said. The controller gave AAL 102 a heading 
of 200 degrees to intercept the Runway 17L IOCaliZCr. 

“The airplane was in approach configuration with the 
flaps set to 15 degrees,” ttre report said. “At 0652. the 
captain questioned the first officer as to the veracity of 
the localizer frequency, despite the fact that the Captain 
had read i t  back to approach control at 0649:34. 
Subsequently, at 0652, the captain questioned the first 
officer as to whether they were landing on Runway 17L 
or 17R. The first officer reminded the captain that they 
were landing on Runway 17L. At 0652:40. they Were 
cleared for the approach. 

. .  ~ 
~~ ~~~~~ 
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"At one point during the evacuation from [exit] 3-R, 
passengers bunched up on the righf wing because of 
the steepness of the slide from the wing to the ground. 
A flight attendant saw a holdup at the top of the slide 
and came out on the wing. Noting the steepness of the 
slide, the high number of older passengers attempting 
to evacuate, and the passenger pileup at tbe bottom of 
the slide, the flight attendant told the passengers 
on the wing that they would have to return to the 
cabin and use another exit. At the same time. some 
passengers said that a flight attendant inside the cabin, 
behind the group of people trying to exit onto the 
right wing, told them that they would have to move 
quickly from the airplane because of a fire out the left 
side cabin window." 

The report said that some elderly passengers were uh- 
willing to jump onto the slides until they were urged'zo 
do so or were pushed onto the slides. "Some female 
passengers wanted to take personal items with .ihem. 
especially purses. Flight attendants warned against taking 
these items and physically removed them 

slowed to a stop in the soft soil. However, most of the 
minor injuries and all of the serious injuries were re- 
ported to have occurred during the emergency evacua- 
tion, especially as passengers attempted to slide down 
steep-angled slides from the right side of the cabin, land- 
ing in sticky mud that made it diffkult or impossible for 
some of them to move away from the bottom of the slides. 

"The flight attendant stationed at 3-R said that the prob- 
lem was exacerbated by the high number of elderly per- 
sons attempting to evacuate at that exit. The steep angle 
of the slides at 3-R and 4-R resulted from the final 
resting attitude of the airplane. In addition to deep mud 
at che bottom of the slides, winds. diiving rain, and 
slippery slides heightened the difficulties. Due to the 
resting attitude of the airplane, slides at 3-R and 4-R 
were described by some witnesses as not touching the 
ground, a situation that contributed significantly to the 
steepness of the slides." 

In addition, several passenger and crew statements said that 
the cabin was only partially illuminated 

from several passengers as they jammed 
forward attempting to enter the slides. 
The urgency of the situation was described 
by several passengers and flight atteq- 
Qants as becoming apparent when the 
glow from the left side tire was observed 
clearly in the dark cabin through the afI 
left cabin windows. Many of them said 
later that the flight attendants and nearly 
all the passengers evacuated expeditiously 
and as calmly as possible from the dark 
cabin." the report said. 

during the evacuation. "The airplane's 
emergency cabin lighting system con- 
sisted of two subsystems: one to illp- 
minate overhead and door exit lights, 
and one to illuminate the floor path' and 
ripe wall exit sign lights. Both emer- 
gency lighting systems were removed 
from the accident airplane and shipped 
to their respective manufacturers where 
each subsystem was subjected to addi- 
tional testing under Safety Board su- 
pervision," the report said. 

The report said Some 

elderly passengers 

were unwilling to 

jump onto the slides 

until they were urged 

to do so or were 
Crash. fire and rescue services arrived pushed onto the slides. 
at the accident site within minutes. 
"The DFW fire and rescue department's 
crash alarm sounded about 0701. within about one 
minute from the time the airplane came to rest. About The cabin overhead and door emergency lighting system 
one minute later, the first trucks were arriving at the was disassembled and re-examined. "All logic units tested 
airplane. They extinguished a fire at the left  wing in satisfactorily: however. examination of the system battery 
about 50 seconds, while the passengers were still exit- packs, which contained 24 individual powercells. revuled 
ing the airplane. DFW emergency medical services , that the tap wire or primary lead was incorrectly soldered 
(EMS) responded with three DFW ambulances and onto all four battery packs. In addition, individual battery 
eight mutual aid ambulances." cells wcfe out of the original factory-assembled sequence. 

This'factor affected the amount of charge each battery 
The NTSB said that of a total of 202 perrons a b o d  tbe cell would accept during charging and thereby dimin- 
airplane (1 89 passengers, three flight crew, IOcabm crew). ished the overall level of power for the battery packs," 
"two injuries were described as serious, involving frac- ihe report said. 
tured bones or spinal injuries to passengers that occurred 
during the evacuation of the airplane. There were 38 The NTSB report said that "American Airlines' mainte- 
reported minor injuries (35 passengers, two cabin crew. nance records showed that the battery packs had been 
and one flight crew)." Serviced by the airline's maintenance department. It Was 

established that neither the manufacturer of the battery 
The repon added "Two passengers received minor inju- packs nor the system's manufacturer had provided writ- 
ries that could be attributed to ceiling panels as the airplane ten guidance to the airline's maintenance department on 

One of the eight control modules for the 
floor path and side wall exit sign lights 
was found to be nonfunctional. 
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side. Both sides of the No. 2 fl3p track fairing were 
burned through. Only minor fire damage forward of the 
front spar was observed. All fuel tanks were found in- 
tact.” the report said. 

Investigators reviewed the weather briefing obtained 
by the flight crew before departing HNL and during 
the flight. The report said that “American Airlines 
meteorology and flight dispatch sections correctly 
advised AAL 102 of expected thunderstorms. moder- 
ate-to-heavy rain showers, low-level wind shear, and 
variable surface winds, gusting 20 to 40 knots, upon 
arrival at DFW.” 

During the investigation. data were obtained regarding 
thunderstorm activity during the approach and landing of 
AAL 102. “During the final approach of AAL 102, cloud 
bases north of DFW were, from the evidence, likely 1,OOO 
to 2,000 feet 1305 to 610 meters] broken to ov’crcast. 
Doppler radar at 065023 showed an areaof radar echoes 
up to and including VIP [video integrator processor] 
level-4 intensity, northwest through 

approximately 1,000 feet south of the thresholds 
According to the hWS Ih’ationsl Weather Service] recording 
the RVR began a marked decrease around 0659 an( 
stabilized between 0700 and 0701. This decrease in run 
way visibility is consistent with a heavy rain showe 
passing over the RVR location. In addition, the captain o 
American Airlines Flight 1710, which was awaiting clearanu 
for departure on [Runway] 17R. later stated: ‘The air 
craft [AAL 1021 appeared to be in a normal attitude ani 
altitude for landing as he crossed the runway threshold 
The rain had just picked up to a more moderate to almos 
heavy level as I watched him for a very short time.’ 

“The evidence shows that a line of moderate-to-heavy rail 
showers and thunderstorms was crossing Runway 17L E 
AAL 102 was landing. The flight crew of AAL 102 shoulc 
have had sufficient information to realize that this wa! 
occurring at the time of landing.” the report said. 

Data from several sources were used to estimate thc 
winds during the final three minutes of flight of thc 

accident airplane. “The calculated winc 
north of the airport. Cockpit communi- 
cations and sounds similar to windshield 
wipers. recorded on the CVR. indicated 
&hat AAL 102 was in and out of thun- 
derstorms and rain showers during most 
of its approach. The flight crew reported 
runway lights in sight. at 0658:14. and 
the airplane touched down at 0659:29. 

“The first period of moderate-to-heavy 
rain showers at DFW ended at the weather 

hangar, about 0645. These showers moved 
off to the east of the airport. The pre- 
cipitation recording chart at the facility 
showed that only about 0.02 inch 10.05 
centimeter] of rain fell during the next 15-minute period, 
ending at 0700. Interviews and statements by rhe duty 
observer and oncoming weather observers confmed chat 
rain shower intensity increased about 0658. 

“At 0645. the leading edge of the second band of signifi- 
cant precipitation was approximately seven miles west of 
[Runway] 17L. Doppler radar at 065023 showed that the 
line was slightly west of the airport complex. TheLLWAS 
[low-level wind shear alerting system] west sensor went 
into sector alert a1 065395, as the linetraversed the rued” 

rhe report said radar returns from Doppler radar at 0656 10 
showed that the leading edge of mostly “VIP level-2 
:choes was near the terminal area, and that VIP level-3 
and VIP level-4 echoes were just west of [Runway] 18R. 

‘The runway visual range (RVR) sensor for [Runway] 
17L was located between [Runways] 17R and 17L. 

directions varied between approximatel] 
225 and 310 degrees during the final 2’1: 
minutes before touchdown (except for 
the final seven seconds of data, whict 
are assumed to be inaccurate since the 
airplane was in a side-slip). The calcu. 
lated wind speeds varied from 30 to 5C 
knots early in the approach to 15 to 3( 
knots as the airplane neared the touch. 
down point.” the won said. 

The NTSB report added: “The calcu- 
lated wind direction varied randomly 
between a quartering headwind and a 
quartering tailwind between 0657 and 
0659. At 0659. AAL 102 was approxi- 

mately 270 feet [SZ meters] AGL [above gronnd level]. 
and the wind was from about 270 degrees at 25 knots. 
Wind speed then decreased to about 15 knots, and 
changed to a direct crosswind at approximately 065908 
when the airplane was at 150 feet [45 meters] AGL. 
Calculated wind directions remained constant, but the 
speeds increased to 25 to 30 knots over the next few 
seconds. These data would indicate that AAL 102 was 
subjected to a direct right crosswind of 25 to 30 knots. 
when the first officer stated, ‘I” gonna go  around.’ 
at 0659:17. about one second after the automated voice 
called out ‘50’ [feet AGL]. 

‘‘Wind conditions could not be continued in the program 
after touchdown, because the crosswind component can- 
not be calculated by this method when the airplane is on 
the ground.AftertoucMown,thcclosertUWAS ane”cter 
to the airplane (centerfield) was used to provide winds 
calculated during the airplane’s ground roll. 

“The evideitce shows 

that (I line of moderate- 

to-heavy rain showers 
and tlaunderstorms 

was crossing Runway 
observatory located in theDelta Air Lines 17L us AAL 102 

WRF landing. 99 

. .  
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The flight engineer, 60, held a U.S. flight engineer certificate. 
He was first employed by American Airlines in 1955. He 
had logged a total of 20,000 flight hours, all of which 
were as a flight engineer, and 4,800 hours of which were 
in the DC-IO. 

The flight crew were interviewed individually during the 
investigation, and the report summarized their description 
of events during the approach and landing. “When the 
first officer had the runway in sight, he disconnected the 
autopilot, but not the auto throttles,” the report said. “He 
swung the nose of the airplane slightly to the left, and the 
airplane drifted left. He swung the nose of the airplane 
back to the right and said that he was ‘not comfortable.’ 
He felt that they were ‘high’ and that the airplane would 
need too much nose down to accomplish the landing. he 
announced that he was going to make a missed approach. 

“The captain said he believed the aircraft was drifting to 
the left, and he felt he could make a safe landing. He did 
not want to make a missed approach 
and have to deal with the thunder- 
storm activity again. He said that 
they were at 200 feet [61 meters] 
AGL and that he took control of the 
Pirplane from the first officer. He 
made an alignment correction, but 
said it was not necessary to make an 
attituddglideslope adjusunent. Hewas 
confident that the landing would be 
within ‘the desired 3,000-foot 1915- 
meter] touchdown zone.’ He said that 
there was no need to go around, no 
wind shear, no airspeed, height, M 
alignment problem. 

“He [the captain] aligned and landed 
the airplane on centerline. The touch- 

not sure where the touchdown was made. The CVR data 
showed that the first officer made call-outs expected of the 
non-flying pilot. After the landing, he did not hold forward 
pressure on the control yoke after the nosewheel touchdown. 
He said it was not normal procedure to do so unless he was 
previously briefed. When asked his opinion regarding the 
captain continuing the approach to landing after the first 
officer judged the need to initiate a missed approach, the 
first officer replied. ‘I’ve got to trust him.’” 

The NTSB also reviewed the pilots’ use of control column 
pressure and nosewheel steering during landing. The 
report noted: “DAC [Douglas Aircraft Co.] had published 
specific information regarding the use of forward 
pressure on the control column during the landing roll, as 
well as on the use of the nosewheel steering handwheel. 
in an AOL [all operator letter]. two flight crew newsletters, 
and in its DC-10 Flightcrew Operating Manual. 
However, the Safety Board could find no reference to 
these procedures in American Airlines DC-10 Operating 

Procedures or training program. The 

“The captain said he 

believed the aircraft was 

drifling to the left, and he 

felt he could make a safe 

landing. He did not want to 

make a missed approach 

and have to deal with the 

thunderstorm activi@ again.” 
down was very smooth. After he low- 
a e d  the nose, he activated the reverse thrust. The spoilers 
had extended and the normal reverse deployed, but he 
felt only a slight deceleration. At that time, be said that 
the airplane ‘weathervaned’ about five degrees to the 
right. He acted ‘instinctively’ to retum to the centerline 
of the runway. He released the control column and used 
nosewheel steering handwheel control. He commented 
that the airplane docs not normally need forward pres- 
sure on the control column. He felt some ‘sliding,’ but 
he did not use asymmetric reverse power. He applied 
the brakes, although he commented that braking 
was normally not done until the airplane was moving 
slower than 100 knots. After the airplane did not respond 
to his actions. he said that ‘there was nothing we could do 
but hang on.’ 

“The fust ofricer said that after the captain took control of 
the airplane, the airplane seemed to ‘float,’ and that he was 

‘technique’ section of the American 
Airlines DC-IO Operating Manu,al 
makes a short reference to the 
importance of forward pressure on 
the yoke after touchdown. Howeva. 
the manual docs not provide either a 
procedure or technique for the non- 
flying pilot to apply forward pressure 
on the yoke after touchdown.” 

The NTSB reprt said that when asked, 
“the caprain said that he thought for- 
ward pressure was not necessarily a 
DC-lOprocedure, but generally. good 
thing to do. The first officer said that 
he did not push forward on the yoke. 
after the captain relurred it, and would 
not unless ii was specifically requested 

by the captain.” 

The report added ”The information published by DAC 
regarding the necessity for forward pressure on the yoke. 
after landing, explained that it was necessary to reduce lift 
and improve steering characteristics of the nose gear. In 
addition, DAC’s DC-10 Flightcrew Operating Manual 
s ta tes  that. T h e  pi lot  not f lying must apply 
sufficient forward pressure on the control column to 
maintain the nose-wheel firmly on the ground for maxi- 
mum directional control.”’ 

In addition. the NTSB reviewed the captain’s use Of 
reverse thrust during the landing: “For about seven Sccondz. 
about one second after touchdown, until about the time 
the airplane departed the runway, the FDR shows that the 
captain kept all rhm engines near maximum reverse 
thrust. DAC, and some other operators of the DC-IO. 

. .  - . .. .. . . , 
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factors involved and the context in which the decisions 
were made to determine whether they were appropriate. 

“Despite the thundershowers north and south of DFW. as 
AAL 102 proceeded to the ILS approach to [Runway] 
17L. there were no weather conditions that made the 
decision of the captain to initiate or continue the ap- 
proach unacceptable. Although the airplane was in a 10- 
degree right crab on short final to [Runway] 17L, this 
condition was not inherently unsafe. The DC-8, which 
had landed on [Runway] 18R about four minutes before 
AAL 102. had reported a ‘smooth ride’ that had been 
passed by an approach controller to AAL 102. Also. on 
approach to [Runway] 17L behind AAL 102. an SA-340 
captain. who flew a missed approach beginning about 
600 feet [183 meters] AGL, reported that he experienced 
light to moderate turbulence during the approach and-no 
wind shear activity.” 

The NTSB report concluded that the 

_. 

captain of AAL 102 was “well within 
his authority to take the airplane from 
the fmst officer after the first officer 
had announced, without prior wam- 
ing. that he was going around. The 
fact that the captain was able to land 
the airplane on centerline provides 
evidence that he was in control of 
the airplane through the touchdown. 
No clear evidence exists that there 
was any fault in the captain’s 
dec i s ion -mak ing  throughout  
the initiation or continuation of the 
approach to [Runway] 17L. or in his 
decision to take control of the air- 
plane from the first officer and land 
on the intended runway. The depar- 
ture from the runway resulted from 
the captain’s failure to maintain 

performance on the accident flight was the result of 
fatigue could not be supported, nor could it be dismissed.” 

As a result of its investigation, the NTSB expressed 
concern about American Airlines’ record-keeping ol 
flight crew training and performance: “The Safety Board 
attempted to obtain information about the quality ol 
the past training and checking performance of the 
flight crew of AAL 102 from American Airlines, but 
was unable to do so because of the lack of detailed 
information in the records. The FAA-approved record- 
keeping system only provided information on when 
pilots completed required actions such as flight checks. 
Their performance on those checks, or even the num- 
ber of unsuccessful checks, was not included. As B 

result, the Safety Board was unable to determine il 
the quality of the performance of the flight crew on 
AAL 102 was an aberration or was consistent with B 

performance decrement. 

The NTSB report 

concluded that the captain 

of AAL 102 was “well 

within his azrthority to take 

the airplane from the first 

officer after the first 

officer had announced, 

without prior warning, that 

he was going around.” 
dir4onal control of the airplane aftu _. 
touchdown rather than from events or decisions made prior 
to touchdown. 

“Finally, in light of the captain’s improper aircraft con- 
trol during the landing roll. the relatively long duration 
of his overnight flight, and the fact that the captain’s 
sleep periods were disrupted in the 48 hours prior to the 
accident. the Safety Board considered the possibility 
that fatigue adversely affected his performance. Thtx factors 
and the captain’s age of 59 years led the Safety Board to 
believe that the captain might have been fatigued to 
some extent. Even though the circumstances surround- 
ing the flight crew’s activities from April 12 through 14 
could have led to a deterioration of his judgment and 
piloting skills. there is no information available regarding 
the captain’s ability to perform under either long-term 
or short-term fatigue. Therefore, a finding that his 

“At the time of the accident, Ameri- 
can [Airlines] employed over 9.000 
pilots based at several domiciles 
throughout the United States. Given 
the extent of supervision possible 
by one chief pilot over several hun- 
dred pilots. the Safety Board believes 
that American’s record-keeping sys- 
tems for its pilots did not provide 
sufficient information to allow the 
airline, or the FAA, to determine if 
trends existed to suggest changes in 
flight crew performance over time. 
or IO evaluate the effectiveness of 
the overall training program. Such 
information could he easily obtained 
and recorded by the airline and would 
enable the airline to  assist a flight 
crew member who might be experi- 
encing performance difficulties. Such 

a program would enhance safety hy allowing the airline 
to undertake a performance enhancement before a prob- 
lem developed outside of the mining environment.” 

The NTSB recommended that the FAA “review record- 
keeping systems of airlines operating under FAR 
[Federal Aviation Regulations] Pans 121 and 135 to de- 
termine the quaiity of information contained t h w i n  and, 
if necessary. ?quire the airlines to.maintain information 
on the quality of pilot performance in training and 
checking programs.” 

In addition, investigators examined the condition Of the 
landing runway used by AAL 102: “The investigation 
found a buildup of rubber at the approach end of [Runway] 
17L that showed a coefficient of friction below the FAA 
minimum standard. According to airpon records. for the 

N -a\ - -  .. .. . . . . . . . 



c USAir FLIGHT CREW VIEW Page 41 July, Auguql. 1934 

F L I G H T  S A F E T Y  F O U N D A T I O N  

JUNE 1994 

FLIGHT SA 
G E S T D I 

Safety Issues Related to 
Wake Vortbx Encounters 
During Visual Approach 

To Landing 



. ,, . ' ,  . 

USAir FLIGHT CREW VIEW Page 
July, August, 1994 43 c 

Contents 

EXecutiveSummary ............................................... v 

Introduction ........................................................ 1 

Recent Encounters With Wake Vortices . . . . . . . . . . . . . . . . . . . . . ... . . . . . 8' 
Billings, Montans . . . . . . . . . . . ;. . . . . . . . -. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S 
Orlando, Florida . . . . . . . . . . . . . . &. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .-'. . . . . . 5 
Denver, Colorado . . . . . . . . . . . . . . .:-. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . 5 
SaltLakeCityUUtab .................................................... 7 
Santa Ana, California . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 

Research and Data on Wake Vortica . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 
Research on Wake Vortex Detection and Redidion . . . . . . . . . . . , . . . . . . . . . . . . . . . . 11 
Data on Wake Vortex Encountem.. . . . . . . : . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . I2 
Discussion . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . .:. . . . . . . . IS 
Air& Separation Criteria Based on Weight . . . . . . . . . . ... . . . . . . . . . . . . . . . -. . . . 15 
Air 'Ikaffic Contml Procedures Related to V i  AppToaches 

. and VFl? Operations Behind Heavier Airplaws . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22 
Pilot Knowledge Related to the Avoidance of Wake Vortices . . . . . . . . . . . . . . . . . . . . . . 2.4 
Useof'Ik~cConisionandAvoidanceSystems ............................... 26 

i * 

Finelings ........................................................ ... 28 

Recommendations ................................................ !a9 

Appendixes ....................................................... ss 
A: Accidents and Incidents Rom 1983 l b  BS3 That h a l t e d  From 

PmbableEneountersW&WakeVortices .............................. 85 
B: Summary of !Mew Board RaeOmmaadatiollJ Addmshg 

Wake Vortex Issuer . ::.. . . . . . . . . . . . . . . . . . . . . . . . - . . . . . -. . . . . . . . . . . . 89 
C Altitude Profile 0fB-757 and Cessna citation 5M) 

at Billings, Montans, on December 18.1992. -. . . . . . . . -. . . . . . . . . . . . . . . . . 42 
D Ground 'Rack of E757 and B-737 at Denver, Colorado, 

onApnl24,1993 . . . . ..... .. ..... ... .. .. ....... ... .. .. .. . . . .. ._. . 46 
E FAA General Notice Issued on December 22, -3. and 

Pilot Bulletin Regarding Wake "lace Advisories . . . . . . . . . . . . . . . . . . . . 49 
F Ground 'Radr ofC?ssna l82 m d  E757 at splt Wre City, Utah. 

onNowmberlO,l993 . . . . . . . . . . . .. .. . . . .. . .. .. .. . . . . . . . . . . . . . . . . . 67 
G: Ground Trpdr and Ntitude.Ro6le of Westwind and E757 at 

John Wayne Airport, Santaha, California, on December lS,lS93 . . . . . . . . . . 70 
H: Aviation WeW Reporking System Reports on Wake Vorta E n m h . .  . . . . . . . . 78 
I: Risk Analysis of &&ne Pairs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95 

Editorial Note: Appendixes B through H are not included in the Flight S& Digest. 

. 

. .  

iii R \J-Y '7 



. .  ... . .. . 

ELIGHT CREW VIEW Page. 
45 

USAir 
July, August, 1994 

pilot knowledge related to the avoidance of wake vortices; and 

the lack of available data to analyze the history ofwake vortex 
encounters in the United States. 

As a result of this special investigation, 19 recommendations were issued 
to the Federal Aviation Adminiskation, U.S. Department of Transportatioxi. 

. -. .. . . . .. . 
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Date Location 
Leading ThiXiig 
aircraft aircraft Comments 

12/18/1992 Billings, MT 

3/1/1993 Orlando, FL 

UW1993 Denver, CO 

11/10/1993 Salt Lake 
City, UT 

12/15/1993 SankAna, 
CA 

E757 Cessna Cessna rapidly rolled leR and 
Citation 550 contacted ground in a near 

vertical dive when about 2.8 
nm behind and about 300 feet 
below the flight path of 
leading aircraft. ? 

E757. 

5757 

5757 

E757 

MD-88 At about 110 R AGL,' MD88 
suddenly rolled right about 
15"; crew regained control and 
approach continued. 

B-737 About 1,OOO R AGL, E737 
rolled left violently, pitea 
decreased 5'. and the ahplane 
lost 200 feet altitde; a go 
around was initiated, and the 
airplane landed without 
further inadent. 

Cessna 182 On final approach, airplane 
rolled 90° to the right; as pilot 
attempted to level airplane, it 
crashed short ofrunway. 

Westwind About 21 nm bebind and 400 
feet below the flight path of ' 

leading airplane, Westwind 
rolled suddenly and contacted 
the ground with a45Onose 

. down pitch attitude. 

Above ground level. 
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6, 
B-757. The clearance was issued to the pilot about 4.5 minutes prior to the 
accident while following the B-757 at a distance of 4.2 nm. Af€er the visual 
approach clearance was acknowledged, the speed of the Citation increased 
while the speed of the B-757 decreased in preparation for landing. The 
controller informed the pilot of the Citation that the B-757 was slowing and 
advised the pilot that a right turn could be executed to increase separation. 
Although the pilot never asked the controller about his distance &om the 
B-757. a statement recorded on the cockpit voice recorder (CVR) indicates that 
the pilot recognized the separation had decreased because he stated, "AImost 
ran over a seven fifty-seven,' about 40 seconds prior to the upset. 

"he Citation's rapid and extreme departure from controlled fiight 
occurred when the airplane was about 2.78 nm (about 74 seconds) behind the 
B-757. Calculations indicate that an additional 0.22 nm (about 6 seconds) 
would have provided the required3 nm oflongitudinal IFR separation had the 
pilot not requested the visual approach clearance. However, available data 
show that under the existing atmospheric conditions, a vortex would not likely 
have diminished an appreciable amount in the next 6 seconds. Consequentls 
this accident indicates that lighter weight airplanes in the large category, such 
as the Cessna Citation, require a separation distance greater than 3 nm when 
following heavier airplanes in the large categoq, such as a B-757. 

Although radar data indicate that, a t  any instant, the Citation was at 
least 600 feet higher than the leading B-757 during the last 4 d e s  of the 
approach, the fiight path of the Citation was actually at least 300 feet below 
that of the B-757. 

.. f 
\ 

The only cue available to the Citation pilot to determine his flight path 
relative to the flight path of the B-757 would have been the Citat ia  pilot's 
visual alignment of the B-757 and objects on the ground. For example, 
assuming that the B-757 was on a relatively constant flight path, the Citation 
flight path would have been similar to that of the B-757 if the Citation pilo$ 
had observed that the B-757 was aligned with the runway wne. 
Ifthe E757 were aligned with the far end of the a w a y ,  the flight path ofthe . 
Citation would have been lower than the flight path of the B-757. Ifthe B7S7 
were aligned with the approach lights, the flight path of the Citation would 
have been above the flight path of the B-757. 

The failure of the Citation pilot to prevent the decrease in separation 
&stance strongly suggests that the pilot W e d  to realjze that he was placing 
the airplane in a dangerous position da t ive  to the wake of the B-757. 
AlthoughtheAinnan'sInformatinMawal~AwDsuggeststhatthepilotolthe 
following airplane should remain above the 9ight path of the preceding 
airplane, the Safety Board is not aware of existing trainiag material that 
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wind was from the north at about 10 knots gusting to  16 knots. The flight 
path angle of both airplanes was about 3". 

Runway 26L is parallel to, and displaced 900 feet south of runway 26R. 
The threshold of runway 26L is offset about 1,300 feet to the east of the 
threshold of runway 26R, resulting in a fiight path t o  26R that is about 70 feet 
higher than the flight path to 26L. Under the existing wind conditions, a wake 
vortex from the B-757 would descend and move to the south, toward a 
standard fight path t o  muway 26L. 

Air traffic controllers are required to provide standard separation to IFR 
airplanes that are approaching 26L and 26R because the runways are 
separated by less than 2,500 feet. If'the flightcrew of the B-737 had not 
accepted a visual approach, the controller would have been required to provide 
3-nm separation. During the early portions of the approach, ATC provided 
vectors to the B-737, which resulted in Sturns for spacing (see appendix D). 
Subsequently, the B-737 and B-757 were on converging courses within 12 nm 
of the runway. Upon completion of the S-turns, the actual separation between 
the airplanes was about 4.6 nm. However, the separation was predominately 
lateral, not in-trail or longitudinal. The lateral component of the separation 
was about 4.55 nm, and the longitudinal component was only about 0.65 nm 
along the intended approach path. The B-757 was 1.6 nm to the right of its 
final approach path, and the B-737 was 2.8 nm to the left of its final approach 
path. The final approach paths were separated by 0.15 nm. Radar data show 
that the B-757 was on a 15" intercept from the right side to align for the 
approach to runway 26R. The B-737 was on an 8" inkrcept from the left side. 
to align with the approach to =way 26L. Both airplanes converged to their 
respective runway alignments, which resulted in a 900-foot lateral (leftright) 
separation. The longitudinal component of the separation increased from 
about 0.65 nm to an in-trail separation of about 1.35 11111. The controller 
should have recognized that the relative spacing, in coqiunction with the 
converging courses, would result in less than a 3-nm separation when the 
B-737 was in-trail behind the B-757. Tb maintain a 3.m separation after the 
acceptance of a visual approach clearance, the pilot of the B-737 would have 
had to continue to execute Stnrns. 

i 
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Santa Ana, CaIifornia.4n December 15, 1993, an Israel Aircraft 
hdustries Westwind, operating under 14 CFR 135 at night, crashed while on 
a visual a proach to runway 19R at the John Wayne Airport, Santa Ana, 
California! The two crewmembers and three passengers were killed. 
Witnesses reported that the airplane rolled, and CVR data indicate that the 
onset of the event was sudden The airplane pitch attitude was about 45" nose 
down a t  ground contact. Recorded radar data show that at the point of upset, 
the Westwind was about 1,200 feet mean sea level (MSL) and 3.5 nm from the 
end of runway 19R. The Westwind was about 2.1 nm (60 seconds) behind a 
B-757 and on a tlight path that was about 400 feet below the flight path of the 
B-757. The fight path angle of the Westwind was 3", and the flight path angle 
of the B-757 was 5.6" (see appendix G, altitude profile). CVR data indicate 
that the Westwind pilots were aware they were close to a Boeing airplane and 
that the airplane appeared high. They anticipated encountering a little wake 
and intended t o  fly one dot high on the glide slope (about 3.1" instead of 3.0"). 
There is no evidence that the crew were advised specifically that they were 
following a B-757. 

While receiving radar vectors to the airport, the crews of both aiqlanes 
were flying generally toward the east and would have to make right turns to 
land to  the south. Radar data and A"€! voice transcripts show that the 
Westwind was 3.8 nm northeast of the B-757 when cleared for a visual 
approach (see appendix G, ground track). The Westwind started its right turn 
from a ground track of 120" while the B-757 ground track remained at about 
90". The resultant closure angles started at 30" and became greater as the 
Westwind continued its ture About 23 seconds later. the B-757 was cleared 
for the visual approach. The average ground speeds of the Westwind and 
B-757 were about 200 and 150 knots, respectively. The Westwind was 
established on course 37 seconds prior to the B-757. Although the combination 
of the closure angle and the faster speed of the Westwind reduced the 
separation distance from about 3.8 nm to about 2.1 nm in 46 seconds, the 
primary factor in the decreased separation was the converging ground tracks. 
The only way the pilot of the Westwind could have maintained adequate 
separation was to execute signific;mt maneuvers. 

Based cm xadar data, at the time the visual approach clearance was 
issued, the separation distance was rapidly approaching the 3 nm required for 
IFR separation. To prevent compromise of the separation reguirement, the 
controller would have had to take positive action to change the Westwjnd's 
track, or to issue the visual approach clearancs and receive co&mation that 
the pilot accepted the visual approach within 29 seconds. 

** 4 

( NTSB accident LAX 94-F-AO73. 
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ground-based systems to monitor wake vortex movements and believes that the 
FAA should continue funding research in these areas. 

Data on Wake Vortex Encounters 

Data are not available to analyze the wake vortex incident history in the 
United States because the FAA does not require pilots to report wake vortex 
encounters. The only existing U.S. data on wake vortex encounters of which 
the Safety Board is aware are the Board‘s own accident and incident reports 
and reports filed through the Aviation Safety Reporting System (ASRS). 
Despite the limitations of the ASRS data,” the report narratives provide 
insight into specific safety issues, such as wake vortex encounters. Appendix H 
contains incident reports derivea h m  the ASRS data base. Although the 
airplane models are not identitied in the ASRS data base, on the basis of ASRS 
reporting categories, it can be inferred that most pilot reports defining a large 
(JAG) airplane (150,000 to 300,000 p o d )  were referring to a B-7S7. 

Unlike the FAA, the Civil Aviation Authority of Great Britain (CAA), in 
1972, established a voluntary reporting system to gather-data on wake vortex 
encounters. In 1982, using data from the reporting system, the CAA changed 
from a three-group airplane weight category to a four-group weight category. 
(See table 2 for a comparison of the weight categories used by the CAA, the 
FAA, and the International Civil Aviation Organization (ICAO).) According to 
a paper presented at the FAA-sponsored international conference of aimraft 
wake vortices held in Washington. D.C., in October 1991, “he fout group 
scheme (weight categories) introduced in 1982 was divided as a result of 
incident data gathered in earlier years, and was designed to provide extra 
protection for some types of aircraft found to suffer particularly severe 
disturbance behind heavy p u p  

. 3 
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371,000 Xg) is a likely explanation for its higher incident rates. 
However, the cause of the higher B757 incident rates is 
uncertait~'~ 

The B-737 was cited as being most involved as the following airplane. Of note, 
the CAA reqsres a 3-nm separation when a B-737 is following a B-757, and 
the B-757 is the largest airplane in its category. 

The CAA Wake Vortex Reporting Programme (WVRP) was transferred 
t o  the Air Traffic Control Evaluation Unit (ATCEU) in 1989.'4 The ATCEU 
collects data from various parties on each wake vortex encounter and enters 
the data into the wake vortex data base. The notification usually comes from 
the affected airplane crew or ATC. Formal procedures for the reporting of 
wake vortex incidents by A X  &e in operation only at London City and 
Heathrow airports. Additional data are collected from the pilot of the airplane 
causing the vortices, the Meteorological Office, London Air Traffic Control 
Center (for recorded radar data provided to ATCEU by data li&), and from the 
airlines (flight data recorder data). One airline has agreed to extract FDR data 
for all reported wake vortex incidents. The data are analyzed to determine if 
the cause of the reported incident is, in fact, an encounter with a wake vortex. 
A total of 86 incidents were r e p o d  in 1990, and 87 incidents were reported . 

* in 1991?5 
t 

The Safety Board believes that the FAA should also require reporting 
of wake vortex encounters and establish a system to collect and analyze 
pertinent information, such BB recorded radar data (including wind and 
temperature data recorded on many of the newer airplanes), atmosphec data, 
and operational information, including selected flight data recorder data The 
Safety Board acknowledges the di5culty in developing clearly usable 
definitions and suggests that the CAA program could be an excellent source in 
developing this reporting system. Because pilots may be reluctant t.4~ report 
wake vortex encounters as a result of concerns of enforcement actions, the FAA 
will need to address the issw' of enforcement when developing the reporting 
procedures. 
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the Board also believes, as discussed in more detail later in this report, that 
the accident a t  Billings, Montana, provides sufficient evidence to warrant 
increasing the separation distance behind the B-757. 

The Safety Board is concemed that the design of future airplanes could 
result in wake vortices that are unusually strong or persistent for the weight 
of the airplane. Flight testing would provide data about the vortex decay, 
transport, residual strength, effects of atmospheric conditions, and unusual or 
unique characteristics of the airplane's vortex. Accordingly, the Board believes 
that the FAA should require manufacturers of turbojet, transport categorg 
airplanes to determine, by Bight test or other suitable means, the 
characteristics of the airplanes' wake'~op0rtices during certification. 

Until the FAA has developed the knowledge and systems that will 
permit a significant reduction in the probability of wake vortex encounters, 
there wiU be a need to v i s d y  determine adequate separation distances. 
Further, the five vortex encounters described earlier and the C h A  data 
demonstrate the need to increase the IFR separation distances far small and 
large airplanes on approach and in-M behind the B-757 and other airplanes 
of similar weight if they are introduced into service. The accident at Billings 
and the incident at Orlando show that an encounter with a B-757 vortex at 
3 nm can be dangerous to most large airplanes. In addition, greater ATC 
separation standards may have reduced or prevented the excessive closures 
noted in the other three encounters. 

.. 

The FAA requires less radar separation for wake vortex considerations 
for F R  airplaues under positive air traf& control than that recommended by 
the ICAO and required by the CAA (see table 3). A Citation or Westwind 
following an airplane such as a B-757 would require a 5-nm separation based 
on ICAO recommendations and a 6-nm separation based on CAA standarde, 
rather than the 3-rm separation required by the FAA. 

One method to achieve m h e d  separation bebind a B-757 would be to 
reclase the B-757 as a heavy airplane.* Large airplanes would benefit from 
a 5-nm separation and -all aimlanes would benefit frwn a 6-am separation 
W k e X e c u t i n g Z U l i n s t n r m  ent approach in-trail behind a B-757. However, the 
reclassification would reduce the required radar separation ofa B-757 in-trail 
behind a B-747 baxi"axim gmss weight of 83O,OOO pounds) €kom 5 nm to 4 nm, 
kreashg the risk of a wake vortex upset fm the B-757. The FAA and Boeing 
have expressed concern about haeasing the risk of a wake vortex encounter 
if a E757 followed a heavy airplane more doselp. 

Canada bas redassified the B-757 as a heavy sirplane when it is the leading airplane. 
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Safety Board staff used the maximum landing weights to represent the 
roll inertia of B-757s and Citations. The vortex strengths of B-747s and B-757s 
were also calculated using maximum landing weights. The combination of the 
B-747 vortex strength and the B-757 landing weight was compared to the 
combination of the B-757 vortex strength and the Citation landing weight. The 
comparisons show that, at equal separation distances, the risk ofloss of control 
when a Citation encounters the wake vortex of an airplane similar in weight 
to a B-757 is 8 times greater than the risk associated with a B-757 
encountering the wake vortex of a B-747 (see appendix I for calculations). In 
practice, however, the B-757/B-747 pair would be separated by 4 nm if both 
were classified as heavy airplanes, thus lessening the risk for that pair 
(because 3 n m  was used in the risk calculations). Therefore, the relative risk 
of the two pairs is greater than a factor of 8. In addition, the determination 
of the relative risk does not reflect the CAA data, which suggest that the wake 
vortex of a B-757 may last longe; than would be expected for its weight. 
Clearly, therefore, ifthe risk associated with reclassifying the B-757 as a heavy 
category airplane is unacceptable, the current risk to a Citation at 3 nm 
behind a B-757 is also unacceptable. 

The Safety Board shares the concem of the FAA and Boeing about 
reclassifying airplanes sucb as the B-757 as heavy airplanes. The Safety 
Board believes it would be preferrable to maintain the current separation 
distance of 5 nm when such airplanes are following a heavy airplane and to 
increase the separation distances for other airplanes when they are following 
a B-757 or other airplanes of similar weight. The accident in Billings, 
Montana, for example, clearly demonstrates that lighter weight airplanes in 
the large airplane category require a separation distance greater than 3 nm 
when following a B-757. Further, the CAA wake vortex incident data raise 
concem about airpanes of the size of R737s following only 3nm behind 
airplanes of the size of the B-757. Accordingly, the Board believes that the 
FAA should immediately establish the following i n t e k  wake vortex 
separation requirements for IF'R airplanes following a Boeing 757 and other 
airplanes of similar weight: 4 nm for airplanes such as the B-737, MD-80, and 
DC-9; 5 nm for airplanes such as the Westwind or Citation; and 6 nm for small 
airplanes. The current separation requirement of5 nm when a B-757 or other 
airplane of a similar weight is following a heavy category airplane should be 
maintained. 

i ** 

~ 
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Air W&ic Control Procedures 
Related to Visual Approaches 
and VFR Operations 
Behind Heavier Airplanes 

ve wa The Safety Board believes that one common element t o  the re 
vortex encountek described earlier is that a combination of A'TC procedures 
and pilot actions resulted in separation distances that were too small for the 
airplane trailing behind a B-757 while on a visual approach to landing. 
Currently, controllers are required'b ensure that airplanes have the proper 
radar separation prior to the issuance of a visual approach clearance. 
However, the incident at Denver b d  the accident a t  Santa Ana illustrate that 
controllers sometimes issue visual approach clearances when the separation 
distance and Closure rate preclude the pilot from maintaining a safe separation 
distance without excessive maneuvering. During peak traffic periods, 
controllers rely on the use of visual approaches to increase tr&c capacity and 
t o  reduce delays. Pilots may try to accommodate the controller by accepting 
a visual approach even though they may be unable to maintain adequate 
separation h m  the preceding traBic without excessive maneuvering, exoessive 
reconfiguration of the airplanes, or drastic reduction of their airspeed. When 
this situation occurs, a compression effect can be created, increasing the 
exposure of each successive arrival to a wake turbulence encounter. 

Board believes that the FAA should amend 7110.W. Air 
Traffic contra$ to prohibit controuers h m  issuing a visual appma& 
clearance to an IFR airplane operating behind a heavier airplane (in the large 
or heavy airplane category) until the controller has determined that the in-trail 
airplane should not have to execute &turns, make abrupt configuration 
changes, or make excessive speed changes while maintaining a separation 
distance that would be required for IFR approaches. Ifthe airplane is in-trail 
or on a converging course at the time the visual clearance is issued, closure 
rate should be consistent with the required separation distance. That is, ifthe 
separation distance is slightly greater than the required separation clistance, 
the closure rate should be "aL However, if the separation distance is 
large, a greater closure rate may be tolerated. The controller should set up the 
in-trail situation in a manner in which both airplanes can continue the 
approach in a reasonable manner. 

\, 

. 

The Safe 

" This document is the air trafiie control handbook that pcrihes air traffic control 
procedures and phraseology for use by personnel providing air traffic control ~ M c e s .  
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pilots involved in these accidents and incidents known the manufacturer and 
model of the other aircraft, they might have been able to maintain adequate 
separation distances. Therefore, the Safety Board believes that the FAA should 
amend handbook 7110.65H, Air Traffic Control, to require that controllers 
issue both *e manufacturer and model of airplane when issuing information 
about air carrier traffic. 

c. 

The Safety Board recognizes that the proposed changes wiU be an 
additional burden for air traffic controllers. However, until more reliable 
systems are in place to predict and detect wake votices, these measures should 
hrther reduce the likelihood of wake vortex encounters. 

Pilot Knowledge Related to 
the Avoidance of Wake Vortices 

i 

The accident and incident data suggest that a combination of pilots’ lack 
of understanding of the hazards of wake vortices and the difEculty of knowing 
the movements of wake vortices are major contriiutors to wake vortex 
encounters. A pilot’s visual estimate of range is not s&ciently accurate to . ensure safe separation. It is especially di55cult to-estimate separation 
distances at night. In addition, Safety Board accident and incident data show 
that student pilots and pilots operating under 14 CFR 91 rules continue to 
encounter wake vortices at an unacceptable rate. The Wety Board notes that 
many pilots involved in accidents and incidents had instmment ratings, had 
been given wake vortex precautions, and yet continued on, either ignwing the 
caution, or mistakenly believing that they were above the vortex. To help 
pilots avoid wake vortex encounters, the Board urges the FAA to develop 
comprehensive training programs related to wake turbulence avoidance and to 
publish the information in the Airman’s Information Manuala and other 
training mateds. This information should include techniques for 
determining relative flight paths and separation distances. The accident at 
Billings, Montana, for example,. dearly demonstrated the need fm techniques 
to help pilots maintain a flight path that is higher than that ofthe leading 
airplane. In that accident, the flight path of the Citation was at least 300 feet 
below that of the B-757. M e r ,  the information should d e h e  the vertical 

. 

u n e  ~ i r m a n v s  hfonnation ~ a n h  provides infmmation on a mriices and inrbddr 
pilots to maintain atlight path that is higher than that dthe leadiag.irplanc. Thtnunnal, 
however, does not provide guidauce on how to avoid wake vortices or to maintain the proper 
fight path. 
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Use of Traffic Collision 
and Avoidance Systems 

As discussed above, the investigations show that pilots typically do not 
possess the skills to accurately determine the flight paths of airplanes they are 
folloR5ng nor can they accurately estimate the distance to those airplanes. The 
Safety Board believes that training can improve those skills but m o t  
eliminate the problem. One possible remedy would be to develop technology 
to help the pilots determine their position relative to a preceding airplane. 
Currently, ground-based radar is the only operational tool designed for that 
purpose. With radar, air traffic controllers can determine separation but 
cannot easily determine relative flight paths. However, radar separation 
requires the constant attention of the controller and the controller's 
communication with the following akplane. 

Another possibility would be to use M c  Collision and Avoidance 
Systems (TCAS) t o  provide range information to a pilot following another 
airplane. Although TCAS was designed only for warning of pending collisions, 
certain models provide position data of other airplanes. The Safety Board 
understands that some pilots are currently using the range idonnation 
provided by TCAS to'corroborate range information proGided by ATC. In 
addition, the FAA and some airlines are currently evaluating the feasibility of 
using WAS to provide separation information over the Atlantic Ocean when 
radar coverage is not available. According to the FAA, "CAS manufacturers 
have determined that the systems are sufliciently accurate for use over the 
Atlantic when the range is within 10 to 15 miles. 

( .. 

However, various concerns have been raised about the use of "CAS for 
separation during a visual operation in the terminal environment. Among 
these concerns are: that TCAS was not designed to provide separation 
information; the pilot's attention may be diverted into the cockpik the pilot will 
have more tasks to perfoq the display of some TCAS systems are not 
adequate for use as a separation aid; and the systems have had problems with 
reliability and false alarms. Also, the smaller general aviation and corporate 
airplanes that would bene& the most from accurate range information are less 
likely to have "CAS installed. 
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Findings 

1. The Safety Board's investigations of five recent accidents in which an 
airplane on approach to landing encountered the wake vortex of a 
preceding Boeing 757 indicated that the following factors were more 
important than any spedfic characteristic of the B-757 wake vortex: 
(1) inadequacies in the current airplane weight classification scheme to 
establish separation cribxia, ('2) inadequacies in air traffic control 
procedures related to visual approaches and visual flight d e s  operations 
behind heavier airplanes, and (3) insutIicient pilot knowledge and training 
related to the avoidance of wak& vortices. 

2. Because of the large weight Werences between the high and low end of 
the large airplane category, lighter weight airplanes are at high risk of 
upset from the vortices generated by the heavier weight airplanes. 

3. Current air traffic control procedures and pilot reactions can result in 
airplanes following too closely behind larger airplanes while on a visual 
approach to landing. 

4. Pilots of arriving visual Aight rules airplanes and instrument flight d e s  
airplanes cleared for visual approach oRen do not have sufficient 
M o m t i o n  to maintain adequate separation distances or to determine 
relative flight paths. 

5. Pilots are not provided adequate training related to the movement and 
avoidance of wake vortices or for determining relative flight paths and 
separation distances. 

6. Data are not available to analyze the wake vortex inadent bistory in the 
United States because the Federal Ah t ion  Administration does not 
require pilots to report wake vortex encounters. 

7. The wake vortex characteristics of transport category. airplanes are not 
required to be determined at the time of airplane certification; airplane 
separation requirements to avoid wake vortex encounters are based solely 
on weight. 

8. New technology being developed may find application in future airborne 
and ground-based systems to monitor wake vortex movements. 

* 4 
\ 
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Amend FAA Handbook 7110.65H, Air Traffic Control, to prohibit 
the issuance of a visual approach clearance to an instrument 
flight d e s  airplane operating behind a larger airplane (in the 
large or heavy airplane category) until the airplane is in-trail and 
the closure rate is such that the pilot can maintain the minimum 
instrument flight rules separation without excessive 
maneuvering. (Class II, Priority Action) (A-94-46) 

Amend FAA Handbook 7110.65H, Air Traf€ic Control, to require 
that instrument flight rules airplanes cleared for a visual 
approach behind a heavier turbojet airplane be advised of the 
airplane manufacturer and model, be provided a wake turbulence 
cautionary advisory, and be provided other information relevant 
to  the avoidance of wake turbulence, such as separation distance 
and the existence of an overtaking situation. (Class 11, F'rioriv 
Action) (A-94-47) 

Amend FAA Handbook 7110.65H, Air TrafEc Control, to require 
that arriving visual fight d e s  airplanes that have been 
sequenced for approach behind a heavier turbojet airplane be 
advised of the airplane manufacturer and model, be provided a 
wake turbulence cautionarg advisory, and be provided other 
information relevant to the avoidance of wake turbulence, such as 
separation distance and the esistence of an overtaking situation 
(Class II, priority Action) (A-94-48) 

Amend FAA Handbook 7110.65H, Air "raf6c Control, to reqmre 
that controllers issue both the manufhcturer and model of 
airplane when issuing idonnation about air camer trafiic 
(Class 11, priority Action) (A-94-49) 

Develop annual refresher training for air t r a c  controllers 
regarding wake turbulence separation and advisory criteria. The 
training should emphasize the need for controllers to avoid using 
phrases or terminologp that would encourage pilots of visual 
flight d e s  or instrument flight d e s  (IFR) airplanes to reduce 
separation to less than that required dUring-IFR operation, 
thereby hawsing the chance for a wake trvbulence encounter 
when operating behind a turbojet airplane. (Class II, Priority 
Action) (A44-50) 
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Determine if the Traffic Collision and Avoidance System (WAS) 
is appropriate for providing pilots with the separation distance to 
the preceding airplane during visual approaches to landing. If 
appropriate, develop procedures to allow the use of "CAS for that 
purpose. (Class 11, Priority Action) (A-9459) 

Encourage operators of smder  general aviation and corporate 
airplanes to install and use the Traffic Collision and Avoidance 
System (TCAS), if procedures to allow the use of TCAS to co&m 
separation distances during visual approaches are developed. 
(Class 11, Priority Action) (A-94-60] 

By the National Transportation Safety Board .. 
._ 
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Table &Accidents and incidents investigated by the National 
Transportation Safety Board from 1983 to 1993 that resulted 
from probable encounters with wake vortices (continued) 

\ 

Leading Phased File 
Location aircraft Trailingaimmft operation No. 

03/04/87 Miami, FL E737 Piper PA-34-200 Landing 0253 
07/14/87 Raleigh, NC B-727 Cessna 172M Descent 1041 
09/08/87 Monterey, CA BAE-146 Beech 95 Descent 2519 

B-721 I Cessna 4028 Approach 2213 12/09/87 Anchorage, AK 
\- 

01/09/88 Colorado Springs, 

01/26/88 El Toro, CA 
11/01/88 Nashville, TN 
11/09/88 Gainesville, FL 

co 

+ 11/19/88 VanNuys,CA (~ . 
12/3Y88 Grand Rapids, MI 

05/23/89 Phoenix, AZ 
06/14/89 Columbus, OH 

06/18/89 Port Huron, MI 
09/06/89 SantaAna,CA 
09A4'89 Sank Paula, CA 
09/26/89 Portland,OR 

10105/89 Palm Springs, CA 

C-141 Rotorway Executive Taxi 

C-130 Cessna 152 Landing 
B-727 Cessna 210D DeEcent 
Navy P-3 cessna 1 M  Takeoff 

E727 cessna lax Landing 

King& Piper PA-28R-20lT Landing 

E731 
5 7 3 1  

JunkerJU-52 
E137 
UNK 
Large 
airplane. 
E727 

0043 

1722 
ll22 
1744 
2067 
2404 

0667 
2343 

0846 

1615 
0802 
1987 
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I The tw&-monthly joumal of occidentprewntion 

pilots had best keep their distance when foUowing behind 
a landing Boeing 757. 

t: 

e. as pilots with any measur- 
able level of experience. are 
aware of the wake turbulence 

generated by aircraft in flight. It doesn't 
matter if the machine Is rag-winged 
and small. with a putt-putt for an  
engine: it disturbs the air and creates 
b p p s  and grinds for following air- 
a& 

Under certain conditions, the inter- 
ference is minor and brings no cause 
for a l m .  The Uttle 'speed bumps in 
the sky' do nothing to prwent the 
foUoulng machine from belng flown 
under proper conlrol, albcitwith exha 
muscling and heightened mutton. 
Pilots know these things. we also 

know that the btg airplanes flying in 
today'satrspaccarcmonstrouswIngcd 
augers that transform the sky into 
vlolmt rapids of induced turbulence 
with horlzontal tomados that can and 
haw broken up traUing airplanes or 

By &far& Mdin 

gripped their control surfaces with 
loads so great that they are sent into a 
violent rolling motion and smacked 
down as ifby a giant. invisible hand. 
Wake turbulence.Vorttces. Horizon- 

tal toinados. wake signature. wake 

And any instractor worth hls or her 
salt makes certain their students M 
informed and. hopefully. well-versed 
in what to avoid, how to stay out of 
trouble and what to do in the n*nt 
they get into trouble and must safely 
uctricatc thmelva  from the whirl- 
wind. Uiopefully. that is. S 0 " e S .  - the pilotj&t d&l have a chance.) TREND ANALYSIS ARu manv .,-. of 
tests. hundr rd  i f  alrplancs and un- 
knmmfllionsofdollarstolocateMd 
i d m e  the prObl- Of turbvlenrr fol- 

an alrtraf, wbat!s the ruckus 
Vortlce~. Wing tip m c e ~ .  A rcal dan- 
gercomes In dl thesenames and 0th- 
as. They can al lk  dumped into the allabout MUR 
indigestible cauldmn whkh tdls us 
that under cataln conditions qultc W e d R a t  
prevalent today. nying behind OUKI Color the answer Boeing 757. 
&craft can be exrrrmdydangerous. The problem is that dcspIte all the 
Okay, so whafs new? Ihe AIM Is mountalns of material on the SUN&. 

chock-full of fnformatlon. examples thetwlnjetLxautyhBo&goeingisscnd- 

INSIDE 
On the Record Squawk Box 
A reutew ofmsfindings Medical Matters Ewplosions prompt m to 

Staying safe at aUitude: 
whattypeofaxygenshould heaters:TcMengfnemount 

and recommendations 
ConCemingTeCentarridents 
and incidmts related to you use? How children react 
wake turbulencefrom to the pressures ofjlight tmnsponderguwLPage 14 
Bwirg 757s. Page 6 Page 8 

Preliminary Reports Eagle's Nest Readers relate evperiences 
Accidents currently under Bill KeUy on hidden hazards 

orrll for action on cabin 

cracks: Ercoupe wing rust; 

Unicom 

with problem psenps. 
investigation. Page 10 of automation Page 12 thunderstom. Page 1s 
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dangerous to get too close to a 9-757 
as It retums to blother Earth. 

The issue here is that the existing 
rules of separation distance may not 
be (and mostly likely are not) sumcient 
to avoid disaster. Here's the warning 
code and edict: 

When Air T r a c  1s p r ~ d i n g  wake 
turbulence separations. controllersare 
requlred to apply no less than sped- 
fled minimum separation for aircraft 
operating behind a heavy jet and. in 
certain instances. behind large 
"onh~avy aircraft. When a small or 
large aircraft is operating directly be- 
hind a h e a 9  jet at the m e  altitude or 
less than 1,000 feet below i t  five or six 
miles xparation is provided.' 

That %onheavy aircraft- 1s the B- 
757. It is not a 'heavy- aircraft by FAA 
standards: it is a 'large' aircraft The 
757 produces wake turbulence that 
does not fit the standard formulas for 

t- 

Wake hvbvlence produced bg the Boeing 7S7 seems to be out ofproportion tD 
the airplane's &. wingspan and weight. 

that VFR tranic needs to be kept back 
whenfollowingadescending757.They 
recommend '.a minfmum separation 
distance of four nautical miles for so- 
called medium-weightjets such as the 
DC-gandMD-80serics.andtheBodne 

Now. if that doesnZ have your head 
shaking. get this: The govemment- 
and this seems to include FAA. NOAA 
and NlSE-has made urgent re"- 
mendations to 'advise- all IFR and 
VFR tramc behind either a large or 

safe separation. It Is producing wake 
turbulence characteristic of a -heaw' 

737.The call nowis that any je Ulnerin 
this class should increase its follwAne 

heavy aircraft ofthespecific makGand 
model of the aircraft. and to be careful 

aircraft. 
Nevertheless. NOAA (the National 

Oceanic and Atmospheric Administra- 
tionl judges the FAA's wamings and 
advisories as needless hysteria. NOM 

-Insists 9-757 wake turbulence isn't a 
bit stronger than other aircraft in its 
weight class (about 250.000 pounds 
for an average flight operation). NOAA 
says the pilots involved in the crashes 
simplyweren'tpayingattmtion totheir 
distance behind the 757s. 

NlSB isn't quite that emuhatic. but 

distance behind a 757 from three t i  
four miles. as the absolute minimum. 
when on a visual approacfi. 

If you're in a bizjet [Sabreliner. Fal- 
mn.DH-125. Lcar. Citation. Wcsnuind. 
etc.). safetycalIsforascparaUonofJue 
miles behind a 757. You'rc flying a- 
piston job? Thhen. make that an abso 
lute minimum of sfx miles and stay 
well above the descent path of the 757. 
me. at last 1.ooO feet abovc that 
Path. 

IThe rules even sava lamelet such 

of wake turbulence ... and to have 
controllers watch their radar carcrully 
to be sure the following traffic d-1 
speed up and reduce its separation 
from the lead airaaft. 
The rulcmakers. who -1st that 

757 wake turbulence is not a problem. 
arc also recommending new studies. 
tests. update tralntng for conhollas. 
AIM modincations, ctc.. etc.. all for an 
aircraft that-doesn'tpresent anypmb 
1mrS.' 

it sureisshufiiingfmmon~fwttothe asa757. follcmIngaheavyjeisuchps New Warnings 
other. It has stated that Were are no 
speclal problems wlth the Boeing 757s 
wake WnuL.' But. NISB admlts that 
the dstiw IFR) thm-mile scuara- 

a767.A300.DC-IO.L1011.747,etc.. 
needs at least Eve nautical mils to k 
safe. If you're tlylng a machine gro6s- 
M under 300.000 Dounds. k m  vour 

Out of all thls shufiling of paper and 
issuing of edlcts comes some things 
likely not to k in the forefront of pilot 
thinkinn. Such as the nmlncations of 

tion d e  'inadequate-cyou'rc hying 
MR 
W s  try that again. According to 

FAA and NEB. and catainly NOW 
thm*snomcdto c h a n g e d t i n g ~ -  
ration distance for IRZ traffic fouoarlng 
a landing 757. That distance fs three 
mile~.Butsincetheaccidentswereall 
VFR them Ls a need. acwrding to the 
FAA, to makc sane changes in VFR 
separation distances. 

Absolute Minimurn 

l&doneshappybjstayingb&sbc 
miles-ar. preferably, e@& miles.) 
The4lrllneaavd(andcvayomvayoneclse 

flyingihese aJraaft -1 tcll the FAA 

lence so poatcrful that it should be put 
into the heavy class.'IheFW a d -  
ing to an NTSB spokerman, docsn? 
want to do that. It mtght oolly in- 
the danga because then the rules 
would allowa 757 to dose in to 
fourmlleskhindanothcrheavydur- 
ing I t s  let-down. 

that the 757 Is spearing wake turbu- 

when y&'rc flying IFR and request a 
VFRdearPna. 

At the mmnent ATC IsSues that dear- 
an=. you. the pilot. assume all rc- 
sponslMllty for conthud safe Ey?ng. 

Meanwhile. the FAA rcinJnds mry- 
body wilhin earshot that it's obvious 
80me pf l~ t s  taugate the b u m  air- 
planes thv'rc following. Thb. FAA in- 
sists. was the cause of the accident 
that sent the ataum vcrucaUy into a 
dty street when dumpedby thevmtcl 
of a 757. - 

The 757 Is a splendid machine. but It 
seems to be throwing back wake tur- 
bulence way out of proporUon to its 
size. wingspan and weight. The vmti- 
m It m a t e s  are catching following 
pilots by surprise. 
The key, according to the FAA. Is 

So. why not simply require the 757 
to remain at least Eve or SIX miles 
bchind a descending heavy? Well. that 
would be brraking the classlflcabon 
rules. it seems. and require pllots and 
controllm to mncmkr another little 
detail. 

Advisorlesandwamtngsaboutwake 
turbulence havc been with us for de- 
cades. but new aramings arc bang 
sounded-among them. the need to 
modi@ old procedures. 

In earlier days of IUght. anything 
~ 5 t h  decent chnb pefio-ce could 
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A rash of recent accidents illustrates the hazards of tangling 
with vorticesfrom a B-757. 

he hazard crealcd by wake vortl- 
ccs. particularly behlnd lhc 
Borlng757. has brcn highllghlrd 

by scvcral rercnt arcidcnls and ind- 
dents. Although there Is aclivily In the 
FAA a1 lhis llnie lo study the wake 
lurbulencr characlrrislics of thr 757. 
lhcrc Is no dlsagrcrmcnt within the 
scientlfic communlty lhal 11 will be 
somc Umt bcforr any dcfinlllvr results 
arc avallable. 

In thc July Iswir of Ai,inlion Sqrcty. 
dvvr drsrribcd somr ofthr farlon which 

lnflucncc wake vorlcx dcvclopnimt. 
slrrnglh and movcmenl. From ii srlcn- 
llfic standpoint. milch nwrc Is lo bc 
lcamed about thr v~ fiindamcnlal 
prorcssn that occur u-lthln a vortrx. 
Even stale-of-the-art roinpuler mod. 
cling Is no1 ablr Io prcdlrt vortex mo- 
Iton ullh sumcicnl arruracy. Scvcral 
recent NOAArryorts hawrmpliaslzcd 
lhat trallltig vorlcs syslrms dllicr 
grcatly among atrcrafl. 

Wake vortcs encnun~er~  trnd to be 
under-reported. and (he NTSB has 
recommended that the FAAcstabllsh a 
mandatory reporlfng requlmnent so 
that we may galn a bcller u n d m l m d -  
lng of the h a r d .  

Scvoalgencnl avlallonandalrcar- 
Her pllots have Informed us of lhetr 
wake vortex encounters. In some In- 
stances. the wlngs of their drcnR 
came within i n c h  or I& of strlklng 
the ground. One 8-767 crewman de- 
scribed Just such a n  cncounlzr. Many 
of the pllols bellevcd they were safely 
above the prectdlng alrcraflf wake. 

Several pllots learned (hat the wake 
v~rtlces from a sllghlly larger alrcnft. 
such as a Ilght (win. could upsel thclr 
slnglc-cnglne alrcraft. Some pllots de- 
scribed encounters ullh wake from 

By Patrick R. Veinette 
and Rnnd Decker, Ph.D. 

helicoptm hovering in ground elTcct. 
All of lhe pllols consldcred them- 

scl\rs earemely lucky to hare sur- 
vlved lh$r encounters. But. as we 
shall see. some pilols have no1 bcen so 
l u c b  Please keep In mlnd that the 
accidents and lncldents well rmlcw 
are onb lhc'tlpoflhe Iceberg-: wccm 
only guess how many near-accidents 
hiwe resulled from wake encounters. 

Cersna Citation. 12/10/92 
The Cltatlnn 550 was on a IFR fllghl 
pian to Billings. Mnnt sith two pilots 
and SIX passengers aboard. The 
weather a1 Bllllngs uas reponed as 
10.000 scattered. 25.000 scattered. 
vlslbtlity 40 mlles and uind from 350 
degrees a1 nvc knots. INotc lhc ulnd 
dlrecuon and \rlorlty.l 
The CllaUon began 11s dcscmt a1 

1626MST.xqueneedkhlnda Unlted 
k~rcrl Smlce Boernp 757. AI 1636. 
the Cltallon was adblred Ulal the 757 
was a1 12 o'clock and sui mlles ahead. 
The UPS Jel was then cleared wl of 
11.000fectto5.700fmandMvucted 
In malntaln 250 knots. Ihe Citation 
w s  dcsccndlng through 16.000 lea. 

port In dghl and was cleared for a 
vlsualapproach lo Runway 27Rlwhlch 
had an almost d l m t  oprswlnd). The 
CllaUon was mainlalntng a very high 
speed W k h  continued throughout 
I ts  dnrrntl.  ao the approach control- 
l e raskd  the7571oma111ta111ttsmazd- 
mum romrd speed. 
The controller then advised (he C1- 

latlon Uaat (he 757 was at 12 o'clock 
and four mllcs. d-dlng through 
8.OOO feel (Note that the CltaUon had 
closed thc scpanUon dlstanct from 
sh tn four mtles in a very shon time.) 

At 1638. the 757 md the W- 

The Cltallon's first offlccr replled that 
they were looldng for the tralflc. 

AI thls polnt. thc distance between 
the two arcrd l  had slablllzed a t  4.2 
nauUcal mlles.The 757crvrequcsted 
pmnlsslon io slow down. but the con- 
troller asked them to keep their speed 
up as much as they could. 

Ten seronds later. the CltaUon re- 
ported the 757 In slght and was cleared 
10 follow that aircraft for a visual ap- 
proach 10 the same runway. The 
Cllatlnn's s p e d  then Lncreosed from 
215 lo 250 knots. As the 757 slowed. 
the speed dlffermllal grew from 30 to 
70 knols. The convoller warned the 
Cllauon that the 757 was slowlng and 
cleared thc 757 to resume normal 
sped .  

After contacung the tower. the Ctta- 
uon again was wamed that the 757 
was slowlng down and advised that If 
they needcd IO turn for spadng. they 
could tum io the right. At thls point. 
the almaft wm less than 2.5 mlles 

The 757 new n relatively constant 
4.7-degrre @de path. staylng above 
the eleNonic glldc slope by scvcd 
hundred feet. unffl1.2 mila from the 
threshold. H-. the Cltation had a 
gmaterdcsrrtrateand stabUlredZ00 
to 300 feet belw, the 757s glide path. 
~pa l ly tncMngthcg l ides l~unUl  
the wake encounter. INote: When a 
~ualapproachclear~nclsa~ted.  

span. 

tbe fRpT a c k n o w l ~  that they arc 
~ u n g ~ ~ ~ l y f o r w a k e  ckar- 
ance fmm the preceding PiraJt.1 

At the potnt of upset. the Cltatlon 
wasabout2.78nmla~t74seeonds) 
behlnd the 757 and about 300 feel 
below I t s  glrde path. The ground am- 
troller saw the Citation roll fmm a 
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737 crew accepted clearance for a vi- 
sual approach. the controller was no 
longer required to provide three miles' 
separation. 

Cessna 182R. 11/9/99 
The Civil Air Patrol airplane was on a 
night. VFR approach to Salt Lake City 
lntemational Airport and was cleared 
to land on Runway 32. 

The tower warned the Cessna pilot 
about a Boeing 727 on short final to 
Runway35 with additional traffic on a 
three-mile final. W'inds were reported 
out ofthe south at live knots.) The pilot 
reponed that he u.as uncertain of the 
locationofthetrafficandwasaskedby 
the controller to esecute a left. 360- 
degree tum. 

The Cessna was three-quarters of 
the way through the turn when the 
pilot again was cleared to land on 
Runway 32 and advised of -Boeing 
trflic on short final to Runway 35 (the 
controller did not identify the Boeing 
as a 757). The threshold ofRunway 32 
is adjacent to the threshold of 35. 
The pilot reported that he was flying 

the approach -a Mile higher so we 
would miss ... any turbulence- and 
had just crossed behind Runway 35 In 
%shallow tum to rial when the 182 
encountered a Wight bump' and then 
pitched up and rolled into a 90-degree 
right bank. 

Radar data shows that the 182 was 
at less than 100 feet AGL when it 
crossed the flight path of the 757. The 
pilot said he immediately applied hdl 
left rudder and aileron, and full nose- 
down elevator. He was able to level the 
wings M o r e  the airplane struck the 
pavement short o f h w a y  32s thmh- 
old. 
The pilot and his two passengers 

survlvedwithmhorlnjuries. (Thisonce 
again bears witness to the Importance 
of maintaining aircraft control. Pilots 
who maintain control wen to the pint 
of impact have amuch better chance of 
suunrlvmg that those who lose m d I n -  
quish control.) 

Winds at the time were from 180 
degrees at five know. so. In dTcct. the 
757 landing on Runway 35 had a 
tallwind. Thls may be slgniflcant: the 
tailwind would IIkely have caused the 
wake vortices to drlft further Into the 
Cessna's flight path. The talhvind also 
might have moved the wake highs 
Into the CCSSM'S glide pathor. at the 
very least, partially canceled out some 
of the downward drift of the vortices. 

The Boeing 757 passed the crossing 
position about 38 seconds pnor to the 
QSSM 182. Trends in the recorded 
radar data suggest that the Cessna 
was slightly above the flight path ofthe 
757 at the crossing point. 

The accident points out the impor- 
tance of accurately predicting the be- 
havlor ofvortices 111 ground effect. The 
vortex may have -bounced--a phe- 
nomenon which has been observed on 
many occasions by researchers in the 
U.S. and Germany. 

Additionally. the flow field of a vor- 
tex is usually about equal to the wing- 
span of the generating airplane. There- 
fore. the CWSM 182 could have k e n  
alTcctcd by the vortex at any altitude 
betweengroundlevel and200feet.The 
M S B  notes q a t  although the Cessna's 
flight path was above that of the 757. 
the pilot did hot adequately compen- 
sate for the height of the vortex. 

IThe AIM recommends flying above 
the wake. but it does not state how far 
to fiy above it. Also. the AIM does not 
wam pilots of the bouncmgbehavior of 
vortices in ground effect. though this 
infomtion has bem published In ar- 
tlcles and had been presented at  con- 
ferences by the FA4 for scvenl years 
preceding this accident) 

IAI Westwind, 12/15/93 
At 1734 hours local Umc. an Israel 
Alrcraft Industries WesMnd was 
cleared for a vlsual approach to Run- 
way 19R at John Wayne lurport In 
Santa Ana. Callf. Tbe wind was calm. 

nKWestwindkflightpathconvcrgcd 
with that of a Balng 757 whlch also 

port. When the distance ktween the 
757 and the foUowtng Westwind was 

mum of thm d e s .  the controller 
issucdavisualappmachdcaranceto 
the Westwind crew. 
The NISB said the.* way the 

Westwind crew could have maintained 
adequate m u o n  fmn the 757 at 
this point was by armtlng -6Igilt5- 
cant maneuwrs.- 
The 757 new a 5.6-dqrec @de path 

ffor Yeasons unstated In the "s 
rcporO.wtnrCas the Westwjnd flewa 
Standard t h m - d m  @Id+ path W- 
Wly. Hoamnr. antidpa- that they 
wouldencountera*lltUe*wake turbu- 
lence. they began to !ly the approach 
one dot hlgh on the @de slope. 
CVR Information indicates that the 

Weshvhd pllots were aware that they 

aaSrrrrMng radar WtOrS to the &- 

rapidly closing to the lq l t rcd mini- 

were close IO the Boeing and that the 
preceding airplane appeared high. 

Whencontrolwaslost. thewestusnd 
was 2.1 miles 160 seconds) behind the 
757 and 400 feet below its glide path. 
All live occupants were killed when the 
aircraft hit the ground. 

NTSBs Recommendat ions  
In its report on these accidents and 
incidents. the N E B  made a number of 
excellent recommendations for interim 
and long-term solutions to the hazard. 
Among the recommendations which 
specifically address pilots and flight 
operations were the following: 

1. Establish the following separa- 
tion requirements for IFR airplanes 
following a Boeing 757 and compa- 
rable aircraft: fiw'nm for airplanes 
such as the Westwind and Citation. 
and sir nm for small airplanes. 

2. Establish ATC procedures that 
would result in approaches being con- 
ducted. when available. on a standard 
flight path angle of three d e w s .  In- 
form operators of B-757s land 0th- 
comparableaircraft) oftheimportance 
ofmaintainingthisstandard fightpath 
angle on approach. 

3. Amend AX: procedures to pm- 
hibit the issuance of a visual approach 
clearance unrU the closure rate Is such 
h i  the pilot can maintain separauon 

4. Amend AX: procedures to advise 
pilots sequenced behind a jet atrphe 
(or a heavier jet) of the preceding 
aircraft's make and model. and pm- 
v i d e ~ l n f o r m a t i o n d m t  totheavoid- 
ance of wake turbulence.' such as 
separaUon dlstance and whether an 
ovemkiq situation exists. 
5. Expand current guidance In the 

AIM to help pilots determine that thdr 
Qht path remains abom the flight 
path of the leading airplaneand that 
thdr separation re" cowfstalt 
with that required for IFR opuatlons. 

6. Expand the Information In the 
AIM to d&c the vatlcal movement of 
wakcvortlc+singround elfcct such as 
core hdght. upper and lower hits Of 
the w n t u  flow Beld. and the potential 
to bounce tarice as hlgh as the steady 
state. .*.m . . 
An .active paot emmlner and &nter 
p i b ~  Fm VeiUette ka Q 7.5OO-hoirrA'Ip 

priuclte pflor with 1.300 hours. is a 
prcfessor of eIuil engineel-@ Qf the 
U h u y  of uiah. 

without excessive nlaneuvalng. 

and Cold Sed CN. Rand Dedcer. Q 
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6. REF. Fat& CommuXet C t a h  Beamed on I(wne4oud Causes. 
Was t h e  Captain's i n e x p e ~ t n c e  i l g i n g  into a "black hoLe" a ? 

A. He had not teceived "bLack hole" V t a i n i n g .  

8. I n  a d d i t i o n  t o  the inexpehience. t h e  cap-tain'b seat p o s i t i o n  wa6 
named ab a 6actot (in&ding Lack 06 tequited nigh2 t t a i n i n g l .  

The CapZdn had yawn i n t o  that e i t p o t t  nwnetoub &ea bLLt had no 
@m.Xiuti.2y with "black hole" ittubion. He was not o i t e d  d o t  that. 

- 
C. 

REF. DC-10 Vestaoged A6tm Veeting 066 Landigg Rwwoy. 

A. 

8. 

7. 

The Fitt6.t Oddicet was 6ly ing the apptoach, decided t o  go atound. 

The C a p t d n  t o o k  oveh c o @ ~ o l  and landed. NTSE concluded he w116 
w i t h i n  hib  au.th0Jti.i~ t o  & bo. 

The Captain t o o k  OVM rontml and l a d e d .  NTSE consideted whetha 
the  59 yeah o l d  CapaiLin m.igh2 have been 6atigued, addectins his 
Landing pm6ounance. 
The v&e t o  ub 06 digest ing .thA tepee does not  t i e  i n  wtteotey 
answehbtg a t es t  queation. and 60 each one .is cottect. The 4epot.t 

.id long, d W e d .  and thougkt-pnovoking. Much 06 i.2 could be Read 
a second time. 

We t h i n k  t h e  lengthy,  d U e d  NTSB RepoQ, sent a 3  cu by F a g k t  Sui-, is 
even mote thought-paovofing. l t  WOLLM &teaeat cu 6 0 t  ate its Zhough26d 
d W .  even i d  we wmen't especially &teaested b e m e  06 f i e  sO&g 757 
involvement. 

Then, t h e  lwo t i ? d y  ahtiCeu - doeewhat ensim treading. wuhtedy 06 AviaLion 
Saiety magazine. h o e  06 pcLt the ~tosa%g on f i e  757 size cake. 

r h & y  &O is the '&ck Hole' a&cle &om the BOEJNG A.i&inm. A 4 u  
bu&+~ing  with the  c o d m  Captain on hi6 lack 06 h u t e d g e  ab0u.t dQi& 
the 'ho le ' .  TWA Captain Scki46 does a good job 0 4  ex#dn.& r3L about it. 
rest queaaon! What - is the  'blach hole'? 

Howeuet, .the p.&ne wo6 desfioyed. 

C. 

c l 
\ 
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Vebpite & h b  .to t h e  conttlcvry, n i g k t  opeaat ionb axe b.t.LLl moae hazatdauh 
d o t  Uh than d a y f i g h t  (Lying. T k i h  i h  because t h e  hohizon .& a d t e n  not  
v i s i b l e ,  opticicaQ -Loions me moae paevdent,  and i a f i g u e  i h  o,$ien moae 
06 a (actox. Atha, obb.tuction6 and Ceoudh may be di(,$icUet ot h p o b b i b l e  
t o  bee. t o  bee. Regatding t l t i h  h 6 . t  po in t ,  conhiden thaZ hundatdh-i6 MOZ 
thoubandh-06 p.ieoih and pahhengenh have c o a d e d  with f m n a i n  that uk-u 
nevea bCen, even though v i h i b u y  w u W d .  

NIGHT v i s i m m  
Such mibhapb occua becaue n i g h t  v i h i b u y  is detemined by t h e  g R d e 6 t  
d istance a t  which paomin& Lighted objeots can be b&W and iden t id ied .  
Seeing a c l i d b n t  L i g h t ,  howeven, does no2 mean that t h e  @bt C a n  h a  
R.ihing Z e t t M n  diaec.a%y i n  Q ~ o n t  06 t h e  M a w d t  on a moontesh,  oveficabt 

i! n igh t .  

ExeclLting visual  aaa.Lv& and depa%tuaeh oven ce&i&n ahah and undm 
c e n t a h  cond i t io tu  i h  much eibe inhiaument &Eying and aeqLLineh t h e  hme 
a t t e n t i o n  t o  rninimwn habe a W i u d e s .  Obviously, the m u  i h  nesponhibee 
60'1 enhuhing that t h e  M n m a d i  i h  a h z y h  et a k i g h  enough aetitude t o  keep 
dtom ,$Lying headlong b t i o  UnheW obhtnudoions .Avo.iding O b h t U d O M ,  
howevea, can be eahim 6Md ihan done, p a ~ c c L e c M c y  & c n g  a tong, 
h t t d g k t - i n  appaoach t o  an Mnpoht a i  n igk t .  A hub i f2  diWlgm a h b 0 d V k d  
w i t h  home n i g h t  V i 6 d  appnoaches can lead d a n e  mew6 to 6 4  
dangttOUhLy land h o m b e s  ,$a&.tQl tow appnoach aetitudeb. 

When descending to tand an Mvoht dwihag the day, a picot ube6 depth 
peacepfion t o  e6Limait d.ihbnce b and W e  above an Mnpoht. The 
p i e a t  can ( a i d y  eahay descend along an applrorirneteCy 3 degaee vL&d 
appaoach peth i o  a disiabnt m y .  

On a moodesb on ovmcaht n igh t ,  howeven, .the has L&Xe on no depth 
peacepfion b e w e  t h e  reCe6hcvly v . & d  CLLtU (w lon  v a u o n h ,  hhadOw6 
and i o p o g x a p k i d  ne~mences1 me abbent. Tkid l a c k  06 depth pmcep.tion 
mabeb esi-iinaZing aetitude and disbnce m o u  di6dicUet. 

Fox example, a p i e a t  d ly ing  6 i X  nieed @om and 2000 deet above a NuuuIy 
iha i  i h  12,000 ,$ai long and 300 deet wide 6- the 6 M e  pictune t h o u g h  
ihe Ulidblt icZd ah when the aincnadt ib only  tlylee m i &  6aom and 1000 deet 
above above a '~cvlway that .id on& 4000 deet Long and 150 deet d e .  
Remembm that tkia is m e  eithm day oa L9h.t; m b g  Wnbib&nt 
apptoaches n66Wed c o ~ d t e n t  .tan&&$& . 

APPROACHES OVER UiER 

* I 
>\ 
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such a way that the resultant visual 
angle remains constant. 

Not only can a pilot approachan airport 
in this manner, but this is exactly what 
pilors tend to do-without realizing it- 
while executingblack-holeapproaches 
The problem is shown in Figure 4. Ihe 
flightpathduringwhichthevisual angle 
remains consrant consisu of the arc of 
a cirde centered high above the light 
patiem toward which the pilot b 
descending. 

F~re.2. Distanceand altiIudefromanPirportdlectthepnoi'spnr~~ IT. conMnt 
altitude k maintained, theairport Hill  sulaieadagreacuvisudangk, nnd thedore appear 
larger, ps the airplane approaches Ihe alrpwL 

Note that flying such an arc places rhe 
aircnftwellklowthe3'deventprofile 
n o d y  used when a pilot has better 
depth perception. Also, the  
circumference of this arc is su5iciently 
large that rhe pilot has no way of 
detecting that he is flying along an arc 
instead of a suaight line. 

LOW APPROACH SHORT OF 
RUNWAY 

,,' 

The pilot aauaUy make a low a p c h  
toapointabouttwotoheemilesfrom 
the runway. Upon aniving at this point, 
the emor stam to become appamt  and 
the pilot takes corrective action (unless 
the aircnft's striking an inteweniq 
object interrupts the prcces.5). 

Some may wonder how a pilot can 
possibly crash during a might-in 
approach without fim losing sight of 
the airpon. A pilot about to collide with 
the terrain or an obsrruction doesagin 
toloxsightdrheairpon,butthiscan 
omrrafreritistooktetoe5utatitnely . 
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hole. Pilots seldom are vicrimjzed by from the runnxy should be at 900 feet 
illusions when he final approach is less AGL) A 4 dexent is established by 
than two-to-three miles long. maintaining 4M) feet per nautical mile, 

and 50 forth. 
A pilot can use c e m  precautions to 
inaeasealritudeanddnceawarenes Always maintain a watchful eye on 
during long, suaight-in approaches at airspee4 altitude and sink rate. An 

visible and identifnble. 

Like most people. pilots usually believe 
whatthey see. In black-boleapproaches, 
however, pilots should have compelling 
reasons to not do SO. 

nightwhenanaSor~~Iisunavailable excessive sink late (for the airspeed 
for descent guidance. (AkIm~gh a VAS1 being flown) indicates either a strong 
maybevisiblefor30mat~gh~safe tailwindoranabnodysteepdexent 
obnnwziondearanceisgntedody 
within four miles of the runway 
threshold.) 

DME(ifavailab1e and appropriate) can 
help establish a safe dexent profile 
using the principle that a 3' d e w  
profile can be maintained by beiig 3W 
feet above the ground (AGO for each 
naurical mile from the runway. (For 
exampk, an aimaii rhatisthreemiles 

. 

I*lheIastTwohfinutes- Jan-Mar1991 I 
I Stopping on the Runway 

Vhal ApproQches - APPJUn 1991 

profile. Remain ald 

Although stating h i 5  might seem say, 
be cenain that you are dexending 

deceived Py h~ghway lights that-from a 
distance-give the illusion of being 

Maintain a safe alutude until the airport 

t d  an airpon pilots have bsm 

runway lighrr. 

I 

andm not n m s r u i J y a " a  In 
naadcmcdbyIrlesoctngGml~. 

and its assodafed lighung an? dininaty 

' 
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