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Dutch comments on the Spanish Report

KLM, B-747, PH-BUF and Pan Am B-747 N736 collision at Tenerife Airport Spain on 27
March 1977

Report dated October 1978 released by the Subsecretaria de Aviacion Civil, Spain, in
both Spanish and English

The following comments have been made by the authorities of the Kingdom of the
Netherlands, being the State of Registry of one of the aircraft involved, on the causes of
the accident as set out in the Spanish report.

In accordance with paragraphs 5.20 and 5.26 of Annex 13 to the Convention of Chicago, an
accredited representative of the Kingdom of the Netherlands and qualified technical
advisers to assist him, participated actively in the investigation with a view to contributing
to the real causes of the accident. The results of their investigation have been presented
to the Spanish accident investigation commission.

There is no disagreement on the facts and evidence established in the joint investigation.
With regard to the interpretation of the facts and evidence, however, the views of the
Netherlands investigation authorities differ substantially.

The considerations concerning the cause of the accident as mentioned in the Spanish
report do not answer the question which factors explain the action or inaction of the KLM
crew. In order to reach this conclusion the Spanish report over- emphasizes the influence
of human factors on the KLM crew only and bases its view on assumptions and suppositions,
the correctness of which cannot be found in the available evidence and, on certain points,
is in contradiction with it. The inevitable consequence is that the essential lessons, which
must be derived from this accident are missing in this report.

The comments contain in Part One the interpretation by the Netherlands investigation
authorities of the facts and evidence established in the joint investigation, and in Part Two
the considerations and conclusions as done by the Netherlands Aircraft Accident Inquiry
Board in its verdict.

It should be noted that the Netherlands Aircraft Accident Inquiry Board, in its public
session on 28 and 29 May 1979, has limited itself to the lessons to be drawn from the
accident. The analysis and interpretation contained in Part One should be seen totally
separate from the verdict of the Board.

PART ONE

Comments of the Netherlands Department of Civil Aviation

Analysis

Based on the total available evidence this analysis discusses the following items:





a.

b.

C.
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Human factors of the KLM crew, Pan Am crew and air traffic controller, which could
have been of influence on the course of events.

The radio-communications, which can be shown to have caused a mutual
misunderstanding between the KLM crew and the air traffic controller, which
misunderstanding has arisen from normal, but ambiguous terminology.

The coincidence of a number of circumstances, which coincidence directly
influenced the course of events and ultimately resulted in the collision.

a) Human factors

KLM

The voice recorder of the KLM cockpit shows an almost relaxed atmosphere and an
orderly progress of the preparations for take-off and taxiing. The weather
deteriorations have been highly variable in intensity, due to drifting layers of low
clouds. The crew of the American aircraft saw the landing lights of the KLM aircraft
9.5 seconds before the collision.

From the DFDR-data it has been established that the relative distance was then
700m, which illustrates that the visibility at that moment far exceeded the KLM
limit of 300m. Nor does the Spanish report mention any doubt about a visibility-
value of more than 300m.

The actual visibility left the KLM captain with no doubt about the legal and
practical aspects to perform the take-off. An unacceptable factor of human stress
cannot be demonstrated here.

When the cockpit checklist had been completed, the captain, keeping the aircraft
on the brakes, applied standard engine power, i.e. 1.10 EPR, this value being
slightly higher than idle power. This is done to check the so-called spin up of the
engines prior to take-off; it is normal practice and does not imply an indication of
haste.

From the voice recorder of the KLM cockpit it is evident that the captain was aware
that the ATC clearance was not yet received and he allowed himself normal time
for it.

It is an essential part of the take-off procedure that no take-off will be started
without a take-off clearance, which is demonstrated by the fact that the first
officer also requests for take-off clearance. This item will be further explained
under paragraph b).

After the tower had issued the clearance, the captain started the take-off run while
the first officer was reading back the clearance. It is considered a normal human
way of thinking of the captain that, where the entire preparation of the take-off
was finished and the captain on the basis of the radio-communication was
convinced to have a take-off clearance, he no longer wanted to lose time where the
conditions of visibility at that moment allowed a safe take-off. Also taking into
account the preceding calmness and discipline in the cockpit, this operational
deviation of 6 seconds is not considered a factor which indicates an already pre-
existing general picture of hurry, nor does it imply a serious operational error. It
has also no direct connexion with the misunderstanding that had already arisen
from the radio-communication.

The cockpit conversation clearly indicates that the captain had the intention
strictly to adhere to the official work and rest-time regulations. No factual
information shows that compliance with these regulations has subjected him- to a
higher than, normal stress. Nor does any factual information suggest that he-made
haste to comply with the work- and rest-time regulations.
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« During taxiing out the captain several times asked the first officer information
which was already supplied. This might indicate some form of absent-mindedness.
However, it must be taken into account that he was occupied with the performance
of the cockpit check-list.

When the first officer remarked that they had not yet received an ATC clearance,
the captain replies” "Nee, dat week ik, vraag maar” (No, | know, ask for it). It
cannot be construed that he had forgotten it.

The request for take-off clearance is part of the standard procedure and such
request was made some moments later in the message of the first officer.

e The fact that the captain, being the chief instructor on this type of aircraft, had a
certain prestige in relation to the first officer, is in practice a normally occurring
situation in a cockpit.

If a condition like this is not accepted as a perfectly normal situation in flight
operations, the composition of a cockpit crew might in numerous cases be
practically impossible.

Considering the large flying experience of the first officer, there certainly existed
no such relationship of authority between the captain and the first officer, that it
would have withheld the latter from taking the correct action in case of essential
shortcomings of the captain. This is already shown by the fact that the first officer
drew the captain's attention to having not yet received an ATC clearance.

¢ Influences on human activities due to cockpit noise have been recognized over the
years as an additional factor; nevertheless, it can certainly be overcome. The noise
level in a B-747 cockpit during the take-off cannot be considered a factor of serious
disturbance.

The following can be concluded:

On the basis of the available evidence it cannot be demonstrated that the cockpit crew of
the KLM aircraft performed its duties in haste or was under greater stress than can be
considered normal in the light of the prevailing circumstances of the delay and the
weather changes. The evidence also shows no excessive fatigue either.

The influence of human factors as applicable to all types of human activities will certainly
have applied to the activities of the crew of the KLM aircraft. Yet the causal influence of
the human factors on the premature take-off has not been shown in the findings of the
Spanish or Netherlands investigation. Assumptions to that effect are not supported by the
established facts.

PAN AM

e From the cockpit voice recorder of the Pan Am cockpit it shows that during the
taxiing on the runway, the Pan Am crew was highly irritated by the extra delay
caused by the refuelling of the KLM aircraft. The departure of the Pan Am aircraft
was indeed
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However, the possibility that this irritation caused them to taxi past the
intersection which they were instructed by the tower to use, is not evident from
the facts.

The explanation of the missing of the intersection in question may be found with
greater probability in the facts established by the investigation, such as: the fog
that made a complete view of all intersections impossible, the absence of markers
alongside the runway; the small size of the map which was used as a reference to
the correct intersection, and the circumstance that during the passing of the
intersections C2 and C3 the crew was performing the check-list. Also here, factors
such as the rapidly varying visibility, which was far below the take-off limits
applicable to Pan Am might have had an influence.

All these human factors, however, are inherent in the normal aspects of flight
operation.

The unacceptability of these factors has never been shown in practice.

The tower controller

The investigation has shown that the tower controller was on duty the whole day
already and had to handle an unusually high traffic load.

In the transmissions of the tower, background noises are audible which suggest a
football match, which could imply a distraction. This will be discussed later.

During taxiing on the runway the tower controller asked KLM to report when they
were ready to copy the ATC clearance. Since at that moment the KLM crew was
performing the check-list, copying of this clearance was postponed until the
moment that the aircraft was lined up in take-off direction. This had as a result
that the requests for take-off clearance and for ATC clearance were made
simultaneously.

This procedure is not considered abnormal. A disturbing influence of a human
factor-in this procedure cannot be evidenced.

The tower controller intended the Pan Am aircraft to leave the runway at the third
intersection. Due to the sharp angle this intersection was more difficult than the
next intersection. The controller had relatively little experience with B-747
aircraft. This instruction to use the C3 intersection might have been the
consequence of. a limited appreciation of the manoeuvrability of a B-747.

From tests with a B-747 at Schiphol Airport, carried out as a part of the Netherlands
investigation, it is evident that this manoeuvre could reasonably be performed.

In the radio-communication the tower controller has been clearly audible. Nothing
but usual, if not formally prescribed terminology, was found to have been used.
The misunderstanding that arose from the terminology in the radio-communication
is certainly not the result of errors in it. The misunderstanding will be further
discussed in paragraph b). There are no human factors to be indicated as evidently
disturbing influences, Only usual terminologies are employed in the communication.
Even the word "0.K.", used by the controller and meaningless as it is, is often used
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in aviation communication. Due to. coincidences. it has had a confirmative effect
which was not intended.

Due to the fog there existed no visual clues for information. A picture of the
situation could only be obtained by means of the radio-communication.

Two aircraft were taxiing simultaneously on the active runway. After -the tower
controller had given his instruction to the KLM aircraft to hold with the words
"Stand by for take-off, | will call you", it would have been more careful if he had
asked the KLM for a confirmation of his instruction.

If a confirmation had been asked for it would, in all probability, have been a timely
warning to abort the take-off.

However, it is to be considered that from none of the preceding messages the
controller had received the impression that the KLM aircraft was not stationary. His
statement that he thought to have heard: "We are at take-off position"”, also
indicates this.

From the tower tape and from the cockpit voice recorders of both KLM and Pan Am,
however, it is evident that the word "position” was not used by KLM.

Even when considering the factor as is just discussed, the tower controller has
applied usual terminologies and procedures. He could not, know that due to a
coincidence, a squeal made his message unreadable and so he was in no way
alarmed.

It is thought that no more importance should be given to this circumstance than to
all other normally occurring circumstances, which were, as shows from the
investigation, applicable to all involved. Those circumstances can, however, be
considered as indicative of a non-optimal functioning.

The background noises in the tower transmissions, which suggest a football match,
were not analysed in the Spanish investigation. These background noises are also
audible on the cockpit voice recorder of the KLM aircraft.

This indicates that they were really present in the tower, could be heard by the
controller and were transmitted together with the communication. Listening to or
looking at a football match on radio or television would imply a serious distraction.
Nevertheless, the real indications that they actually caused distraction are
considered not sufficiently strong to warrant any conclusions as to the human
actions of the controllers.

b) The radio-communications

Due to the fact that during taxiing the KLM crew had not accepted the offer of the tower
to copy the ATC clearance, both the take-off clearance and the ATC clearance had to be
requested at the moment that the aircraft was lined up, ready for take-off and the check-
list had been completed.

The first officer remarked to the captain that they had not yet received the ATC
clearance, whereupon the captain replies: "Nee dat weet ik, vraag maar” (No, | know, ask
for it). The subsequent message of the first officer was made with the words: "We are now
ready for take-off and we are waiting for our ATC clearance.”
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The use and meaning of the phrase "We are ready for take-off" has been extensively
examined and illustrated in the Netherlands investigation report, for the Purpose of which
a worldwide review about its habitual meaning was made. From this part of the
investigation it has been clearly established that in this phrase, two requests are made:
the request for take-off clearance as well as the request for ATC clearance.

With regard to the reply to this question the following applies. The reply of the tower was:
"You are cleared to the Papa beacon etc.”, on which the first officer, with an increasing
rate of speech, reads back the clearance and at the end adds: "We are now at take-off" or
"We are now taking off"

From the CVR and the DFDR of- the KLM aircraft it is evident that during the readback of
this clearance, engine thrust was increased to take-off thrust, that 5 1/2 sec before the
end of the readback, i.e. halfway the message, which lasts 8 seconds, the captain says:
"We gaan - check thrust” (We go - check thrust), that the brakes were released and that
the take-off run was started.

From these factual events it shows that the KLM crew has understood from the clearance
issued by the tower, to have been cleared for take-off as well.

From the fact that the take-off run was started and from the course of events during the
take-off, it is evident that the KLM crew had the absolute conviction that they were
cleared for it. Considering the fog, this conviction can only be obtained through the radio-
communication .

With regard to the misunderstanding which evidently resulted from the radio-
communication, the following can be considered. With his message: "You are cleared to
the Papa beacon etc.”, the tower controller only replies to the second request, which
concerned the ATC clearance. He replies on the first request, concerning the take-off
clearance, only after the readback. In view of the two requests, the wording in which the
clearance was given holds the possibility for the misinterpretation that on that moment
clearance was given to depart actually via the indicated route.

In the context of the two requests, it is this wording from which with almost certainty, the
misunderstanding of the KLM crew has arisen.

After the readback the tower controller reacts with the message: "O.K." - approx. 2
seconds pause - "stand by for take-off, | will call you.”

This O.K. from the tower can only have promoted the misunderstanding, it contains a
confirmation of which was just previously reported by the first officer, i.e. that they were
- at take-off - or - eh, taking-off.

The tower controller stated during the joint hearing by the investigation commission,:’! to
have understood that the KLM aircraft had reported to be "at take-off position”. This
indicates the stationary condition of the aircraft,. so that he was not alarmed by it. It is
evident that, emanating from the radio-communication , a mutual misunderstanding has
arisen.

For the KLM crew this resulted in the conviction that they were cleared for take-off; for
the tower controller it gave the conviction that the aircraft remained stationary-
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A confirmation of the possibility that a misunderstanding could arise from the way in which
the radio-communication-was carried out,’ is--found in the prompt reaction of the captain
and the first officer of * the PanAm aircraft, On hearing the radio’' conversation up to and
including the word O.K...this- crew feared that the issued clearance could possibly be
understood as a take-off clearance as well. A tape recording, made shortly after the
accident, on which the Pan Am captain gives his first impression, as well as the combined
statement of the Pan Am crew members as contained in the NTSB contribution to the
Spanish investigation, clearly substantiates this.

Their fear of a misunderstanding was so urgent that immediately after the O.K. from the
tower, they reported to the KLM aircraft that they were still taxiing on the runway. The
pause of approximately 2 seconds which the tower allowed between "0.K." and "Stand by
for take-off, | will call you", gave the Pan Am crew the impression that the message was
ended with the "0.K,", on which they immediately transmitted their warning message.

The coincidence of the message of the tower and the warning of Pan Am: "No - eh - and we
are still taxiing down the runway -" caused, exclusively in the KLM cockpit, a squeal, which
seriously mutilated both messages and prevented them from being received by those for
whom the messages were meant.

The continuation of the take-off indicates that this message has not been intelligibly
audible to both pilots.

It is noted in the Spanish report that during the investigation the sounds on the KLM CVR
tape were filtered in order to improve the quality of the audibility of the tape.

In this stage of the take-off the crew was fully concentrated on the take-off run. It is not
surprising that these messages, strongly disturbed by the squeal, could not be effective.

Two remarks should be made here:

e The tower controller, in no way alarmed, has in his routine, not requested a
confirmation of his order to KLM: "Stand by for take-off".

e Neither the Pan Am crew nor the tower could hear the squeal, so they were not
aware of this or its effect.

The messages exchanged shortly thereafter between tower and Pan Am aircraft containing
the order and the confirmation of the Pan Am aircraft to report when clear of the runway,
were heard by the flight engineer of the KLM aircraft. These messages came after the
squeal had stopped and on the KLY CVR they are clearly audible.

On the question of the flight, engineer: "Is hij er niet af dan?" (Did he not clear the runway
then?), repeated with: "Is hij er niet af, die Pan American?" (Did he not clear the runway,
that Pan American?). both pilots reply with:; "Jawel" (Yes, he did).

This again shows that they were absolutely convinced that the runway was clear and that
take-off clearance had been given. The fact that the flight engineer puts this question
shows that he, too, had the same conviction. The way in which he puts this question shows
that this last received message was not consistent with the mental picture of the situation
he had so far. If from this last message the flight engineer would have been convinced that
the runway was not clear, he would, to all reasonability, have taken action to abort the
take-off, such as a.o. an exclamation to that effect.
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Also the fact that he did not interfere in the take-off, for instance by closing the throttles,
for which action he would have been fully authorized in case of real doubt, indicates that
the preceding communication has caused a wrong conviction.

It should be remarked that from the DFDR data can be derived that at the moment of the
word "Jawel" (Yes, he did) an abort of the take-off could still be carried out successfully.

It is evident that the message heard by the flight engineer was not heard by the pilots,
causing that they also did not understand the reason of his question. Seen from a point of
view of operational practice, it is understandable that in this phase of the take-off, an
exchange of communication, - which did not contain the call-sign of the KLM aircraft - was
not registered in the minds of the unsuspecting pilots.

Summarizing, it can be stated:

e The radio-communication has not at all been exceptional in nature or contents and
can be considered the usual practice.

e It is considered evident that from the radio-communication a mutual
misunderstanding has arisen. This applied to both the KLM crew and the tower
controller.

From this conversation the KLM crew obtained the conviction that they were
cleared for take-off; the tower controller obtained the conviction that the aircraft
remained stationary. The Pan Am crew recognized and feared the possibility that
the KLM could understand the clearance as a take-off clearance-as well and got
alarmed by it.’

¢ Due to the generation of the squeal the audibility of essential messages of the
tower and of Pan Am, were strongly disturbed in the KLM cockpit and the meaning
of these messages did not reach the crew.

e The convinced reply of both pilots to the question of the-flight engineer can be
explained from the fact that, as no KLM call sign was used, the conversation
between Pan Am and tower, from which the flight engineer derived his doubt, was
not intelligibly registered In the minds of the pilots; such rook place in a phase of
the flight in which they were fully concentrated in performing the take-off.

e The misunderstanding did arise exclusively from the radio-communication, without
other interfering circumstances. It can be stated that even without the fog; the
misunderstanding could-have arisen from the radio-communication.

e The procedures which in the course of events have been followed for the request
and issue of the clearances; do not contain circumstances which can be considered
unusual or abnormal; be it that in practice only incidentally, take-off clearance and
ATC clearance are handled simultaneously,

Possibly this explains the fact that the tower controller handles the two requests in
a reversed order than in which they were made, with all consequences thereof.

¢ In the radio-communication terminologies were used which, though generally
accepted in practice, do not express their meaning unambiguously.

Standard procedures and terminologies for radio-communication are contained in
ICAO Doc 4444, Procedures for Air Navigation Services - Rules of the Air and Air
Traffic Services (PANS-RAG) and ICAO Annex 10. However, standard terminologies
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for the communication of aircraft with regard to requesting take-off clearance or
ATC clearance are not given.

Therefore, there can be no discussion about a standard terminology which the KLM
crew should have used in requesting their clearances.

In cases where no standard terminology is prescribed, in practice a phraseology is
applied which, due to its uniform unambiguity, is considered usual and as such can
be indicated as standard.

In the relevant case "We request ....," could have been used instead of "We are
ready for ..... "

In a world-wide examination, carried out as part of the Netherlands investigation
concerning usual phraseology, it has positively been established that the latter
terminology is in common international use as well.

The word "0.K.", which implies a confirmation, is non-standard. The ICAO standard
term for a confirmation is: Roger, that is correct, wilco or affirmative, However,
the word "0.K." is also often used.

c) Coincidences

From the facts which were established in the investigation it is evident that the
coincidence of a number of circumstances had a direct influence on the occurrences
related to the take-off, A chain of coinciding circumstances made the accident almost
inevitable. If any of these circumstances had not been there, it is almost certain that the
accident would not have occurred.

The following circumstances are considered coinciding:

1.

2.

The fog, due' to which the radio was the only means of communication and the
three parties involved were not visible to each other.

The congestion on the airport; due to which the two aircraft were taxiing
simultaneously on the only available and active runway.

The fact that the KLM crew initially did not accept the offer by the tower to deliver
the ATC clearance. As a result of this, the request for the ATC clearance coincided
with the request for take-off clearance, at such a moment that the KLM aircraft
stood lined up in take-off direction.

The misunderstanding between KLM and tower arisen from the radio-
communication and from which erroneously the respective convictions resulted; for
the KLM that they- were cleared for take-off and for the tower, that the aircraft
remained stationary.

The coincidental misleading effect of the word "0.K." of the tower, after the KLM -
had reported "We are at take-off” or "We are -eh-, taking off". Only the word "O.K."
has been clearly audible in the KLM cockpit, which could be taken as a confirmation
for the correctness of the message transmitted by KLM.

The pause of about two seconds after the word "0.K.", from which the Pan Am crew
concluded that the message’ of the tower had been ended and on which moment
they jumped in to warn the KLM crew.

This pause had as a result that due to the unintentional transmission of two
essential messages, i.e. the message of the tower: "Stand by for take-off, | will call
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you" and of the Pan Am: "And we are still taxiing down the runway", a squeal was
generated, by which noise both messages were lost. This pause, as an ultimate of
coincidence, has proven fatal.

7. The squeal, primarily caused by the fear of the Pan Am crew that from the
terminology of the clearance a misinterpretation of the KLM crew could arise.

8. The KLM crew apparently did not follow the communication between Pan Am and
tower.

9. The predominant coincidence, ultimately resulting in the collision, consists of the.
premature take-off of the KLM aircraft coinciding with the taxiing too far of the Pan
Am aircraft.

Performance calculations and taxi tests with a B-747 turning off on an intersection
comparable to the C3 at Tenerife, as part of the Netherlands investigation, indicate
that in all probability no collision, and almost certainly no fatal collision would:
have occurred if the Pan Am aircraft had not taxied farther than the third
intersection, which was emphatically instructed by the tower controller.

Although the Pan Am aircraft, which unintentionally taxied too far, has clearly
reported that it was still on the runway this operational deviation coincided with:
the early take-off of the KLM aircraft; it has been a causal coincidence to the,
ultimate fatal collision.

General Summary

From the investigation it can be established that the accident was not due to a single
cause.

The misunderstanding arose from generally used procedures; terminologies and habit-
patterns.

The unfortunate coincidence’ of the misunderstanding with. a number of other factors has
nevertheless resulted in a fatal accident. Neither in the operation of the KLM crew, nor in
those of the tower-controller -or the Pan Am crew, actions can be indicated which should
be considered as 'serious’ errors However,. in varying-degrees a non-optimal functioning
can be recognized with all parties.

Cause

The KLM aircraft has taken off without take-off clearance, in the absolute conviction that
this clearance had been obtained, which was the result of a misunderstanding between the
tower and the KLM aircraft.

This misunderstanding has arisen from the mutual use of usual terminology which,
however, gave rise to misinterpretation. In combination with a number of other coinciding
circumstances, the premature take-off of the KLM aircraft resulted in a collision with the
Pan Am aircraft, because the latter was still on the runway since it had missed the correct
intersection.

PART TWO

Considerations and conclusions of the Netherlands Aircraft Accident Inquiry Board
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No evidence was found that any air traffic controller or any crew member of the aircraft in
question was not or to a lesser degree capable for the execution of his function. Neither
was it found that with any of them a particular state of mind has played a significant role.

Considering the stresses to which members of an aircraft in their work situation are
subject on the one hand and, on the other, taking into account the experience of these
crew members, the Board does not find it plausible that the stresses on the crew
members, emanating from the work situation, were too heavy for any one of them.

As far as can be verified, the technical condition of each aircraft has not contributed to
the accident.

From the investigation - especially considering the aforementioned sequence of events
leading to the accident, particularly the presented coincidence of occurrences, and the
statements of the experts given during the session, everything as seen in their mutual
connexion and relation - the Board found that, in order to prevent such an occurrence in
the future:

I. It is desirable that regulations are issued, according to which:

A. A pilot (if circumstances permit) does not request a taxi clearance until after he
has requested, received and confirmed by read-back, a departure instruction
and/or an en-route clearance.

B. A pilot never combines the request for a take-off clearance with any other
message.

C. If practicable, a departure instruction and/or an en-route clearance and a take-off
clearance are issued on different radio frequencies.

D. The phrase "take-off" is used exclusively in the request, the issue and confirmation
of a take-off clearance.

E. The safety of traffic (aircraft taxiing, taking-off and landing, as well as other traffic
which is simultaneously on a take-off and/or landing runway) is guaranteed,
especially when the air traffic controller only has radio- communication at his
disposal and is unable to observe that take-off and/or landing runway continuously.

F. Exits of a take-off and landing runway are provided with clearly distinguishable
markings, whereby every marking corresponds with the relevant marking on the lay-
outs which are used for taxiing.

G. In the radio-communication between the crew of an aircraft and air traffic control,
additional use of standard terminology is regulated for crews, and which is in
conformity with the regulated standard terminology, which is used by air traffic
control.

Il. It is recommendable that:

A. Air traffic control has, besides radio-communication, other systems at its disposal
such as: ground radar, block safety systems, visual confirmation by means of lights
and the so-called data-link, in order to control by such means more effectively the
traffic on take-off and landing runways and when necessary on taxiways, during
conditions of bad visibility.

B. In the cockpit voice recorder of an aircraft a signal is incorporated appearing at
regular intervals, for synchronization with the flight data recorder in the aircraft.
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Rapport van de Raad voor de Luchtvaart

Uitspraak van de Raad voor de Luchtvaart

Inzake het ongeval op 27 maart 1977 op het vliegveld Los Rodeos op Tenerife (Spanje)
overkomen aan de vliegtuigen PH-BUF van de Koninklijke Luchtvaart Maatschappij N.V.
(KLM) en de N736PA van de Pan American World Airways Inc.

's-Gravenhage, 31 juli 1979 (no.1979-3).

Op 27 maart 1977 heeft op het vliegveld Los Rodeos op Tenerife (Spanje) een
botsing plaats gevonden tussen het Nederlands burgerlijk luchtvaartuig van het type
Boeing 747, PH-BUF, van de Koninklijke Luchtvaart Maatschappij N.V. (KLM) en het
Amerikaans burgerlijk luchtvaartuig van het type Boeing 747, N736 PA, van de Pan
American World Airways Inc. (PANAM). Bij dit ongeval zijn 574 mensen, onder wie
alle inzittenden van het KLM-toestel, omgekomen.

De slachtoffers zijn tijdens een zeer kort na de ramp gehouden openbare zitting
van de Raad voor de Luchtvaart plechtig herdacht.

Nadat met betrekking tot het ongeval door de vooronderzoeker een vooronderzoek
was ingesteld, heeft deze, onder overlegging van stukken - waaronder een rapport
van de Spaanse Comision de investigacion de accidentes de avicion civil en een
rapport van de Amerikaanse National Transportation Safety Baard - de uitkomsten
van dat onderzoek aan de voorzitter van de Raad medegedeeld en voorgesteld om
een nader onderzoek door de Raad te doen instellen.

Van oordeel dat op grond van de aard van het onderwerpelijke ongeval de
waarschijnlijkheid bestaat dat uit een nader onderzoek lessen kunnen worden geput
of de wenselijkheid kan,blijken van het stellen van voorschriften welke kunnen
dienen ter voorkoming van ongevallen met luchtvaartuigen, heeft een commissie
uit de Raad, bestaande uit de voorzitter en twee door deze daartoe opgeroepen
leden, in positieve zin over voormeld voorstel van de vooronderzoeker beslist.

Het nader onderzoek vond plaats ter openbare zitting van de Raad op 28 en 29 mei
1979, in tegenwoordigheid van de directeur-generaal van de Rijksluchtvaartdienst,
bijgestaan door een der ambtenaren van die dienst.

Ter zitting zijn door de Raad als deskundigen gehoord enerzijds verkeersleiders uit
de Bondsrepubliek Duitsland, Griekenland, lerland en Nederland, die over een
ruime en recente dagelijkse ervaring in het geleiden van taxiénde en startende
vliegtuigen beschikken, en anderzijds gezagvoerders uit Canada, Italié en
Nederland, die een grote en recente dagelijkse ervaring op intercontinentale
vluchten hebben, te weten:

T.J. Deegan, luchtverkeersleider op het luchtvaartterrein Shannon (lerland); R.
Dentesano, gezagvoerder B-747 bij de luchtvaartmaatschappij Alitalia (Itali€); H.
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Frijns, chef-vlieger bij de luchtvaartmaatschappij Martinair (Nederland); J.R.
Gardner, gezagvoerder B-747 en instructeur bij de luchtvaartmaatschappij
Canadian Pacific Air (Canada); J. van Ginkel, hoofd van het LVB-station Schiphol
van de Directie Luchtverkeersbeveiliging van de Rijksluchtvaartdienst; S. Stefanou,
luchtverkeersleider op het luchtvaartterrein van Athene (Griekenland); N.C.
Verhoef, gezagvoerder en chef-instructeur B-747 bij de Koninklijke Luchtvaart
Maatschappij; H.C. Werner, luchtverkeersleider op het luchtvaartterrein van
Frankfurt (Bondsrepubliek Duitsland); alsmede Ir. H. Bruinenberg, ingenieur bij het
Technisch Plan- en Systeembureau van de Directie Luchtverkeersbeveiliging van de
Rijksluchtvaartdienst.

De Raad heeft getracht ter zitting eveneens als deskundigen te horen een
verkeersleider en een gezagvoerder uit de Verenigde Staten van Amerika.

Voor wat betreft de verkeersleider heeft de Federal Aviation Administration (FAA),
ook na herhaald aandringen, laten weten om formele beleidsredenen geen
afgevaardigde ter zitting van de Raad te laten verschijnen. Op de verklaring van de
FAA bereid te zijn zorg te dragen voor schriftelijke beantwoording van door de Raad
te stellen vragen heeft de Raad gemeend niet te moeten ingaan.

Voor wat de gezagvoerder aangaat bleek niemand van de gezagvoerders van de
benaderde Amerikaanse luchtvaartmaatschappijen bereid om als deskundige door
de Raad te worden gehoord.

Tijdens het onderzoek is de Raad gebleken:
1. ten aanzien van de luchtvaartuigen:
a. De PH-BUF:

Het vliegtuig was van het type B-747-206B en werd in 1971 door de

Boeing Company, Seattle (V.S.), vervaardigd.

Het vliegtuig stand sedert 10 oktober 1971 onder nr. 1877 ingeschreven in het
Nederlands luchtvaartuigregister ten name van de Koninklijke Luchtvaart
Maatschappij N.V. te Amstelveen.

Een bewijs van Luchtwaardigheid, nr. L-1877, was op 13 december 1971 afgegeven
en was na de laatste verlenging geldig tot 13 december 1977.

Het vliegtuig was onderhouden volgens het door de Rijksluchtvaartdienst
goedgekeurde onderhoudsschema. Het laatste groot onderhoud vond plaats in
januari 1975 bij 13.200 h; de laatste periodieke inspectie vond plaats op 18 maart
1977 bij 21.148 h; op 27 maart 1977 onderging het vliegtuig een pre-flight check bij
21.191 h.

Tijdens het ongeval lagen gewicht en zwaartepunt van het vliegtuig binnen de
toegelaten grenzen.

b. De N736PA:

Het vliegtuig was van het type B-747-121 en werd in 1970 door de Boeing Company,
Seattle (V.S.), vervaardigd.

Het vliegtuig stand ingeschreven in het Amerikaanse luchtvaartuig-register ten
name van Pan American World Airways Inc.

Het vliegtuig had een standaard bewijs van luchtwaardigheid in de categorie
luchtvervoer met een onbeperkte geldigheid mits voldaan wordt aan de
onderhoudsvoorschriften.

Het vliegtuig was onderhouden volgens het door de Federal Aviation Administration
goedgekeurde onderhoudsschema. Het laatste groot onderhoud vond plaats in juni
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1976 bij 22.547 h; op 27 maart 1977 onderging het vliegtuig een; pre-flight check
bij 25.725 h.

2. met betrekking tot de inzittenden van de luchtvaartuigen:
a. De PH-BUF:

In het vliegtuig bevonden zich 14 bemanningsleden en 234 passagiers; geen van hen
overleefde het ongeval.

De gezagvoerder was Jacob L. Velthuyzen van Zanten, geboren op 5 februari 1927
te Lisse. Hij was als vliegtuigbestuurder sedert januari 1950 in dienst van de KLM.
Hij was in het bezit van het vliegbewijs B1-B2, nr. 56-20, uitgereikt op 19 oktober
1956, en na de laatste verlenging geldig tot 16 juni 1977, alsmede van het bewijs
Boordtelefonist, nr. 52-326, uitgereikt op 22 september 1952, en na de laatste
verlenging geldig tot 2 oktober 1980. Op zijn vliegbewijs was de typebevoegdheid
voor de B-747 gesteld, uitgereikt op 23 januari 1971, en na de laatste verlenging
geldig tot 16 juni 1977.

Zijn totale vliegervaring bedroeg 11.700 h; zijn vliegervaring op de B-747 bedroeg
1.545 h, waarvan 61 h gedurende de laatste 30 dagen.

Hij was chef-instructeur op het type B-747 van de KLM. Op 25 januari 1977 werd de
laatste "proficiency check” afgelegd.

De laatste vliegmedische keuring door het Nationaal Luchten Ruimtevaart
Geneeskundig Centrum vond plaats op 2 december 1976, met als uitslag: geschikt.

De tweede bestuurder was Klaas Meurs, geboren op 14 februari 1935 te Opperdoes.
Hij was als vliegtuigbestuurder sedert maart 1960 in dienst van de KLM. Hij was in
het bezit van het vliegbewijs B1-B2 nr. 70-36, uitgereikt op 5 augustus 1970 en na
de laatste verlenging geldig tot 29 juni 1977, alsmede van het bewijs Navigator, nr.
66-12, uitgereikt op 20 april 1966, en na de laatste verlenging geldig tot 26 juni
1977, en van het bewijs Boordtelefonist, nr. 57-168, uitgereikt op 30 december
19579 en na de laatste verlenging geldig tot 2 juni 1981. Op zijn vliegbewijs was de
typebevoegdheid voor de B-747 gesteld, uitgereikt op 19 januari 1977 en geldig tot
29 juni 1977.

Zijn totale vliegervaring bedroeg 9.200 h; zijn vliegervaring op de B-747 bedroeg 95
h, waarvan 25 h gedurende de laatste 30 dagen.

Op 17 januari 1977 werd de laatste "proficiency check”, tevens type kwalificatie
check, afgelegd.

De laatste vliegmedische keuring door het Nationaal Lucht- en Ruimtevaart
Geneeskundig Centrum vond plaats op 29 december 19769 met als uitslag: geschikt.

De boordwerktuigkundige was Willem Schreuder, geboren op 30 augustus 1928 te
Amsterdam. Hij was in het bezit van het bewijs Boordwerktuig kundige, nr. 50-07,
uitgereikt op 12 mei 1950, en na de laatste verlenging geldig tot 3 september 1977,
alsmede van het vliegbewijs A,nr 73-123 uitgereikt op 6 september 1973 en na de
laatste verlenging geldig tot 3 september 1977, en van het bewijs Boordtelefonist,
nr. 70-185, uitgereikt op 10 juni 1970, en na de laatste verlenging geldig tot 3
september 1977.

Op zijn bewijs Boordwerktuigkundige was de typebevoegdheid voor de B-747
gesteld, uitgereikt op 22 april 1976 en geldig tot 3 september 1977.
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Zijn totale vliegervaring bedroeg 17.031 h; zijn vliegervaring op de B-747 bedroeg
543 h, waarvan 34 h gedurende de laatste 30 dagen.

Op 2 november 1976 werd de laatste "proficiency check" afgelegd.

De laatste vliegmedische keuring door het Nationaal Lucht- en Ruimtevaart
Geneeskundig Centrum vond plaats op 16 augustus 1976, met als uitslag: geschikt.

b. De N736PA:

In het vliegtuig bevonden zich 16 bemanningsleden en 380 passagiers. Bij het
ongeval vonden 9 bemanningsleden en 317 passagiers direct de dood; 7
bemanningsleden en 48 passagiers werden gewond, van wie een aantal
levensgevaarlijk; 15 passagiers bleven ongedeerd.

De gezagvoerder, de tweede bestuurder en de boordwerktuigkundige overleefden
het ongeval.

De gezagvoerder was Victor F. Grubbs, geboren op 18 mei 1920. Hij was in het bezit
van het vliegbewijs Air Transport Pilot, nr. 1274226. Op zijn vliegbewijs was de
typebevoegdheid voor de B-747 gesteld. Zijn totale vliegervaring bedroeg 21.043 h;
zijn ervaring op de B-747 bedroeg 564 h, waarvan 64 h gedurende de laatste 30
dagen.

Op 15 november 1976 werd de laatste "proficiency check” afgelegd.
De laatste FAA vliegmedische keuring vond plaats op 23 maart 1977, met als uitslag:
geschikt, moet een bril dragen voor bij- en verziendheid.

De tweede bestuurder was Robert L. Bragg, geboren op 14 september 1937. Hij was
in het bezit van het vliegbewijs Air Transport Pilot, nr. 1581349. Op zijn vliegbewijs
was de typebevoegdheid voor de B-747 gesteld.

Zijn totale vliegervaring bedroeg tenminste 3.968 h (volgens voormeld Spaans
rapport 10.800 h); zijn vliegervaring op de B-747 bedroeg 2.796 h, waarvan 43 h
gedurende de laatste 30 dagen.

Op 17 januari 1977 werd de laatste "proficiency check” afgelegd.

De laatste FAA vliegmedische keuring vond plaats op 13 januari 1977, met als
uitslag: geschikt.

De boordverktuigkundige was George W. Warns, geboren op 12 december 1930. Hij
was in het bezit van het bewijs van bevoegdheid Flight Engineer, nr. 1313579 met
bevoegdverklaring voor straalmotoren.

Zijn totale vliegervaring bedroeg 15.210 h; zijn vliegervaring op de B-747 bedroeg
559 h, waarvan 52 h gedurende de laatste 30 dagen.

Op 29 december 19-j6 werd de laatste "proficiency check” afgelegd.

De laatste FAA vliegmedische keuring vond plaats op 25 juni 1976, met als uitslag:
geschikt.

3. aangaande het vliegveld:

De start- en landingsbaan 12-30 heeft een lengte van 3400 m en is; 45 m breed. De
baan is voorzien van standaard baanverlichting en "centre line" verlichting (welke
laatste ten tijde van het ongeval niet bedrijfsgereed was), alsmede van een
onderbroken witte streep in het midden van de baan.





www.project-tenerife.tk

De taxibaan loopt parallel aan de start- en landingsbaan en is van de startbaan te
bereiken via vier afslagen en via de wachtgebieden aan beide uiteinden van de
baan. De afslag C1 (de eerste vanaf baankop 12) staat haaks op de start- en
landingsbaan; de afslagen C2 en C3 zijn geconstrueerd als "high-speed” afslagen
vanaf baankop 30, afslag C4 als "high-speed” afslag vanaf baankop 12. De afslagen
zijn niet van enige specifieke aanduiding voorzien.

4. voor wat betreft de weeromstandigheden ten tijde en ter plaatse van het
ongeval:

zicht: sterk variérend tussen 300 m en 1000 M.

bewolking: wolkenbanken op grondniveau, met lichte regen en mistbanken.
windrichting: 330°

windsterkte: 14 knopen.

5. omtrent de toedracht van het ongeval, voor zover te dezen van belang:

Op 27 maart 1977 om 09.31 uur (alle tijden zijn gesteld in GMT) startte de PH-BUF,
met radioroepnaam KL 4805, van de luchthaven Schiphol voor een chartervlucht
naar las Palmas,Gran Canaria (Spanje). Terwijl het vliegtuig onderweg was naar het
vliegveld van Las Palmas, ontplofte om 12.30 uur een bom in de vertrekhal aldaar;
alle vliegtuigen met bestemming Las Palmas kregen opdracht uit te wijken naar het
vliegveld Los Rodeos op Tenerife. De PH-BUF landde op Los Rodeos om 13.38 uur en
werd geparkeerd op de taxibaan nabij het begin van start- en landingsbaan 12.

De N376PA, met radioroepnaam Clipper 1736, vertrok op 27 maart 1977 om 01.29
uur van de internationale luchthaven van Los Angelos (V.S.) voor een chartervlucht
naar Las Palmas. Het vliegtuig maakte om 06.17 uur een tussenlanding op de
luchthaven John F. Kennedy te New York (V.S.) om brandstof in te nemen en van
bemanning te wisselen. Om 07.42 uur startte de N736PA. In verband met de
bovenvermelde bomexplosie week de N736PA eveneens uit naar Los Rodeos, waar
om 14.04 uur werd geland. Het vliegtuig werd achter de PH-BUF geparkeerd en kon
dit vliegtuig niet passeren in de richting van de normaal te gebruiken start- en
landingsbaan.

Om 15.00 uur werd het vliegveld van Las Palmas weer voor het luchtverkeer
opengesteld.

De passagiers van de PH-BUF, die het vliegveldrestaurant hadden bezocht, kwamen
weer aan boord. Nadat de PH-BUF was bijgetankt, hetgeen om 16.45 uur was
voltooid, vroeg en ontving de gezagvoerder om 16.50 uur de klaring om de motoren
te starten en taxiede het vliegtuig na verkregen toestemming om 16.58 uur van de
taxibaan de starten landingsbaan 12 op.

De N736PA was reeds geruime tijd daarvoor gereed te vertrekken; de passagiers
waren in het vliegtuig gebleven en er werd geen brandstof getankt.

Als gevolg van het grote aantal geparkeerde vliegtuigen was de taxibaan slechts
gedeeltelijk beschikbaar en de verkeersleider liet daarom de PH-BUF en de N736PA
achter elkaar op de start- en landingsbaan taxién. De PH-BUF had uiteindelijk de
opdracht de start- en landingsbaan 12 geheel af te rijden en aan het eind een 180°
bocht te maken. De N736PA die drie minuten na de PH-BUF de start- en
landingsbaan 12 opreed, had daarbij de opdracht die baan bij de derde afslag te
verlaten.

Aanvankelijk bestond er bij de bemanning van de N736PA enige onzekerheid bij
welke afslag de start- en landingsbaan moest worden afgereden, maar een nader
contact met de verkeersleider maakte duidelijk, dat bij de derde afslag de baan
moest worden verlaten; gezien vanuit de rijrichting moest daartoe een 144° bocht
werden gemaakt.
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Tijdens het taxién van beide vliegtuigen verminderde het zicht tot ongeveer 300 m.
Dit had tot gevolg dat de verkeersleider de beide vliegtuigen en de betrokken
vliegers elkanders vliegtuig mist konden waarnemen; de drie betrokken partijen
waren voor het volgen van de posities der vliegtuigen geheel van de
radiocommunicatie afhankelijk.

Om 17.03 uur vroeg de verkeersleider de bemanning van de PH-BUF te melden
wanneer deze gereed zou zijn om de "ATC-clearance” te ontvangen. Omdat de
bemanning van de PH-BUF, welke op dat moment het einde van de baan naderde,
nog bezig was met het afwerken van de stuurhutcontrolelijst, werd hierop nog niet
ingegaan. De bemanning van de N736PA werkte tijdens het taxién eveneens de
stuurhutcontrolelijst af. Het vliegtuig reed voorbij de derde afslag, zonder dat de
bemanning deze als zodanig onderkende.

Om 17.05.41 uur stond de PH-BUF opgelijnd in de startrichting op baan 30 en was
de stuurhutcontrolelijst afgewerkt. De tweede bestuurder merkte tegen de
gezagvoerder op dat er nog geen "ATC-clearance” was verkregen, waarop de
gezagvoerder antwoordde: "Nee, dat weet ik, vraag maar”. De tweede bestuurder
riep de verkeersleider op met: "KLM four eight zero five is now ready for take off
and we are waiting for our ATC-clearance”.

De verkeersleider antwoordde om 17.05.53 uur: "KLM eight seven zero five, you are
cleared to the Papa beacon; climb to and maintain flight level niner zero, right turn
after take off, proceed with heading zero four zero until intercepting the three two
five radial from Las Palmas VOR". Tegen het einde van dit bericht zei de
gezagvoerder - alleen in de stuurhut hoorbaar -: "Ja". De tweede bestuurder las om
17.06.09 uur (112 seconde na het einde van het bericht van de verkeersleider) dit
bericht terug: "Roger Sir, we are cleared to the Papa beacon, flight level niner
zero, right turn out zero four zero until intercepting the three two five and we are
now (at take off) (eh taking off).

[Uit de geluidsbanden is niet komen vast te staan, welke woorden hier precies door
de tweede bestuurder zijn gebezigd.]

Ongeveer halverwege dit teruglezen zei de gezagvoerder - alleen in de stuurhut
hoorbaar -: "We gaan”, hij vermeerderde het motorvermogen en liet de remmen los.
De verkeersleider die heeft verklaard te hebben begrepen dat de tweede
bestuurder aan het einde van zijn bericht had gezegd: "We are now at take-off
position”, antwoordde om 17.06.18,19 uur: "Okay", wachtte bijna twee seconden
terwijl de zender ingeschakeld bleef, en zei vervolgens om 17.06.20908 uur: "Stand
by for take-off, | will call you". De N736PA taxiede op dat moment ter hoogte van
de derde afslag. De gezagvoerder van de N736PA heeft naderhand gezegd de vrees
te hebben gehad, dat de aan de PH-BUF verstrekte klaring door de bemanning van
dat vliegtuig als startklaring zou kunnen worden opgevat. Hij drukte,in de korte
pauze na het door de verkeersleider gebruikte woord "Okay" om 17.06.19,3 uur de
microfoonknop in en zei: "No, eh". De tweede bestuurder van de N736PA zei vrijwel
gelijktijdig (17.06.20,3 uur): "And we are still taxiing down the runway, the clipper
one seven three six".

Het samenvallen van de uitzendingen van de verkeersleider en de N736PA op
dezelfde frequentie resulteerde in de stuurhut van de PH-BUF in een sterke
fluittoon van 17.06.19,39 tot 17.06.23,19 uur, tengevolge waarvan daar niet
verstaanbaar was hetgeen gedurende die tijdsruimte door de verkeersleider en de
bemanningsleden van de N736PA is gezegd.

De verkeersleider, die de laatste vijf woorden van de tweede bestuurder van de
N736PA direct na zijn eigen uitzending had opgevangen, vroeg vervolgens om
17.06.25,47 uur: "Papa Alpha one seven three six, report when runway clear". De
tweede bestuurder van de N736PA antwoordde om 17.06.29,59 uur: "Okay. Welll
report when we're clear”, waarop de verkeersleider antwoordde: "Thank you".
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Deze laatste berichtenwisseling is op de "cockpit voice recorder” van de PH-BUF
geregistreerd. De boordwerktuigkundige-vroeg om 17.06.32,43 uur - alleen in de
stuurhut hoorbaar -: "Is hij er niet af dan?". De gezagvoerder vroeg daarna:"Wat zeg
je?", waarop de boordwerktuigkundige de vraag stelde: "Is hij er niet af, die Pan
American?”. De gezagvoerder antwoordde: "Jawel". liet vliegtuig had op dat
moment, 17.06.35 uur, eer. snelheid van 100 knopen bereikt.

Om 17.06.40 uur zag de gezagvoerder van de N736PA in de mist op een afstand van
ongeveer 700 m de landingslichten van de PH-BUF; hij heeft verklaard na enkele
seconden te hebben beseft dat de PH-BUF op hen af kwam en aan het starten was.
Hij vermeerderde onmiddellijk vermogen op alle motoren en begon het vliegtuig
naar links te laten draaien om de baan zo snel mogelijk te verlaten.

Om 17.06.44 uur begon de gezagvoerder van de PH-BUF de rotatie. Om 17.06.47,44
uur slaakte de gezagvoerder een uitroep en trok het stuurwiel volledig naar
achteren, waardoor het vliegtuig overroteerde en de staart van het vliegtuig over
een lengte van 22 m over de baan schuurde.

Om 17.06.50 uur vond de botsing tussen beide vliegtuigen plaats; daarbij was de
PH-BUF geheel los van de grond. De N736PA was inmiddels tenminste 34° naar links
ten opzichte van de baanrichting gedraaid. Het neusgedeelte en de neuswielen van
de PH-BUF passeerden over de romp van de N736PA, terwijl de wielstellen onder de
vleugel en onder de romp tegen de rechtervleugel van de N736PA ter hoogte van
motor 3 botsten. De romp en de motoren 2, 3 en 4 sloegen door het cabinegedeelte
van de N736PA. De PH-BUF viel vervolgens terug op de baan en schoof over een
afstand van ca 450 m verder, waarbij het vliegtuig gaandeweg desintegreerde. Door
de brandstof,die uit de opengescheurde tanks stroomde, stonden beide vliegtuigen
en het gebied er tussen terstond in brand.

Van 17.09.41 uur af riep de verkeersleider beide vliegtuigen bij herhaling op. Korte
tijd later werd met het blussen van de brand en de hulpverlening een aanvang
gemaakt.

6. nopens de voor de beide bemanningen geldende werk- en
rusttijdenregelingen:

Voorafgaande aan 27 maart 1977 heeft de bemanning van de PH-BUF voldaan aan
de bepalingen van de werk- en rusttijdenregeling. De vlucht van Schiphol naar
Tenerife en de voorgenomen vlucht naar Las Palmas pasten in de werk- en
rusttijdenregeling.

De werk- en rusttijdenregeling van de bemanning van de N736PA stand de
voorgenomen vlucht naar Las Palmas evenmin in de weg.

7. voor wat betreft de vluchtschrijvers en de "cockpit voice recorders":

De vluchtschrijvers (digital flight data recorders) en de "cockpit voice recorders”
van beide vliegtuigen werden na het ongeval afgelezen en gesynchroniseerd. De
synchronisatie werd bemoeilijkt door het ont-breken van een regelmatig
terugkerend synchronisatiesignaal op de diverse banden.

Beschouwingen en conclusies.

Niet is gebleken dat enig lid van de verkeersleiding of enig lid van de bemanningen
van de onderhavige vliegtuigen ten tijde van het ongeval niet of in verminderde
mate geschikt was voor het uitoefenen van zijn functie. Evenmin is gebleken dat bij
een van hen enige bijzondere gemoedstoestand te dezen een rol van betekenis
heeft gespeeld.
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Enerzijds in aanmerking nemend de spanningen, welke bij bemanningsleden van
een vliegtuig in hun werksituatie plegen op te treden, en anderzijds rekening
houdend met de hierboven, omschreven ervaring van voornoemde
bemanningsleden, valt, naar het oordeel van de Raad, niet aan te nemen dat de
door de onderwerpelijke werksituatie bij de bemanningsleden opgeroepen
spanningen voor een van hen te groot waren.

Voorzover kon worden nagegaan heeft de technische staat, waarin elk van beide
vliegtuigen verkeerde, niet tot het ontstaan van het ongeval bijgedragen.

Uit het onderzoek - daarbij met name gelet op de hierboven omschreven toedracht
van het ongeval, meer in het bijzonder op de daarin weergegeven samenloop van
gebeurtenissen, en de verklaringen van de ter zitting gehoorde deskundigen, een en
ander bezien in onderling verband en samenhang - is de Raad gebleken dat ter
voorkoming van een soortgelijk gebeuren in de toekomst:

I. het wenselijk is dat voorschriften worden gesteld. ingevolge welke:

A. een vlieger (indien de omstandigheden dit toelaten) niet eerder een taxiklaring
vraagt dan nadat hij een "departure instruction” en/of "en route" klaring heeft
gevraagd, ontvangen en door teruglezing heeft bevestigd;

B. een vlieger het aanvragen van een startklaring (take-off clearance) nimmer
vergezeld doet gaan van enig ander bericht;

C. (indien practisch uitvoerbaar) een "departure instruction” en/of "en route”
klaring en een startklaring (take-off clearance) via verschillende frequenties
worden verstrekt;

D. de woorden "take-off" uitsluitend worden gebruikt bij het aanvragen, geven en
bevestigen van een startklaring;

E. de veiligheid van het zich gelijktijdig op een start- en/of landingsbaan
bevindend verkeer (taxiénde, startende er landende vliegtuigen alsmede ander
verkeer) wordt gewaarborgd, met name wanneer de verkeersleider slechts over
radiocommunicatie beschikt en die start- en/of landingsbaan niet onafgebroken kan
waarnemen;

F. afslagen (exits) van een start- en landingsbaan worden voorzien van duidelijk te
onderkennen plaatsaanduidingen, waarbij elke aanduiding overeenstemt met het
desbetreffende teken op de overzichtsschetsen welke ten behoeve van het taxién
worden gebruikt;

G. bij radiocommunicatie tussen vliegtuigbemanning en verkeersleiding voor de
bemanning nader gebruik van standaarduitdrukkingen wordt voorgeschreven, welke
zijn afgestemd op voorgeschreven standaard-, uitdrukkingen voor de
verkeersleiding;

Il. het aanbeveling verdient dat:
A. de verkeersleiding naast radiocommunicatie andere systemen ter beschikking

heeft, zoals grondradar, blokbeveiliging, visuele bevestiging door middel van
lichten en zogenaamde datalink, zulks teneinde met behulp daarvan tijdens slecht
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zichtomstandigheden het verkeer op start- en landingsbanen en zo nodig op
taxibanen doeltreffender te kunnen regelen en controleren;

B. in de "cockpit voice rerorder” van een vliegtuig een regelmatig terugkerend
signaal wordt opgenomen ter synchronisatie met de in dat vliegtuig aanwezige
"flight data recorder”.

Aldus gedaan door Mr. C. Stal, voorzitter, W.M. van den Bosch, O.P. Koch en Ir.
J.J.P. Moelker, leden, A.J.W. Wiijting, plaatsvervangend lid, en H.F.O. Hagen,
plaatsvervangend buitengewoon lid, in tegenwoordinheid van 's Raads secretaris Mr.
J.C. Nieuwenhuijsen. en in het openbaar uitgesproken door de voorzitter op 31 juli
1979, in tegenwoordigheid van 's Raads plaatsvervangend secretaris Mr. R.G. Mazel.
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Part One of the Spanish Report

KLM, B-747, PH-BUF and Pan Am B-747 N736 collision at Tenerife Airport Spain on 27
March 1977

Report dated October 1978 released by the Subsecretaria de Aviacion Civil, Spain, in
both Spanish and English

1.1 History of the flight

The KLM Boeing 747, registration PH-BUF, took off from Schiphol Airport (Amsterdam) at
0900 hours on 27 March 1977, en route to Las Palmas de Gran Canaria. This flight was part
of the Charter Series KL 4805/4806 Amsterdam-Las Palmas (Canary Islands)-Amsterdam
operated by KLM on behalf of the Holland International Travel Group (H.I.N.T.), Rijswijk-
Z.H.

The Boeing 747 registration N736PA, flight number 1736, left Los Angeles International
Airport, California, United States, on 26 March 1977, local date, at 0129Z hours, arriving at
John F. Kennedy International Airport at 0617Z hours. After the aeroplane was refuelled
and a crew change effected, it took off for Las Palmas de Gran Canaria (Spain) at 0742Z.

While the aeroplanes were en route to Las Palmas, a bomb exploded in the airport
passenger terminal. On account of this incident and of a warning regarding a possible
second bomb, the airport was closed. Therefore, KLM 4805 was diverted to Los Rodeos
(Tenerife) Airport, arriving at 1338Z on 27 March 1977. For the same reason, PAA 1736
proceeded to the same airport, which was its alternate, landing at 1415.

At first the KLM passengers were not allowed to leave the aeroplane, but after about
twenty minutes they were all transported to the terminal building by bus. On alighting
from the bus, they received cards identifying them as passengers in transit on Flight KL
4805. Later, all the passengers bearded KLM 4805 expect the H.I.N.T. Company guide, who
remained in Tenerife.

When Las Palmas Airport was opened to traffic once more, the PAA 1736 crew prepared to
proceed to Las Palmas, which was the flight's planned destination.

When they attempted to taxi on the taxiway leading to runway 12, where they had been
parked with four other aeroplanes on account of the congestion caused by the number of
flights diverted to Tenerife, they discovered that it was blocked by KLM Boeing 747, Flight
4805, which was located between PAA 1736 and the entrance to the active runway. The
first officer and the flight engineer left the aeroplane and measured the clearance left by
the KLM aircraft, reaching the conclusion that it was insufficient to allow PAA 1736 to pass
by, obliging them to writ until the former had started to taxi.

The passengers of PAA 1736 did not leave the aeroplane during the whole time that it
remained in the airport.

KLM 4805 called the tower at 1656 requesting permission to taxi. It was authorized to do so
and at 1658 requested to backtrack on runway 12 for take-off on runway 30. The tower
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controller first cleared the KLM flight to taxi in the holding Position for runway 30 by
taxiing down the main runway and leaving it by the (third) taxiway to its left. KLM 4805
acknowledged receipt of this message from the tower, stating that it was at that moment
taxiing on the runway, which it would leave by the first taxiway in order to proceed to the
approach end of runway 30. The tower controller immediately issued an amended
clearance, instructing it to continue to taxi to the end of the runway, where it should
proceed to backtrack. The KLM flight confirmed that it had received the message, that it
would backtrack, and that it was taxiing down the main runway. The tower signalled its
approval, whereupon KLM 4805 immediately asked the tower again if what they had asked
it to do was to turn left on taxiway one. The tower replied in the negative and repeated
that it should continue on to the end of the runway and there backtrack.

Finally, at 1659, KLM 4805 replied, "0O.K., sir.” At 1702, the PAA aeroplane called the tower
to request confirmation that it should taxi down the runway. The tower controller
confirmed this, also adding that they should leave the runway by the third taxiway to their
left. At 1703:00, in reply to the tower controller's query to KLM 4805 as to how many
runway exits they had passed, the latter confirmed that at that moment they were passing
by taxiway C-4. The tower controller told KLM 4805, "0.K., at the end of the runway make
one eighty and report ready for ATC clearance.”

In response to a query from KLM 4805, the tower controller advised both aeroplanes KLM
4805 and PAA 1736 that the runway centre line lights were out of service. The controller
also reiterated to PAA 1736 that they were to leave the main runway via the third taxiway
to their left and that they should report leaving the runway. At the times indicated, the
following conversations took place between the tower and the KLM 4805 and PAA 1736
aeroplanes.

Times taken from KLM CVR.

1705:44.6 KLM  The KLM ... four eight zero five is now ready for take-off ... uh and
we're waiting for our ATC clearance.

1705:53.41 Tower KLM eight seven zero five you are cleared to the Papa Beacon climb to
and maintain flight level nine zero right turn after take-off proceed
with heading zero four zero until intercepting the three two five radial
from Las Palmas VOR. (1706:08.09)

1706:09.61 KLM  Ah roger, sir, we're cleared to the Papa Beacon flight level nine zero,
right turn out zero four zero until intercepting the three two five and
we're now (at take-off). (1706:17.9)

1706:18.19 Tower Stand by for take-off, | will call you.
1706:19.39 A squeal is heard (1706:22.06)
1706:21.92 PanAm Clipper one seven three six.

Ah Papa Alpha one seven three six report when runway clear
(1706:28.89)

1706:29.59 PanAm OK, will report when we're clear. (1706:30.69)
1706:31.69 Tower Thank you

1706:25.47 Tower

Subsequently, KLM 4805, which had released its brakes to start take-off. run 20 seconds
before this communication took place, collided with the PAA aeroplane.

The control tower received no further communications from PAA 1736, nor from KLM 4805.
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There were no eyewitnesses to the collision. Place of accident The accident took place on
the runway of Tenerife Airport (Los Rodeos) at latitude 28° 28 30" N and longitude 16° 19'
50" W. The field elevation is 2 073 ft (632 m).

Date The accident occurred on 27 March 1977, at 17 hours 06 minutes 50 seconds GMT.

1.2 Injuries to persons

1.2.1 KLM 4805

Injuries Crew Passengers Others
Fatal 14 234

Non-fatal -

None

1.2.2 PAA 1736

Injuries Crew Passengers Others

Fatal 9 317
Non-fatal 7 61%) 2 %)
Minor/none -

*) 9 of these passengers subsequently died as a result of injuries received.

**) Company employees, sitting on the cockpit jumpseats, who had bearded the aeroplane
in Tenerife.

1.3 Damage to aircraft

Damage to the aeroplanes was 100 per cent due to the impact and post-impact fire.

1.4 Other damage

The runway was damaged in the area of impact by the impact itself and by the subsequent
fire. Cost of repairs thereto amounted to 16 005 464,22 pesetas.

1.5 Crew information

1.5.1 KLM crew

a. Captain
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Nationality: Dutch
Date and place of birth: 5 February 1927, in Lisse, Netherlands

Licences:

Private Pilot's Licence issued 21.6.1947

Commercial Pilot's Licence issued 18.4.1950

Flight Navigator's Licence issued 6.8.1963

Airline Transport Pilot's Licence issued 19.10.1956 and valid until 16.6.1977
Flight Radio Telephone Operator's Licence issued 22.9.1952 and valid until
2.10.1980

Douglas DC-3 28.9.1951 |until  20.6.1962
Convair CV 240/340  23.8.1952 20.6.1962
Lockheed L749/1049 1.10.1952 20.6.1962
Douglas DC-6 12.2.1957 20.6.1962
Douglas DC-7C 6.6.1957 20.6.1962
V. Viscount 803 11.6.1959 21.7.1967
Douglas DC-9 16.3.1967 9.6.1971

Boeing 747 23.1.1971 16.6.1977

Flying experience:

Total flying time as of 27.3.1977: 11 700 hours

Flying time on Boeing 747 as of 27.3.1977: 1 545 hours
Last medical examination:

29.12.1976. Result: fit for ATPL

Last proficiency check:

25.1.1977: O.K.

. Co-pilot (First Officer)

Nationality: Dutch
Date and place of birth: 12.2.1935 in Opperdoes, Netherlands

Licences:

Private Pilot's Licence issued 31.5.1958

Commercial Pilot's Licence issued 2.3.1960

Flight Navigator's Licence issued 20.4.1966 and valid until 26.6.1977

Flight Radio Telephone Operator's Licence issued 30.12.1957 and valid until
2.6.1981

Airline Transport Pilot's Licence issued 5.6.1970 and valid until 29.6.1977

Type ratings:

Beechcraft D18S | 2.3.1960 until ' 11.7.1961
Fokker F-27 26.8.1966 2.7.1970
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Douglas DC-8 13.12.1970 29.6.1977
Boeing 747 19.1.1971 29.6.1977
Flying experience:

Total flying time as of 27.3.1977: 9 200 hours
Flying time on Boeing 747: 95 hours

Last medical examination:
29.12.1967. Result: fit for ATPL

Last proficiency check:
17.1.1967. Result: O.K.

c. Flight Engineer

Nationality: Dutch
Date and place of birth: 30.8.1928 in Amsterdam, Netherlands

Licences:

Flight Engineer's Licence issued 12.5.1950 and valid until 3.9.1977

Flight Radio Telephone Operator's Licence issued 10.6.1970 and valid until 3.9.1977
Private Pilot's Licence issued 6.9.1973 and valid until 3.9.1977

Type ratings:

Douglas DC-3 | 12.5.1950 | until | 28.3.1958

Douglas DC-6 | 28.3.1958 24.10.1960
Douglas DC-7C | 28.3.1958 24.10.1960
Douglas DC-8 | 24.10.1960 3.9.1976
Boeing 747 22.4.1976 3.9.1977

Flying experience:
Total flying time: 17 031 hours
Flying time on Boeing 747: 543 hours

Last medical examination:
16.8.1976. Result: fit for Flight Engineer

1.5.2 PAA crew

a. Captain
Nationality: American
Date of birth: 18 May 1920
Total flying time: 21 043 hours

Total 747 hours: 564
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Total last 30 days: 63:43
Total last 24 hours: 6:33
Total this flight: 0

Last medical examination: 23 March 1977:
Certificates and ratings: ATP, 747 and 707 ratings
Last proficiency check: 15.11.1976

b. Co-pilot (First Officer)

Date of birth: 14-sep-38
Total flying time: 10 800 hours
Total 747 hours: 2796

Total last 30 days: 42:39

Total last 25 hours: 6:33

Total this flight: 0:00

Last medical examination: 13.1.1977
Certificates and ratings: ATP, 747 and 707 ratings
Last proficiency check: 17.1.1977

c. Flight Engineer

Date of birth: 12-dec-30
Total flying time: 15 210 hours
Total 747 hours: 559

Total last 30 days: 52:01

Total last 24 hours: 6:33

Total this flight: 0:00

Last medical examination: 25 June 1976
Certificates and ratings:  Flight Engineer, Turbojet rating

1.6 Aircraft information

1.6.1 KLM 4805

Aircraft type: Boeing 747-206B

Registration: PH-BUF

Serial No.: 20400

vear of 47304:00:00

manufacture:

Manufacturer: The Boeing Company, Seattle, Washington, U.S.A.
Airworthiness

Certificate: No. L1877

Date of first issue: 19 October 1971 (as Certificate of Validation, valid for three months)
issued by the Department of Civil Aviation, Aeronautical Inspection
Directorate
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Date of definitive

o ; 13.12.1971
first issue:

Date of last 15.11.1976
renewal:

Date of expiry: 13.2.1977

Maintenance record

Total airframe hours as of

27.3.1977: 21195

Total number of landings: 5202

Last major overhaul/inspection: January 1975, at 13 200 hours total aircraft time

Last periodical inspection: 18 March 1977 D-11 check at 20 898 hours total aircraft
time

Maintenance Release: No. 6076 of 18 March 1977

Engines

Number of engines: four (4) Engine type: Pratt and Whitney JT-9 D-7

Engine position Serial No.

Position 1 663056
2 685641
3662694
4 662800

On the day of the accident, engine no. 1 had accumulated 15 080 total flying hours; no. 2
had accumulated a total of 16 677 hours; no. 3, 6 716 hours; and no. 4, 13 692 hours. The
corresponding number of cycles was as follows: no. 1: 3 340 cycles; no.2: 3 337 cycles;
no.3: 1 637 cycles; and no. 4: 3 399 cycles. 1.6.2 PAA 1736

Aircraft type: Boeing 747-121
Registration: N736PA

Serial No.: 19643, manufactured in January 1970 under a Standard Airworthiness
Certificate, Transportation Category

Total hours:  TT: 25725
TC: 7 195 (These hours and cycles go up to 27.3.1977 in JFK Airport)

Owner: Pan American (PAA)
Flight . 1736
number:

Maintenance record

The aeroplane was equipped with an instrument flying panel in accordance with airline
requirements under CFR 14, U.S. Code Far 121
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On 17 March 1977, at 25 726 hours total aircraft time, the aircraft received a Pre-flight
Inspection in accordance with the PAA FAA-Approved Maintenance Programme.

Engines

Engines: Pratt and Whitney JT 9 D-7CN

No. 1- Serial no. P 662403 CN: total hours: 14 364
total cycles: 4 234
No. 2 - Serial no. P 662996 CN: total hours: 13 350
total cycles: 2 824
No. 3 - Serial no. p 662256 CN: total hours: 18 511
total cycles: 6 666
No. 4 - Serial no. P 662307 CN: total hours: 16 281
total cycles: 4 838

Note.- Not included are the flying hours from JFK (JohnF. Kennedy Airport in New York to
Tenerife, i.e., 6:33 hours).

1.7 Meteorological information

At Los Rodeos Airport, this is provided by:

1. A weather observation tower located at about 400 m southwest of the approach end
of runway 30.

Another tower located at about 200 m northeast of the approach end of runway 12.
A visibility transmissometer located at about 70 m south of the runway 30
approach.

A ceilometer located in the same place.

Barometric pressure, temperature and dew point recording equipment.

Teletype for route weather information.

Visibility is reported by the tower controller when the approach to the runway in
service is in sight. Otherwise, this is done by an observer in the weather
observation tower.

Runway visual range (RVR) is not reported.

The following visibility values are given:

- Horizontal and slant approach

- Runway

- Taxiway

w N

Noo s

0 ®

QAM at approach end of runway 30 at 1630 hours

Approach horizontal visibility: 10 km
Runway visibility: 3 km
Approach slant visibility: 7to8m
intermittent light rain and fog at

Present weather: .
distance

1/8at0m, 2/8at 30 m, 2/8 at 120 m,

Cloud coverage: 2/8at 180 m
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Field altimeter setting (QNH): 1023 mb (30.21 Hg)
Sea level baro.metrlc pressure (QFE) Runway 30 949 mb

approach end:

Temperature: 14°C

Dew point: 13°C.

QAM at approach end of runway 30 at 1645 hours

Approach horizontal visibility: 8 to 10 km
Runway visibility: 2 to 3 km
Approach slant visibility: 7 to 8 km
Present weather: Intermittent light rain and fog patches
Cloud coverage: 2/8at0m. 2/8at 30 m, 2/8 at 90 m,
2/8 at 150 m
Field altimeter setting (QNH): 1023 mb (30.21 Hg)
Sea level barometric pressure (QFE)
Runway 30 approach end: 951 mb
A.D.: 948 mb
Runway 12 approach end: 949 mb
Temperature: 14°C
Dew point: 13°C

QAM at approach end of runway 30 at 1650 hours

Approach horizontal visibility: 2 to 3 km, intermittent 8 km
Runway visibility: 2 to 3 km

Approach slant visibility: 2 km, intermittent to 7 km

Present weather: Light rain and fog patches

Cloud coverage: 4/8at0m, 2/8at30m, 2/8at 60 m

QAM at approach end of runway 30 at 1702 hours

Approach horizontal visibility: 500 m, intermittent to 5 km
Runway visibility: 300 m
Approach slant visibility: 500 m, intermittent to 5 km
Present weather: Light rain and fog patches
Field altimeter setting (QNH): 1023 mb (30.21 Hg)
Sea level barometric pressure

(QFE) Runway 30 approach end: 951 mb

A.D.: 948 mb.

Runway 12 approach end: 949 mb
Temperature: 14°C
Dew point: 13°C

QAM at approach end of runway 30 at 1710 hours
Approach horizontal visibility: 4 to 5 km, intermittent 7 km
Runway visibility: 1 km
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Approach slant visibility: 4 to 5 km, intermittent to 6 km
Present weather: Intermittent light rain and fog patches
Cloud coverage: 5/8at0m, 2/8at30m, 2/8 at 90 m

QAM at approach end of runway 30 at 1725 hours

Approach horizontal visibility: 1 km, intermittent 3 km
Runway visibility: 300 m

Approach slant visibility: 1 km, intermittent 3 km
Present weather: Light rain and fog patches
Cloud coverage: 7/8at0m, 1/8at 30 m

QAM at approach end of runway 30 at 1925 hours

Approach horizontal visibility: 100 m
Runway visibility: 100 m
Approach slant visibility: 100 m
Present weather: Light rain and fog patches
Cloud coverage: 8/8at0m
Field altimeter setting (QNH): 1022 mb (30.19 Hg)
Sea level barometric pressure

(QFE) Runway 30 approach end: 950 mb

A.D.: 948 mb

Runway 12 approach end: 948 mb
Temperature: 13°C
Dew point: 13°C

1.8 Aids to navigation

1.8.1 KLM 4805

The aircraft was equipped with the following aids to navigation:

VOR/ILS:
Bendix RNA-26C 108-117, 95 MHz 3 systems

Marker Beacon:

Bendix MKA-28C 75 MHz 1 system
ADF :

Collins 51Y-7 190-1750 kHz 2 systems
DME:

Collins 860 e-3 1000 MHz 2 systems

ATC Radar Beacon:
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Collins 621A-3 1030-1090 MHz 2 Systems

Weather Radar:
Bendix RDR-1F 9375 MHz 2 systems

Radio Altimeter:
Collins 860F-1 4300 MHz 3 systems

Inertial Navigation System:
Delco Carousel IV 3 systems

Emergency Radio Beacon:
Garret Rescue-99 121.5/243 MHz 4 systems

1.8.2 PAA 1736

The aircraft was equipped with the following aids to navigation:

Description Make Model No. of systems
ADF Collins 51Y4 2 systems
DME Collins 621A-3 2 systems
VOR/ILS Collins 51RV2B 2 systems
Radar (AVQ-30X) RCA MI-592041 2 systems
Radio Altimeter Bendix ALA-51A 2 systems
Radar Beacon Collins 621A-3 2 systems

Inertial Navigation System Delco Elect =~ 7883450-041 3 systems
1.9 Communications

1.9.1 KLM 4805

The aircraft was equipped with the following communication instruments:

HF COM:

Collins 61 8T-2 2-30 MHz 2 systems
VHF COM:

Collins 618M-2B 118-135.97 MHz 3 systems
Selcal:

Motorola NA-135 1 Dual Decoder

Cockpit Voice Recorder (CVR):

Sundstrand AV-557B 1 system

1.9.2 PAA 1736
The aircraft was equipped with the following communication instruments:
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Description Make Model No. of systems
VHF King KTR-9100A 2 systems
HF Collins 61182 2systems
Audio-Interphone Ford 1-X00-185-3 1 system
Selcal Motorola NA-126AV 1 system

1.10 Aerodrome and ground facilities

Los Rodeos (Tenerife) Airport is located at an elevation of 632 m (2 073 ft). The 12/30
runway is 3 400 m (11 155 ft) long, and has two stopways of 60 m. It is 45 m wide. The
elevation at the approach end of runway 30 is 2 001 ft and that of runway 12 is 2 064 ft.
The highest point of the airport is near the intersection of taxiway 3.

Because of its altitude and location in a sort of hollow between mountains, the airport has
distinctive weather conditions, with frequent presence of low-lying clouds.

The Los Rodeos Airport was equipped with the following radio aids to navigation at the
time of the accident:

VOR/DME, TFN 112.5 Mc Normal operation

ILS 110.3 Mc Normal operation
FP Beacon, 243 kc Normal operation
NDB, TX, 410 kc Normal operation
NDB, LD, 370 kc Out of service (NOTAM Il 573/76)

Los Rodeos Airport was equipped with the following visual approach aids at the time of the
accident:

Approach lights In service
VASIS In service(that of runway 12 was being tested)
Flashers on runway 30 In service

Precision approach lighting In service
Runway centre line indicated In service

The airport was equipped with the following beacon marking system at the time of the
accident:

Lighting of the flight runway in service
Lighting of the taxiway in service

The runway centre line lights were out of service (NOTAM Il 92/77).

The air-ground communication radio frequencies in service at the time of the accident
were as follows:

- 119.7 Mc for Approach
- 118.7 Mc for Taxiing
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The following NOTAMs were in force at the time of the accident, with regard to the Los
Rodeos Airport radio aids and air-ground visual and communication aids:

1. On 15.3.1977, NOTAM I, National no. 643, International No. 382, contained the
following text: "Runway 12/30 centre line lights out of order until further notice."
(This NOTAM was changed to NOTAM II-A, no. 92/77 on 15.3.1977.)

2. On 19.3.1977, NOTAM |,- National no. 791, International no. 463, contained the
following text: "Frequencies 121.7 and 118.7 MHz being tested.” (On 25.311977, this
NOTAM was changed to NOTAM II-A, no. 108/77).

1.10.1 Magnetophone recording points in the Tenerife control tower equipment
Radio
a. Radio channels recording

The radio channels recording is performed by operator posts in the following
manner.

The reception signals heard over the loudspeaker are recorded immediately after
the loudspeaker line amplifier at the point indicated in the "Rx loudspeaker record”
diagram.

The reception signals heard by earphones are recorded immediately after the
earphone line amplifier at the point indicated in the "Rx earphone” diagram.

The transmission signals are recorded immediately before the transmission line
amplifier at the point indicated in the "Tx record" diagram.

All these signals are appropriately mixed in order to be fed into the magnetophone
recording channels in the following manner:

Operator Post A Channel 7
Operator Post B Channel 8
Operator Post C Channel 9
Operator Post D Channel 10
Operator Post E Channel 11

b. General radio recording
All the signals received by the Tower receivers, whether coming from aircraft or
from the airport’'s own ground transmitters, are recorded at a point immediately
before the radio control system, indicated in the "Rx lines record" diagram.

These signals coming from all the receivers are conveniently mixed and fed into
Channel 12 of the magnetophone.

Telephony

Telephone transmissions and messages received are also recorded by operator posts and
taken from the points indicated on the diagram as "telephone record” and "L.C.
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loudspeaker record”, being conveniently mixed and fed into the magnetophone the
following manner:

Operator Post A Channel 2
Operator Post B Channel 3
Operator Post C Channel 4
Operator Post D Channel 5
Operator Post E Channel 6

Channel 1 of the magnetophone records the time signals.

1.11 Flight recorders

1.11.1 KLM 4805

KLM Boeing 747, registration PH-BUF, flight number 4805, was equipped with a digital
flight data recorder (DFDR) and a cockpit voice recorder (CVR).

Digital flight data recorder (DFDR)

This was a Sundstrand model 573 A with 41 parameters. The box was considerably damaged
by the impact and fire. The front aluminium panel was missing, so that the tape covering
could be seen. Therefore, no serial number was immediately available, and this was
obtained from the KLM records.

1.11.2 PAA 1736

Boeing 747, registration N736PA, belonging to Pan American World Airways Company, flight
number 1736, was equipped with a digital flight data recorder (DFDR) by Lockheed Aircraft
Service Co. (LAS), Model 209-E, serial number 375. The DFDR was not damaged by fire and

suffered only sight damage due to the impact.

It was also equipped with a cockpit voice recorder (CVR), model Fairchild A-100, serial
number 504.

Both recorders were transported, duly sealed, by the Spanish Civil Aviation Authorities to
the N.T.S.B. in Washington for transcription.

1.12 Aircraft wreckage

A 1:2 000 scale plan showing the position of the wreckage of the KLM aeroplane, PH-BUF,
and of the Pan Am aeroplane, N736PA, is herewith attached.

1.13 Medical and pathological information





www.project-tenerife.tk

On account of the magnitude of the disaster, the Spanish, Dutch and American medical
authorities, as well as the Spanish Judicial Authority, agreed that the pathological teams
should work together on the tasks of identification, embalming and possible autopsies.

It was not possible to perform autopsies on the members of the KLM crew on account of
the state of the bodies.

1.14 Fire

1.14.1 Alarm and mobilization of the firefighting team

The weather conditions, with fog patches at 0 m, prevented the accident from being
immediately and directly visible from the control tower, where they only heard one
explosion followed by another, without being able to localize them or ascertain their
cause.

Moments later, an aircraft located on the parking apron advised the tower that it had seen
a fire, without specifying the exact place nor its cause.

The tower immediately sounded the fire alarm for the fire service, informing them that
there was a fire and that they should be prepared for an urgent departure. The tower had
not yet been able to locate the fire.'

Subsequently, a member of the CEPSA Co. arrived at the fire station parking lot, where the
firemen were all ready and prepared, and told them that there was a fire "to the left to
the parking area”

This was the first, though vague, indication regarding the location of the fire. The firemen
immediately communicated this information to the tower, and set out at the greatest
possible speed, which nevertheless was very low because the weather conditions resulted
in a serious risk of collision with persons, vehicles and aeroplanes, in view of the fact that
they had to cross the very congested parking apron diagonally.

Finally, they saw a bright light through the fog and when they came closer, although they
were as yet unable to see the flames, they suffered the effects of strong heat radiation.

When there was a slight clearing, they saw for the first time that there was a aeroplane
totally envelopped in flames, its only visible part being the rudder.

After they began to fight the fire, a greater clearing opened in the fog and they saw a
bright light further away, which they thought at first was a part of the same aeroplane
that had broken off and was also burning.

They divided up the fire trucks and, on approaching what they thought was only a second
focal point of the same fire, they discovered a second aeroplane on fire. They immediately
concentrated their main efforts on this second aeroplane because the first was already
totally irrecoverable.

As a result of this action, they were able - in spite of the tremendous range of the fire in
this second aeroplane - to save the left side, from which between fifteen and twenty
thousand kg of fuel were subsequently removed.
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Meanwhile, because of the dense clouds surrounding it, the tower was still unaware of the
exact location of the fire and whether one or two aeroplanes had been involved in the
accident.

1.14.2 The impact, start of and extinguishing of the fire

There is no indication of any failure prior to the impact. The distance from the approach
end of runway 30 to the Pan Am wreckage was about 1 385 m. From here to the main KLM
wreckage there was a distance of about 450 m.

The Pan Am aeroplane was at an angle of about 45 degrees relative to the centre of the
runway, i.e.,.at about 75 degrees magnetic. It is possible that it continued to move after
the impact.

Apparently, the KLM no. 1 engine only grazed the tip of the Pan Am aeroplane’s right side;
the nose and front landing gear overshot the latter aeroplane and the main landing gear
smashed against it in the area of its no. 3 engine, (See Appendix 4 showing the position of
the two aeroplanes at the moment of impact).

The KLM aeroplane was already entirely airborne when the impact took place. Its tail drag
had scraped the runway in an excessive rotation for a distance of 65 ft; the tracks on the
runway began about 300 ft before the place of impact.

Some sections of the right side of the Pan Am aeroplane were found near the KLM one,
indicating that there was indeed an impact there.

The KLM fuselage skidded over the Pan Am aft fuselage, destroying it and Shearing off the
empennage. The KLM aeroplane continued in flight, hitting the ground about 150 m further
on and sliding another 300 m on the runway. It caught fire suddenly and violently.

The four available turret trucks, with their corresponding crews, were initially used for
extinguishing the fire. Later, all the airport Fire Service vehicles, except one which was
out of service and the two first-aid Land Rovers, were added. likewise, within a few
minutes, fire fighting units from La Laguna and Tenerife joined in, with three tank trucks.
The fire was not totally extinguished until 0330 on March 28.

Five thousand kilograms of foam (Tutogene) and about 500 000 L of water were used in
order to put out the fire.

1.14.3 Fire fighting equipment

a) The Tenerife Airport Fire Fighting Unit had the following equipment available at the
time of the accident:

2 Walter Yankee 4 200 L water and 840 kg foam Turret Trucks
2 Walter Yankee 4 200L water and 800 kg foam Turret Trucks
1 Walter Yankee 3 550L water and 660 kg foam Turret Truck

1 Walter Yankee 12 000 L water truck

1 International 5 886 L water and 600 kg foam truck

1 International 750 kg foam truck (dry chemical)

2 Land Rover 250 kg powder first-aid vehicles

One Walter Yankee turret truck was out of service, as indicated in the NOTAM.
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b) Training of fire fighting team

Theoretical training takes place practically every day, in the form of classes and
explanations regarding deployment, using the wall-mounted visual displays in the fire
station.

All equipment is tested and personnel are drilled three times a month with fire-pit
exercises and dry runs, with a constant view to achieving optimum readiness as well as
maximum efficiency and rapidity of response.

Eight men are regularly kept partially suited during peak airport traffic periods. In
practice, two men are ready at all times and all the fire station trucks are ready to roll
within 30 to 45 seconds after the alarm sounds.

1.14.4 Rescue and survival

There were no survivors in the RLM aircraft, even though the impact both against the Pan
Am aeroplane and against the ground could not have been excessively violent. However, an
immediate and raging fire must have prevented adequate emergency Operations because
all the aircraft's evacuation doors remained shut even though the fuselage was not
significantly deformed.

In the Pan Am aircraft, the first-class lounge disappeared as a result of the impact, as well
as nearly the whole of the top of the fuselage. The lounge floor gave way, which meant
that the crew had to jump to the first-class section and get out through a hole in the left
wall; behind the L.1 exit. This hole was the main escape route for the passengers located
in the forward part of the aircraft. None of those in the first-class lounge survived.

According to the survivors, the shock of impact was not excessively violent leading them to
believe that the cause was an explosion. They jumped to the ground through openings in
the left side, or through door L.2 which was duly opened, from a height of 20 ft (6 m). The
left engines were still turning and there was a fire under the wing on this side. A large
number of passengers escaped off this wing, jumping from it to the grass. Explosions were
already taking place, and the ambulances appeared almost immediately.

At the centre and aft of the aeroplane, the accumulation of wreckage and twisting of
metal sheets of the fuselage must have been such that, apart from the fire which suddenly
broke out, it formed a kind of trap, preventing forward exit of the passengers.

Total evacuation time is estimated to have been about one minute. The crew and "extra
crew" helped effectively in the evacuation. Subsequently, airport personnel and even
private individuals who happened to be there also provided effective help. There were five
ambulances in the airport at the time of the accident.

The general plan of evacuation worked very much in accordance with what had been
planned in case of emergency. In general, it was carried out very rapidly and there was a
free traffic flow between the airport and the hospitals. This operation was directed by the
Civil Guard for Traffic.

Local radio transmitters requested that anyone who could help should go to the airport.
This appeal, which undoubtedly was made with the best of intentions, nevertheless had
negative consequences because, when most of the people arrived, the PAA injured had
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already been evacuated, and a traffic jam occurred which could have made the providing
of further help more difficult.

There were large-scale blood donations. All the injured were promptly and duly taken care
of in the Santa Cruz hospitals, so that it was not necessary to make use of the three
surgical teams and 89 hospital beds made available in Puerto de la Cruz.

1.15 Tests and investigations

1.15.1 In the investigation of this accident, the following tapes play a very important role:
the two digital flight recorders (DFDR), one belonging to the Pan American Boeing 747,
N736PA, and the other to the KLM Boeing 747, PH-BUF; the two cockpit voice recorders
(CVR), one of which also belonged to each aeroplane; and the Tenerife Control Tower
transmission tapes. The KLM DFDR and CVR were located in the aeroplane's tail section.
The Pan Am DFDR was located in the tail section and the CVR in the cockpit.

1.15.2 KLM DFDR

The KLM DFDR box was considerably damaged by the impact and fire. The front aluminium
panel was missing, so that the tape cover was visible. Therefore, no serial numbers were
immediately available, and these had to be obtained from the KLM Company records. The
unit's stainless steel cover was deformed and it could not be taken out of the structure. It
had to be removed by opening the welded joint by means of a hammer and chisel. At first
large scissors were used to try and .cut the casing in order to open it, but this attempt
failed. Once the casing had been removed, the shock-proof cover was separated from the
electronic section by means of an iron lever (the cover was attached to the electronic
section with an anti-shock mounting). The lid bolts were removed from the shock-proof
cover, and it was taken off. The DFDR heat insulation material had been singed and
separated from the lid.

The teflon sheaths of the magnetic recording wire connectors were not burned and had
kept their original colours. These would probably have been discoloured by temperatures
above their MST temperatures of 4000 to 4780F. The nylon cord used to tie the wire reels
was discoloured. The MST for the nylon used is 2500 to 3000F. There was no proof of
melted welding, which indicates that the temperature did not reach 3600F. Therefore, it is
probable that the temperature to which the cover was subjected was between 2500 and
3600F.

Burn marks were found on the steel disc covering the upper reel, as well as on the reading
head and on the reels themselves. The aluminium reels had a slightly golden colour. This
shade of colour could have been caused by some material which gave off gases inside the
cover during the fire.

The tape was found intact, without breakages. It was smudged and discoloured in the
places where it was revolving around the reels and the heads at the moment that the
recorder stopped working.

The mechanism had a burned area at its point of contact with the tape. It was possible to
remove the heaviest bits from the tape by using alcohol, cotton and cotton tips. It was
possible to read all the data on the tape after adequate cleaning.
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The whole of the tape except for the last six meters was on the bottom reel. The accident
data were on track 1.

DFDR tapes are made of a material called Vicalloy. They are 0.64 cm wide and 247 m long.
Four tracks are recorded - two forward and two backward. Only one track records at a
time and each track lasts approximately 6.25 hours, making a total time of 25 hours. There
are two recording heads - one going forward and the other backward - as well as two
playback and two eraser heads. The tape recording speed is 1.09 cm/sec and the playback
speed is 14.2 cm/sec.

1.15.3 The Pan American DFDR

The PAA aircraft DFDR was not damaged by fire, and only slightly damaged by the impact.
The inner and outer seals (dated 22 March 1977) were intact, as were the four screw seals
for the box (S/N 1413).

The DFDR box is a shock-proof casing. The heat indicator is outside the tape cover. A
temperature indicator (TEM PLATE) outside the tape cover showed a temperature of
between 1100 and 1200F, indicating that this was the highest temperature to which the
box had been exposed.

When the tape covering was opened up, the tape was found to be intact, without any
breakages and in excellent condition. On account of the strong impact to which this unit
was subjected, the tape had come off the reel and two revolutions had fallen off the lower
reel. The tape was handled carefully and replaced on the reels. Most of it was on the lover
reel, with approximately 28 m remaining on the upper reel.

There was no problem with playback; The data were found between 105-113 m on track 3.

The DFDR LAS tape is based on Mylar, with an instrumentation grade 1.0 mm thick, 0.64
cm wide and approximately 145 m long (of which about 142 m are used for recording). Six
tracks are registered, three forward and three backward. Only one track is recorded at a
time and each one lasts approximately 4.2 hours, making a total recording time of 25
hours. There are two recording heads (one going forward and the other backward) and two
playback heads. There are no eraser heads. The tape's recording speed is 0.94 cm/sec and
the playback speed is 30 cm/sec.

1.15.4 Boeing 747, N736PA, cockpit voice recorder

As previously stated, the Pan American aeroplane’'s CVR was an A-100, with its
identification plate missing. Pan American records show that the serial number was 504.
This Fairchild CVR was only blackened. The tape was removed, copied and transcribed in
accordance with normal procedures.

This CVR has four channels, which are recorded simultaneously. Recording is continuous,
but only the last 30 minutes are kept. On one of the channels, that corresponding to the
cockpit microphone area, all the latter's sounds are recorded. On the other three channels
are recorded the communications from the Captain, First Officer and Flight Engineer,
respectively.

Transcription of this flight recorder was carried out in the N.T.S.B. laboratories in
Washington.
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1.15.5 KLM Company Boeing 747,'registration PH-BUF, cockpit voice recorder

It was not possible to transcribe this aeroplane's CVR at the N.T.S.B. because there was no
reading equipment for this recorder in the N.T.S.B. laboratories, as the U.S. airline
companies had not acquired this type of CVR. It was taken by a representative of the
Spanish Civil Aviation Authorities to the Sundstrand equipment manufacturers in Seattle
(U.S.A.) on 5 April 1977. Members of the N.T.S.B. and KLM accompanied this
representative. When copies of the CVR were taken to the N.T.S.B., it was observed that
there were noises and echoes, and for this reason the said representative returned to
Sundstrand on April 7. New copies were made, partially suppressing the noises and echoes
and obtaining recordings of satisfactory quality.

Like the Pan Am CVR, this CVR has four channels, which are:

Channel 1: Flight engineer's communications.
Channel 2: Co-pilot's communications
Channel 3: Captain's communications
Channel 4: Sounds in cockpit area.

The transcription of the said tapes on paper was carried out in the N.T.S.B. laboratories.
1.15.6 Tape of Tenerife Control Tower's communications

The Spanish authorities made a cassette copy of the Tenerife Control Tower tape
available. The original is in the, hands and under the custody of said Authorities. A
problem arose when an attempt was made to correlate the times of the tower tape with
those of the Pan Am and KLM CVRs. The codified signal and the conversation in the tower
were recorded simultaneously on the cassette and it was difficult t, read the time signal.
Moreover, the tape apparently changed speeds, making it difficult to correlate the time
elapsed. Therefore, the Pan Am CVR was used as a basic time reference, being in perfect
agreement with this aircraft's DFDR.

The GMT time was determined by means of a transcription of the tower tape, whose
chronology it was possible to ascertain with an acceptable degree of accuracy. This
technique proved to be satisfactory as it was in agreement with the Pan Am and KLM CVR
times. The PAA and KLM speeds were adjusted in such a way that the aeroplanes’ 400 Hz
energy was synchronized with the audio laboratory clock and, therefore, with the real
time. The Pan Am CVR times were the most accurate during the initial period, on account
of the Sundstrand B 557 B recording method. The degree of error is negligible. The
Sundstrand tape is not continuous, but rather reverses its direction every 15 minutes.

The tape’s basic time reference was determined by simultaneously recording the CVR and a
digital watch on a video tape.

Subsequently the Spanish Authorities made copies of the control tower tape available;
these did not give rise to time correlation problems.

1.16 Human factors

There is no evidence of contributory medical causes.

Socio-psychological causes
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Limits on duty time of Dutch crews

Until a few years ago, the Flight Captain was able, at his own discretion, to extend
the limit on his crew's activity in order to complete the service. However, this was
recently changed in the sense of imposing absolute rigidity with regard to the limit
of activity. The captain is forbidden to exceed it and, in case he should do so, may
be prosecuted under the law.

Moreover, until December 1976, it was very easy to fix the said limit of activity by
taking only a few factors into account, but this calculation has now been made
enormously complicated and in practice it is not possible to determine it in the
cockpit. For this reason it is strongly recommended that the Company be contacted
in order to determine it.

This was the situation in Tenerife, and for this reason the captain spoke by HF to
his company's operations office in Amsterdam. There they told him that if he was
able to take off before a certain time it would seem that there would be no
problems, but that if there was any risk of exceeding the limit they would send a
telex to Las Palmas.

This uncertainty of the crew, who were not able to determine their time limit
exactly, must have constituted an important psychological factor.

. Those who serviced the KLM aeroplane in Tenerife stated that the crew appeared

calm and friendly. Nevertheless, they perhaps felt a certain subconscious - though
exteriorly repressed - irritation caused by the fact that the service was turning out
so badly, with the possible suspension of the Las Palmas-Amsterdam flight and the
resulting alteration of each person's plans, which would be aggravated by the
existence of other possible sources of lateness such as ATC delays, traffic
congestion in Las Palmas, etc.

. Behaviour

3.1 Care. This can be divided into voluntary and involuntary, or subconscious. The
increase in one brings with it a decrease in the other.

Visibility both before and during the accident was very variable. It changed from 1
500 to 300 m or less in very short periods of time. This undoubtedly caused an
increase in subconscious care to the detriment of conscious care, part of which was
already directed toward take-off preparation (completing of check-lists, taxiing
with reduced visibility, decision to take off or to leave the runway clear and
execute a difficult 180 degree turn with a 747 on a 45 m runway, in fog).

3.2 Fixtion. Two kinds: a fixation on what is seen, with a consequently diminished
capacity to assimilate what is heard, and another fixation on trying to overcome
the threat posed by a further reduction of the already precarious visibility. Fated
with this threat, the way to meet it was either by taking off as soon as possible, or
by testing the visibility once again and possibly refraining from taking off (a
possibility which certainly must have been considered by the KLM captain).

3.3 Relaxation. After having executed the difficult 180 degree turn, which must
have coincided with a momentary improvement in the visibility (as proved by the
CVR, because shortly before arriving at the runway approach they turned off the
wind- screen wipers), the crew must have felt a sudden feeling of relief which
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increased their desire to finally overcome the ground problems: the desire to be
airborne.

Possible biometrical factors

4.1 Fatigue. Although within reasonable limits, fatigue began to be felt.

4.20verload. Problems were accumulating for the captain to a degree far greater
than that of a normal flight. Likewise for the co-pilot, who did not have much
experience in 747s.

4.3 Low-frequency electromagnetic waves. According to certain studies, these have
a deleterious effect on man's intellectual performance (e.g., 400-cycle alternative
current waves in an aircraft).

4.4 Noise and vibration. Their level is quite high in a 747 cockpit.

. Other possible causes

5.1 Route and pilot-instruction experience. Although the captain had flown for
many years on European and intercontinental routes, he had been an instructor for
more than ten years, which relatively diminished his familiarity with route flying.
Moreover, on simulated flights, which are customary in flight instruction, the
training pilot normally assumes the role of controller - that is, he issues take-off
clearances. In many cases no communications whatsoever are used in simulated
flights, and for this reason take-off takes place without clearance.

5.2 Authority in the cockpit. Although nothing abnormal can be deduced from the
CVR, the fact exists that a co-pilot not very experienced with 747s was flying with
one of the pilots of greatest prestige in the company who was, moreover, KLM's
chief flying instructor and who had certified him fit to be a crew member for this
type of aeroplane. in case of doubt. these circumstances could have induced the
co-pilot not to ask any questions and to assume that this captain was always right.
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PREFPACE

The following report on the human factors in the Tenerife accident, between
KLM 4805 and Pan Am Clipper 1736, on March 27, 1977, contains the views of
the Air Line Pilots Association of the United States. It is not intended
to express an official view or opinion of the accident, as that task has
previously been fulfilled by the Spanish Government pursuant to Artiele 26
of the Chicago Convention and Annex 13 of International Civil Aviation
Organization governing the investigation of aircraft accidents in
international air transportation.

The circumstances and details of the accident as presented in this report
are believed to be as factual as possible. It must be remembered, however,
that the report is a reconstruction of the event based on the best avail-
able information, some of which may be subject to other interpretation.
There is, necessarily, conjecture contained in portions of the report,
which the Air Line Pilots Association feels is Supported by the evidence.
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A.

I. INTRODUCTION

History of the Event

At 0742 GMT (0242 EST) on March 27, 1977, Pan American Flight 1736
took off from John F. Kennedy Airport, New York, for Las Palmas in
the Canary Islands. The charter flight, a Boeing 747-100, carried
373 passengers, and had originated earlier at Los Angeles,

California. The crew of sixteen, headed by Captain Vietor F. Grubbs,
had boarded the flight at New York.

One hour and eighteen minutes later, at 0900 GMT, KLM Flight 4805
took off from Schiphol Airport, Amsterdam, also destined for Las

Palmas. KLM 4805 was also a Boeing 747 and also a charter flight
with 234 passengers and a crew of fourteen under Captain Jacob L.
Veldhuyzen van Zanten.

While the two aircraft were en route to Las Palmas, a terrorist's bomb
exploded at 1230 GMT in the passenger terminal at that airport.

Because of this incident, and a warning of the existence of another

bomb at Las Palmas, the airport was closed. Many aircraft destined for Las
Palmas were diverted to the Los Rodeos airport at Tenerife; among

them were Pan Am Clipper 1736 and KLM 4805. The Dutch airplane

landed at 1338 GMT, while the Clipper arrived at 1415 GMT. Local Time

at Tenerife was the same as GMT. Due to congestion on the ramp area
caused by the Las Palmas diversions, both TiT7s were parked in the

holding area for Runway 12, with KLM closest to the runway. (See
Appendix One.)

At about 1430, the Las Palmas airpoert was opened and aireraft at
Tenerife began departing for that island. Clipper 1736 was, how-
ever, unable to depart, since KLM 4805 was interposed between their
position and the entrance to the runway. The KLM captain had made a
recent decision to take on fuel to expedite their transit at Las

Palmas. This process prevented their immediate departure and further
delayed Pan Am.

After their fueling was completed, KLM 4805 called for start
clearance at about 1651 and Clipper 1736 requested start clearance

- some 20 seconds later. At about 1658, KLM 4805 was cleared onto the

runway and, after some initial confusion with regard to taxi route,
received an amended clearance to backtrack to the end of the
runway. Clipper 1736 also was cleared to enter the runway some
four minutes later, again with some confusion as to the taxiway

to be used to leave the runway. Visibility at this time was
variable, from good to very poor.

KLM 4805 completed its 180 degree turn at the end of Runway 12 and
lined up for takeoff on Runway 30. ATC clearance was requested at
about 1706. While the KLM aireraft was receiving its ATC clearance,
the Clipper was passing its assigned runway exit point in a thick
cloud with very low visibility.





While KILM 4805 was reading back its ATC clearance, the aircraft began
its takeoff acceleration, entering the thick cloud some 400 meters
(1300 feet) into the takeoff roll.

At 1706:4903 GMT, some five seconds after vy, KLM 4805 collided
with Clipper 1736 as the latter aireraft was turning to clear the
runway. There were no eyewitnesses to the collision.

Purpose of this Study

The purpose of this study is to attempt to determine why this
accident happened. What happened is fairly straightforward

and is the subject of an official report, published by the Spanish
Government and released in Qctober 1978.

As a result of its analysis of all available data regarding this
accident, the Study Group has identified what it believes to be the
3ignificant human aspects and system aspects which led, step by step,
toward tragigc human error, and then neutralized the opportunities for
reversal of the final outcome.

It ias not our purpose to fix blame or to determine probable cause,
but to learn from this event and to make recommendations which may
help to prevent similar catasatrophic acecidents in the future.

Scope of this Report

This report has been prepared by a study group assigned by the
President of the Air Line Pilots Association to investigate the human
factors behind aviation's most catastrophic accident. The
investigation has spanned eighteen months and three countries.

The credentials of the study group include considerable experience in
the following areas: pilot in command in international commercial
aviation; aviation safety work; and human factors training and
application. All members are pilots.

The atudy group notes with approval that the official report of
the Spanish Government has, itself, included a section on human
factors involved in this accident. We feel that this is an

- excellent beginning toward a better understanding of the causal

factors of aviation accidents, an idea whose time has finally come.
While in general agreement with the human factors analysis of the
offlcial report, the study group seeks, herein, to expand and deepen
therscobe‘gf the human factors investigation.

A
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Information contained and discussed in this report results from
data and interviews obtained at the accident site, analysis of the
transcript of air traffie control communications, analysis of both
cockplt volce recorders and flight data recorders, and interviews

with the Pan American captain and friends and colleagues of the
KLM crew.

It is recognized that some data we would like to have are either
missing or incomplete. Two of the three members used their spare
time between flights to conduct the study. Time and travel
constraints and the inaccessibility of some prineipals and some
recorded information somewhat limited our investigation. Never=-
theless, it is believed that enough data have been analyzed to form
valid hypotheses. Missing information is noted in the body of the
report.
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IT. BACKGROUND

Under BACKGROUND we have tried to recreate, for the reader, the conditions
existing at the time of the accident. To do this we have complled, as
far as possible, the pertinent historical data of the individuals

. involved, both long and short term. We have called these data "Human

' Aspects.” In addition, we have compiled the additional factors external

to the personalities themselves and which may have had some effect on the

- course of eventa. We have called these "system aspects.” It is

'k recognized that the lines are sometimes blurred between these two

categeries, and that some interplay does exist. We belleve, however,

that this is the clearest way of "setting the stage” for the analyses to
come.

" : A. Human Aspects
1. KLM Crew

KLM Captain -~ The captaln, Jacob Louis Veldhuyzen van Zanten, was
50 years cld (date of birth February 5, 1927) and had a total of
11,700 flight hours. His flight time on the B-TUT was 1545
hours. This was an average of approximately 250 hours per year
since he checked out on the aireraft in 1971. He was head of the
Flight Training Department of KLM, and a training captain, so

L some of this time was built up on training flights, which tend to
I _ be of shorter duration and have fewer operational problems than

j regular line flights. In addition to being a flight instructor

o on the B-T47, he had previously been an instructor on the DC-9.

The breakdown of the captain's flying time for the last six years

" shows that he spent the majority of his time conducting training
(1545 hours on the 747 since January, 1971). It is also of
significance that it was this captain who gave the copilot his
T47 qualification check some two months earlier.

The captain was in good health at the time of this aceident.
His hearing and vision were both normal for someone of his age
and he did not wear glasses. The Company doctor knew of no
current medical problems with the captain. His most recent

airman's medical examination was on December 2, 1976 with no
walvers.

L w . The captain reported for duty for this trip at 0745 GMT (0845
s local time). He had been on duty for 9 hours and 21 minutes at the
time »f the accident.

‘f The amount of rest he received during the previous night is not
known. His previous night's activities and food consumption
are not known.





KLM First Officer - The first officer, Klass Meurs, was 32 years
old (date of birth February 14, 1945) and had a total of 9,200
flight hours. He had logged 95 hours in the B=T47 since his base
check and type qualification check by Captain van Zanten on
January 17, 1977.

The first officer's most recent airman's medical examination

was taken on December 2, 1976. He reported for duty at the same
time as the captain. His previous night's activities, meal
consumption and sleep are not known. It is not known what he
actually ate or drank during the day of the accident.

KLM Flight Engineer - The flight engineer, Willem Schreuder, was

48 years old (date of birth August 30, 1928) and had a total of
15,210 flight hours. He had been on the B-T47 for about one
year and had accumulated 540 hours on the aircraft. He was also

a private pilot and was a member of the flight engineers' aero
club. .

A friend of his has stated that the flight engineer was not in
favor of integrating the functions of that position with those of
the pilot crewmembers such as communications, navigation, and
general monitoring of the operation of the flight. He is said to
bave felt that flight engineering should consist of specialized
emphasis on powerplant and systems analysis and maintenance
considerations. He is described as having "a very positive
personality" and showed no reticence in expressing his opinions.
This trait was shown at Tenerife, as we shall show later.

Mr. Schreuder was a principle founder of, and first President of,

- the European Flight Engineer's Organization, a post he still held

on the day of the acecident.

The flight engineer's most recent airman's medical examination
was taken on August 16, 1976. He reported for duty at the same
time as the captain. His previous night's activities, meal
consumption and sleep are not known. It is not known what he
actually ate or drank during the day of the accident.

Pan Am Crew

Pan Am Captain - The captain on the Pan Am aireraft, Vietor
Grubbs, was 56 years old (date of birth May 18, 1920). He had
21,043 hours total flying time and 564 hours on the B-TH7
alroraft. His last medical examination had been on March 23,

1977, and his most recent proficiency check was on November
15, 1976. .y
He had a nap the afternoon or evening prior to the flight and ate
a normal dinner after awakening. He reported at the airport
about 00:45 local (0545 GMT). The accident occurred at 1706 GMT,
11 hours 21 minutes later. Their scheduled takeoff time from
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New York was 01:45 local; but because of a late arrival of the
aireraft from its origin in Los Angeles, the actual takeoff time
was one hour late, 02:45 loecal.

He had a snack during the delay in New York, but he did not recall

eating during the flight or while they were on the ground at
Tenerife.

Pan Am First Officer - The first officer on the Pan Am aircraft,
Robert Bragg, was 39 years old (date of birth September 14,
1937). He had 10,800 hours total flying time and 2,796 hours

on the B-TUT aireraft. His last medical examination had been

on January 13, 1977, and his most recent proficiency check was
on January 17, 1977. He was a very senior and experienced first
officer at the time of this accident.

The first officer's previous night's activities, meal consumption
and sleep are not known. It is not known what he actually ate or
drank the day of the accident.

Pan Am Flight Engineer - The flight engineer on the Pan Am
aireraft, George Warns, was U6 years old (date of birth
December 12, 1930)}. He had 15,210 hours total flying time and
559 hours on the B-T47 aircraft. His last medical examination
had been on June 25, 1976.

The flight engineer's previous night's activities, meal
consumption and sleep are not known. It is not known what he
actually ate or drank on the day of the accident.

Alr Traffic Controllers

At the time of the accident, air traffic control was provided by a
ground controller and an approach controller, co-located in the
control tower. A third controller was occasionally present to
provide relief or perform errands. The ATC workload at Tenerife
on this particular day was unusually heavy because of the number
of alrcraft that had to divert there after the bomb explosion at
Las Palmas. The tower controller position was not manned because
of a lack of personnel but the tower control frequency (118.7
MHz) was used by both the approach controller and ground
controller (see German incident report in Appendix Three). The
Pan Am aircraft was cleared onto the runway by the ground
controller while the KLM aircraft was cleared onto the runway by
the dﬁproach controller. Their clearances were given on different
frequencies. The accent of the ground controller made it very
difficult for the Pan Am ®rew to understand their taxi clearance.
This confusion was not cleared up until they talked with the
approach controller and verified their taxi instructions. Both
controllers came on duty at approximately 10:00 a.m. local time.
We do not have information on their rest or what food they had
eaten. Although both controllers were interviewed after the
accident, the information contalned in this report ls drawn
mainly from the cockpit voice recorders of both aircraft and a
transeript of the ATC approach control frequency (119.7).

6





B-

System Aspects

1-

Time Factors

One of the strong concerns for the KLM crew, as they sat on the
ramp at Tenerife, was related to the duty time they had
available. The regulations concerning duty time were complex and
crews were lnstructed to ask for help interpreting them. They
were personally and legally responsible for abiding by the
maximum flight and duty time regulations and their conversation
expressed great concern about being able to return to Amsterdam
that evening while remaining within the regulations.

They had an HF conversation with KLM headquarters in regard to
their duty time situation. The message they received indicated
that departure from Las Palmas as late as 1900 GMT would be
possible but a message confirming this would be walting for them
when they got to Las Palmas.

As the KLM crew prepared to leave Tenerife, they knew that there
would be a time slot for leaving Las Palmas, but were not sure

‘what it would be. In order to allow minimum ground time at Las

Palmas, the captain decided to take on enough fuel at Tenerife
to fly back to Amsterdam.

At Las Palmas the only ground time they were expecting would be
the time required to exchange passengers and handle catering
requirements, which would probably take 15«20 minutes. The group
of passengers walting at Las Palmas had been at the terminal for
about six hours., If they could not depart Las Palmas, it would

* be very difficult to find lodging for all the passengers for one

night.

The KLM station manager at Las Palmas was very efficient and
could be counted on to expedite matters.

An additional factor that could delay departure from Las Palmas
would be a delay in receiving ATC clearance. Clearance could
be delayed because of coordination problems among the various
centers (Canaries, Casablanca, Spain, France, Belgium, and
Amsterdam) or for various other reasons.

In any event, their departure time from Las Palmas, if in fact
they\could depart, was 1n doubt. '

Technical Malfunction

The KLM aircraft had a slow hydraulic fluid leak that had been on
the aircraft for several days. The only thing they were able to
do with 1t at that time was to check it at each stop and
replenish the fluid as necessary. They thought the leak came
from a turbo relief valve not properly seating in the hydraulle
system. It was a very slow leak in system number two. They put
in 35 liters of hydraulic fluid at Tenerife.
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3. Weather Conditions

The cloud conditions at Tenerife are usually very different from
those at most airports throughout the world. The airport is 2073
feet above sea level. Clouds that are 2000 feet above ground

level on the sea coast, just a few miles away, are on the ground at
Tenerife and exhibit very different characteristics from normal

fog patterns.

In addition to the unusual ecloud conditions, local high terrain
around Tenerife causes a venturi effect at the airport, so that
the local condition of increased wind speed and decreased
pressure can result in inereased cloud density.

From the pilot's standpeint, this causes greatly variable
visibilities, as clouds blow by, with non-homogeneous cloud densities
from cloud to cloud. Visibility may vary from quite good at one
moment to below minimums the next. The conditions cause extreme

difficulty for pilots in determining proper visibilities for
takeoff or landing.

The collision took place in a cloud of very high density, which
accounts for the fact that there were no eyewitnesses. The first
indication to the tower controllers that something was amiss was
the sound of two explosions a few seconds apart.

4, Political Unrest

The situation that prevailed at Tenerife the day of the accident
was one of uncertainty. A terrorist organization had set off a

- bomb at the Las Palmas airport which initially caused the diveraion
of many flights to Tenerife. Although the bombing did not
directly affect pilot or controller pre-accident behavior, there
was some degree of concern as evidenced by comments on the KLM
CVR and the Pan Am CVR.

o The tower controllers were sensitive to the political situation.
This is clear in their initial reaction to the sound of the
explosions. In a later interview they stated that their first

i ' | thought was that the fuel tank near the tower may have been blown
i up.

5. Alirport Facilities
AN

The Tgnerife airport was never designed to accommodate the large
number” of aircraft that were diverted there the day of the

‘ accident. As a result of parking congestion on the ramp, it was
necessary for the controllers to devise an ad-hoe taxi routing
for the two jumbos which involved both being on the active

runway at the same time. The contrdllerg were required to
provide aireralft separation under very poor visibility conditicns
without the aid of ground radar. The tower bullding was being
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refurbished and reequipped. Since RVR measurement equipment
was not available, the controllers were not able to provide
accurate visibility information to the KLM or Pan Am pilots.

In addition, the runway centerline lights were out of service.

Language on the Radio

The controllers' normal language was Spanish; the KLM crew's was
Dutch; and the Pan American crew's was English. Although ATC
instructions were given over the radioc in English, information
transfer may have been adversely affected due to accent and
terminology used by each party transmitting on the approach
control frequency. (Refer also to "Crew Management Factors",
"The Ambiguous Words" and "Summary”, all contained within the
Analysis Section.)

.1"‘-\\





III. FACTUAL NARRATIVE

- When both the KIM and the Pan Am aireraft arrived at Tenerife, the weather
was sunny. About 1600 local, some low clouds started moving across the
-~ field. The density of the clouds, when they moved in, varied from dark

-to light and they were moving at the windspeed, which was about 12 to 15
knots. .

In the KLM aireraft there was. some discussion about being fogged in at
Tenerife, but most of the concern seemed to be directed toward duty time
considerations.

In the Pan Am aircraft the APU was running all the time and it was

. comfortable in the cockpit. Passengers were permitted to visit the
cockpit in small groups while the flight ecrew answered questions about
the airplane and the flight. The crew appeared to be alert, although
evidence of some fatigue was apparent in the Captain's remark that he was
ready to "hit the sack." Both aircraft were aligned in approximately the
. same direction. The KLM aircraft blocked Pan Am's path to the runway and
was apparently all that kept the Pan Am aircraft from leaving Tenerife.
The space available for taxi was measured by the Pan Am first officer and
. flight engineer but there was not enough room to get around KLM., The KLM
aireraft was refueling at this time.

The KLM crew appeared friendly and relaxed during their wait on the

ground at Tenerife. Prior to starting engines, their conversation touched
on a number of subjects. The CVR transeript does indicate they were
concerned about their present situation. They discussed the time

required to get back to Amsterdam and how this affected their duty day.
There was some indication they were thinking about their families, who,

they felt, may become fearful upon hearing of the bomb blast at Las
Palmas airport.

The captain mentiocned the evening news broadecast to which his wife
normally listened.

The crew got their papers on board from the Tenerife handling agent about
1645, after refueling had been completed. At about 1651, KLM called for
start clearance. This resulted in a comment from the Pan Am cockpit:
- "gha, he's ready!™ Clipper 1736 requested their own start clearance as
the KLM was starting engines. They were asked to stand by while
instructions were given to Sunjet 282. The Pan Am crew began the pre-
start chebklist while passengers left the cockpit.

-,
The KLM captain,‘hith his comment "easy, easy, easy, give the man a fair
chance", appeared to be the moderatipg pace within the cockpit. However,
two minutes later he called ground control for start clearance, a
funetion that is normally performed by the first officer. He made this
call before the prew-atart portion of the checklist was complete.

KLH was cleared to taxi and hold short of Runway 12. When they changed
to approach control frequency, they asked to backtrack on Runway 12 so
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they could take off on Runway 30. The approach controller cleared KLM to
taxi on the runway but to exit at the third taxiway on the left and
proceed to the holding position for Runway 30. KLM read this back as
exiting by the first taxiway. The approach controller then amended his

. elearance, directing them to taxi straight down the runway and make a

backtrack.

This was acknowledged by the first officer. About a minute later, as
they were taxiing down the ruhway, the captain asked the approach
controller if they were to turn left at Taxiway C-1. The controller
again directed them to taxi straight down the runway, which they then
did. A short time after this, as they were approaching Taxiway C-#, the
captain asked the first officer if he was to turn off there. The first
officer answered no, that they had been cleared to backtrack.

In the meantime, the Pan Am aircraft had started engines and was ready to
taxi. They were initially cleared to hold short of the runway and then
received clearance to taxi down the runway behind the KLM aireraft. The
ground controller directed them to leave the runway at the third taxiway
on their left. There was a great deal of difficulty and confusion
understanding these instructions within the Pan Am cockpit because of the
heavy Spanish accent of the controller as he spoke English. The captain
expressed the desire to hold short of the runway and wait for the KLM
aircraft to take off. The tower never received this information. When
they changed to approach control, their instructions were repeated and
the Pan Am aircraft taxied onto the runway. '

There was still some confusion as to whether they were to leave the
runway at the first or the third intersection on their left.

As the Pan Am aircraft taxied to the runway, the visibility was about 500
meters and the runway centerline lights were out. The visibility
decreased. shortly after they turned onto the runway and was estimated by
witnesses to be less than 100 meters. Their taxi speed on the runway was
about 9-10 knots. :

When the approach controller asked the KLM aircraft for their position on
the runway, the first officer replied that he thought they had just
passed charlie four. The controller acknowledged this position report
and asked them to make a 180 degree turn at the end of the runway and to
call him when they were ready to receive their ATC clearance.

A few seconds,érter the KLM first officer's conversation, the captain
asked if the runway centerline lights were available. The KLM
windshield wipers had been on for over two minutes at this polint
indicating the probable presence gf*heavy moisture with the resulting
reduced visibility.

Shortly after this request, the Pan Am first officer again called to
‘confirm that they were to turn off the runway at the third taxiway. From
the CVR transcript, this appeared to be before they had passed any
taxiways and it seemed finally to clear up their confusion.
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During this discussion between the Pan Am alrcraft and the approach
controller, the windshield wipers in the KLM ailrcraft were turned off, as
the cloud in which they had been taxiing blew past them and out into the
approach course, leaving them in good visibility.

~The Pan Am Crew studied the airport layout chart prior to entering the
runway but did not recall referring to it while taxiing. Before they
arrived at the first taxiway, they felt certain where they were to go.

As they taxied down the runway, they counted taxiways as they passed
then.

They are heard, on the CVR, to call ocut "there's one" and "that's two",
but there is no mention of passing a third taxiway.

The KILM aircraft completed its 180 degree turn in relatively clear
weather and lined up on Runway 30. The next cloud was some 500 meters
(3000 feet) down the runway moving toward the aircraft at about 12 knots
(six meters per second). The captain started to advance the throttles,
but was reminded by the first officer that they did not yet have their
ATC clearance. The captain then retarded the throttles and directed the
first officer to call for the ATC clearance.

At about 1706, KIM 4805 was given the following ATC clearance: "KLM
elght seven zero five you are cleared to the Papa beacon, climb tc and
maintain flight level niner zero. Right turn after takeoff, proceed with
heading zero four zero until intercepting the three two five radial from
Las Palmas VOR.™ ‘

Toward the end of this transmission of the ATC eclearance, the CVR showed
that the captain made the exclamation: "Jal" (yes). Some five seconds
later, while the first officer was still reading back the ATC clearance,

the captain said "We go---check thrust" followed by the sounds of engine
spin up.

The CVR showed that the last portion of the first officer's readback
became noticeably hurried and less clear. He ended his readback with the
words, "We are now - uh - takin' off" or "We are now at takeoff."

The cbntroller then said, "Okay (pause) stand by for takeoff, I will call
you." On the KLM CVR, the portion of this transmission following the
word "okay" 1s overlayed by a high pitched squeal, and the tone of the
eontroller's voice i1s somewhat distorted, though understandable.

In Clipper 1736, upon hearing the KLM first officer advise that they were
"taking off™ or "at takeoff," and the controller's "okay" and pause, the
Pan Am first officer transmitted: . "and we're still taxling down the
runway - the Clipper one seven three six." It was this transmission that
caused the squeal and the distortion in the KLM cockpit of the
controller's transmission directing them to stand by for takeoff. The Pan
Am transmission was itself almost totally blocked by the controller's

. transmission to KLM. Only the words "clipper one seven three six" were
heard in the tower. The controller then said: "Papa Alpha one seven
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three six, report runway clear," to which the elipper replied: "okay,
we'll report when we're clear." During these transmissions KLM 4805
continued to accelerate on its takeoff run.

Aboard the KLM aircraft, the flight engineer asked, "Is he not clear
then?” The Captain said, "What did you say?" The flight engineer: "Is
he not clear, that Pan American?®™ To this, both captain and first
officer responded with a positive and almost simultaneous, "Yes." About
seven seconds later, the first officer called, "V one."

On the Pan Am aircraft they commented on the apparent hurry of the KLM
captain. Shortly thereafter, they saw the lights of KLM 4805, The
realization came suddenly that the other airplane was accelerating toward
them. The first officer exclaimed, "Get off, get off, get off." The Pan

Am CVR records the sound of the takeoff warning horn as the captain
pushed the throttles to the forward stop.

On hearing "V one", the KLM captain eased back the control columm to
lighten the nose wheel. Three seconds later the Dutch crew saw directly
in front of them, the shape of Clipper 1736 turning to KLM's right in its
attempt to clear the runway. The captain pulled the control column all
the way aft. KLM 4805 pitched up, striking its aft fuselage on the
runway and leaving a 20 meter long streak of metal embedded in the
surface of the runway. The KLM 747 broke ground just before its impact
with Clipper 1736 at a point 1300 meters down the runway and near the
intersection of taxiway charlie four.

The Clipper's aft fuselage and right wing area were destroyed by the
impact as fire broke out immediately. The KLM aircraft with its main
gear sheared off, sank back to the runway some 150 meters farther on,
initially sliding straight ahead near the runway centerline. As it slid
to a stop, the fuselage slowly deviated toward the right hand edge of the

runway and rotated clockwise. Evidence indicates that the fire on KLM was
immediate and extensive.

ey
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IV. ANALYSIS

The sequence of events in this accident can be divided into two phases.
The first consists of those events that occur prior to the start of the
takeoff acceleration. This section then deals with the possible reasons
that the Dutch crew thought they were cleared for takeoff. The second
phase consists of the events following the start of takeoff and deals

with the possible reasons that three opportunities to arrest the takeoff
were missed.

A. Before Start of Takeoff

1. Stress Factors - KLM Crew

The primary cause of stress on the KLM crew was the uncertainty
caused by legal limits on their duty time and the potential
effects on the completion of their flight. Family concerns,
the extremely variable weather and a hydraulic leak also
contributed to the stress level.

In December 1976, the Work and Rest Regulations for Flight Crews
were changed by the Duteh Government. As a direct result of
this change, computation of work and rest time became rather
difficult and the captain no longer had any disecretion in
extending duty time. The crew was legally responsible for
abiding by the maximum limits of the regulations, and
conversations on the CVR indicate that they were concerned
about belng able to return to Amsterdam that evening while
still remaining within the limits prescribed by the regulatioms.

© They discussed the possibility of fines, imprisonment or loss of
licenses, should the time limits be exceeded. The possibility
of ATC delays and labor-related problems with controllers in
Spain and France were also discussed.

Additional stress may have been imposed by the threat of chaotic
conditions that would result if the flight were terminated short
of Amsterdam. Hotel rooms were severely limited in Tenerife and

, Las Palmas. Should the flight remain in either of those resorts,
the logistic problem would be immense and the expense of
providing food and accommodation for more than two hundred
unexpected people would be very high. In addition, the
protracted delay of the aircraft could be expected to cause
further delays and aireraft scheduling problems throughout the
KLM 3ystem. A regular line pilot may have dismissed these
concerns as "part of the jJob"™. A pileot who is also a company
official could, however,-have felt his reponsibility in these
matters more keenly.

They talked about the bomb explosion at Las Palmas and
wondered what effect news of it would have in Amsterdanm.

The captain mentioned the evening news broadecast to which his
wife normally listened, and said: "At home they must be upset.”
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The CVR indicates that some concern was expressed about the
weather and its effect in their impending takeoff. Prior to

start the captain said: "Hurry, or else it will close again
completely."

As mentioned previously, the minor hydraulic leak had to
await repair at Amsterdam.

After 9 hours and 21 minutes on duty, the onset of some degree
of fatigue cannot be ruled out.

Stress Factors = Pan Am Crew

Stress on the Pan Am crew was caused by the long delay in their
flight imposed by the Spanish authorities and extended by the
decision of KLM to refuel. Some fatigue was in evidence, caused

by a delayed, late night departure, their long duty time and a
time zone change of five hours.

On arrival at Tenerife, the Pan Am captain had requested to hold
at altitude since they had adequate fuel. The Spanish
controllers refused this request and ordered them to land.

When Las Palmas was reopened at 1430 GMT, after the bomb
explosion, Pan Am called the tower requesting clearance to start
engines. They were advised there was no ATC delay but that they
may not be able to taxl because of the KLM TUT parked between
them and the runway. This was confirmed by a measurement made by

the first officer and flight engineer.

The Pan Am CVR contains several comments, concerning the fact
that they were being delayed because the KLM aircraft was
suddenly taking on fuel. As the captain comments at about

1637, "...We thought we would be gone an hour ago uh but all of
a sudden he's got two big truck loads of gas...he said in a half
hour he'd be gone and we're going to be right behind him." The
Pan Am crew was ready to leave Tenerife and they were a little
irritated at the delay caused by the XKLM aircraft.

While they had been waiting on the ground, the weather was slowly
deteriorating. In response tc a passenger's question, the
captain commented at 1652:52 that there was fog outside. This

was in marked contrast to the clear weather they had when they
lande@.

The captain made one comment at 1646:31 about being “ready for
the sack." They had taken off from New York that morning at 0742
GMT after arriving at the airport about 0542 GMT. They had

been on duty for just over 11 hours when they started engines

at about 1655 GMT.
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Stress Factors - Alr Traffic Controllers

On the day of the accident the controllers at Tenerife were
working under the effect of stress caused by a series of special
circumstances: The bomb explosion at Las Palmas and a possible
bomb scare at Tenerife Airport; an unusual amount of traffic
produced by the diversion of aireraft from Las Palmas added to
the normal aircraft operations; the buildup of fatigue due to the
combination of the above conditions and several hours on duty;
some confusion caused by the operation of three different
frequencies by two controllers.

The approach controller appeared to be hesitant when glving taxi
instructions to the KLM aireraft when it came up on his
frequency. After initially telling KLM to "...taxl into the
runway and leave the runway (third) to your left," he changed -
it to "...taxi straight ahead for the runway and make a
backtrack." This introduced an element of confusion in the KLM
cockplt that was somewhat cleared up after the captain asked if
they were supposed to turn left at taxiway Charlie one. The
controller then told them to taxi to the end of the runway and
make a backtrack.

There were several occasions where the controller paused in the
middle of a transmission as if to gather his thoughts. This
tendency, as we will see later, was most significant when he
acknowledged the KLM clearance readback with "Ckay--stand by for
takeoff, I will call you." Also, on several occasions later in
the transcript, the approach controller misidentified KLM

4805 as KLM 8705. Another call sign change, applied to Pan Am
only once, was very crucial. The results of these small errors
will be explored under "Filter Effect."

Since this tower, like most towers, was not equipped with an area

microphone and recorder, a complete and objective study of events
therein was not possible.

The Training Syndrome

"Training Syndrome" is an expression used by the study group to
describe a condition where an individual who is heavily committed
to training others may be susceptible to a blurring of the lines
of distinction between the training environment (the "unreal®
worldhand line operation (the "real"™ world). The KLM captain's
background centered on the world of air carrier training. It is,
therefore, important to reyiew the differences between that
environment and the one in which he found himself at Tenerife.

The task of a training instructor is to compress the maximum

amount of training into the available simulator or airplane time.
In order to accomplish this, he may delete normally realistic ATC

procedures and delays when training and checking a crew.
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There are no ATC constraints in the simulator and only minimal
constraints to operation of the training aireraft. In the
simulator, the instructor acts as the controller, always
responding affirmatively to the trainee pilot's requests for
expedited handling during emergencies. The instructor generally
issues ATC and takeoff clearance to the crew just prior to the
final items of the pre-takeoff checklist. There is never a need
for the crew to hold the simulator in position awaiting takeoff
¢learance.

The tralning instructor must train and check to specific training
manual standards according to guidelines set down by the Chief of
Training. As a result a successful check ride depends on the
successful accomplishment of a series of specifiec and highly
standardized tasks which, once accomplished, are checked off and
forgotten. An instructor frequently follows the same scenario
each time in checking details. Instead, a line flight in the
real world 1s a continuous exercise of judgment and experience,
rather than an assemblage of individual tasks.

An instructor has difficulty in maintaining proficiency in other

than training maneuvers. He does not always get as much line
flying as desired and is not as exposed to the everyday flexible
decision making process that is so much a part of line flying.

It is significant that the KLM captain had not flown the line

in the past 12 weeks. Over the past six years, he had flown only
an average of 21 hours per month on the B=-T47T.

Crew Hanagement Factors

' Evidence from both CVRs indicates a different style of crew

management in each cockpit. Since the final responsibility for
safety of flight rests with the captain, it is critical that
capability for a two-way exchange of information be maintained at
all times between the captain and his ecrew.

The KLM cockpit crew behavioral profile centered around a captain
who gave the appearance to the rest of the crew that all factors
had been considered and a safe takeoff was ensured. Such a
posture was undoubtedly enhanced by the captain's position in the
company as Head of the Flight Training Department. Whenever
upper management captains fly line trips, there is a natural
subtle tension in the cockpit atmosphere that is not found
betwegn regular line crewmembers.

As the KLM aircraft was taxiing down the runway, the pacing and
mood of the captain appeared to change as they passed Taxiway

C-1. t may be at this point that the captain was beginning to

be loaded up with the problems that had to be solved before they
could take off. Witness statemonts from people who dealt with the
KLM crew before taxiing indicate the captain was kind, easy to
talk to, and self assured. What may have occurred here is an
evolution of this captain's mood as he started to concentrate to
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a greater degree on those considerations necessary for getting
airborne and on the way, back to Las Palmas and Amsterdam. A |
short time after this, as they were approaching Taxiway C-U4, the
captain asked the copilot if he was to turn off there. This is
one of the first indications that the captain had prioritized the
communications with the controller behind other items of

concern.

The EKLM first officer was relatively young and new in his
position and appeared to be mainly concerned with completing his
tasks so as not to delay the captain's timing of the takeoff. He
only made two comments in order to try to influence the captain's
takeoff decision. " When the captain first began pushing up the
thrust levers, he said, "Wait a minute, we do not have an ATC
¢learance." The captain, rather than admitting to an oversight,
closed the thrust levers and responded by saying, "No, I know
that, go ahead ask." The second occurrence was at the end of the
ATC clearance readback. The KLM first officer.observed that the
captain had commenced the takeoff and finished the ATC clearance
readback by stating, "We are, uh, taking off" or "We are at
takeoff"™ over the radio. After many hours of replaying the
tapes, 1t is difficult to be sure what statement the first
officer made. For this reason, we assume that neither the
approach controller nor the Pan Am crew were positive about what
was said. The Study Group belleves that this ambiguous statement
by the first officer was an indication that he was surprised by
the KLM captain's actions in commencing the takeoff. We belleve
the first officer thought something was wrong with the takeoff

decision by the captain, and tried to alert everyone on frequency

that they were commencing takeoff. The KLM captain did not
comment on his first officer's radio transmission but rather
became immediately involved in setting takeoff power and tracking
the runway centerline.

The Pan Am cockplt exhibited a very different crew coordination
plcture from that of KLM. Both pilots were experienced on the
T47, the first officer having been on the aircraft somewhat
longer than the captain. The captain has been described as

easygoing and friendly, while the first officer has a confident
and positive personality.

When Pan Am was waiting to taxi onto the runway, the captain
commented twice to the first officer that he would prefer to
remain clear of the runway. In the first case, the first officer
was in the midst of a transmission to the ground controller. The
second comment was made while the first officer was ending a
response to the ground controller and changing frequencies. In
the 22 seconds surrounding the captain's comments, there were
four communications transmissions (incoming and outgoing) and 1
frequency change. Because of this, the first officer does not

recall hearing the captain state his preference to remain clear
of the runway. .
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6.

When contact was established with the approach controller he
confirmed the instructions to taxi onto the runway and the

captain complied without pursuing the issue further. The captain
could have made his request directly to the controller, but did
not. The Study Group notes that, in intermational aviation,
where communications difficulties and language problems are often
the norm, a pilot will often comply with an instruction that may
not be his precise choice but is understood by both parties
rather than risk confusing the issue by pressing a request for
change. The captain stated during an interview after the _
accident that this was one of his considerations at the time.

The Third Left

A look at the airport diagram (appendix 1) shows that the "third
taxiway to the left", which Clipper 1736 was instructed to use,
is C~3. The Pan Am airport chart did not designate the taxiways
by number, nor were they necessary, since the taxiways at
Tenerife were not identified by signs or other markings.

This taxiway is 73.8 feet wide and has stabilized non load-bearing
shoulders. To tranaition to C-3 and then resume direction on the
parallel taxiway would have required a 148 degree left turn,
followed by a second 148 degree right turn onto the parallel
taxiway. That taxiway is also 73.8 feet wide.

The turning radius charts made available by the aircraft
manufacturer show that it takes a minimum pavement width of 142
feet to make a 180 degree turn with the B-747, The amount of
space required to turn 148 degrees is not specified. The Pan Am
crew, on reviewing the airport chart, felt that it might be
possible to negotiate the first reverse turn using the extra
space provided by the 150 foot wide runway, but did not believe
it possible that another 148 degree turn would be made from cone
narrow taxiway to another.

The study group has determined, using a scale drawing, that this
turn is a practical impcossibility. With the airecraft starting on
the centerline of Charlie 3, in the normal taxiing position, a
minimum radius right-hand turn of 148 degrees would inevitably
result in either the nose wheels or the right wing gear leaving
the load bearing surface. Further, if a B-TU47 pilot were to
follow the taxi guidelines, he would undershoot the corner by a
very large distance. (See illustration next page.)

Thus, t;; Pan Am crew was convinced that the controller must have
meant them to leave by C-U, an exit involving a left turn of only
35 degrees or so. Reinforcing this conclusion was the fact that,
having seen other B-TU7 aircraft at Tenerife, they believed that
the controller must have been familiar with its critical
geometry. Once having reached that conclusion, and considering
the previous confusion regarding their route, they belleved it

better to proceed with their plan, rather than further question
the controller.
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The Transition From Charlie Three

It was mentioned earlier, that the Pan Am crew counted taxiways
as they passed them, but a third is not mentioned. Yet they had
almost reached the fourth taxiway when the collision occurred.
The study group has calculated that Clipper 1736 was passing the
third left at the time the ATC clearance was being delivered to
KLM 4805. In the Pan Am cockpit, someone started to speak, then
stopped when KLM asked for their clearance. As the controller
delivered the clearance to KLM, the Pan Am c¢rew was silent.

Since they were unfamillar with Tenerife Alrport, and since they
knew they could expect the same departure as that given KLM, the
Pan Am crew was probably concentrating deeply on the clearance
being given. The silence and the Pan Am captain's almost
verbatim recollection of the clearance attest to this. This
concentration on the aural chamnnel rather than the visual
channel, along with the very low visibility may have prevented
their seeing taxiway C-3 as they passed.
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B.

After Start of Takeoff

1.

Filter Effect

"Filter effect" is an expression which the Study Group uses to
describe a phenomenon which, we believe, had a significant
adverse effect on the events which led to the Tenerife accident.

We define "filter effect™ as the peculiar manner in which an
individual screens and rejects or admits to the brain incoming
physical stimuli. The following diagram models the human
information processing system--including the filtering--that
oceurs between sensation, perception, and decision. In order to
make a decision one must first perceive; and it is clear that
something which is heard (sensation) may not be perceived or
acted upon.
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Courtesy: Ronald Hurst, Pilot Error

One of the primary limitations of the human information-
processing system 1s the initial relevance placed on an incoming
message. To determine the admiasibility of information, the
filter uses a complex system of stimuli, or keys, which have been
registered from both long-term and short-term experience. Thus a

" pllot can listen to a busy+radio frequency but may only perceive

those messages preceded by his company name and trip number.

Another characteristic of the "filter effect™ is its variability.
The "fineness,™ which determines the amount of information
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allowed to pass, 1s a function of the attention required from an
individual in the performance of a separate and simultaneous
task. Thus if the pilot's workload is high, such as that
encountered during initial takeoff roll, the filter may be
closed, or nearly closed, admitting nothing but the most urgent
messages. On the other hand, if the attention demand of the
flying task 1s not great, the filter may be open, allowing the
brain to process a variety of information.

The Study Group is convinced that the "filter effect" was
operative in neutralizing three important opportunities to arrest
the chain of events that led to this accident.

The first opportunity occurred early in the takeoff roll when the
controller advised KLM, "Okay----stand by for takeoff, I will call
you." We believe that nothing after the word "okay" passed the
filters of the Dutch crew, thus they believed the controller's
transmission approved their announced action in taking off. The

-reason for this 1s that the second part of that transmission was

overlaid by a loud squeal caused when the Pan Am first officer
transmitted that they were still on the runway. The controller's

‘transmission could still be understood in the KLM cockpit if one

were listening closely but the radio interference caused a change
in the timbre of the controller's voice and made it sound as if
another station were broadcasting. Thus, an important key, the
familiarity of the voice controlling them, was lost, and the
message did not pass the filter.

The second opportunity came within seconds of the firsat when the

, controller asked Pan Am to report clear of the runway and the Pan

Am first officer responded. The two transmissions were as
follows: APP: "Roger Papa Alpha one seven three six report the
runway clear. "Pan Am: "Okay we'll report when we're clear.” It
was a tragile coincidence that for the first and only time that
day the controller used the call sign "Papa Alpha" instead of the
familiar "Clipper," the "key" registered on their filters by the
short-term experience of the Dutch crew. So the second key was
lost, the second message escaped perception and another
opportunity to avoid disaster was missed.

The third opportunity occurred when the KLM flight erngineer asked
if Pan Am was clear of the runway. This was asked in a
tentative, unsure manner and was curtly dismissed by both pilots.
It 1glto be noted that, at this time, the alreraft was just
entering the thick cloud bank, now 400 meters down the runway.
Both pilots were contending with heavy demands on their attention
as the visibility rapidly worsened. The flight engineer, to the
contrary, had completed the heaviest part of his workload and was
now reverting to an instrument monitoring role. His filter was
probably a little more open than those of the pilots. It is our
opinion that the flight engineer, like the pilots, did not
percelve the message from the controller to Pan Am asking them to
report the runway clear. (Because of the use of the address
"Papa Alpha.") However, he prcbably perceived the response from
the Pan Am first officer due to the "key” of the familiar voice,
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which had been heard several times earlier that day. If that was
the case, he would have heard only, "Okay, we'll report when

we're clear." Clear of what? The flight engineer was unsure.
Thus his question to the captain lacked the force of convietion
and he was easily dissuaded. The final opportunity to avoid
disaster was lost.

2. The Ambiguous Words

During the weeks following the aceident, many experienced
pecple listened repeatedly to the last few words of the
readback of KLM's ATC clearance. These words were on three
different tapes; different speakers, different filters, and
different tape speeds were used. In spite of all this,
investigators are about evenly divided as to what was said.

The words are either "We are now at takeoff"™ or "We are now uh
takin' off.™ The inability to determine what the words are is
due to the fact that the words are hurried and the voice
tremulous, signs of the acute stress the KLM firat officer must
have felt as he noted the takeoff had begun. That these words
were also ambiguous to the other parties listening at Tenerife
that day is evident, and the ambiguity was significant to the
outcoma.

The controller thought that KLM meant that he was at takeoff
position. He started to acknowledge the readback with an
"Okay," then paused, as though not totally sure. During the
pause he probably made the decision to cover either
eventuality with "Stand by for takeoff."

Upon releasing his microphone button, the controller heard the
words "Clipper 1736." At that time he must have weighed the
relative importance of receiving an acknowledgement from KLM or
responding to Pan Am. Since one's first impression is the
strongest, he probably felt sure that KLM had simply reported
reaching the takeoff position and that, in any event, he had
covered the situation, sc he chose to call Pan Am.

The word (or letters) "OK" can be ambiguous also; to the
controller it was either a word of acknowledgement or a
delaying term to allow a moment to think. It can also mean
a host of other things, such as a state of well-being, a
checkoff of a task accomplished, or a statement of approval.
It couid have had the latter meaning for the KLM crew.

~

C - Suma! ! ey

The KLM captain assumed that he had received takeoff clearance due to
development under stress of a false hypothesis that the runway was
clear. Development of this false hypothesis was probably caused by
both long-term and short-term factors.
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The long-term factor which contributed most to the development of the
false hypothesis was his behavioral conditioning as a result of

nearly constant exposure to the training environment. This is
discussed under "Training Syndrome™ in ocur analysis.

A number of short-term factors contributed to the development of the
false hypothesis. They include:

1.

4,

Inadequate visual information caused by low visibility. Due to
the unusual and variable weather conditions associated with

Tenerife, the entire runway environment was not visible to the
KLM captain.

Misleading aural information. A4s KLM was nearing the end of the
runway, the following conversations took place: Pan Am: "Would
you confirm that you want the Clipper one seven three six to turn
left at the third intersection?" APP: "The third one sir, one,
two, three, third, third one." Pan Am: "Very good, thank you."
It is significant that there was silence in the KLM cockpit at
this time, indicating that they were listening. These
discussions could have led the KLM captain to believe that Pan Am
was looking at C-3 taxiway and wanted one additional confirmation
before using it. Once Pan Am appeared to comply with the very
definite "one, two, three, third" clearance given by the
controller, the KLM captain may have assumed the Pan Am aircraft
was initlating a turn off the active runway.

Reinforcement. From the radio conversations between the KLM
first officer and the controller, the captain could have inferred

. that the only remaining obstacle, once the 180 degree turn was

made, was receipt of the ATC clearance. After the turn, the
captain started to push up the thrust levers and was reminded by
the first officer that they did not have an ATC Clearance. The
first officer then told the controller they were ready for
takeoff and were waiting for their ATC Clearance. This implied
request for two clearances in a single transmission could have

fixed the false hypothesis that any positive response would
satisfy both requests.

In delivering the ATC clearance, the controller gave them a
"right turn after takeoff...." This use of the word takeoff in
what was strietly an ATC clearance could certainly have
reinforced any assumption that & takeoff clearance had been
given. AN

The last reinforcement of the errcneous takeoff decision occurred
when the first officer told the controller, "We are now-uh-takin
of f™ or "We are now at takeoff." The controller acknowledged
"Okay (pause)" followed by a high-pitched squeal and a
transmission from an apparently unfamiliar source.

In addition to the above, the takeoff decision was heavily influenced
by both long- and short-term stress factors associated with time.
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Long-term stress factors which encouraged an expedited takeoff
included crew duty time limitations, worsening weather conditions,
passenger anxlety and family concerns.

Short-term stress factors included both the psychological tendency to
continue after completing the 180 degree turn, and the timing of the
takeoff between clouds. The turn required a high degree of
concentrated visual workload in relatively clear weather. After
completing the turn, the captain saw that the next high density cloud
was some 900 meters in front of him. He also saw that the distance
was shortening very rapidly as the cloud moved toward him at about 12
knots (6 meters per second). For several reasons, the B-7U7 can
present very difficult ground directional control problems: First,
the nosewheel is relatively small and lightly loaded. Second, the
moment arm from the main gear to the tall is very long, causing large
turning moments in crosswind conditions. Third, thrust application
is usually asymmetrical from engine to engine in the initial stages
of throttle movement. These effects are compounded on a wet runway
which was the condition at Tenerife. It is probable, therefore, that
the Captain wished to accelerate at least to the speed for full
rudder effectiveness (about 80 knots) before entering the cloud
ahead.

After the takeoff decision was made and the tower apparently advised,
there must have been a very strong sense of relief in the KM
cockpit. All of the day's problems and delays were behind them and
the trip could continue. Since directional control absorbed most of
the attention of the captain and first officer, only the flight

engineer, who was monitoring the radio conversation, was less
susceptible to the "filter effect.”

The flight engineer probably heard Pan Am say, "Okay, we'll report
when we're clear" and was not sure what that meant. Both the captain
and firat officer dismissed the flight engineer's somewhat hesitant
query, as to whether Pan Am was clear of the runway.

The first officer surely felt that the runway was clear because he
believed the tower had understood his advisory that KLM was "uh
takin' off." Since he had heard no instruction disapproving this
action, he assumed there was no objection. The Captain had already
made his decision to take off much earlier and to reassess that
decision at such a eritical point in the takeoff may have seemed an
intolerable idea. Both reactions are typical of the "false

" hypothesis™ theory. Therefore, to reject the takeoff based upon
something the flight engineer thought he heard on the radio would
have been extremely difficult for the KLM captain. He elected to
override his flight engineer's concern, and continue, rather than
attempt a rejected takeoff with™a heavy airplane on a wet runway in
poor visibllity.
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1.

8.

9.

10.

1.

V. CONCLUSIONS

Throughout the events leading to the accident, it is evident that

language difficulties, including accent and idiomatic usage, degraded
information transfer.

The KLM captain was under great stress due to concern about the
legal aspects of the Dutch duty time limits and worsening weather
conditions.

The Pan Am captain expressed a desire to hold clear of the
runway, but the controller did not receive this information.

Both crews had difficulty understanding taxi instructions,
particularly those of the ground controller.

The "training syndrome" may have influenced the XLM captain's early
conclusion that he was cleared to take off.

It was possible for the KLM captain to infer that his only limiting
constraint for takeoff was lack of an ATC clearance.

The KLM crew, in a single transmission, implicitly asked for both the
ATC and takeoff clearance, and may have inferred that a single
positive response would satisfy both requests.

The ATC clearance delivered to the KLM crew contained the words "take
off," thus reinforcing the erroneous conclusion that clearance had
been given.

The Pan Am crew passed the third left taxiway in poor visibility
while concentrating on the ATC clearance being given to KLM. They

did not believe this to be their assigned exit, due to their airplane
geometry.

The controller did not obtain an acknowledgement from KLM to his
order to "stand by for takeoff.m

Ambiguous language, conflicting transmissions, the "filter effect”
and inadequate utilization of the crew concept inhibited the KLM
crew's perception of three opportunities to arrest the takeoff.

i,
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VI. RECOMMENDATIONS

1. All aeronautical communications should be conducted with precise
standardized terminology. Rigid standards should be applied to
ensure that all personnel involved in commercial aeronautical
communications are fluent in English and speak with minimal accent.

: 2. Instructor pllots should fly the majority of their flight time in
: regular line operations, so as to minimize the potential of the
"Training Syndrome."

3. The words "take off" should never be used in an ATC clearance.

4. Means should be taken to avoid confusion of an ATC clearance with
takeoff clearance. This may involve changing the name "ATC
clearance™ so that it is clearly understood to be nothing more than a
description of the route to be flown.

5. Ground radar should be installed at all air carrier airports.

6. Commercial aireraft should not taxl at any airport in visibility
conditions below 150 meters unless suitable taxi lighting or other
visual aids and airport ground radar are operational.

7. Landing lights should be on, 1f practicable, whenever an aircraft 1is
moving.

8. Strobe anti-collision lights should be installed on all air carrier
aircraft, and operated whenever practicable.’

9. A redundant means should be provided to confirm takeoff clearance
at all airports. Note: The Study Group notes with approval the
installation of a VICON (Visual Confirmation of Voice Takeoff

Clearance) system at Bradley International Airport, Windsor Locks,
Conn., USA. (See Appendix)

. 10. The roles of each cockpit member should be researched by an

- appropriate institution to determine optimum crewmember interaction
in order to mipimize the probability of human error. All cockpit
crewmembers should recelve inltial and recurrent training on the
procedures developed as a result of this research.

. ety
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VII. ADDITIONAL RECOMMENDATIONS

During the course of its investigation the Study Group met, and had to
deal with, certain hindrances to its ability to obtain all availlable

. information. Some ideas also surfaced that we felt should be emphasized,
‘though not directly associated with the Tenerife accident.

- Recommendations regarding these conditions are presented here:

1. Attention should be drawn to the negative effect which fear of legal
consequences has on the full disclosure of all factors which may
have contributed to an aviation accident or incident.

2. Attention should be drawn to the negative effect which the "Freedonm
of Information Act™ has on the thoroughness and effectiveness of
aircraft aceldent and incident investigation in the USA.

3. For purposes of accident/incident investigation, "area microphones"
and recorders similar to those in air carrier cockpits should be
insta;led in all air traffic control rooms and airport towers.

4. The quality of recording of intra-cockpit conversation on cockpit
volce recorder tapes should be improved.

5. All existing aviation medical literature regarding flight crew

nutritional requirements for optimum performance should be reviewed
and findings be communicated to the flight crew commmity.
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APPENDIX 1. TENERIFE RUNWAY AND PARKING DIAGRAM
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APPENDIX 2. KLM AND PAN AM CVR TRANSCRIPT
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COCKPIT VOICE RECORDER COMMUNICATIONS

All Times are Given in Greenwich Mean Time

LEGEND

Cockpit area microphone voice or sound source

RDO Radlo transmission from

-1 Volce identified as Captain

w2 Voice identified as First Officer

-3 Voice identified as Flight Engineer

-?  Voice unidentified

* Unintellibible word

49))] Editorial insertion

--- Pause .

APP Tenerife Approach Control 119.7 MHz.

(%) Unintellibible voice tramsmissions in background
O Words enclosed within parentheses represent the best interpretation
. of the recorded message, i.e., questionable text
UKN Unidentified source

GRD Ground 118.7 MHz

# Expletive deleted
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KIM COCEPIT COMMUNICATIONS

INTRA-COCKPIT AIR-GROUND NOTES
Timé'& Tine &
Source Content Source Content
1701:57
PAA Tenerife Clipper ome seven
three six
1702:01.3
T Clipper one seven three six
Tenerife.
1702:03.3
c? . * k x }ights
: 1702:04
PaAA We were instructed to contact

you and also taxi down the run-
way 1is that correct?

1702:08
T Affirmative taxl into the run-
way and leave the runway third,
third to your left. Third.
1702:17
PAA Third to the left, okay.
-1702:20.,2 1702:20
Cl What is this one T One two third left.
. . here?
? 1702:21.5
C2 That according to
me is the one at .
an angle Charly four 1702:23
: 5.J. Tenerife Sun Jet two eight
two we are level one one
zero climbing
- 1702:26.1 ,
S Do we havha to get
off there?
€2 No oy
1702:28.9
c2 ' Now if you do not want

to takeoff you will block
it (the runway) for
others would not you?

Cl What did you say?





“"'— KLM

INTRA-COCKPIT

Time & '

Source Content

c2 _ If you don't want to
takeoff you'll
block

1702:35.2

Cl Now then I can still
clear there at the end
I can clear it other-
wise if not eh then
(I'1l have to see)

- €2 Yea
1702:47.6
. €2 Here comes the end of
- the runway

1702:49.2

Cl A couple of
lights (to go)

\\

1703:11.4

c2 ‘ Do they have center-
line lighting?

Page 2
AIR-GROUND _ ROTES
Time &
Source Content
1702:29
T Change now to Canarias eh
frequency one two nine point
three Sun Jet two eight two
good bye,
s.J. one two nine three, so long
(sound of wipers)
(Background con-
versation in
Tower Cab)
1702:51.3
T KIM four eight zero five how many
taxi ways did you pass?
1702:56
RD2 I think we just passed Charly
four now.
1703:01
T Okay at the end of the runway
make a one eighty and report
ready for ATC clearance.
1703:09
RD2 Okay sir.





LM
INTRA~COCKPIT
Time &
Source Content
1703:18.0
Cc2 Would he know (1it)?
i
1'\\
1703:48.6 :
c? cocugh cough
1703:54.1
Cl . check list verder
((1703:48.6))
1703:57.4
c2 Brake temperatures

1703:19
T

1703:23
RD1

1703:25
T
1703:28
RD1

1703:29
PAA

1703:36
T

1703:40
PAA

1703:47
T

g

1703:55
PAA

Page 3
AIR-GROUND NOTES
Time &
Source Content
1703:14
RD1 Is the centeX line lighting

available four eight zero five?

Stand by I don't think so sir.

I don't think so stand by. I

will check. (cockpit speaker
on low volume)

Okay.

They are working on them eh
anyway will check 1it,

Okay

eh would you confirm that you
want the Clipper one seven
three six to turn left

at the third intersection? (emphasis on

third)

Third one sir, one two three
third, third one. (wiper off)

very good thank you.

Clipper seven one three six
report leaving the runway

Clipper one seven three six.

f. eng. seat going,





Lo Page 4

INTRA=-COCKPIT AIR-GROUND NOTES
Time & Time &
Source Content Source Content
~1704:05.4
C3 All in the green
1704:07.6
C2 Fuel system
1704:10.1
C3 Set for takeoff Iberia operations
: Sterling seven
1704:11.2 . one two 2 x
c2 E.G.T. alarm {(about B secounds
after last trans-
1704:12.7 : mission from
c3 Off Clipper))
1704:37.1 :
c? Hope he's gouna make it.
1704:38.0
Cl he
1704:39.2
c? I hope so too
1704:41.5 -
C3 Yes I understand elick ((3 x sharp))
Iberia operations
. .1704:48.6 Sterling seven
4 Cc2 Turn no tires from withunder one two do you
b R (does not scrub the tires) read?
1704:58
T KLM eight seven zeroc five and
Clipper one seven three six for
your information the center line
lighting 1is out of service
1705:05.8
cl Okay ™ Radio transmission
in the background
1705:08.7 “ay
cl -Check list
1705:09.5
C2 ' Cabin warned Sound of chime
1705:12.3
Cl © Yes 0.K. I will get with it.






oA Page S

INTRA-COCKPIT AIR~GROUND NOTES

Time & Time &
Source Content Source Content

1705:06
RD2 I copled that

1705:07
RD2 four elght zero five

1705:16.6
c2 flaps set eh ten en?

1705:18.6
c3 eight greens

1705:19.9
cz2 water injection

1705:21.1 .
C3 Not (mo)

1705:22.1

Cc2 jgnition
((1705:24.0))
click click click

1705:23.1 click ((1705:27.0))
C3 Is coming

1705:24.2

c2 body gear Iberian operations
, Sterling seven one
" 1705:26.1 . two ((very weak))

: C24C? (Ignition - flight start) ((simultaneously))

1705:27.1
C3 All on flight start

1705:28.3

C3 body gear 0.K.? Sigan Llamando a
\ opera liones,

1705:29.6 Adelante 2x

Cl Yes go ah@ad

C2 wipers

1705:30.4

c2 Wipers on?

1705:31.7
clL - Lights on are on

1705:32.5
c2 No the wipers

1705:33.4





KIM
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NOTES

Content

INTRA-COCKPIT AIR=-GROUND
Time & Time &
Source Content Source
1705:33.4
-C1 Now no 1'1ll wait a bhit
1705:35.4
cl If I need them I'll
ask (for them)
. 1705:36.7
C2 . body gear disarmed landing
lights on, check list
completed.
1705:41.5
C2 Wait a minute we do not
have an ATC clearance
1705:42.8
Cl No I know that, go
ahead ask
1705:44
RD2
1705:53
T
1706:07.39
Cl Yes
\‘\
1706:09
RD 2 Ty,
1706:12.85
Ccl We go ... check trust
((1706:16.11))

eh the KIM four eight zero

five is now ready for takeoff and
eh we are waiting for our ATC
clearance ((1705:50.77))

K1M eight seven zero five eh you are
cleared to the Papa beacon c¢limb to
and maintain flight level niner zero
right turn after takeoff proceed with
heading zero four zero until inter-
cepting the three two five radial
from Las Palmas VOR ((1706:08.9))

eh Roger Sir we are cleared to eh
the Papa beacon flight level nine
zero right, turn out zero four zero
untll intercepting the three two
five. We are now (eh taking off)
((1706:17.79))

((1706:13.99))
Sound of eng.
starting to spin

up
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iNTRA-COCKPIT AIR-GRQUND NOTES
Time & Time &
Source Content Source Content
NI STABLE
((1706:19.33))
"Okay" on radio
¢ _ followed by squeal
1706:18.19 ((Following the
T Okay =~- squeal word "OK" and
before "Stand BY"
1706:20.8 a squealing sound
T. Stand by for starts and lasts
takeoff through the remainde
I will call you - of this transmissior
((1706:21.79))
NOTE: squeal starts at: 1706:19.39
squeal ends at: 1706:23.19
1706:21.92
FAA *Clipper one seven
three six ((1706:23.39))
1706:25.47 o
T Papa Alpha one seven three
six report rumway clear
((1706:28.89))
1706:29.59
PAA Okay. We'll report when
. (we are) clear ((1706:31.93))
B % 9
' : 1706:31.69
1706:32.43 T Thank you - ((1706:31.93))
Cc? Is he not clear
then? (Is he 1706:34.15
not there off) PAA (Yup) NOTE: Sounds like releasing
of TWR microphone key.
1706:34.10
Ccl + What did you say?
1706:34.7 N
Cc? Is he not clear that Pan
t American (Is he there not S
off that Pan American)
((1706:35.93))
- 1706:35.70
c1 Oh yes (well yes) ((1706:35.99))
1706:43.49
c2 V one ((1706:43.88))_
1706:47 .44
Cl Oh # ((1706:48.59)) NOTE: Sound of impact 1706:49.03

END OF RECORDING 1706:49.81
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PAN AM COCKPIT COMMUNICATIONS

CAM-?

1700:54.7
CAM=-"?

CaM-1

CAM-2
CAM=3

CAM-2

1701:27.3
CAM=-1

CAM~-3

INTRA=-COCKPIT

‘Time &

Source Content
1700:27.1

CAM-2 On the hour
CAM-1 Okay there we go

Better lock that door

1700:51.1
RDO-2

He says it clear there and

it's clear all around

Yea, 1t clear all the way

ok X

1'¢ love, vea, sure would, yea,

that would be very well
appreciated

What

Using runway three one

1701:1%.5
GRD

oy,

1701:28.6
RDO-2

1701:31.6
GRD

AIR-GROUND NOTES
Time &

Source Content

1700:43.5

GRD Clipper one seven three six

cleared taxi into the runway
following the seven four
seven from KIM

Clipper one seven three six

Seven omne two stand by

Break clipper one seven three
six leave the runway dah three
one dah on to (our) left

((GRD clearance given with
Spanish accent, difficult to
distinguish between "our' and
"your" and "first'" and "third"))

I am sorry, say again please

Leave the runway the third .
one (your) left





Pan Am
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INTRA-COCKPIT ATR=-GROUND NOTES
Time & Time &
Source Content Source Content
- 1701:35.6
CAM-3 Leave the runway the
: first "N section on
¢ the left
1701:37.7

1701:40.6 RDO=2 Okay, ah, taxl down the
CaAM=-1 * * * ta]] them that " runway and ah leave the

we are clear tell em runway at the first inter-

we , section on the left, 1s

that correct? ((1701:44.4))

1701:45.6

GRD Negative the third one, the
third one and change one one
nine point seven

1701:51.1

RD-2 Okay, the first one and one
nineteen seven changing
((1701:53.9))

1701:54.2
CAM-1 We can hold clear here,
if he'd let us 1701:57.0
K RDO=-2 Tenerife the clipper one seven
three six ((1702:00.2))
. _ 1702:01.8
X ' ’ APP Clipper one seven three six
L : ' Tenerife

1702:03.6 .

RDO=-2 Ah we were instructed to contact
you and also to taxl down the
runway, 1s that correct?
((1702:07.4))

1702:08.4

N APP Affirmative, taxi into the runway

and ah leave the runway third,
T third te your left, third
((background conversation in the

tower))

1702:16.4

RDO~-2 Third to the left okay
((1702:18.3))

1702:18.4
CAM-3 . Third he said
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Page 3
INTRA=-COCKPIT AIR-GROUND _ NOTES
Time & Time &
Source Content Source Content
CAM=-? Three
1702:20.6
APP =ird one to your left
1702:21.9
CAM-1 I think he said
first 1702:23.3
282 Tenerife Sunjet two eight two
. we are level one one zero climbing
1702:26.4
CAM=-2 I'll ask him again
CAM=1? * Kk
1702:28.8
APP Change now to Canaries ah frequency
one two nine point three Sunjet
two eight two goodbye
1702:32.2
CaM-2 Left turn
1702:33.1
CAM=-1 I don't think they have oot
takeoff minimums anywhere
right now
1702:39.2 -
CaM~-1 What really happened over
there today?
1702:41.6
CAM~d They put a bomb (in) the
terminal sir right where
the check in counters are
1702:46.6
CAM=-1 Well we asked them if we could
' hold and uh I guess you got the
word, we landed here **%
_ ~ DR282 Cne two nine three so long
CAM-X * koK
1702:49;8

APP " KILM four eight zero five how
many taxiway ah did you pass?

1702:55.6

KL I think we just passed charlie
four now

1702:59.9

APP Okay =—= at the end of the runway

make one eighty and report ah ready
ah for ATC clearance ((background

conversation in the tower))
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INTRA-COCRPIT AIR~-GROUND _ : NOTES |
Time & Time &
Source Content Source Content
© 1703:09.3
CaM-2 - The first one is a
ninety degree turn
1703:11.0
CAM=-1 Yeah, okay
1703:12.1
" CAM-2 Must be the third--
I'1l ask him again
1703:13.8
KL Okay sir
1703:14.2 1703:14.2
CAM-1 Okay KL Is ah centerline lighting
' avallable for four eight zero
‘ five?
1703:16.6
CAM=-1 We could probably
go in it's ah -—
1703:19.1
CAM=-2 You gotta make a ninety
degree turn
’ 1703:19.8
APP Standby, I don't think so sir
I don't think so standby, I
will check
1703:21.6
CAM-1 Yeah uh
1703:21.6
CAM=2 Ninety degree turn to get
around this -- this one
down here it's a forty-
, ' five
i : ‘ 1703:22.9
. KL Okay
1703:25.0
APP ™ They are working on them ah
anyway we'll check it
1703:29.3
RDO-2 Would you confirm that you want

the clipper one seven three six
to turn left at the third inter-
section ((1703:35.4))

{(PaA: "third" drawn out and
emphasized))
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" INTRA~COCKPIT AIR~GROUND NOTES

Time & Time &
Source Content Source Content

1703:35.1

CAM-1 One two

1703:36.4

APP The third one sir, one two
three third third ome ((1703:

. 38.3))

1703:38.3

,  CAM=? One two (four)

1703:39.0
CAM-1 Good
1703:39.2
RDO=-2 Very good, thank you ((1703:40.4))
1703:40.1 _
CAM-1 That's what we need right,
the third ome

1703:42.9
CAM-3 Uno, dos, tres

1703:44.0
CaM-1 Uno, dos, tres

1703:44.9
CAM-3 Tres uh —— si'

1703:46.5
CAM-1 Right

1703:47.6 ' 1703:47.6
CaAM-3 We'll make it yet APP --—ar seven one three six
' report leaving the runway

1703:49.1
CAM-2 Wing flaps?

: '1703:50,2
[+ CAM=-1 Ten, indicate ten, leading
edge 1igh;§ are greem

1703:54.1 -
CAM-? Get that T

1703:55.0

RDO-2 Clipper one seven three

six ((1703:56.4))

1703:56.5
CAM-2 Yaw damp and instrument?

1703:58.6
CAM-1 Ah Bob we'll get a left one *
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INTRA-COCKRPIT AIR-GROUND ‘ NOTES
Time & Time &
Source Content Source Content
1703:59.3
- CAM=2 I got a left
1704:00.6
. CAM-1 Did you?
1704:00,9
CAM=-2 And ah need a right
1704:02.6
CAM~1 I'1l give you a little *
1704:03.8
CAM=-2 Put a little aileron in
this thing
1704:05.0
. CAM~1 Okay here's a left and I'll
give you a right one tight
here
1704:09.7
CAM-1 Okay, right turn right
and left yaw
1704:11.4
CAM-2 Left vaw checks
1704:12.4
CaM-1 Okay here's the rudders
1704:13.6
CaM-1 Here's twe left, center, two
right center
1704:17.8
- CAM=2 Checks ™.
1704:19.2 .y
CAM-2 Controls '
1704:19.6
CAM-1 Haven't seen any yet!
1704:20.3
CAM=-2 I haven't either
1704:21.7 -
CaM-1 They're free the indicators
are checked
1704:24.6

CAM=2 There's one
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INTRA-COCKPIT AIR-GROUND L NOTES

Time & Time &
Source Content Scurce Content

© 1704:25.8
CaAM-1 There's one

1704:26.4
. CAM-1 That's the ninety
degree

 1704:28.5
© CaM~? Okay

CAM~? X x %

1704:34.5
CAM-2 Weight and balance finals?

1704:37.7

CAM ((Sounds similar to
stabilizer trim))
((1704:44.8))

1704:37,2
CAM=-1 We were gomna put that on
four and a half

1704:39.8 -

CAM-3 We got four and a half and
we weigh five thirty four
((sound of stabilizer trim))

17Q%:44.6
CAM-2 = Four and a half on the right

1704:46.8
CAM-2 Engineer's taxi check

: 1704:48.4
I CAM-3 Taxl check is complete

N

1704:50.5
CAM-2 Takeoff and departure briefing?

1704:52.1

CAM-1 - Okay it'll be standard we
gonna go straight out there
till we get thirty-five
hundred feet then we're gonna
make that reversal and go back
out to * fourteen






———
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INTRA-COCKPIT . ATR-GROUND NOTES
Time & Time &
Source Content Source Content
1704:58.2
APP ~~m elght seven zerc five and
clipper one seven -~ three six, °
for your information, the center-~
line lighting 1s out of service
((APP: ° transmission is readable
but slightly broken))
1705:05.8
KILM I copled that
1705:07.7
RDO-2 Clipper one seven three six
1705:09.6
CAM-1 We got centerline

1705:22.0

CAM-1

1705:23.5
CAM-3

1705:25.7
CAM-1

1705:26.5

CAM~2

11705:27.2
. CAM-1

1705:28.1
CAM=-1

1705:28.5

CAM-3

1705:30.6
CAM~-1

markings (*only

({could be don't we))
they count the same thing
as —-~ we need eight
hundred meters if ycu
don't have that center-
lipe = T read that on
the back (of this) just
awhile ago

That's two

Yeh, that's that forty-
five there

Yeh

That's this one right here

™o

(Yeh) I know

.

Okay

Next one 1s almost a

~ forty-five, huh yeh

But 1t goes =-=
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INTRA-COCKPIT . AIR-GROUND , NOTES

Time & Time &
Source Content Source Content

- 1705:32.4
CAM-1 Yeh, but it goes —=—=
' ahead, I think
(it's) gonna put us
on (the) taxiway

1705:35.9
CAM=~3 Yeah, just a little
' ' bit yeh
1705:39.8
CAM-? Okay, for sure
1705:40.0
CAM~2 Maybe he, maybe he
counts these (are)
three
CAM-? Huh
1705:44.8 1705:44.8 :
CAM=-? I like this * * KIM Uh, the KIM ~— four eight zero
five is now ready for takeoff
-—— uh and we're waiting for
our ATC clearance
1705:53.4
. APP KIM eight seven * zero five uh
‘|$ you are cleared to the papa
' o beacon climb to and maintain
: flight level niner zero -—
right turn after takeoff proceed
with heading zero four zero until
intercepting the three two five
radial from Las Palmas VOR
((1706:08.2))
' 1706:09.6
™ KLM Ah roger sir we're cleared to
- the papa beacon flight level
- niner zero, right turn out zero
four zero until intercepting
the three two five and we're
now (at takeoff) ((1706:17.%))
1706:18.5
APP -—=K ((1706:18.8))
1706:19.3

RDO-1 No uh ((1706:19.8))





Pan Am

1706:34.9
CAM-2
1706:36.2
CAM=-13

1706:38.4
CAR-2

1706:39.8
CAM~-3

1706:40.6
CAM-1

1706:45.9
CAM=2

1706:48.7
CAM A

##) right here —~
get the ### out

of here ((chuckle))
((1706:34.6))

Yeh, he's anxious isn't he

Yeh after he heldvus up for
an hour and a half, that

i

.

Yeh, that #
Now he's in a rush

There he is===lock

at him—— @44 —
that—-thak ggp =

#4# - 1is coming

((1706:45.6)) R

Get off! Get off!
Get off! ((1706:47.9))

((Sound of takeoff warning
horn)) ((Sound of approaching
KIM engines))

Page 10
 INTRA~COCKPIT AIR-GROUND NOTES
Time & Time &

Source Content Source Content
- 1706:20.3
RDO-2 And (*) we're still taxiing down
the runway the clipper one seven
three six ((1706:23.6))
1706:25.6 . o
APP Roger pappa alpha one seven three
gix report the runway clear
((1706:28.9))
1706:29.6
RDO=2 Okay we'll report when we're
clear ((1706:30.9))
1706:32.1 1706:32.1
CAM-1 " Let's get the (* ## AP?P Thank you ({1706:32.7))
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INTRA-COCKPIT ATR-GROUND | NOTES
Time & ' Time &

Source Content Source Content
- CAM . ((Simultaneously, sound

of takeoff warning horn
emanating from Pan Am
cockpit resulting from
advancing throttles and
body gear being unlocked))

1706:50.1
CAM ((Sound of impact))
((1706:50.6)) -

1706:50.6 END OF RECORDING

R






APPENDIX 3, INCIDENT REPORT
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INCIDENT REPORT quoted in "Germany Cockpit INFO No.‘l3/77, 12/8/1978.
With a comment by Captain Sven Ruhberg (not printed).

Am 27. M3rz 1977 wurden wir wegen einer Bombenexplosion im Flughafengebaude *

von LPA nach TC! iOmgeleitet.
|

Nachdem LPA wieder angeflogen werden konnte, forderten wir auf TCI-GND 121.70

start up-clearance und erhielten auch die Erlaubnis zum Anlassen. Schon zZu

diesem Zeitpunkt fiel uns auf, dass auch andere Flugzeuge ihre Triebwerke

anliessen und in Richtung RWY 30 rollten, ohne dass auf i21.70 dafir eine

Erlaubnis gegeben worden war. Auf unserem zweiten VHF COM=Gerdt drehten wir die TWR~

Frequenz 118.70 ein und stellten fest, dass von beiden Controllern auf beiden

Frequenzen sowohl Freigaben zum Anlassen als auch Rollfreigaben erteilc wurden.

Taxi-clearance efhie!ten wir von GND 121.70, h&rten jedoch sicherheitshalber

TWR 118.70 mit ab. An der RWY 30 warteten bereits zwel Flugzeuge aus dem EG-Raum

~und eine spanische Maschine auf Startfreigaben. Die beiden erstgenannten Maschinen N

- waren in Funkverbindung mit TWR auf 118,70, dig spanische Maschine weder auf GND
121.70 noch auf TWR 118.70 zu hdren.

Alle drei'F1ugzeuge vor uns starteten, ohne auf einer der beiden o.g. Frequenzen
eine Freigabe erhalten zu haben. Dann meldeten wir uns bei TC! GND 121.70 als
“No. one for.take-off'. Die Antwort des Controllers: "Switch over to TC| -
approach on 113.70." Auf dieser Frequenz (approach)! erhielten wir dann line up-
und take-off-clearance. 5

Fazit: An diesem Tag wurden in TC| auf drei verschiedenen Frequenzen von ver= .
s;hiedenen Leuten start-up,.taxi- und take-off-clearances gleichzeitig gegeben.

Wer immer mit zwei VHF COM-Geriten auf GND 121.70 und TWR 118.70 "listening watech!
hielt, konnte keine takg-off-glearance hitharen, weil diese auf der approach=fraquenz
119.70 gegeben wurde !!!!

R )

TRANSLAT|ON

On 27 March 1977 we were diverted from LPA to TC! because of a bomb explosion in
‘the airport building.

After LPA had been opened up again, we asked for start-up cléarance on 121.70
TC1-GND ‘and also received the permission to start engines. Already at thatrtime
it was apparent to us that also other aircraft started their engines and taxied

in‘the direction RWY 30, without having been given a clearance to do so on 121.70.





On our second VHF COM-set we tuned in the TWR-frequency 118.70 and establish-.

ed that by both Controllérs on both frequencies were issued Clearances to

Start as well as Taxy C!eﬁraﬁces. We received taxi clearance from GND 121.70, but
Just to make sure we also listened to TWR 118.70. Near RWY 30 already two aircraft

from the Europeén Community area and a Spanish aircraft were waiting for take-off

clearance. Both first-mentioned aircraft were in radiocommunication with TWR on
118.70, the Spanish alrcraft could not be heard either on GND 1271.70, or on TWR 118.7¢

All three aircraft took off ahead of us, without having received a clearance on

one of the two above-mentioned frequencies. Then we reported ourseives with TCi GND
121.70 as 'No. one for take-of f''. The answer of tha Controller: “Switch over to
TCl-approach on 119.70". On this frequency (approach) we received thereafter 1ine
up and take-off clearance.

Established On this day there were issued in TCl on three different frequencies
by different persons start-up, taxi=- and take-off clearances all at the same time.
Who continuously with two VHF COM sets held a "“listening watch" on GND 121.70 and

TWR 118.70, could not listen in to any take-off clearance, because these were given
on the approach-frequency 113.70!!!!

-

Note: TC! Is Tenerife Airport.

n-‘ )






APPENDIX 4, ADDITIONAL INCIDENT REPORTS ~ TAKEOFF WITHOUT CLEARANCE

Sy





TAKEOFF EXPECTANCY

This report from the British National Aip Traffic Services highlights how

words can subtly influence wnderstanding when a person is predisposed to
@ eertain course of action.-Zd. .

At 1256Z, the 707 was cleared by Prestwick tower to the holding point at run-
way 31. This was acknowledged. ‘ .
Approximately six minutes later the flight was cleared to line UP On runway
31, This was also acknowledged. This instruction was repeated later along

1 with his ATC tlearance and acknowledged, A further instruction to “hold posi-
tion there" was read back correctly, :

At 1306Z ATC cleared him, “Flight --, after takeoff ybur.tlearance will be
st?aight ahead not above three thousand feat until advised by Prestwick radar
and the frequency will be 120.55", - o

This was acknowledged.as "Roger straight ahead there at three thousand feet,
120.55, ROLLING". . '

Prestwick tower responded "Flight =« hold position" and this instruction was
] complied with., There was, in fact, conflicting traffic, overflying the air-

field at the time.Q

N

Ty

P





- = 4. e — ——————————

We were operating a delayed departure on trip 129 and elected R/W 28 besause
of a high gross weight. Runway 1l was also active. Taxiing out on Fox~trot,
we were cleared to the approach end of 28, Prior to the intersection of 1L, I

asked the First Officer to "check." The Ground Controller reiterated, "cleared
to cross both 'north-souths'.*

As I cleared R/W 1L, | noticed the aircraft holding in position on 1R has landing
lights on. It isn't unusual for an aircraft holding to be "ready" for an lmmeliiate
takeoff. As [ was about to enter R/W 1R, the lights looked siightly more con~
spicuous. This really didn't alert me to anything being amiss, since we had
just checked on the crossing clearance. About .that time the First Officer sald,.
"Hey, he's moving."” I immediately gunned it to expédite clearing the intersec-
tion. However, as you well know, 600,000 pounds doesn't accelerate quickly.

I believe he rotated about 1,000' prior to our fntersection. He passed over our
tail at SO’ altitude. : ‘

. We immediately communicated our extreme displeasure to Ground. In a minute
or so he came back with, "It was a foul up in communicaton here," adding de- Aea
fensively. that he had the "release.” In another 90 seconds, he asked if I wanted
to file a violation? I guess their procedures ars to elicit this information. I
wasn't too happy with this punitive approach and suggested we might try to leam

from it. By then he was busy with the other traffic. It may have gone in one ear
and out the other. ' : ‘ .

~ -

y i Two observations: The other pilot could have attempted to abort as we lumbered

' ontp the runway. If so, I am certain it would have been a swerve to the right.
But, by the time he reached it, our acceleratiorn would hava us on the right side
of the intersection. Neither would have known the other's intention. Secondly,
the incident was avoidable. If landing lights ont'meant starting takeoff roll, there
could be no misinterpraetation. - - .
We use the rotating beacon to warn ground persennel that engines are operating.
We use the position lights during daytime to indicate: fatnntion of taxi, Why can't
this concept be exténded to insure against a Teferife~West? It will not increase
pilot workload. In a business that prides itself on redundant back-up procedures,
it fillg a glaring gap. ' Surely there would be little opposition. As noise abate-
ment problems increase, the use of crossing runhways will also increase. And s .
will the potential for a Teneriie type tragedy. We can eliminate that possibility. _ .






EU-UNINEEMFIONALLY (N0 OFFE WrrThont _T.0.

CLEARAMCE s MISUNDERSTOONGROUMD NONTROL. WHILE
TAXING DOUN RUNWAY GEND CONTEN. DELIVERED

CLERANCEr CREW HELD CHFCK L18T» CRFW REAN BACK
CLEARANNE , CREW MISUNOERSTNOD GRNO _TO SAY

“CLFARANCE CORRFCT, CLEAREN FOR T.N.%s CRFUW
RESUMED OK LISF FROM _MNOLOTNG P{.p BRIEFE® TN

POSITION AaMD TOOK OFF. CREW RFUIESTEND "GOING T0
OEPARTHURE NNN CLIMB, GRHD UCONTROL AOVISED FLIWBHT

HAT NUOT BEEN CLFARFN FOR T.N. CRFY APTH IGIZEN,
BRND_CNONTROL ADVISEN NN FHEOBLEM. FACTORS2 1)

MISUNIMERSTANNING 2) MO OTHFR TRAFFIfs NO OTHER
RADIOD CONVERSATINNy LACK OF "rUHES® Xy HaBIT

PATTERNS (REING (N RUMUAYr» NO 0OTHFR: TRAFFTL)
INTERRUPTEN CK. LIST LEAD 0 MISUNODRRSTAMIDING 4)

GRNIN 11D MOT ANVISE FLIGHT TN “CONTACYT TUOWER FREA.
=== WHN REAfY", THIS WM O HAVE EEFN AN 400ITIOMAL

CUE T THE CRFW. 5) THIS TOUEIS MOT IN UFERAYLION
24 HRS A IaYs SO T.N. AND LMNRS. ARE NOT EONTROLLFR

100% OF MR OPERATIONSy &) OM NCCARINM HAVE BEEN
CILLEARED FOR T.N. BY GRNO CONTRAOL AND _(MOT

NECESSARILY THIR FACILITY) CLEARED Ti1 RAMP RY
TOWFR. UNFRRTIINATE] Yr THIS PNSITIVELY REIMFNRCES

CREWS “MISUMIOERSYAMUIMG" FLIRIMNMG THE IMOIDENT.
AL THOUIH THEY ARE UNAWARE 1 IT.

TREFUORTER’S RFCOMMEMDAYIONS: THIS IMCIDENT POINTS TO THE FACT THAT IM
: i ANY _"SI.0U" 0 ROUTINE SYITUATTON WRE HAVE

TO KE EVEN MORF ALERT TO POIEMT IAL
PROELEHS . MANY FIHES, PARTICULARLY IN _

YERY REFETIVE STHEIMILED TYFE QPERATIIING,

' . WE RFLY _TO0 HEAVILY NN ESTAEBL ISHETD HARIT
' . ) PATTERNS.
-

E e

s e e






~REPOR—NARRATIVE - KL I FE-LERT DATE_AT 0802 EOR _[RIP DMA-DEN. ORTRINAL
TAKE NFF ABORTENDIE TO NO. 3M GAURE MALFUNCTINN.
' EETURNED [0 RHNWAY BUN-UP ELOCK AND ENGINE CHECKED

, NORMAL . TGUER WAS CAIlEN FOR TAKE-OFF CLEARAMNCE. ¢
“ RNTH PILNTS VERRA!LY CUNFIRMER TAKE-OFF ClEARANGE
1{ WAS RFEIVER. ALRCRAFT Was TAXIENR 0N T0 THF RUNUAY |
AND_NDRMAL_TAKE=UFF_GUMPLETED. AFIFR_AIRBORNE ¢
TOWER REPLTEN THAT NO TAME~-OFF CLERANCE HAN HEEN
BIVEN. PNSRIBLE CAIISES FOR THE INCIDENT UERE
COCKPI1 aCTYIVITY» FA ANNOUNCEMENTS» MORE q
CONVERSATION THAN ISUAL. A COMPANY FHECK PILOT UAS g
RIDIMG THE JUMP SEAT A1 THE TIME CRFATING A
. “OIFFERENT" CNCKPIT_ENVIRINMENT, q
“REFURTER?S RFCOMMENDATIONS: = = = = = = = = = = = = = = = = = = = = ¢
) :
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REPORT MARRATIVE: AT COMPLETION UF PREFLIGHT CHECK HOLTING SHNRT BF_ ¢
: . nUNWAY TIIRMED TO A 45 DEG AMBLE TO FIMAL. AFPROACH
CAHRSE IN RUN=UP_AREA_AN[ NRSFRVED SEI UN A BN
_ ARGUMI OVER NUMBER W1TH MO OTHER TRAFFIC ON EITHER
“% CEIOHINR. &y tsssrsssaBALLED THUER AND ARVISED THAT
] - "REANY FOR TAKE OFF-STRAIGHT OQUT". CLFARER FOR
TAKE DFFsases START _YOUR RIGHT TURN NOWZ. REFLIED {
TO TOUER." APPROXIMATELY OME THIRD AF WAY DNUN
RUNWAY HEARO "FNR_TAKE DFF* REPLIFD . 2. HEARD
TOUER CALL "RIBT Frtlk UHISKRY®" RFPEATED CALL FOR !
. .ANSUFRED "ARE YNU fAl LING?" [OWER FEPLIED B
NT DINNG) CLEAR YOU FOR TAHF OFF ROLLIMG® THFRE
UAS ANDITIONAL TRANSMISSION = TNUER AFPLIED “UHAT
IS NIRECTION AF FLIGHT?® REFLIED "STRAIGHT OU71°.
TNUFR_ASKED FNR_NESTINATION. REPLIFD “NOIRVHRILND ",
NO EVASIVE ACTIIUM UaS RERUIREN BY ANY AIRURAFT. 1
BELIEVE THAT ON THIS UFR SUMUAY AFTERNNON WITH
FOLUCH AMN B0 TRAFFIL PLUS TRANSIT ALRCFAFT
REFORTING ERDH_10_10_12 MILES NIT AND fHE_TAKE NFE
, _ TENSITY (WE WERE MO. 1 NF 4 AUATTIMG CLEARANCES Al
b THE. TTHE) . [HAT_COMMINICATIONS UERE MARGIMNAL ENTH
- OF THE PILOTS ON BOARN BFLIEVED 1HAT WE UERE
CI.EAREN: HOUEUER THEKE_ 1S KRNOM 70 CONSTORR A NVER
RIDE OF COMMIMICATIONS. ' ¥

-

REPNRTFR?S RECOMMENDATIONG: TN _HOLD UNUN 1 IKE MUCUPANCY SUGHEST BNTH
— GIDFS ITGE CARPLETE NUNRERSFOR DFFARTING
TRAFFIC INSTRUCTIONS - AFTER ASL L5 SAILD

{0 : ZFILOTS ANDGONIROLI.ERS ARE (R SHAULL RE
' ' i ~ fIN SAME_STUOF.
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APPENDIX 5.

VISUAL CONFIRMATION OF VOICE TAKEOFF CLEARANCE
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| . VISUAL CONPIRMATION OF vorcr o
- TAKEOFF CLEARANCE

- :' T . o " GEORCE A. SCOTT -
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S BIOGRAPHY L e

George A. Scozt is the Acting Chiaf of the Training

Requirements and Performance Evalystion Section, Air
Traffic Conergl Systems Diviszon. His career in aviation
begen back in 1948 with a U.S. Navy air sesrch and rescue

Eroup stationed in Honolulu, Havaii. 1In 1953, he joinad
- the Civil Aeronmucics Adminisecration, Air Traffic Service CT

end sarved as » communicator in Crand Taland, Nebrasks sad
later a8 m air traffic controller in the Indianapolis Air

Route Traffiz Control Centar.
1938, to work as Operations
Development Flight Tesc Cent
rejoined the FAA in 1959 4¢
Facilities Experimental Center (NAFEC), Aelantic City,

Mr. Scott laft the Caa in
Chief at the Wrighe Air

ar in Dayten, Ohio. e

the National Aviation

H.J., vherw a2 4 project manager, he was involved in such ' e

' agency programs as: ATC System

Concept. and Deve lopment;

Pacility Establishment and Envirommencal Enhancements;
Development of Enrouts ang Terninal Automation; Aviation
Westher; Controller Training and Productivicy.

ABSTRACT

On March 27, 1977, one of the most tragic
airport’ sccidents ip the hiscory of aviation
occurTed on Tanerife Ialand, Spain, snuffing
out the lives of S80 people. The probabla
cause of tha accident vas a simple varbal
misunderstanding of control instrucriona
becwaen the ' pilot of the departing aircraft
and ths airport tower tontroller. This paper
addresses a system vherein a stimulus in
addition to voice is iovolved, namely a visual
confirmation. Included herein are the basic
systam requiregents, a praliminary system
configuration, and a test and evaluation
program dedicated co answering the following
quasticns: N

1. Does the VICON system izprove safety?

2. 1s the technique feasible?

3. Can VICON be integraced into thae present
ATC system™.

4, What are tha associated costs?

Testing startad at NAFEC in April 1978 and iP-
is directed at raducing the System variablas
to a minimm, Follow-on field testing will be
completad ac Bradley Intarnational Airpore,
Windsor Locks, Commecticut. Tha paper closes

‘with a achedule that calls for completing the
. Bradlay tests in Mareh 1980.

BACKCROUND -

In just four shore years, December 1977 co
December 1976, thera were seven ground related
aircraft collisicns in the Nationmal Airspace
Systam. Analysis of these accidents has
indicated that che probable causes involved
controller JSod pilot judgment of Tuaway usage
in takeoff, landing md runway crossing
operations. Ar pPresent, runvay

utilization generally involves z single
stirulus feor receiving air traffic control
inacruceions, that of hearing a voice

instruction on the sircrafec radio.

In a oumber of the collisions mentiomed abovae,
the probable cause of the accident included 4
referance to, "the pilet noc clarifying ATC
inseructions.” This tends to indicate chat
present voice (radio) confirmation of Tunvay
usage instructions, when not Clearly
underatood by che piloe, can lesd to
undesirable and unfortunately even ynsafa
operations. It is questionable vhether
additional voice confirmation of runvay
utilization instructions (e.g., Tepeating the

. issuance

or acknowledgment of 3 ¢learance, more
detailed instruction such as Tunvay
idestificacion, ete.) would be as effective in

* This paper i3 limited to only the
takaoff portion,






uining the attention (and hopefully
sliminacing misunderstandings) of controllers
and pilot as the use of a second, independent
sensory stimulus to positively confirm the
voice instruction.

.Regardless of the weather, time of day or air
traffic situation, the pilot is expected to

" use sight as a verification of the vaice

. jostruction to ascertain if the runvay is
clear of ocher traffic before using it.
Because of factors such as weather and

' darkness, positive visual confirmstioo
{Stioulus No. 2) to verify the ATC voiee

. instruction (Stimulus No. 1) prier to .o

proceeding down tha rumway, is not slweys

possible in todays ATC system.

. In order to exsmine the use of dusl sensory
stimulus there is 2 requirement: To determine
vhether or not visual confirmatien of
concroller vaice instructions as they relate
to runvey oparstions is feasible, can such
confirmation be integrated into the present
ATC system and will it provide an added
oeasure of safety? 1In response to this-
" requirement, the FAA's Syetems Research and
Development Saervice initiated, in April 1977,
a program to develop, test snd evaluate &
Visval Confirmation of Voice Takeoff Clearance
{VICON) system. In developing the VICON
system, the following factors were considered:

1. The confirmation system shall be used as a
atandard procedure for sll takeoffs at

- sirports where there are operationsl towers,
ineluding single and multiple runway airperts,
_and cakeoffs at taxivay intersa.ticns a3 well
‘as end of runway takeoffs.

2. The visual veference shall be conspicuous
to pilots of all types of aircraft, other then
helicopters, prior to takeoff and should have
minimal impact on pilots of landing sircraft.

1. The use of the confirmation system should
have minimal impact en pilot and controller
procedures @nd cn airport cepacity.

4. For the controller, a means of activating
and verifying the sctivation of the visusl
signal shall be collocated and should be
resdily accessible to the controller and
separate from other lighting eontrols.

' 5. The visus! signal shall be distinguishable
by the pilot from other visual aids in takeoff
areas including displaced thréshold arsas and
shall meet current airpert siting criteria for
runway lighting systems.

6. 1f the takeoff visuzl confirmation concept
proves to be operationally feaaible and
beneficial, it may be used as a basis for &
similar visual confirmation system for runway
crossings . J

SYSTEM DEVZLOPMENT AND TEST

As presently defined, the VICON system is ;
basically a set of signal lights located

adjacent to the runwvays at takeoff locations

and a system control panel located in the

tower cab. Thesa two components are connected

by either hardwire or radio contral links.

Various techniques for automatically

controlling the intensity of the lights and

for turning the lights "off" after manual ‘
activation by the tower controller are being ;
tested.

To determine if s visual signal confirming a

takeoff clearance is operationally accaptable

and technically reliable, & two-phase

evaluation was selected. Phase I, wvhich is .
being conducted st the National Aviacion i
Facilities Experimental Center (NAFEC)

Atlantic Cicy, Naew Jersay, is designed to

provide prototype system development and

initial operational tescing; Phaae Il involves

the procutement, installation;-testing, and
evaluation of a total VICON system at the

Bradley lntermational Airport, Windsor Locks,
Connecticut, : i

a. Phase 1 Test Enviromment

To carry out the initial technical and
operational tests of Lhe VICON system, rurvay
13. Il and taxiway Iodia (Figure 1) at HAFEC

7 ./
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TIGURE 1. ATLANTIC CITY/MAFEC AIRPCRT,
ATLANTIC CITY, NCW JERSEY
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var felacted Lo serve as the reat location.
Also shown in Figure | are the initial
locacions of the liphe fixrures, whieh are
standard highway traffic signal

lights (Figure 2) complete with green lens and
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FIGURE 2. STANDARD HIGHWAY TRAFFIC LIGUT

i
a 100 watt bulb. Variations of thia initial
‘test arrangement will includa;

Lens color - red, green/red, green aTTONV,
vhite strobe/green

Bulb Wattage = 200, » 200 waces

Fixture Posture - Horizontal

Unit Arrangement - Triangular (3 lighes)
Light Configuracion - § @ 2007, 4 @ 300*
and 600

Viewing Angles - 39, 100, 150

Lamps - PAR 56 in green and red (6 ]
Runvay 13 only)

Louvers and Blinders - Single amd multiple
axia, eyebrow

The YICON lights are controlled from a control
Panel located in the Atlantie City (ACY) towver
cab. As shown in Figure 3, the panel layouc
ia a representation of the ALY rynway and
taxivay layout and contains several controls
for activating the various operational
funcrions, 1In addition to the console mounted
VICON control panel, a remote control switch
vill be tested., This svitch, allows the
controller to move freely about the tower cab
and not have to return to the console mounted
Pane]l each time an alrcrafc is cleared for
takeoff, This remote control, which may be
attached to the controller's belt, is capable
of controlling the VIGON signels from any two
departure poines.

An integral part of the Phase ! development
and test acrivity is to det ine the best
tachnique for deactivating the VICON TuNay
lighte once they have been sctivaced by the
controller.- Following the ATC clearance,
"Cleared for takeoff,” the controller selects
the button on the tower control panel thar
vill illuminate che VICON runvay light that

g

iz located in the ares of the departure
aircreft. Ouce the pilot has aurally
scknowledged the voice instruetion and
visually observed che light, there is no
longer a need co diaplay the VICOu signal
light. In face, it needs to be extinguished
S0 that a following aircraft does noc
interpret the light to mean thac he is cleared
for takeoff.

"clesred to go" lights in the "on” position,
sutomatic deactivation of the signal lighes,
not requiring controller intervention, is a
mandatory operstional Tequirement., Hence,
threa techniquas for automatically
extinguishing the VICON lighta are being
evaluated,

1. Automatic Timer - Countdown deactivation
device that is preadjusted to turn “off" (ia
seconds) each VICON Tunvay or intersection
takeoff position lighe, (Not a feature
provided on the tover contro] panel).

2. Microwave Intrusion Device - Detects
Pasaage of an aircrafc as it passes between
the microwave Sengors, deactivating previously
tlluminated vICON lighea.

3. Induction Loops = Buried in enda of
Tunways 11/31, senses aircraft passing over
the loops extinguishing the vigyual clearance
lights,

A major concern in airport lighting is that of
lawp intensity under verying degrees of
ueterological conditions and day/night
operations. The VICON: lights, available 24
hours a day, gusr be bright enough to be geen
during sunny days (wirh the sun ahining
directly into the lens) and

controllable (to a lower intensity) at night
850 48 not to cguse glare in the pilot's eyes.
Two schemes for providing control of the VICON
signzl light intensicy are being evaluaced:
automatic intensity control using
photoelectrie cell; manua] control provided on
the tover cab control panel. Selectivicy of
the sutomatic feature or the manusl five atep
intensity level control are provided on the
mimic panel as ghown in Figure 1.

The VICON contral pacel located in tower cab
and the c¢learance lights located on the runway
13/31 and taxivay I are incerfaced through a
hardware contral line link, Also, two
comgercial radio conerol] links, to runvays 13

and 31 will be evaluated during this Phase ?
effore.,

b. Test Héfhod- -
———EThoCs

Conclusions from testa conducted on the
variables of the Phase I VICON system will be
based solely upon the response from the
users. The response from the pilocs and
eomtrollers will be obrained from comentcs
raceived vig Prepared questionnaires or

+
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FIGURE 3.

PHASE T VICON TOWER CONTROL
(MIMIC) PANEL '

-

teceived verbally via radio or telephone.

- frior to changing the VICON system
wnfigurations, the NAFEC user or pilot

rganizations will be notified as *o the
"fhange being made, and date and time chat the
ev- configuration will be vperational. To
#htain an early response to each change, NAFIC
ilots will be intreduced to the new system
Jiriation by: (2) NAFEC airerafe conducting
fizulated takeoffs; (b) radio-equipped
shicles - pilots taken to departure points;
¢) regular project flight schedules - use of
" juestionnaires and telephone debriefing,

1& Data Collaction -

hﬂ to the opsrational nature of this
hakticular program practically all of the
itza, except for equipment reliabiliey data,
Mll be of*a subjective nature and will be
twlleeted by means of:

I+ Voice or tone actusted tapes of the tower
tab controller (local) positiom.

l. Controllar reaponses to preparad
uescionnaires.

I Pilet responses to prepared questionnaires.
| - .
sl Phase IT = Tast Environment

Pased on a technical description daveloped
rom the Phase I NAFEC efforts, a VICON systenm
#i1l be installed om all runways and tested at
the Bradley International Airport (BOL),
Findsor Locks, Connecticut. BOL was selected
. lfer the following reasons:

[+ Traffic load and distribution
representactive of moderate size commercial
itperation, including international, national,
fhuttle, general avistion and some military

2. Sulficiently complex runwey configuration
to provide meaningful demonstration of VICOM
system effectiveness in maintaining traffic
flow.

3. User personnel (pilots and controllers)
with favorable, neucral pratesting ettitudes.

4. An airport administration that supports
the cbjactive of the evaluation program.

The FAAs New England Region will develop site
plans’ and specifications from their BDL field
survey, and then award a contract for the
inscallation of the VICON system. Following
installacion and acceptance of the systewm,
NAFEC will commence the technical and
operational test and evaluation sxercises. .
'This operacional/technical tescing at BDL, a
medium density, commercial airport, is most
vital for it represents thes VICON system and
sssociated conceptual procedures that will be
racomended for use throughout the country.
«For this part of the overall VICON- cast end
evaluation, all of the runways ends and the
intersections with taxiwvays (Figure 4) at BDL

FIGURE 4. BRADLEY INTERNATIONAL AIRPORT,
WINDSOR LOCRS, COMNECTICUT
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wili be equipped with the VICON lighe
configuration as developed in Phage 1.
location and aiming of the 55-50 lighes:
locations at BDL will be a real test of

Proper
in 24
the

Previous tests of airport traffic signal
lights (Peference 1) have provided several
very important cenclumions: (]) Any device
Placed in the tower cab that diverrs the

technical portion of the program.

The need to

provide noninterfering lights at the
intersection of runways 33 and L and taxivays
$ and E may dictate the requirement to uyse
other typea of viaual signals, e.g., taxivay
identification lights, aigns, etc. )

CHERY I

controller’s attention away from his primary
job of visually controlling craffic could lead
to an unsafe situation; (1) A complicated,
complex controel panel located in a less than
optimum location is not acceptable (moat tower
cabs have very little space, especially ac the
local contvrel position, for inscalling
additional control panels); (3) At the larger
busy airports, the addition of control
personnel may be necessary.

Two types of control panels will be tested at
BOL. A oimic panel, representing the layour
of the BDL rumnways and taxiways, shown in
Figure §, and & matrix panel as showm in
Figure 6 are being considared for evaluation,
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PIGURE 5. BRADLEY vIcow MIMIC CONTROL PANEL
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FIGURE 6. BRADLEY VICON MATRIX CONTROL PANEL

" panel will be mounted in sn exceptionally

*

The remote control panel, a part of the main
control panel, will be evaluaced in .
conjanetion with each console mounted main
panel’, A combination of the two panels, as
shovn in Figurc 7, is snother possibiliry.
Human factors applicatica exercises and
laboracory test and evaluation efforts are
planned to provide a simple, effective and
efficient control panel. Fortunately zhe

desirable location in the BOL tover that is
readily accessible to the locsl controller.

As in Phase 1, the VICOK control panel in the
tower cab will Ye interfaced with the VICON
"lights on the field by hoth hardwire snd radio .
control links. i

¢. Test Hethods —_ ;
By the time the VICON system is installed and
ready for test at BDL, the variables to be
evaluated will have becn reduced to a very
mimimum, ., It i{s ancicipated that most of the
changes will simply encompass minor

adjustments to the lights (e.g., anglea,
louvers, ete.) located on the field and
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FIGURE 7. BRADLEY VICON

C/MATRIX CONTROL.PAREL





poszibly minor modifications to the rower cab
control panel. During the Phase II
test period a technical log will be maintained

.of the performance of each VICON subsysten so

that at the end of the test period, the
suitability of each component can be
determined. The BDL technical evaluation daca
will be used to determine: (1) aystem
reliabilicy; (2) cost effectivy ness (3)
installation criteria and maintenance details.

The operational evaluation ar BEDL encompasses
the basic technique used during the Phase I
effore; i.e., pilot and coneroller reactions
to the system. Questionnaires for these user
groups will be prepared and adminiztered only
after extensive effores to fawmiliapize the
controllers and pilots with the VICON system
has been accomplished. Effarts are undervay
to develop means of obtaining more objective
data for this phase of the program, such as
air traffic Jdelays, shorts, communication
repeats, workload, etc. Depending. on the
controller workload under heavy ctraffic
conditions, it may become necessary to add a
VICON controller to the tower team.

f. Data Collection

laformation sbout tha controller's attitude

toward system effectiveness vill encompass
four sreas of concera:

1. The capability of a properly designed and
oparating VICON system to provide the pilot
vith confirmation information comparable to
currently used radio omly techmigques,

2, The degree of confidence in the accuracy
and reliability of VICON performance to the
extent that the safety of surface traffic is
naintained.

J. Reactions to the installation and
suggesctions for modifications and
improvements. This includes technical irems
such 24 panel location and size, switch tizes,
etc., and such operstional items as che

“nquimqm: for and procedures pertaining to

an additional VICON controller.

4. Subjective resction on affect to
controller workload listed above can he
sumerized to obcain the general consensus of
controllers concerning the VICON. Where
questions dealing with specific items of
interest; e.g., safety, visibilicty limitacions
ot conflicting message resolution, differ
significantly in the mumbar of favorable
and/or unfavorable resPonses, these
differences can be used as diagnostic tools
for system improvement, or as trade-offs in

the overall assessment of VICON versus other ™

methods of confirming takeoff clearance.

Analysis of these results should pay
particular attencion to the experience of the
controller respounding md any change in
ACCitude or respomse which eccur many times
(zepeated sybmission) during the test schedule.

Since the pilot will be the ultimare
beneficiary of the aystem to be used for
takeoff clearance econfirmazion. his responses
are critical to ccceptance of the VICON
concept. Information concemning four arezs of
pilot attitude will bde ocbrained through use of
the questionnaire:

1. Does the takeoff clearance confirmation
signal reduce or increase pilot workload
during normal operating conditions?

2. 1s aufficient information provided by the
visual signals to maintain ctraffic flow

efficiency and safety without excess radio
contact? :

J. Does the use of the signal peL'mi: gafe
takeoff clearance confirmation under severely
linited visibilicy conditioms?

4. Ts there & positiva overall reaction to
the VICON signal concept and are there
suggestions for modification and improvements?

The data cbcained from pilot questionnairves
will be treated in cssencially the same cranner
as that derived from the concroller. In
analyzing these data, particulasr attention
muet be paid to any differences in reaponse
associated with aireraft type, familiarity
with sirport, and nationality (language
facility) of pilots.

SCHEDULE

Installation of the NAFEC Vicoy procotype
fyetem was completed in April 1978 apd testing
commenced the following month. The NAFEC test
and evaluation exercises will be completed
during 1978. 1If everything goes according te
schedule, the EDL VICON system sbould be
coopletely installed and ready for field

.in=serice test and evaluation in Auguse 1979,

" The BDL rests will run until March of 1980 and

the technical daca package should be completed
the following momth - April 1980.

SUMMARY

v
To avoid the ctragedy of amocher Tenerife, a
technique for confirming the controller's
voice takeoff instruccions is being developed,
tasted and implemented. The mission of the
VICON system, vhich is the manurl forsrymner
of more sophisticated automated systems yet to
be developed, is to improve safery; its role
is to provide a second sensory stimulus co
confirm voice
tzkeoff clearance. Four major questions thac
mist be answered during the NAFEC and BDL
tests are:

1. Does che VICOK system improve safecy?
Z. Is the technique feasible?

J. Can VICON be incégraced into the
present ATC system? ’

4, What are the assccisted costs?
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The technical engineering data amd the
operational data gathered during the plaming,
iostallation, cest and evaluation of the VICON
system at NAFEC and BDL will be used to
davalop a Technical Data Package (TDP). Lf .
the answer to tha first three questions stated
" abova 13 '"yes," then the TDP can be uged for
providing an engineering standard fer
operational implementation of VICON at other
airports in the Hational Airspace Syatem (£
the cost results (question 4) are favorabla.

. REFERENCES .

l. Wright, Enocch. "Evaluation of sn Airpert
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APPENDIX 6.

NASA Report - Human Factors Associated with

Runway Incursions
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HUMAN FACTORS ASSOCIATED WITH RUNWAY INCURSIONS

Charles E. Billings and Dolores B. O'Hara

Introduction

Though few aircraft coilisions have occurred on or immediately above runways at controlied
airports, incidents involving incursions of aircraft or surface vehicles into aircraft movement areas
have been a continuing source of concern to those responsible for management of the national
aviation system. In response to requests from the National Transportation Safety Board and the
Federal Aviation Administration, a study has been conducted of ASRS reports relating to such
incursions. This study was not designed to provide quantitative data regarding the prevalence of
such occurrences; rather, it was focused on the behavioral aspects of potential and actual conflicts
on controlled airports. The reports which were used in the study were submitted between July 1,
1976 and June 30, 1978, a period of 24 months. This report is a summary of the findings to date in
the study, which is contmumg. A final report will be pubhshed separately.

Approach

Dimensions of the study— The study examined 165 potential conflicts, actual conflicts, and
situations which under other circumstances could have resulted in conflicts on or immediately
above the aircraft movement areas of controlled airports in North America. The search of the ASRS
data base was not inclusive for such events; it is known that not all reports relating to or describing
such events were retrieved by the search strategies employed. Nonetheless, enough relevant reports
were retrieved to permit a systematic study of the characteristics and dynamics of such occurrences.

Categorization of occurrences— Each report was categorized as to each of the following
characteristics:

Month of occurrence

Location

Reporter

Types of aircraft involved -

Types of operation invoived

Phase of flight

By whom the occurrence was initiated
Occurtence type

Type of conflict

10. Outcome of occurrence

11. By whomrecovery was initiated

12. Recovery actions by each pa:’ucxpant
13. Enabling factors T

*

R e s

-These categories are defined and explained as they are discussed. All occurrences were assumed to
. involve human error; although there were a few cases in which mechanical or environmental factors

were important, the assumption proved to be generally valid.






Analysis of the data— All reports were categorized as described above. After the categorizations
were checked for accuracy, the reports were re-read and enabling factors were added. The analysis
thereafter was designed to examine associations among descriptive and enabling factors, with the
hope of answering the following questions for as many occurrences as possible:

l. Where did the event occur? When? What happened?

2. What errors, by whom, contributed to the occurrence?

3. What were the characteristics of the occurrence?

4. Who first recognized the problem? How was recovery effected?

5. What factors were associated with the occurrence? In particular, did certain human or
system factors tend to be associated with particular occurrence characteristics?

Results

Initial evaluation of the reports indicated that 30 of the 165 occurrences involved no conflict.
This category was assigned when only one aircraft was involved in the occurrence; there was no
potential conflict with another aircraft or vehicle because there was no other vehicle in the vicinity.
The remaining 135 reports did involve a threatened or actual conflict.

Month of occurrence— Somewhat more reports were noted during spring, summer and fall
months than during the winter, The differences were not striking.

Locations— The 165 occurrences took place at 73 different locations. Five or more occur-
rences were reported at nine hub airports. Specific location data will be discussed in the final report
of this study.

Reporters— Pilots and crewmembers provided 66% of the occurrence reports; controllers
reported 32%; other persons provided 2%.

Types of operations— While a simple listing cannot fully account for operational types in those
cases involving more than two aircraft or vehicles, table 1 shows types of operations, where known,
for the 135 cases involving a potential or actual conflict between aircraft.

-

TABLE 1.— TYPES OF OPLRATIONS IN CONFLICT OCCURRENCES

Operator classes in conflict occurrence Number of occurrences
Air transgport/air transport 41
Air transport/general aviation 29
Air transport/military or government 3
Air transport/other or unknown 36
General aviation/general aviation., ' 7
General aviation/military or government 2
General aviation/other or unknown i3
Other or unknown/other or unknown _4
135
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Initiators of occurrence— As noted above, it was assumed that all these occurrences involved
human error. The person believed by the authors to be responsible for the initial error associated
with the occurrence was the controller in 54% of 165 occurrences, the pilot in 39% of the
occurrences, and the operator of a surface vehicle in 4% of the occurrences. In five cases (3%), the
data did not permit categorization.

Outcome— An occurrence was classed as a near collision if, in the opinion of the authors, two
vehicles came perilously close to colliding. This, of course, depends on the size, type, and speed of
the vehicles, as well as their relative courses, all of which were taken into account. Unless it was
fairly certain that the event was a near collision, it was classified as “‘less than safe separation” if a
conflict occurred, or “recognized error” if one or more persons recognized the problem-and took
action in sufficient time to prevent a conflict. Other cases were classified as “no conflict.”

One occurrence involved a collision (wing tip with motor vehicle); 37 involved near collisions;
50 involved less than safe separation. In 47 cases, the problem was recognized before a conflict
occurred. There was nc actual or threatened confhct in 30 cases, because no other aircraft or vehicle
was in the vicinity. '

Phase of flight— The flight (or ground operation) phases for the two aircraft principally
involved in aircraft/aircraft conflicts are shown in table 2 for all cases in which two aircraft were
involved and‘in which both phases were known.

TABLE 2.— PHASE OF FLIGHT AT TIME OF OCCURRENCE

. ' . a

Flight phase, Flight phase, aircraft | -
aircraft 2 Hold | Taxi | Takeoff | Approach | Land | Other
Hoid 0 6 1 4 4 0
Taxi 3 21 3 14 . |
Takeoff 8 7 1 0
Approach 1 | 0
Iand 8 2
Other 0

4 Figures are percentages of sample.

It is worth noting that the two most frequent categories for both pilot- and controller-initiated

incidents were tam/takeoff and taxifland. The other major categories were takeoff/land, takeoff/
takeoff, land/land, “and taxifapproach.

“n,ta‘
Occurrence types— The 135 occurrences which involved conflicts were classified as shown in

table 3. The data are summarized for occurrences initiated by pilots and by controllers.






TABLE 3.— RUNWAY INCURSIONS: OCCURRENCE TYPES

Pilot occurrences Controller occurrences

Lack of clearance to: Failure to insure separation:
Cross a runway 33% Intersecting a7%

Take off 23 In trail 24

Land 6 Other 12

Taxi to ramp 2 Confusion 9

Disorientation/confusion 21 Lack of information 4

Confusion about clearance 2 Late clearance change 3
Other 13 | Other 1
100% 100%

Recognition of problem— The problem was first recognized and recovery action initiated, by a
pilot in 50% of 135 cases; recognition was by a controller-in 25% of the cases. Simultaneous
recognition and- action by controller and pilot occurred in 3%; there was no recognition of the
problem in time to take recovery action in 20%, and in 2% of the cases the data were inadequate to
permit categorization.

Enabling and associated factors— The factors that were assigned to reports containing enough
data to permit such analysis; together with their frequency of occurrence in events believed to have
been initiated by pilots and controllers, are shown in table 4. As many factors as were believed
pertinent were assigned to each occurrence.

Occurrences initiated by drivers and those in which the initiators of the occurrence could not
be determined are not included in table 4.

It should not be inferred that the factors in table 4 are inclusive of all factors pertinent to the
gases under study, nor should it be inferred that each factor listed was necessarily causal in the
occurrences. Rather, the factors listed are in the best judgment of the authors, pertinent to the
occurrences, based on the information available in the reports.

It is interesting to note certain apparent anomalies in the list. Controller technique was cited as

a factor in nine reports in which a pilot error apparently initiated the occurrence. Similarly, pilot
technique was cited in |1 controller error reports. These. findings and certain others like them are
discussed below. '
LY
The enabling and associated factors were partitioned by occurrence type and outcome in an
effort to find whether certain types of occurrence, or certain outcomes, are associated with
particular human and system factors. The results of these analyses are discussed below.
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TABLE 4.— ENABLING/ASSOCIATED FACTORS IN RUNWAY INCURSIONS:
65 OCCURRENCES INITIATED BY PILOT, 89 BY CONTROLLERS

Occurrence initiated by:
Factor

Pilot Controller

Coordination problem in cockpit 11 0

Coordination problem between
aircraft and ATC 17 19

Coordination problem within tower 3 29

Coordination problem between tower
and approach control

Phraseology

Language problem
Frequency congestion
Similar flight numbers
Controller technique
Bilot technique 4

Intersection takeoff

Landing to hold short of intersection
Airport lighting and markings
Airport, other factors including staff
ATC and controller procedures
Pilot/flight procedures

Training in progress

Environment (weather)

Workload

Fatigue
Other factors

—
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Total factors 120 175

Discussion

. Introductory comments— Unplanned incursions onto aircraft movement areas represent a
serious potential threat to system integrity. In this sample of occurrences, 82% represented at least a
potential conflict;“there was an actual conflict in 53%, a near collision in 22%, and an actual
collision in 1%. Air carrier aireraft were involved in 81% of the potential and actual conflicts.

Virtually all the occurrences involved human error. In at least 13%, both controller and pilot
errors were involved. In 65 occurrences initiated by pilot actions, 64% involved a lack of clearance
to perform some maneuver. Eighty-three percent of the 89 occurrences initiated by controller

‘action involved a failure to insure separation.






There was no difference between the two groups with respect to outcome: 22% of both pilot-
and controller-initiated occurrences resuited in a near-coilision.

‘There is no question (table 3) that a substantial majority of both pilot- and controller-initiated
occurrences involved deficiencies in technique. Failure to obtain a clearance, for whatever reason, is
a deficiency in pilot technique; failure to maintain assured separation, for whatever reason, is a
deficiency in controller technique. It is hardly surprising, then, that the most commonly cited
enabling/associated factor in table 4 is a technique deficiency. This citation, however, is hardly
enlightening unless accompanied by information that suggests why the break in technique may have
occurred, The remainder of this analysis is devoted te this question.

. Pllot-initiated occurrences— Although pilot technique was involved in most of these occur-
rences (43 of 65), it is necessary to ask what other factors were also present and pertinent to the
event (table 4). One notes that coordination problems were cited 32 times; most of these involved
within-cockpit or cockpit-ATC coordination, though in 4 cases, there was an associated coordina-
tion problem within ATC.

Typical breakdowns in cockpit coordination are illustrated in the following examples.

On taxi out, we were issued a clearance to taxi to runway 27L. Normal
departure runways are 26 and 27R with landings on 26 and 27L. There is extensive
airport construction which causes extensive diversions while taxiing. After crossing
runway 26 we were given multiple taxi instructions during the process of running
the taxi checklist. My attention was evidently diverted when we were given instruc-
tions to hold short of runway 27R. The first officer rogered. We were following

* another aircraft and as we approached 27R we were told to switch to tower
frequency. We did so as the aircraft ahead was crossing 27R. I hadn’t heard the
instructions to hold short, nor had I heard the previous aircraft being cleared to
cross. I continued to cross 27R, not thinking of it as an active landing runway, and
the first officer didn’t caution me to stop.... My first knowledge that we were
crossing an active runway came when, just as I was approaching the runway, I

o looked left and noticed an airliner on about a 1/4-mile final. I could have slammed
on the brakes and stopped short of the runway, but feeling that I had plenty of time
to cross and not wanting to injure a flight attendant with the sudden stop, I
simultaneously asked the first officer if we had been issued clearance to cross (he
replied that we had not) and proceeded on across. The tower directed the airliner to
go around which I didn’t think was necessary but from his vantage point I'm sure he
acted according to his own best judgment. ...

In the following cdde, the initial portion of the taxi clearance was transmitted during roflout.
As we have noted in earlier reports, both cockpit noise levels and flight crew workload are high at
this time. ASRS reports continue to describe misunderstandings of clearances delivered during this
phase of flight. It appears that some controllers are not sufficiently aware of this problem.

After landing on runway 10R, we were advised by tower to turn off runway
10R onto runway 5 and to hoid short of runway 14. While decelerating the aircraft
and turning off runway 10R, I failed to hear the instructions to hold short of 14. As
we approached the intersection of runway 14, the first officer said “hold short,” and





I stopped the aircraft short of the runway. We would have collided with another
airline aircraft had not the first officer advised me to hold short. He later told me
‘that he had also applied brakes. The major factor in this occurrence is that [ failed to
hear the clearance limitation. Also, I was not compietely familiar with the closeness
of runway 14, having never landed on 10R before. I am aware that affirmative
clearance is required to cross a runway and would have stopped notwithstanding the
failure to hear the clearance to hold short had the intersecting runway been clearly
recognizable as a runway.

Cockpit-ATC coordination problems usually involved either misunderstandings between pilots

and controllers, inadequate information transfer, or nonstandard procedures or phraseoiogy.

The pilot of aircraft A had been issued clearance for takeoff on runway 27
while taxiing out from the loading ramp . . . the A pilot had just completed engine
start and was not yet on tower frequency when the clearance was given. The STOL
aircraft was on another ramp approximately 250 ft from the taxiway-runway inter-
section normally used as the initial takeoff position by STOL aircraft. The instruc-
tions which were seemingly received were that he was cleared for takeoff. He
reached the intersection at approximately the same time as A started its takeoff roll.
The tower immediately ordered B to clear the runway and A to abort his takeoff.
Reaction was immediate and a collision was averted by a good margin.

. . . After push-back, I was cleared for taxi with the following phrase: ““‘Cleared
to taxi runway 8R via Charlie-4 and hold short of runway 8L.” The weather at the
-ime was rain showers and an overhead thunderstorm. Runways were wet. After
passing the “Bravo” complex and approaching taxiway C-4, we received further
instructions, “go right on out there at Charlie<4.” I interpreted this to mean that [
was cleared to cross runway 8L and proceed to 8R. However, as a precaution, |
asked the copilot to check. He was unable due to frequency congestion. Prior to
entering the runway, I checked visually and spotted aircraft B on short final for
landing on runway 8L. A panic stop was initiated using brakes and reverse. Due to
the wet conditions, the anti-skid cycled continuously. The aircraft was turned
slightly to the right to present a smalier target to the landing aircraft. After we came
to a complete stop, the controller said something to the effect, *You stopped pretty
close to the runway.” I repeated his previous instructions regarding going out on
Charlie~4 and he replied, “I told you to hold short. .. .”

In one case, it imguestionable whether the pilot communicated his intentions, or whether he

was affected by a wind shear late in the approach.

We were awaiting departure on runway 8R on taxiway. Airline aircraft B in
position on runway holding for takeoff clearance. Flight check aircraft approaching
runway on final, checking back course approach. Tower advised aircraft B to hold in
position. Flight check aircraft continued approach to end of runway at a low
altitude, then suddenly deviated downward from flight path and passed over the top
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Problems relating to airport lighting and markin
controller-initiated occurrences.

of aircraft B, clearing the aircraft by ‘about 20 ft; he then executed a puli-up
maneuver. Aircraft B was unable to see the incident since it was approached from
the rear; our crew feit that an impact was imminent for an instant. . . .

Pilot procedures, especially visual monitoring procedures, were inadequate in seven cases. The
following examples are typical of the consequences of failure t
after receipt of a clearance.

Airline aircraft B landing on runway 28R; I was landing on 28L. Airline
aircraft B was told by tower to use taxiway Echo, hold short of 28L. Aircraft B
didn’t even slow down but just taxiied across 28L in front of me. If he’d looked out
his window, the captain would very easily have seen me boring down on him . . . he

should have known from previous conversations with tower that there was traffic on
28L.... .

* - -

. Aircraft A cleared for ILS to runway 25L. ATIS info, 8 broken 1-1/2 smoke
and fog, We had the runway at about 500 ft; visibility was about a mile. Landing was
routine; rollout was to the high speed exit opposite the XXX airline terminal. Tower
cleared out aircraft, A, to cross 25R, “Ground .75 on other side.” My first officer’s
response was “Roger.” So I continued my roll across 25R. (The clearance was
verified about the time we entered th: high-speed from 25L.) As the nose of our
aircraft entered the edge of 25R, aircraft B, taking off, passed over us. The clearance
could not have been more than 50-75ft. We had heard no radio clearance or
conversation whatsoever about activity on 25R, so aircraft B either took off without

‘clearance or the runways were being handled on separate frequencies. . . . [ must

accept responsibility for trusting the clearance to cross 25R without asking my
copilot to verify that we were clear by looking to the right up runway 25R.

Aircraft A was taxied to runway 33L via the outer terminal taxiway to hold
short of Charlie taxiway. When next observed, the aircraft was stopped on the
centerline of runway 22R, at the approach end of runway 4L. At this time aircraft B
was starting to rotate on runway 22R about three-fourths of the way down the
runway. Aircraft A was instructed to taxi straight ahead and clear the runway
immediatgly. Controllers feel that field lighting and poorly marked taxiways are the
prime reasohs for this recurring probiem. . .

gy
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I called for progressive taxi instructions, notifying the tower that [ was
unfamiliar with the airport. The controller cleared the aircraft to runway 34R. |
taxied south following the biue lights until the lights tumed west toward the
runway, then turned west, held short, and did my run-up. [ called “Ready for
takeoff,” and the tower cleared me into position to hold. As [ took the active,

© monitor outside the cockpit even

gs appeared in seven reports of pilot- and





another light aircraft passed me on its takeoff run, deviating to the west side of the
runway; our wing-tip clearance was about 20-30 ft. I asked what had happened and
the tower told me that they thought I was at the end of the runway and thus would
be behind the departing aircraft.

I am responsible for the safe operation of my aircraft, and that includes not
taxiing into the path of a departing aircraft, even if cleared by the tower. However,
as one high-ranking GARO official once said to me, **A pilot sometimes gets a lot of
help going down the tubes.” First, I too thought that I was at the end of
runway 34R. | had asked; “Do I just follow the blue lights south to the end?”
Ground control said, “Yes.” When [ finally turned west on the taxiway, there were
no more blue lights to the south, only to the west (leading to an intersection). As I
o turned west on the taxiway, I saw a sign pointing to R34R and R32.... As [ held

i just east of the hold line, I could see a large painted area on 34R which appeared to
be the numbers. . .. When I received clearance into position, I looked to my left. It
may be difficult to believe that [ looked and did not see an aircraft coming toward
me, but as [ reconstruct the matter, [ looked up for an aircraft on final . . . I should
have seen the other aircraft, and I bear the responsibility for not having seen it . ..

however, the tower certainly cleared two aircraft to operate on the same runway at
the same time. ... :

- - -

[ was the captain on flight A departing Atlanta.. We were cleared to taxi to
runway 27L by runway 15 to hold short of runway 26 and 27R and to follow an
aircraft B. Aircraft B ahead held short of 26 and was then cleared across. I asked the
first officer to request clearance to cross with the other aircraft; we were advised to

' hold short. We were holding short of what [ believed at the time to be the east-west
taxiway. While holding, I saw landing lights on an airplane C in position at the east
end of runway 26. At that time I realized I had inadvertently crossed the E-W
: taxiway and vras very close to runway 26. I believed we were too close and
| ‘ immediately had the first officer alert ground control of our position and need to
< cross. We expedited across the runway when clearance was received.... On
runway 15 in relation to the east-west taxiway for runway 26 there is a very large
concrete area to the east of the position [ was holding . . . much of this area is either
not lighted or inadeguately lighted with respect to designating the edge of the

runway. . . . This area did not provide an adequate reference. . . .

v ' Other airport problems were cited in ten cases. They included inadequate taxiways, taxiways
too close to runways, parailel runways too close to permit holding between them without intruding
on one or the other, aftd inadequate maintenance. Two reports of pilot-initiated occurrences cited
obstructions to tower visibility; one is quoted Iyire.

I was doing touch-and-go practice, and was cleared for touch-and-go
runway 31. [ was informed aircraft B, a wide-body, was to hold short of runway 31.

~ He was taxiing from the ramp to runway 6R for takeoff. At any rate, he did not
hold short. Fortunately, I was practicing zero flap landings, so my airspeed was
higher than usual. As soon as we concluded aircraft B was not going to stop, [





T e

applied full flaps, full power and made a hard climbing right tumn. I missed B by less

than 100 ft . . . part of the problem is that the personnel in the old tower cannot see

the activity on runway 31 north of runway 6L, so they were more or less helpless in
. this situation. .

In summary, pilot-initiated occurrences often involved performing some maneuver without

‘clearance (46 of 65 cases). This was often associated with a coordination problem within the

cockpit or between flight crew and ATC (22 of 46). Pilot disorientation or confusion was noted in
12 of 65 occurrences.

Controller-initiated occurrences— These occurrences usually involved failure to insure that
separation would exist (74 of 89 cases). [n 45 of the 74 cases in this category, there were associated
coordination problems (with the aircraft in 16 cases, within the tower in 26 cases, and between
tower and approach control in 3 cases). Inadequate information transfer thhm ATC is strongly
associated w:th controller actions involving failure of separation.

Inadequacies in coordination among tower personnel (usually between local and ground
controllers) were associated with serious problems. relating to runway incursions. Note in the first
two reports the role of visual monitoring. In the third report, visibility restrictions were a factor,
though there is no question that visual recognition of the conflict led to its resolution.

At about 1215 hours, I was cleared for takeoff on runway 25. As [ approached
the intersection of runways 25 and 15 during my takeoff roll, aircraft B, which was
previously facing west, tumed toward runway 25 to taxi north. As B’s nose neared
the centerline of the runway my position was 100 ft or less from the aircraft and

- closing with a speed of 55—60 knots. At this point I rotated (at a slightly premature
speed) and lifted off. [ tumed right at about 10 ft of altitude, avoiding the nose of
the other aircraft by 10-20 ft. [ contacted the tower and was informed that B was
cleared by ground control and that the ground controller was in error... as a
secondary cause, the crew of the air carrier aircraft should have looked both ways
prior to taxiing onto runway 7-235.

» L] »

We: landed on 23L at (a foreign airport). Tower cleared us to tum off on
taxiway B and contact ground control. Ground control cleared us across
runway 23R to our gate via taxiway A. My first officer rogered and we started to
cross 23R. He hollered “Stop, somebody is takeoff!” or words to that effect. We
stopped and a corporate jet passed right in front of us. Had we moved 10 ft farther
the smaller jet wo\uld have hit us. [t appeared he was just breaking ground as he
passed us.

3 .
L] L g x

(From one pilot) We were a (four-engine jet) ferry, cleared to taxi from the

" hangar area to the northwest runway, 32L, via the active runway parallel taxiway for
an intersection takeoff at T-1 ... the weather was —X 2@ 3/8 fog, ceiling 1@VAR3e.
On reaching the intersection we advised ground control and were cleared to tower.





| ; On initial call, we were number one for takeoff and advised the tower ... tower
b cleared us into position and hold. A short time thereafter, tower cleared another
aircraft to land. I had taxied onto the runway and was about to make the 90° right
turn when landing lights appeared on the left side. Visibility was restricted. 1
, promptly added power to clear the runway instead of turning. I continued straight
§i - across onto the continuation of T-1. While waiting for the engines to spool up after
throttle application a wide-body in a landing flare appeared with the landing lights
; on and as we cleared the runway while still moving the wide-body passed behind us.

I cannot say for sure how to detect the fact you have been cleared into position
in front of a landing aircraft in restricted visibility especially at an airport with
multiple runway operations. ...

(From the other pilot) We were cleared to land by the tower when we reported
Romeo inbound. Weather reported 2@ 3/8 fog, RVR 3500 approach 3000 middle
and end of runway. Copilot flying, approach normal. About 1,000 ft past threshold
at the point where engineer called 30 ft altitude and at the point where [ was taking
control for touchdown, I saw a heavy jet in the middle of the runway. I applied full
power for go-around and started climb. Saw the other airplane clearing so cut power
and landed. Our approach speed was 145 knots, weight at landing 478,000 1b.

One coordination problem involved a shift change in the tower.

The visibility was RVR 1200; we had takeoff minimums and were holding
short on the taxiway. We called ready for takeoff and received a takeoff clearance. I
spooled the engines and started to taxi. Just as we started to move [ caught a glimpse
of an aircraft passing by and disappearing into the fog on 35R, the runway on which
we were cleared for takeoff. I checked with tower; he apparently was taken aback
by the event and was unaware the aircraft existed. He did not have him on radar . . .

somehow the aircraft, on a Category I1 approach, had gotten lost in the shuffle of
| changing shifts. . .. '

- Phraseology problems were associated with five runway incursions. Examples are shown here.

Aircraft A requested departure clearance on runway 4. I cleared aircraft A for
takeoff. Aircraft B was advised to taxi into position and hold runway 7 for traffic
departing runway 4. Aircraft A called again for verification of departure clearance.
Aircraft A was advised, “Cleared for takeoff, minimum delay, traffic awaiting
departure on runway 7.” I was then momentarily distracted and when I looked up
both aircraft A and aircraft B were airborne and rapidly converging. I gave aircraft A
a right tum Yo avoid traffic. Traffic separated and no further conflict occurred . ..
the aircraft came within 500 ft of each other . . . I believe a contributing factor was
fatigue. Two of us have worked the “ay shift without a break; even lunch had to be
eaten in position. . . . [ am thoroughly bushed, and I still have | hrto go. . ..

L ] » ]





Airline aircraft A was told to round a corner of the departure runway and not
to plan on stopping. Traffic, aircraft B, was landing on an intersecting runway. I
turned my head to look at another of my departure runways and A departed. The
landing aircraft stopped short of the runway being used for departure and the pilot
| ' ' " galled for an explanation . .. better phraseology shouid have been used to A about
: holding in position.

ATC and controller procedures were associated with specific problems in 11 reports, not all
involving controller-initiated occurrences. The difficulty posed by a hold-point very close to a
landing runway was cited in two reports.

After landing on runway 9, tower cleared us to tumn off the runway via Romeo
and contact ground control. ... Upon tuming off, the afterlanding checklist was
accomplished. As I adjusted the frequency and volume for ground control, I heard
them calling us to hold our position. We were approximately 1,000 ft from the
turnoff point when the captain and I heard ground calling us and when we stopped
we were in the middle of another active runway (22) and a light airplane was flying
at, up and over us... the turnoff of runway 9 to 22 is a very short distance and
narrow, requiring the full attention of the pilot taxiing. There is no ATIS to warn
the crew of multiple active runways and I do not recail the approach or tower
controllers advising of this ... the tower supervisor after the incident advised me
that this had happened several times previously. . ..

L2 » . .
After instrument approach, on landing rollout runway SL, tower instructed
aircraft to turn off on runway 10. Instructions were acknowledged by first officer.
We changed to ground control and were told to hold short of taxiway N. Taxiway N
occurs near the tumoff so aircraft was almost through N at the time of the
, transmission. Ground control told aircraft both he and tower had instructed the
! aircraft to hold shortof N. . ..

Simultaneous intersecting ILS approaches were cited in one report.

Aircraft A was established on the ILS course for runway 7. We were advised by
approach control of traffic at ten o’clock, 4 miles, on an ILS for runway 10.
Approximately 2 minutes later I inquired about the traffic and was informed he was
“ten o’clock, 3 miles.” The first officer informed me that the outer marker light had
started blinking just as we broke out of the clouds and saw the traffic, which seemed
closer than 3~miles. The distance between the outer markers for runways 7 and 10,
according to the scale on the approach plate, is just under 2 miles, but the issue is
not whether we were 3 miles or closgr. The real issue is that both aircraft were
inbound on intersecting localizer courses. To compound the problem, both aircraft
were at similar airspeeds. The use of simultaneous ILS on intersecting courses might
seem to be efficient and safe to ATC, but it is potentially hazardous. Because of the
-converging courses which it inherently provides, all the ingredients for a midair
collision lie in wait for a triggering last-minute event: a simple controller distraction,
or a communications failure, or radio congestion. Procedures should be fail-safe. . . .





The control of intersecting patterns by different control positions was discussed in one report
- in this sample (other ASRS reports have also cited this problem).

I was flying airline aircraft A on the above date. Tower issued takeoff instruc-
tions and we broke ground off runway 35R ... at that time I saw corporate jet B
cross directly in front of me, having taken off from runway 27. Upon reaching a safe
altitude, I asked the tower operator if he was aware that the aircraft were taking off
simultaneousty. He said “No.” Subsequent inquiries ... indicate - that the tower
personnel felt nothing of significance occurred. I feel that it was highly danger-
ous. ... ' ‘

A specific procedural problem was cited in several reports, all of wmch mentioned difficulties
associated with simultaneous use of intersecting runways. The issue in these and other reports
conceming these procedures is what happens when a problem is encountered by one or the other
aircraft if the procedures leave little room for a “fail-back™ position.

Airline captain was cleared to land on runway 14L and at the same time tower
cleared another airline aircraft for takeoff on intersecting runway 27L. We were
given no wamning by approach control or tower of the departing aircraft on the
intersecting runway. If we had to make a go-around it would have been very close.
We had made a long landing to save taxi time, and had to use heavy braking to av01d
the mtersecnon

- L T .

Tower cleared aircraft A to land on runway 27L and aircraft B to land on 32L
at the same time. The runways intersect. Had aircraft A not been able to hold short
of the intersection the two aircraft would have collided. When questioned about the
practice the tower answered, “I’ve been directed to use the runways in this manner.”

L 3 * »

As we were cleared to land on 14L the tower asked us to expedite through the
intersection of 4L and we agreed. On touchdown we experienced difficulty with the
aircraft due to very poor braking action and crosswinds. With this difficulty we did
not, in fact, expedite through the intersection. I believe the tower was not observant
as they cleared another aircraft for takeoff on 4L before we were through the
intersection. . . . | personally believe that this runway configuration is undesirable
unless more attention is paid, and the landing aircraft should not be questioned. One
week previdusly, I experienced the same problem departing on 4L. [ aborted takeoff
due to an aircraft in the intersection of 4L and 14L.

a .

.o, » »

We were cleared to land on 27R. Another aircraft was cleared for landing on
22R to hold short of 27R. Both aircraft touched down at nearly the same time. We
landed normally on 27R but could not tell for certain that the aircraft on 22R
would in fact be able to hold short of the intersection. He did not ever come to a





full stop because he was playing his taxi to expedite traffic (there are no tumoffs on

22R). We braked to a slow taxi to be certain of our clearance and so that we could

C . stop if he couldn’t. Tower immediately told us to expedite off the runway for

| landing traffic. After we turned off a twin and a tri-engine jet touched down on the

two runways with the same result, only the trimotor braked heavily. This operation
is unsafe; it adds too many additional variables during the critical landing phase.

Training was involved in five controller-initiated occurrences. A typical example follows.

Aircraft A landed on runway 12, then aircraft B was told to taxi into position
and hold runway 12, which he did. Aircraft C was on a 3-mile dog-leg to final for 12
at this time. By the time aircraft A cleared the runway aircraft C was on 1-mile final.
When aircraft C touched down aircraft B was 3,000 ft ahead of him and just lifting
off, Controller training was in progress at the time and the trainee apparently didn’t
realize it would be that close. By the time [ decided to send aircraft C around it was
too late; he was already committed to land. The pilot remarked that he should have
gone around, but he did not. The trainee should either have sent him around or not
taxied B onto the runway but did not. [ should have sent C around but I did not.
None of us reacted to this situation as we had been trained to and the result was less
than standard separation. '

Several of the reports in this sample described situations in which a go-around was initiated by
the pilot because of a perceived threat to separation. Such an action was taken in 17 cases. In at
least some of these, the action produced new problems, although it obviously averted problems in
other cases.

We were cleared for immediate takeoff from ‘in position’on runway 31 and
began our roll without delay. Aircraft B was on final approach to runway 22. Our
: spacing was slightly less than what we’ve been used to at this airport, but we felt
] _ that we had more than adequate separation. During our takeoff roll aircraft B
- initiated a go-around. We crossed the runway intersection at about 300 ft AGL and
at that time B appeared to be near level with us and perhaps over the approach
lights. The fact that he pulled up and possibly accelerated put our aircraft in cioser
proximity than if he had continued his approach and landed. We would not classify
this as a near miss but the potential exists in this situvation.

- = »

Aircraft ™A reported to tower on downwind. [ cleared A to land. Aircraft B
called for takeoff. B was cleared for takeoff, then cleared for immediate takeoff and
; - given traffic, aircraft A, 1-mile final. A declared the approach too close to departing
traffic and went around on the right side of the departure. In my opinion if A had
continued his landing [ would have had minimum departure separation. However,
due to the pilot's initiation of a go-around he reduced longitudinal separation and
passed B at midfield.

.In 20 occurrences, both the pilot and the controller erred in some manner. Eight, or 40%, of
these occurrences involved a near collision. These reports were therefore singled out for





examination. It was found that these occurrences, like the others in this study, involved a variety of
factors. One factor noticeable in this subset of reports, however, was very tight spacing of traffic (in
eight cases) which produced problems when not all participants behaved as expected. Two examples
follow. In both cases, one or more of the pilots, as well as a controller, contributed to the situation.

Aircraft A, landing 4R, was instructed to roll to the end. Aircraft B was in
position runway 8L awaiting the landing A to roll through the intersection. Antici-
- ' pating separation, the controller instructed B to start a fast taxi since there was a
' heavy aircraft C on short final for 8L. Aircraft A slowed and tried to use a diagonal
taxiway that saves time to the gates. Controller instructed A to cross the intersection
without delay; A did so and takeoff clearance was given to the fast-taxiing B. This
was not a safe operation by the local controller and will not be tried agzin. This
airport is extremely hard to work because of crossing runways and numerous
intersections$ for takeoff. . .. In the above incident the two aircraft missed by 300 ft
or $0; too close. ... '

Transport aircraft A taxied out and was holding for takeoff. Another flight had:
landed and was still on the runway. Aircraft A was cleared for something and the
transmission ended. Only a couple of seconds later, A was cleared into position and
cleared for takeoff. Just as we were about to start our takeoff an aircraft B who was
on final said he was going around. As I made the last 90° turn onto the runway [ saw
lights and he appeared about a mile or so out on final. When he elected to go around
[ elected not to start my takeoff roll as it appeared that from his position and my
takeoff and climb we would be very close (visibility was 1 to 1-1/2 miles, ceiling

. about 300 ft). Since I had not started to take off, and since aircraft. B was not going
to land, [ made a right turn back off the runway. Aircraft B said he could iand but
the tower told him to go around, then immediately told him to go ahead and land.
Aircraft B advised that he would have a moment earlier but he could not at that

. time. In aircraft A, we advised that we would continue with our takeoff and that we
‘E were starting our takeoff roll. The tower advised to tum left and taxi clear of the
runway.

There is no taxiway off to the left of the runway except at the very end so we
did a quick tum and cleared the runway on the east side. As we were clearing, an
aircraft C was told to go around. The result of this incident was at no time a
_ hazardous condition, but it did result in two aircraft having to go around ... air
f ' ~ traffic was very heavy at the time . .. during these conditions radio communications
’ ' are so congested that it leads to misunderstandings and confusion on the part of
both the pildt and the controller. Expediting the situation only adds to the
confusion. . .
. ' - "’5..
In summary, controller-initiated occurrences generally involved failure to insure that separation
would exist. An important corollary factor was a failure of coordination with other tower positions.
Training may have been a factor in a few cases; procedures may also have been a factor in some.
Tight traffic spacing appeared to be a fictor in cases in which a flight crew error compounded the
controller’s error, or vice versa.
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QOther factors— A number of other factors were also present in and pertinent to these
occurrences. Environmental factors were cited in 12 cases. Five of these involved restricted
visibility; in one, the controller’s alertness averted a problem.

Aircraft A requested taxi clearance from the south ramp to the active runway.
Visibility was 3/16 mile in ground fog; taxi instructions were given and the RVR for
runway 10. The aircraft advised he was “slightly unfamiliar’ with the airport layout
and detailed instructions were given. In his taxi, he was required to cross the active
runway at midfield. Aircraft B was holding in position for departure and I requested
A to report crossing runway 15R at taxiway F, a point that is clear of the active
runway 10. From past progress reports, after a sufficient lapse of time, I asked A for
a confirmation of his position and was told he had cleared the checkpoint. [ had a
ground vehicle holding clear for the A on yet anctler taxiway and was awaiting his
report of sighting A. Again, from A’s past reports and the time lapse, he should have
passed the ground vehicle, but had not. Unsure of his position, I elected to advise
local control to hold his departure. Upon further inquiry, the pilot of A admitted he
was not sure of his location. B was held until A reported sighting an airline ramp, a
point known to be clear of the active. . ..

In a second report, a late hand-off and a missed approach presented the controller
potentially critical situation.

Aircraft A was on a VOR approach to runway 13L and aircraft B was departing
runway 31R with a right tum out northeast-bound. Approach control did not give
the tower a hand-off on the VOR approach. The weather was marginal with low
ceiling and the VOR approach called well inside the normal hand-off point, after the

_tower controller had released the VFR 31R departure, not knowing about the
opposite direction IFR aircraft. Due to the ceiling coming down, the IFR aircraft
executed a missed approach. The tower controller separated the aircraft visually by
seeing aircraft B and climbing aircraft A. .. .

Intersecting runway operations in wet weather caused another problem.

Airline aircraft A on short final for landing on runway 12L made a touch-and-
go in order to pass over aircraft B who, after landing on runway 17, could not hold
short of the intersection of runway 12L. Runway 17 intersects 12L 3,000 ft from
the approach end. The runways were wet at the time.

with a

Several reports discussed controller visual problems; in this case, night compounded the

problem.
e X

Aircraft A was cleared to land on runway 16 with aircraft B cleared for
touch-and-go on intersecting runway 30R. At the time both clearances were issued,
judgment and experience indicated standard separation would exist. It did not, but
due to the angles involved, this less than standard separation situation was not
apparent until it was too late to do anything about it. The situation occurred at
night, with both aircraft landing toward the tower. As a result, both distance and






si:ieed determinations are extremely difficult. . .. fl:h_e aircraft involved were not that
close, but it was potentially unsafe. A bright display would have helped here. . ..

Frequency congestion was a factor in six reports. It was usuaily cited as a factor that made it
more difficult to confirm unclear or partially missed instructions. Language problems were cited as
a factor in four runway incursions; similar flight numbers were a factor in one case. Workload was
cited as a contributing factor in five occurrences, fatigue as a factor in one.

When this study was initiated, it was the opinion of the authors that surface vehicles would be
found to be an important facet of the runway incursion problem. This proved not to be the case,
Motor vehicles were a factor in only 8 of 165 occurrences.

The driver of a vehicle was the initiator of six of the occurrences. In three cases, the driver
crossed an aircraft movement area without clearance; the other three involved disorientation or
confusion as to his position on the part of a driver. The outcome was a collision in one case, less
than safe separation in one, a recognized error in two, and no conflict in two. In one case, a motor
vehicle wandered onto an airport from outside; the other cases involved airport service vehicles.

Motor vehicles have been a persistent problem at certain airports that have deficient security
fencing; however, they did not appear to be a frequent problem in this sample of reports from
controiled ajrports.

General discussion— What, in summary, can be learned from these data? In particular, do the
data suggest any measures that might assist in solving the problem of runway incursions, if these
occurrences do represent a problem?

First, while we are uncertain as to the magnitude of the problem, it seems certain that a
problem exists. That some of these near collisions were not accidents instead appears to have been
due to chance alone (the occurrences in which no recovery action was taken are an example).

Given the existence of the problem, how may it be characterized? The problem appears at first
glance to be twofold. One aspect involves pilots who do not have, or who misunderstand, a
clearance prior to executing a maneuver. The second aspect involves controllers who fail to insure
that separation exists and that it will continue to exist before they issue a clearance. Both probiems,
however, appear in a large number of cases to involve a common factor: lack of information. In the
case of the pilots (and the vehicle operators), the information they lack is a timely, unambiguous
clearance. In the case of many of the controllers, the information relates to their or other traffic, or
about the intentions of pilots (or drivers).

In many of t?lése reports, it is clear that considerable pacing stress is involved. The pilot has
schedule pressures, the need to conserve fuel, and the constant knowiedge that he cannot “get there
by sitting here.”” The controller’s problem is more pervasive; he must move traffic, simply because he
knows there is more coming. One of these reports isilluminating, for it illustrates that controllers will
sometimes go further than perhaps they should to provide whatever services are requested of them.

Aircraft B executing practice ILS 3IL approach to a full stop ... aircraft A
advised on left base with B in sight. Local control cleared A to land 31R.. .. local
control had other distractions and did not continue to watch A ... radar was not





painting the aircraft. ... A stated that an aircraft was on the runway; local control
did not observe an aircraft on 31R and checked 31L. I observed A about 20 ft AGL
about to land on top of B. I told A to go around. As A started his go-around on 31L
additional traffic was C on short final on runway 36. I told C to make an emergency
pull-up to avoid A. Contributing factors: poor radar reception and only one local
control position. Just prior to this incident I had worked 107 operations using three
runways . . . one local controller has difficulty observing all of the critical areas for
three different traffic patterns. . ..

Frequency congestion, shortcuts, nonstandard phraseology, unpredictable and unnanounced
flight crew actions, visibility restrictions, and other factors all play a part in this problem, but it
appears that the information transfer problem, for whatever reasons, is at the heart of a substantial
part of it. Given that over half these occurrences involve an aircraft taxiing, and therefore able to
stop almost at will, it is suggested that it should be productive to examine closely ways to insure
that taxiing aircraft (and motor vetucles) are under all circumstances absolutely certain of what they
are supposed to be doing.

There are three facets to this part of the information transfer problem; each is important, but

the relative importance will vary as a function of geographic features, airport layout, and procedures
in various locations. :

Standard operating procedures for taxiing, either system-wide or airport-specific, will help to
insure compliance with desired patterns of behavior in most cases, if they are known to all users and
if they are simple encugh to be understood. Although steps have been taken to clarify taxi clearance
limitations, it appears from the number of occurrences involving this factor that additional
attention might be helpful.

Taxiway lighting and markings appear to be a problem at a number of locations, especially
during periods of construction or repairs. While many improvements have been made in signs over
the past 'several years, markings, especially at night, still appear to represent a deficiency. The
problem is most acute at the junctions of taxiways with runways.

Clearances were a problem in a- number of reports, particularly when ground control fre-
quencies were congested. The dangers of nonstandard or abbreviated clearances are clear; maintain-
ing clearance discipline under severe time constraints, however, is a constant struggle. One pertinent
location-specific situation noted several times in the study involved being directed to “follow
another aircraft,” then uncertainty as to whether to follow the other aircraft across an active
runway. Some pilots did, some pilots did not, and some pilots queried ground control for
clarification. It is fhis sort of ambiguity the system should seek to avoid.

Lack of clearance for takeoff or landing was noted in 14 reports. This can hardly be due to a
lack of knowledge of the requirements for such a clearance. Data regarding the four aircraft that
landed without clearance indicate two were not in contact with the tower; the reasons why the

other two landed are unknown. In the case of takeoffs without clearance, however, a pattern was
- more evident. In 7 of 10 cases, an aircraft took off immediately after a takeoff clearance was

delivered to another aircraft. One case involved similar flight numbers, one involved an incompiete
(no aircraft identification) repeat of a previously issued takeoff clearance, after which two aircraft
took off simuitanecusly on intersecting runways. In the other cases, the reason for takeoff was
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unknown in one, a probable language problem in a second, and a crew member’s misinterpretation
of a question from the other pilot in the third.

. The tone of several of these reports suggests that pilots already in position and awaiting
takeoff clearance may have heard what they expected to hear, without recognizing that the
clearance was for another aircraft on another (or even the same) runway. It is in this subset of cases
that devices for visual confirmation of takeoff clearance would be useful, but it is also suggested
that with the multiple-runway and intersection takeoff operations, which characterize nearly all of
our busier airports, a heightened level of caution on the part of pilots, perhaps accompanied by a

readback of the flight or aircraft numbers in acknowledgment of the clearance, might accomplish
the same thing.

It is clear that problems in coordination between local and ground controllers are a factorin a
substantial number- of runway incursions. It is equally clear that pacing stress is a contributing
factor in these and probably in other failures of coordination. Though a recent FAA directive
mandating verbal coordination prior to permitting the crossing of one of two active parailel runways
may be of help, a recent ASRS report describes the difficulties associated with implementing this
directive at an extremely busy VFR tower serving a muitiple parallel runway operation.

Conclusions

The following conclusions are drawn:

1. Incursions of aircraft onto runways at controlled airports represents a significant safety
problem

2. An important factor in both pilot-initiated and controller-initiated runway incursions is
failure of information transfer among the relevant system participants

i 3. Ta.xung aircraft, a major contributor to these occurrences, represent the most effective
«gingle point of attack on the problem, if ASRS data are representative.

v ———— o S——
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No. 2
KLM, B-747, PH-BUF and Pan Am, B-747, N736, collision
at Tenerife Airport, Spain, on 27 March 1977. Report
dated October 1978, released by the Subsecretaria de
Aviacién Civil, Spain, in both Spanish and English.

1.- INVESTIGATION

1.1 History of the flight

The KLM Boeing 747, registration PH-BUF, took off from Schipol Airport
(Amsterdam) at 0900 hours on 27 March 1977, en route to Las Palmas de Gran Canaria.
This flight was part of the Charter Series KL 4805/4806 Amsterdam-Las Palmas (Canary
Islands)-Amsterdam operated by KLM on behalf of the Holland International Travel Group
(H.I.N.T.), Rijswijk-Z.H.

The Boeing 747 registration N736PA, flight number 1736, left Los Angeles
International Airport, California, United States, on 26 March 1977, local date, at
0129Z hours, arriving at John F. Kennedy International Airport at 0617Z hours. After
the aeroplane was refuelled and a crew change effected, it took off for Las Palmas
de Gran Canaria (Spain) at 0742Z.

While the aeroplanes were en route to Las Palmas, a bomb exploded in the
airport passenger terminal. On account of this incident and of a warning regarding a
possible second bomb, the airport was closed. Therefore, KLM 4805 was diverted to
Los Rodeos (Tenerife) Airport, arriving at 1338Z on 27 March 1977. For the same reason,
PAA 1736 proceeded to the same airport, which was its alternate, landing at. 1415.

At first the KLM passengers were not allowed to leave the aeroplane, but
after about twenty minutes they were all transported to the terminal building by bus.
On alighting from the bus, they received cards identifying them as passengers in transit
on Flight KL 4805. Later, all the passengers boarded KLM 4805 expect the H.I.N.T.
Company guide, who remained in Tenerife.

When Las Palmas Airport was opened to traffic once more, the PAA 1736
crew prepared to proceed to Las Palmas, which was the flight's planned destination.

When they attempted to taxi on the taxiway leading to runway 12, where
they had been parked with four other aeroplanes on account of the congestion caused by
the number of flights diverted to Tenerife, they discovered that it was blocked by
KLM Boeing 747, Flight 4805, which was located between PAA 1736 and the entrance to the
active runway. The first officer and the flight engineer left the aeroplane and
measured the clearance left by the KLM aircraft, reaching the conclusion that it was
insufficient to allow PAA 1736 to pass by, obliging them to wzit until the former had
started to taxi.

The passengers of PAA 1736 did not leave the aeroplane during the whole
time that it remained in the airport.

KLM 4805 called the tower at 1656 requesting permission to taxi. It was
authorized to do so and at 1658 requested to backtrack on runway 12 for take-off on
runway 30. The tower controller first cleared the KLM flight to taxi to the holding
position for runway 30 by taxiing down the main runway and leaving it by the (third)
taxiway to its left. KLM 4805 acknowledged receipt of this message from the tower,
stating that it was at that moment taxiing on the runway, which it would leave by the
first taxiway in order to proceed to the approach end of runway 30. The tower
controller immediately issued an amended clearance, instructing it to continue to taxi
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to the end of the runway, where it should proceed to backtrack. The KLM flight confirmed
that it had received the message, that it would backtrack, and that it was taxiing down
the main runway. The tower signalled its approval, whereupon KLM 4805 immediately asked
the tower again if what they had asked it to do was to turn left on taxiway one. The
tower replied in the negative and repeated that it should continue on to the end of the
runway and there backtrack.

Finally, at 1659, KLM 4805 replied, "O0.K., sir."

At 1702, the PAA aeroplane called the tower to request confirmation that
it should taxi down the runway. The tower controller confirmed this, also adding that
they should leave the runway by the third taxiway to their left. At 1703:00, in reply
to the tower controller's query to KLM 4805 as to how many runway exits they had passed,
the latter confirmed that at that moment they were passing by taxiway C-4. The tower
controller told KLM 4805, '"0.K., at the end of the runway make one eighty and report
ready for ATC clearance."

In response to a query from KLM 4805, the tower controller advised both aero-
planes - KLM 4805 and PAA 1736 - that the runway centre line lights were out of service.
The controller also reiterated to PAA 1736 that they were to leave the main runway via
the third taxiway to their left and that they should report leaving the runway.

At the times indicated, the following conversations took place between
the tower and the KLM 4805 and PAA 1736 aeroplanes.

Times taken from KLM CVR.

1705:44.6 ,

KLM 4805: The KLM four eight zero five is now ready for take-off and
we are waiting for our ATC clearance. (1705:50.77).

1705:53.41

Tower: KLM eight seven zero five you are cleared to the Papa Beacon,
climb to and maintain flight level nine zero, right turn
after take-off, proceed with heading four zero until
intercepting the three two five radial from Las Palmas VOR.
(1706:08.09).

1706:09.61 )

KLM 4805: Ah - Roger, sir, we are cleared to the Papa Beacon, flight
level nine zero until intercepting the three two five.
We are now (at take-off). (1706:17.79).

11706:18.19

Tower: 0.K..... Stand by for take-off, I will call you.
(1706:21.79).
Note: A squeal starts at: 1706:19.39

The squeal ends at: 1706:22.06

1706:21.92 ) )

PAA 1736: Clipper one seven three six. (1706:23.39).

1706:25.47

Tower: Ah - Papa Alpha one seven three six report the runway clear.

; (1706:28.89).

1706:29.59

PAA 1736: 0.K., will report when we're clear. (1706:30.69).

1706:31.69

Tower: Thank you.
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. Subsequently, KLM 4805, which had released its brakes to start take-off.
run 20 seconds before this communication took place, collided with the PAA aeroplane.-

" The cdntrol_towér received no further communications from PAA 1736, nor
from KLM 4805.

There were no eyewitnesses to the collision.

Place of accident

The accident took placeion the‘runway of Tenerife Airport (Los Rodeos)
at latitude 28° 28' 30" N and longitude 16° 19' 50" W. The field elevation is 2 073 ft
(632 m). . . . . .
Date

The accident occurred on 27 March 1977, at 17 hours 06 minutes 50 seconds GMT.

1.2 Injuries to persons

1.2.1 KLM 4805

Injuries ' Crew ;_- :Passéngers -Others
Fatal 14 234 -
.Nonffatal - - -
‘None - - ‘ - ' -

1.2.2 PAA 1736

Injuries Crew Passengers Others
Fatal 9 317 -
Non-fatal 7 61% 2%*%
None - _ A

* 9 of these passengers subsequently died as a result of
injuries received.

** Company employees, sitting on the cockpit jumpseats,
who had boarded the aeroplane in Tenerife.

1.3 Damage to aircraft

Damage to the aeroplanes was 100 per cent due to the impact and post—impact
fire.
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1.4 Other damage
The

runway was damaged in the area of impact by the impact itself and by

the subsequent fire. Cost of repairs thereto amounted to 16 005 464.22 pesetas.

1.5 Crew informatién

1.5.1 KLM crew

a)

b)

Captain

Nationality: Dutch ]
Date and place of birth: 5 February 1927, in Lisse, Netherlands

Licences:

Private Pilot's Licence issued 21.6. 1947

Commercial Pilot's Licence issued 18.4.1950

Flight Navigator's Licence issued 6.8.1963

Airline Transport Pilot's Licence issued 19.10.1956 and valid
until 16.6.1977

Flight Radio Telephone Operator's Licence issued 22 9.1952 and
valid until 2.10.1980

Type ratings:

Douglas DC-3 28.9.1951 until 20.6.1962
Convair CV 240/340 23.8.1952 " 20.6.1962
Lockheed L749/1049 1.10.1952 " 20.6.1962
Douglas DC-6 12.2.1957 " 20.6.1962
Douglas DC-7C 6.6.1957 " 20.6.1962
V. Viscount 803 11.6.1959 " 21.7.1967
Douglas DC-9 16.3.1967 " 9.6.1971
Boeing 747 23.1.1971 " 16.6.1977

Fiying experience:
Total flying time as of 27.3.1977: 11 700 hours
Flying time on Boeing 747 as of 27.3.1977: 1 545 hours

Last medical examination:
29.12.1976. Result: fit for ATPL

Last proficiency check:
25.1.1977: O.K. ST

Co-pilot (First Officer)

Nationality: Dutch E
Date and place of birth: 12.2.1935 in Opperdoes, Netherlands

Licences: )

Private Pilot's Licence issued 31.5. 1958

Commercial Pilot's Licence issued 2.3.1960

Flight Navigator's Licence issued 20.4.1966 and valid until 26.6.1977

Flight Radio Telephone Operator's Licence issued 30.12.1957 and
valid until 2.6.1981

Adrline Transport ‘Pilot's Licence issued 5.6. 1970 and valid

until 29.6.1977





- 26 . ICAO Circular 153-AN/56

Type ratings: S

Beechcraft D13S 2.3.1960 until 11.7.1961
Fokker F-27 26.8.1966 " 2.7.1970
Douglas DC-8 ©13.12.1970 " 29.6.1977 -
Boeing 747 19.1.1977 " 29.6

.1977
Flying experience:

Total flying time as of 27.3.1977: 9 200 hours
Flying time on Boeing 747: 95 hours

Last medical examination:
29.12.1967. Result: fit for ATPL -

Last proficiency check:
17.1.1967. Result: O.K.

c) Flight Engineer

- Nationality: Dutch
Date and place of birth: 30.8.1928 in Amsterdam, Netherlands

Licences:

Flight Engineer's Licence issued 12.5.1950 and valid until 3.9.1977

Flight Radio Telephone Operator's Licence issued 10.6.1970 and
valid until 3.9.1977 ' '

Private Pilot's Licence issued 6.9.1973 and valid until 3.9.1977

Type ratings:

Douglas DC-3 12.5.1950 until 28.3.1958
Douglas DC-6 28.3.1958 " 24.10.1960
Douglas DC-7C 28.3.1958 " 24.10.1960
Douglas DC-8 24.,10.1960 " 3.9.1976
Boeing 747 22.4.1976 " 3.9.1977

Flying experience:
Total flying time: 17 031 hours
Flying time on Boeing 747: 543 hours

Last medical examination:
16.8.1976. Result: fit for Flight Engineer

1.5.2 PAA crew

a) Captain

Nationality: American

Date of birth: 18 May 1920
Total flying time: 21 043 hours
Total 747 hours: 564

Total last 30 days: 63:43

Total last 24 hours: 6:33

Total this flight: 0]

Last medical examination: 23 March 1977

Certificates and ratings: ATP, 747 and 707 ratings
Last proficiency check: 15.11.1976
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b) Co-pilot (First Officer)

Date of birth:

Total flying time:

Total 747 hours:

Total last 30 days:

Total last 25 hours:
Total this flight:

Last medical examination:
Certificates and ratings:
Last proficiency check:

c) Flight Engineer

Date of birth:

Total flying time:

Total 747 hours:

Total last 30 days:

Total last 24 hours:
Total this flight:

Last medical examination:
Certificates and ratings:

1.6 Aircraft information

1.6.1 KLM 4805

Aircraft type:
Registration:
Serial No.:

Year of manufacture:
Manufacturer:

Airworthiness Certificate:
Date of first issue:

Date of definitive first issue:

Date of last renewal:
Date of expiry:

Maintenance record

Total airfame hours as
of 27.3.1977:
Total number of landings:

Last major overhaul/inspection:

Last periodical inspection:

Maintenaqce Release:

14 September 1937

10 800 hours

2 796

42:39

6:33

0

13.1.1977

ATP, 747 and 707 ratings
17.1.1977

inDecember 1930

15 210 hours

559

52:01

6:33

0 .

25 June 1976

Flight Engineer, Turbojet rating

Boeing 747-206B

'PH-BUF

20400

1971

The Boeing Company, Seattle,
Washington, U.S.A.

No. L1877

19 October 1971 (as Certificate of
Validation, valid for three months)
issued by the Department of Civil
Aviation, Aeronautical Inspection
Directorate ’

13.12.1971

15.11.1976

13.2.1977

21 195

5 202

January 1975, at 13 200 hours total
aircraft time

18 March 1977; D-11 check at 20 898 hours
total aircraft time

No. 6076 of 18 March 1977
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Engines

Number of engines: four (4)
Engine type: Pratt and Whitney JT-9 D-7

Engine position o Serial No.
Position 1 : 663056
" 2 . ‘685641 -
M3 - . 662694 g
" 4 ' 662800

On the day of the accident, engine no. 1 had .accumulated 15 080 total
flying hours; no. 2 had accumulated a total of 16 677 hours; no. 3, 6 716 hours; and
no. 4, 13 692 hours. The corresponding number of cycles was as follows:
no. 1: 3 340 cycles; no.2: 3 337 cycles; no.3: 1 637 cycles; and no. 4: 3 399 cycles.

1.6.2 PAA 1736

Aircraft type: o Boeing 747-121

Registration: C : N736PA .
Serial No.: : . 19643, manufactured in January 1970

under a Standard Airworthiness
Certificate, Transportation Category
Total hours: TT: 25725
TC: 7 195 .
(These hours and cycles go up to
27.3.1977 in JFK Airport)
Owner: . Pan American (PAA) -
Flight number: ) 1736 -

Maintenance record

The aeroplane was equipped with an instrument flying panel in
accordance with airline requirements under CFR 14, U.S. Code Far 121
and 25.

On 17 March 1977, at 25 726 hours total aircraft time, the aircraft

received a Pre-flight Inspection in accordance with the PAA FAA-Approved
Maintenance Programme.

Engines

Engines: Pratt and Whitney JT 9 D-7CN

No. 1 Serial no. P 662403 CN: total hours: 14 364
total cycles: 4 234
No. 2 - Serial no. P 662996 CN: total hours: 13 350

total cycles: 2 824

No. 3 - Serial no. P 662256 CN: total hours: 18 511
total cycles: 6 666
No. 4 - Serial no. P 662307 CN: total hours: 16 281

total cycles: 4 838

Note.- Not included are the flying hours from JFK (John'F. Kennedy
Airport in New York to Tenerife, i.e., 6:33 hours).
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1.7 Meteorological information

At Los Rodeos Airport, this is provided by:

1. A weather observation tower located at about 400 m southwest of

the approach end of runway 30.

2. Another tower located at about 200 m northeast of the épproach

end of runway 12.

3. A visibility transmissometer located at about 70 m south of the

runway 30 approach.

4. A ceilometer located in the same place.

5. Barometric pressure, temperature and dew point recording equipment.

. 6. Teletype for route weather information.

7. Visibility is reported by the tower controller when the approach
to the runway in service is in sight. Otherwise, this is done by
an observer in the weather observation tower.

8. Runway visual range (RVR) is not reported.

9. The following visibility values
- Horizontal and slant approach
- Runway

- Taxiway

are given:

Pertinent weather observations (QAM) as from 1630 hours were as follows:

QAM at approach end of runway 30 at

1630 hours

Approach horizontal visibility:
Runway visibility:

Approach slant visibility:
Present weather:

Cloud coverage:

Field altimeter setting (QNH):

Sea level barometric pressure
(QFE) Runway 30 approach end:

Temperature:

Dew point:.

10 km

3 km

7 to 8 m

Intermittent light rain and fog
at distance

1/8 at O m, 2/8 at 30 m, 2/8 at 120 m,
2/8 at 180 m

1023 mb (30.21 Hg)

949 mb
14°¢
139¢





30

ICAO Circular 153-AN/56

QAM at approach end of runway 30 at 1645 hours

Approach horizontal visibility: 8 to 10 km
Runway visibility: 2 to 3 km
Approach slant visibility: 7 to 8 km o -
Present weather: Intermittent light rain and fog patches
Cloud coverage: 2/8 at 0 m, 2/8 at 30 m, 2/8 at 90 m,
. 2/8 at 150 m
Field altimeter setting (QNH): 1023 mb (30.21 Hg).
Sea level barometric pressure
(QFE) Runway 30 approach end: 951 mb
A.D.: 948 mb
Runway 12 approach end: 949 mb
Temperature: . 14°¢
Dew point: 13°cC

QAM at approach end of runway 30 at 1650 hours

Approach horizontal visibility: 2 to 3 km; intermittent 8 km

Runway visibility: . : 2 to 3 km .

Approach slant visibility: - 2 km; intermittent to 7 km

Present weather: Light rain and fog .patches

Cloud coverage: 4/8 at 0 m, 2/8 at 30 m, 2/8 at 60 m

QAM at approach end of runway 30 at 1702 hours

Approach horizontal visibility: 500 m; intermittent to 5 km
Runway visibility: 300 m
Approach slant visibility: 500 m; intermittent to 5 km
Present weather: Light rain and fog patches
Field altimeter setting (QNH): 1023 mb (30.21 Hg)
Sea level barometric pressure s

(QFE) Runway 30 approach end: 951 mb

A.D.: 948 mb

Runway 12 approach end: 949 mb
Temperature: 14°C
Dew point: 13°¢C

QAM at approach end of runway'30 at 1710 hours

Approach horizontal visibility: 4 to 5 km; intermittent 7 km

Runway visibility: 1 km
Approach slant visibility: 4 to 5 km; intermittent to 6 km
Present weather: Intermittent light rain and fog patches

Cloud coverage: 5/8 at O m, 2/8 at 30 m, 2/8 at 90 m

QAM at approach end of runway 30 at 1725 hours

Approach horizontal visibility: 1 km, intermittent 3 km
Runway visibility: 300 m

Approach slant visibility: 1 km; intermittent 3 km
Present weather: Light rain and fog patches

Cloud coverage: 7/8 at O m, 1/8 at 30 m
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QAM at approach end of runway 30 at 1925 hours

Approach horizontal visibility: 100 m -

Runway visibility:

Approach slant visibility:
Present weather:

Cloud coverage:

Field altimeter setting (QNH):
Sea level barometric pressure

(QFE) Runway 30 approach end:

A.D.:

Runway 12 approach end:
Temperature:
Dew point:

1.8 Aids to navigation

1.8.1 KLM 4805

100 m
100 m

Light rain and fog patches

8/8 at 0 m
1022 mb (30.19 Hg)

950 mb

948 mb
948 mb

13°C
13°c

The aircraft was equipped with the following aids to navigation:

VOR/ILS:
Bendix RNA-26C

Marker Beacon:
Bendix MKA-28C

ADF:
Collins 51Y-7

DME:
Collins 860 e-3

ATC Radar Beacon:
Collins 621A-3

Weather Radar:
Bendix RDR-1F

Radio Altimeter:
Collins 860F-1

Inertial Navigation System:
Delco Carousel IV

Emergency Radio Beacon:
Garret Rescue-99

108-117, 95

75

190-1756

1000

1030-1090

9375

4300

121.5/243

Mﬁz
MHz
kHz
MHz

MHz

MHz

systems

system

systems

systems

systems

systems
systems
systems

systems
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1.8.2 ©PAA 1736

The aircraft was equipped with the following aids.to navigation:

Description - 'lggﬁi L Eéﬂél - -; No. of systems
ADF o ;J-A; é;iiins 51Y4 .-'> 2‘systems
DME | - Coiiins | -62iA;3 i 2 systems
VOR/ILS Collins " sirvae 2 systems
Radar (AVQ-30X) RCA  MI-592041 2 systems
Radio Altimeter Bendix ALA-51A 2 systems
Radar Beacon Collins 621A-3 2 systéﬁs

Inertial-Navigation System Delco Elect 7883450-041 3 systemé

1.9 Communications

1.9.1 KLM 4805

The aircraft was equipped with the following communication instruments:

HF COM:

Collins 61 8T-2 2-30 MHz 2 systems
) VHF COM:

Collins 618M-2B 118-135.97 MHz 3 systems

Selcal:

Motorola NA-135 1 Dual Decoder

Cockpit Voice
Recorder (CVR):
Sundstrand AV-557B 1 system

1.9.2 PAA 1736

The aircraft was equipped with the following communication instruments:

Description Make Model No. of systems
VHF King KTR-9100A 2 systems
HF Collins 61782 2 systems
Audio-Interphone Ford 1-X00-185-3 1 system
Selcal Motorola NA-126AV 1 system

1.10 Aerodrome and ground facilities

Los Rodeos (Tenerife) Airport is located at an elevation of 632 m
(2 073 ft). The 12/30 runway is 3 400 m (11 155 ft) long, and has two stopways of 60 m.
It is 45 m wide. The elevation at the approach end of runway 30 is 2 001 ft and that





ICAO Circular 153-AN/56 : 33 -

of runway 12 is 2 064 ft. The highest point of the airport is near the intersection
of taxiway 3.: :

Because of its altitude and location in a sort of hollow between mountains,
the airport has distinctive weather. conditions, with frequent presence of low-lying clouds.

The Los Rodeos Airport was equipped with the following radio aids to
navigation at the time of the accident: -

VOR/DME, TFN 112.5 Mc . Normal operation
ILS 110.3 Mc " "o

FP Beacon, 243 kc " "

NDB, TX, 410 kc i " " o

NDB, LD, 370 kc : Out of service (NOTAM II 573/76)

Los Rodeos Airport was equipped with the following visual approach aids
at the time of the accident:

Approach lights In service

VASIS " " (that of runway 12 was

: being tested)

Flashers on runway 30 " "

Precision approach lighting " "

Runway centre line indicated

The airport was equipped with the following beacon marking system at the
time of the accident:

Lighting of the flight runway " In service
Lighting of the taxiway " n -

The runway centre line lights were out of service (NOTAM II 92/77).

The air-ground communication radio frequencies in service at the time
of the accident were as follows:

- 119.7 Mc for Approach
- 118.7 Mc for Taxiing

The following NOTAMs were in force at the time of the accident, with
regard to the Los Rodeos Airport radio aids and air-ground visual and communication aids:

1. On 15.3.1977, NOTAM I, National no. 643, International No. 382,
contained the following text: '"Runway 12/30 centre line lights
out of order until further notice." (This NOTAM was changed
to NOTAM II-A, no. 92/77 on 15.3.1977.)

2: On 19.3.1977, NOTAM I, National no. 791, International no. 463,
contained the following text: "Frequencies 121.7 and 118.7 MHz

being tested.”" (On 25.3.1977, this NOTAM was changed to NOTAM II-A,
no. 108/77). :

1.10.1 Magnetophone recording points in the Tenerife control tower equipment

Radio
a) Radio channels recording

The radio channels recording is performed by operator posts in
the following manner.
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The reception signals heard over the loudspeaker are recorded’
immediately after the loudspeaker line amplifier at the point
indicated in the "Rx loudspeaker record" diagram

- The reception signals heard by earphones are recorded immediately
after the earphone line amplifier at the point indicated in the
"Rx earphone" diagram. -

The transmission signals are recorded immediately before the
transmission line amplifier at the point indicated in the "Tx
record" diagram.

All these signals are appropriately mixed in order to be fed into
the magnetophone recording channels in the following manner:

Operator Post A~ . : Channel 7-
" Y B Channel 38
" " C Channel 9
" " D Channel 10
" K E Channel 11

b) General radio recording

All the signals received by the Tower receivers, whether coming from

aircraft or from the airport's own ground transmitters, are recorded

at a point immediately before the radio control system, indicated in
. the "Rx lines record" diagram.

These signals coming from all the receivers are conveniently mixed
and fed into Channel 12 of the magnetophone.

Telephony

Telephone transmissions and messages received are also recorded by
Operator posts and taken from the points indicated on the diagram as "telephone record"

and "L.C. loudspeaker record", being conveniently mixed and fed into the magnetophone
in the following manner:

Operator Post A Channel 2

" " B Channel 3
" " C Channel 4
" " D Channel 5
" " E Channei 6

Channel 1 of the magnetophone records the time signals.
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1.11 Flight recorders

1.11.1 KLM 4805

KLM Boeing 747, registration PH-BUF, flight number 4805, was equipped with
a digital flight data recorder (DFDR) and a cockpit voice recorder (CVR).

Digital flight data recorder (DFDR)

This was a Sundstrand model 573 A with 41 parameters. The box was
considerably damaged by the impact and fire. The front aluminium panel was missing,
so that the tape covering could be seen. Therefore, no serial number was immediately
available, and this was obtained from the KLM records.

1.11.2 PAA 1736

Boeing 747, registration N736PA, belonging to Pan American World Airways
Company, flight number 1736, was equipped with a digital flight data recorder (DFDR) by
Lockheed Aircraft Service Co. (LAS), Model 209-E, serial number 375. The DFDR was not
damaged by fire and suffered only sight damage due to the impact.

It was also equipped with a cockpit voice recorder (CVR), model
Fairchild A-100, serial number 504.

Both recorders were transported, duly sealed, by the Spanish Civil Aviation
Authorities to the N.T.S.B. in Washington for transcription.

1.12 Aircraft wreckage

A 1:2 000 gcale plan showing the position of the wreckage of the KLM
aeroplane, PH-BUF, and of the Pan Am aeroplane, N736PA, is herewith attached.

1.13 Medical and pathological information

On account of the magnitude of the disaster, the Spanish, Dutch and
American medical authorities, as well as the Spanish Judicial Authority, agreed that

the pathological teams should work together on the tasks of identification, embalming
and possible autopsies. )

It was not possible to perform autopsies on the members of the KIM crew
on account of the state of the bodies.

1.14 Fire

1.14.1 Alarm and mobilization of the fire fighting team

The weather conditions, with fog patches at 0 m, prevented the accident
from being immediately and directly visible from the control tower, where they only
heard one explosion followed by another, without being able to localize them or
ascertain their cause.

Moments later, an aircraft located on the parking apron advised the tower
that it had seen a fire, without specifying the exact place nor its cause.

The tower immediately sounded the fire alarm for the fire service,
informing them that there was a fire and that they should be prepared for an urgent
departure. The tower had not yet been able to locate the fire.
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Subsequently, a member of the CEPSA Co. arrived at the fire station parking
lot, where the firemen were all ready and prepared, and told them that there was a fire
"to the left to the parking area" .

o This was the first, though vague, indication regarding the location of
the fire. The firemen immediately communicated this information to the tower, and set
out at the greatest possible speed, which nevertheless was very low because the weather
conditions resulted in a serious risk of collision with persons, vehicles and aeroplanes,
in view of the fact that they had to cross the very congested parking apron diagonally.

Flnally, they saw a bright light through the fog and when they came

closer, although they were as yet unable to see the flames, they suffered the effects
of strong heat radiation.

When there was a slight clearing, they saw for the first time that there
was a aeroplane totally envelopped in flames, its only visible part being the rudder.

After they began to fight the fire, a greater clearing opened in the fog
and. they saw -a bright light further away, which they thought at first was a part of
the same aeroplane that had broken off and was also burning.

They divided up the fire trucks and, on approaching what they thought was
only a second focal point of the same fire, they discovered a second aeroplane on fire.
They immediately concentrated their main efforts on this second aeroplane because the
first was already totally irrecoverable.

As a result of this action, they were able - in spite of the. tremendous
range of the fire in this second aeroplane - to save the left side, from which between
fifteen and twenty thousand kg of fuel were subsequently removed.

. - Meanwhile, because of the dense clouds surrounding it, the tower was still

unaware of the exact location of the fire and whether ome or two aeroplanes had been
involved in the accident.

1.14.2 The impact, start of and extinguishing of the fire

There is no indication of any failure prior to the impact. The distance
from the approach end of runway 30 to the Pan Am wreckage was about 1 385 m. From here
to the main KLM wreckage there was a distance of about 450 m.

The Pan Am aeroplane was at an angle of about 45 degrees relative to the
centre of the runway, 7Z.e.,.at about 75 degrees magnetic. It is possible that it
continued to move after the impact.

Apparently, the KLM no. 1 engine only grazed the tip of the Pan Am aeroplane's
right side; the nose and front landing gear overshot the latter aeroplane and the main
landing gear smashed against it in the area of its no. 3 engine. (See Appendix 4
showing the position of the two aeroplanes at the moment of impact).

The KLM aeroplane was already entirely airborne when the impact took place.
Its tail drag had scraped the runway in an excessive rotation for a distance of 65 ft;
the tracks on the runway began about 300 ft before the place of impact.

Some sections of the right side of the Pan Am aeroplane. were found near the
KLM one, indicating that there was indeed an impact there.

The KLM fuselage skidded over the Pan Am aft fuselage, destroying it and .
shearing off the empennage. The KLM aeroplane continued in flight, hitting the ground

about 150 m further on and sliding another 300 m on the runway. It caught fire
suddenly and violently.
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The four available turret trucks, with their corresponding crews, were
initially used for extinguishing the fire. Later, all the airport Fire Service vehicles,
except one which was out of service and the two first-aid Land Rovers, were added.
Likewise, within a few minutes, fire fighting units from La Laguna and Tenerife joined
in, with three tank trucks. The fire was not totally extinguished until 0330 on
March 28.

Five thousand kilograms of foam (Tutogene) and about 500 000 L of water
were used in order to put out the fire.

1.14.3 Fire fighting equipment

a) The Tenerife Airport Fire Fighting Unit had the following equipment
available at the time of the accident:

- 2 Walter Yankee 4 200 L water and 840 kg foam Turret Trucks
. - 2 Walter Yankee 4 200 L water and 800 kg foam Turret Trucks

- 1 Walter Yankee 3 550 L water and 660 kg foam Turret Truck

- 1 Walter Yankee 12 000 L water trﬁck

- 1 International 5 886 L. water and 6OQ kg foam truck

~ 1 International 750 kg foam truck (dry chemical)

- 2 Land Rover 250 kg powder first—aid vehicles

One Walter Yankee turret truck was out of service, as indicated
in the NOTAM.

b) Training of fire fighting team

Theoretical training takes place practically every day, in the
form of classes and explanations regarding deployment, using the
wall-mounted visual displays in the fire station.

All equipment is tested and personnel are drilled three times
a month with fire-pit exercises and dry runs, with a constant view

to achieving optimum readiness as well as maximum efficiency and
rapidity of response.

Eight men are regularly kept partially suited during peak airport
traffic periods. In practice, two men are ready at all times and all
the fire station trucks are ready to roll within 30 to 45 seconds
after the alarm sounds. )

1.14.4 Rescue and survival

There were no survivors in the KLM aircraft, even though the impact both
against the Pan Am aeroplane and against the ground could not have been excessively
violent. However, an immediate and raging fire must have prevented adequate emergency
operations because all the aircraft's evacuation doors remained shut even though the
fuselage was not significantly deformed. ‘
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In the Pan Am aircraft, the first-class lounge disappeared as a result of
the impact, as well as nearly the whole of the top of the fuselage. The lounge floor :
gave way, which meant that the crew had to jump to the first-class section and get out -
through a hole in the left wall, behind the L.l exit. This hole was the main escape
route for the passengers located in the forward part of the aircraft. None of those
in the first-class lounge survived.

According to the survivors, the shock of impact was not excessively violent,
leading them to believe that the cause was an explosion. They jumped to the ground
through openings in the left side, or through door L.2 which was duly opened, from a
height of 20 ft (6 m). The left engines were still turning and there was a fire under
the wing on this side. A large number of passengers escaped off this wing, jumping
from it to the grass. Explosions were already taking place, and the ambulances appeared
almost immediately.

At the centre and aft of the aeroplane, the accumulation of wreckage and
twisting of metal sheets of the fuselage must have been such that, apart from the fire
which suddenly broke out, it formed a kind of trap, preventing forward exit of the
passengers. -

Total evacuation time is estimated to have been about one minute. The
crew and "extra crew'" helped effectively in the evacuation. Subsequently, airport
personnel and even private individuals who happened to be there also provided effective
help. There were five ambulances in the airport at the time of the accident.

The general plan of evacuation worked very much in accordance with what
had been planned in case of emergency. In general, it was carried out very rapidly
and there was a free traffic flow between the airport and the hospitals. This operation
was directed by the Civil Guard for Traffic.

. Local radio transmitters requested that anyone who could help should go
to the airport. This appeal, which undoubtedly was made with the best of intentions,
nevertheless had negative consequences because, when most of the people arrived, the
PAA injured had already been evacuated, and a traffic jam occurred which could have made
the providing of further help more difficult.

There were large-scale blood donations. All the injured were promptly
and duly taken care of in the Santa Cruz hospitals, so that it was not necessary to make

use of the three surgical teams and 89 hospital beds made available in Puerto de la Cruz.

1.15 Tests and investigations

1.15.1 In the investigation of this accident, the following tapes play a very
important role: the two digital flight recorders (DFDR), one belonging to the

Pan American Boeing 747, N736PA, and the other to the KLM Boeing 747, PH-BUF; the two
cockpit voice recorders (CVR), one of which also belonged to each aeroplane; and the
Tenerife Control Tower transmission tapes. The KLM DFDR and CVR were located in the
aeroplane's tail section. The Pan Am DFDR was located in the tail section and the CVR
in the cockpit.

1.15.2 KIM DFDR

The KLM DFDR box was considerably damaged by the impact and fire. The
front aluminium panel was missing, so that the tape cover was visible. Therefore,
no serial numbers were immediately available, and these had to be obtained from the
KLM Company records. The unit's stainless steel cover was deformed and it could not
be taken out of the structure. It had to be removed by opening the welded joint by
means of a hammer and chisel. At first large scissors were used to try and cut the
casing in order to open it, but this attempt failed. Once the casing had been removed,
the shock-proof cover was separated from the electronic section by means of an iron
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lever (the cover was attached to the electronic section with an anti-shock mounting).
The 1id bolts were removed from the shock-proof cover, and it was taken off. The DFDR
heat insulation material had been singed and separated from the 1id.

The teflon sheaths of the magnetic recording wire connectors were not
burned and had kept their original colours. These would probably have been discoloured
by temperatures above their MST temperatures of 4QO° to 478°F. The nylon cord used to
tie the wire reels was discoloured. The MST for the nylon used is 250° to 300°F. There
was no proof of melted welding, which indicates that the temperature did not reach 360CF.
Therefore, it is probable that the temperature to which the cover was subjected was
between 250° and 360°F.

Burn marks were found on the steel disc covering the upper reel, as well
as on the reading head and on the reels themselves. The aluminium reels had a slightly
golden colour. This shade of colour could have been caused by some material which gave
off gases inside the cover during the fire.

. The tape was found intact, without breakages. It was smudged and
discoloured in the places where it was revolving around the reels and the heads at the
moment that the recorder stopped working.

The mechanism had a burned area at its point of contact with the tape.
It was possible to remove the heaviest bits from the tape by using alcohol, cotton and
cotton tips. It was possible to read all the data on the tape after adequate cleaning.

The whole of the tape except for the last six meters was on the bottom
reel. The accident data were on track 1.

DFDR tapes are made of a material called Vicalloy. They are 0.64 cm wide
and 247 m long. Four tracks are recorded - two forward and two backward. Only one
track records at a time and each track lasts approximately 6.25 hours, making a total
time of 25 hours. There are two recording heads - one going forward and the other
backward - as well as two playback and two eraser heads. The tape recording speed
is 1.09 cm/sec and the playback speed is 14.2 cm/sec.

1.15.3 The Pan American DFDR

The PAA aircraft DFDR was not damaged by fire, and only slightly damaged
by the impact. The inner and outer seals (dated 22 March 1977) were intact, as were
the four screw seals for the box (S/N 1413).

The DFDR box is a shock-proof casing. The heat indicator is outside the
tape cover. A temperature indicator (TEM PLATE) outside the tape cover showed a
temperature of between 110° and 120°F, indicating that this was the highest temperature
to which the box had been exposed.

When the tape covering was opened up, the tape was found to be intact,
without any breakages and in excellent condition. On account of the strong impact to
which this unit was subjected, the tape had come off the reel and two revolutions had
fallen off the lower reel. The tape was handled carefully and replaced on the reels.
Most of it was on the lower reel, with approximately 28 m remaining on the upper reel.

There was no problem with playback. The data were found between
105-113 m on track 3.
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_ The DFDR LAS tape is based on Mylar, with an instrumentation grade 1.0 mm - :-
thick, 0.64 cm wide and approximately 145 m long (of which about 142 m are used for
recording). Six tracks are registered, three forward and three backward. Only one
_track is recorded at a time and each one lasts approximately 4.2 hours, making a total
recording time of 25 hours. There are two recording heads (one going forward and the
other backward) and two playback heads. There are no eraser heads. The tape's recording
speed is 0. 94 cm/sec and the playback speed is 30 cm/sec. ’

1.15.4 Boelng 747, N736PA, cockpit voice recorder

As previously stated, the Pan American aeroplane's CVR was an A-100,- with
its identification plate missing. Pan American records show that the serial number
was 504. This Fairchild CVR was only blackened. The tape was removed, copied and
transcribed in accordance with normal procedures. ' ’

This CVR has four channels, which are recorded simultaneously. Recording
is continuous, but only the last 30 minutes are kept. On one of the channels, that
corresponding to the cockpit microphone area, all the latter's sounds are recorded. On
the other three channels are recorded the communications from the Captain, First Offlcer
and Flight Engineer, respectively.

Transcription of this flight recorder was carried out in the N.T.S.B.
laboratories in Washington.

1.15.5 KLM Company Boeing 747, registration PH-BUF, cockpit voice recorder

It was not possible to transcribe this aeroplane's CVR at the N.T.S.B.
because there was no reading equipment for this recorder in the N.T.S.B. laboratories,
as the U.S. airline companies had not acquired this type of CVR. It was taken by a
representative of the Spanish Civil Aviation Authorities to the Sundstrand equipment
manufacturers in Seattle (U.S.A.) on 5 April 1977. Members of the N.T.S.B. and KLM
accompanied this representative. When copies of the CVR were taken to the N.T.S.B.,
it was observed that there were noises and echoes, and for this reason the said
representative returned to Sundstrand on April 7. New copies were made, partially
suppressing the noises and echoes and obtaining recordings of satisfactory quality.

Like the Pan Am CVR, this CVR has four channels, which are:

Channel 1: Flight Engineer's communications

Channel 2: Co-pilot's communications

Channel 3: Captain's communications

Channel 4: Sounds in cockpit area.

The transcription of the said tapes on paper was carried out in the
N.T.S.B. laboratories.

1.15.6 Tape of Tenerife Control Tower's communications

The Spanish Authorities made a cassette copy of the Tenerife Control
Tower tape available. The original is in the hands and under the custody of said
Authorities. A problem arose when an attempt was made to correlate the times of the
tower tape with those of the Pan Am and KLM CVRs. The codified signal and the
conversation in the tower were recorded simultaneously on the cassette and it was
difficult to read the time signal. Moreover, the tape apparently changed speeds, making
it difficult to correlate the time elapsed. Therefore, the Pan Am CVR was used as a
basic time reference, being in perfect agreement with this aircraft's DFDR.
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The GMT time was determined by means of a transcription of the tower tape,
whose chronology it was possible to ascertain with an acceptable degree of accuracy.
This technique proved to be satisfactory as it was in agreement with the Pan Am and KLM CVR
times. The PAA and KLM speeds were adjusted in such a way that the aeroplanes' 400 Hz
energy was synchronized with the audio laboratory clock and, therefore, with the real
time. The Pan Am CVR times were the most accurate during the initial period, on account
of the Sundstrand B 557 B recording method. The degree of error is negligible. The
Sundstrand tape is not continuous, but rather reverses its direction every 15 minutes.

The tape's basic time reference was determined by simultaneously recording
the CVR 'and a digital watch on a video tape.

Subsequently the Spanish Authorities made copies of the control tower tape
available; these did not give rise to time correlation problems.

1.16 Human factors

.There is no evidence of contributory medical causes.

Socio-psychological causes

1. Limits on duty time of Dutch crews

Until a few years ago, the Flight Captain was able, at his own discretion,
to extend the limit on his crew's activity in order to complete the service. However,
this was recently changed in the sense of imposing absolute rigidity with regard to the
limit of activity. The captain is forbidden to exceed it and, in case he should do so,
may be prosecuted under the law.

Moreover, until December 1976, it was very easy to fix the said limit
of activity by taking only a few factors into account, but this calculation has now been
made enormously complicated and in practice it is not possible to determine it in the

cockpit. For this reason it is strongly recommended that the Company be contacted in
order to determine it.

This was the situation in Tenerife, and for this reason the captain
spoke by HF to his company's operations office in Amsterdam. There they told him that
if he was able to take off before a certain time it would seem that there would be no

problems, but that if there was any risk of exceeding the limit they would send a telex
to Las Palmas.

This uncertainty of the crew, who were not able to determine their time
limit exactly, must have constituted an important psychological factor.

2. Those who serviced the KLM aeroplane in Tenerife stated that the crew
appeared calm and friendly. Nevertheless, they perhaps felt a certain subconscious -
though exteriorly repressed - irritation caused by the fact that the service was turning
out so badly, with the possible suspension of the Las Palmas-Amsterdam flight and the
resulting alteration of each person's plans, which would be aggravated by the existence
of other possible sources of lateness such as ATC delays, traffic congestion in

Las Palmas, etc.

3. Behaviour

3.1 Care. This can be divided into voluntary and involuntary, or subconscious.
The increase in one brings with it a decrease in the other.
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Visibility both before and during the accident was very variable. It
changed from 1 500 to 300 m or less in very short periods of time. This undoubtedly
caused an increase in subconscious care to the detriment of conscious care, part of -
“which was already directed toward take-off preparation (completing of check-lists, Ce

taxiing with reduced visibility, decision to take off or to leave the runway clear and - .
execute a difficult 180 degree turn with a 747 on a 45 m runway, in fog). e

3.2 Fization. Two kinds: a fixation on what is seen, with a consequently .
diminished capacity to assimilate what is heard, and another fixation on trying to
overcome the threat posed by a further reduction of the already precarious visibility.
Faced with this threat, the way to meet it was either by taking off as soon as possible,
or by testing the visibility once again and possibly refraining from taking off (a
possibility which certainly must have been considered by the KLM captain).

3.3 Relaxation. After having executed the difficult 180 degree turn, which
must have coincided with a momentary improvement in the visibility (as proved by the
CVR, because shortly before arriving at the runway approach they turned off the wind-
screen wipers), the crew must have felt a sudden feeling of relief which increased
their desire to finally overcome the ground problems: the desire to be airborne.

4. Possible biometrical factors

4.1 Fatigue. Although within reasonable limits, fatigue began to be felt.
4.2 Overload. Problems were accumulating for the captain to a degree far

greater than that of a normal flight. Likewise for the co-pilot, who did not have much
experience in 747s.

4.3 Low-frequency electromagnetic waves. According to certain studi.s, these
have a deleterious effect on man's intellectual performance (e.g., 400-cycle alternative
current waves in an aircraft). :

4.4 Noise and vibration. Their level is quite high in a 747 cockpit.

5. Other possible causes

5.1 Route and pilot-instruction experience. Although the captain had flown
for many years on European and intercontinental routes, he had been an instructor for
more than ten years, which relatively diminished his familiarity with route flying.
Moreover, on simulated flights, which are customary in flight instruction, the training
pilot normally assumes the role of controller - that is, he issues take-off clearances.
In many cases no communications whatsoever are used in simulated flights, and for this
reason take-off takes place without clearance.

5.2 Authority in the cockpit. Although nothing abnormal can be deduced from
the CVR, the fact exists that a co-pilot not very experienced with 747s was flying with
one of the pilots of greatest prestige in the company who was, moreover, KLM's chief
flying instructor and who had certified him fit to be a crew member for this type of
aeroplane. 1In case of doubt, these circumstances could have induced the co-pilot not
to ask any questions and to assume that this captain was always right.

2.- ANALYSIS AND CONCLUSIONS

2.1 Analysis

On 27 March 1977, a bomb exploded in the terminal building of Las Palmas
Airport (Canary Islands), and for this reason the passenger terminal was evacuated.
As there had been a threat of a second explosion, much of the traffic arriving at
Las Palmas Airport was diverted to that of Los Rodeos on Tenerife Island. For this
reason, the parking area at the latter airport was crowded with aeroplanes.
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The KLM Boeing 747, PH-BUF, arrived at Los Rodeos Airport at 1338 and was
parked at the end of the taxi runway next to a Breathens Boeing 737 (SAFE). Subsequently,
a Sterling Boeing 727, a SATA DC-8 and the Pan American 747, N736, were parked in the
same area. : -

. The Pan Am Boeing 747, which arrived at Los Rodeos Airport at approximately
1415, was parked on the taxi runway next to the above-mentioned Breathens Boeing 737,
Sterling Boeing 727, SATA DC-8 and the KLM Boeing 747, PH-BUF, which had arrived at

Los Rodeos Airport at 1338.

Once Las Palmas Airport had been reopened, the Pan Am N736 aeroplane called
the tower requesting permission to start up its engines; in reply, it was told that there
was no ATC delay, but that it could have problems taxiing on account of the KLM aeroplane
which was ahead of it, and that taxiing on the taxiway would not be possible on account
of the aircraft congestion on the main apron.

Indeed, when the time came to taxi, the Pan Am aeroplane was forced, on
account of the position of the KLM aeroplane which was blocking its way, to wait for
the latter's departure. The three other aeroplanes parked there had already departed.

Approximately one hour later, KLM 4805 requested an estimated departure
time. They said that they needed to refuel and that this would take approximately
30 minutes. They filled up with 55 500 L, while the passengers remained on board.
Later the KLM aeroplane requested permission to start up its engines, and then clearance
to taxi. '

It was cleared to taxi towards the holding position of runway 12 and to
change its surface frequency of 118.7 to the approach frequency of 119.7.

A few minutes later, the Pan Am aeroplane called again in order to request
clearance to start up its engines, and was cleared to do so.

If we keep in mind that the Tenerife-Las Palmas flight is one of about
25 minutes duration, the taking on of 55 500 L of fuel leads us to suppose that the KLM
captain thereby wished to avoid the difficulties of refuelling in Las Palmas, with the
resulting delay, because a great number of aeroplanes diverted from Tenerife would be
going there later. The aircraft could, in fact, have returned to Amsterdam with the
fuel it had without refuelling in Las Palmas. :

The conversations which took place between KLM 4805 and the control tower
until the aeroplane started to taxi on the main runway were as follows. The times are
those taken from the KLM CVR.

Time Source Content
1658:14.8 KLM 4805 - Approach KLM four eight zero five on the
ground in Tenerife.
1658:21.5 APP KLM - ah - four eight zero five Roger.
1658:25.7 KLM 4805 We require back track on one two for

take-off runway three zero.

1658:30.4 APP 0.K. four eight zero five... taxi... to
the holding position runway three zero taxi
into the runway and - ah - leave runway
(third) to your left.’

1658:47.4 KLM 4805 Roger, sir, (entering) the runway at this
time and the first (taxiway) we, we go off
the runway again for the beginning of runway
three zero.
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Time Source Content

1658:55.3 APP 0.K. KLM eight zero - ah - correction four
eight zero five taxi straight ahead - ah -
for the runway and - ah - make - ah - back

track.

1659:04.5 KLM 4805 Roger, make a "back track".

1659:10.0 KLM 4805 KLM four eight zero five is now on the
runway.

1659:15.9 APP Four eight zero five roger.

1659;28.4 KLM 4805 Approach, you want us to turn left at

Charlie one, taxiway charlie one?

1659:32.28 APP Negative, negative, taxi straight ahead -
ah - up to the end of the runway and make
"back track".

1659:39.9 KLM 4805 0.X., sir.

At 1703:14.4, KLM 4805 asked the tower controller if the runway centre
lights were in service because, as the weather conditions were becoming worse, he wished
to have this information in connexion with the minimum required take-off conditions.

At 1704:58.7, the tower controller, after having checked, replied that
the runway centre lights were out of service, while he also passed on this information
to the PAA Clipper 1736.

At 1705:27.08, KLM 4805, which was already at the approach end of runway 30,
completed the turn in order to face in the direction for take-off.

From this point on, see the diagram (Appendix 5) showing the time correlation
between the tower, the KLM 4805 and the Clipper 1736 CVR tapes, as well as the data
obtained from the KLM 4805 DFDR during the last 88 seconds.

At 1705:27.98, the engine braking begins and lasts for 2.54 seconds.

At 1705:36.7, the co-pilot finishes the take-off check-list and at
1705:41.22 (67.81 seconds before the impact), a slight forward movement due to opening
of the throttle is observed (increase of continued EPR in the four engines). At
1705:41.5, the co-pilot says: "Wait a minute, we don't have an ATC clearance." To
which the captain replies, "No, I know that, go ahead, ask."

At 1705:44.6, KLM 4805 tells the control tower: '"Ah - the KLM four eight
zero five is now ready for take-off, and we're waiting for our ATC clearance.” This
message ended at 1705:50.77. This communication was heard in the PAA 1736 cockpit.

At 1705:53.41, the controller gave KLM the following ATC instruction:
"KIM eight seven zero five -~ uh - you are cleared to the Papa Beacon, climb to and
maintain flight level nine zero ... right turn after take-off proceed with heading zero
four zero until intercepting the three two five radial from Las Palmas VOR." The message
ended at 1706:08.9. At 1706:07.39, i.e., 0.7 seconds before the message ended, the
aircraft captain said, "Yes", and 44.31 seconds before the impact the nos. 3 and 4 engines
slightly increased their EPR.
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At 1706:09.61, the co-pilot repeated the ATC instructions given by the
tower controller, at the following times and as follows:

Time Source Content
1706:09.61 KLM 4805 Ah- Roger, sir, we are cleared to the Papa
(RD 2) Beacon flight level nine zero, right turn

out zero four zero until intercepting the
three two five. We are now at take-off.

At 17:17.79, the co-pilot's repetition of the ATC instructions ended.

At 1706:11.08, the brakes of KLM 4805 were released. At 1706:12.25, the
aircraft captain said, "Let's go ... check thrust", ending this sentence at 1706:16.11.

The following was ascertained from the DFDR data:

- 1706:11.70 (37.33 seconds before impact): it was deduced from the LONG
that the aeroplane began to move with longitudinal acceleration.

- 1706:13.99 (35.04 seconds before impact): the EPR have risen above the
figures for idling (1.12-1.12-1.14-1.14).

- 1706:14.94 (34.09 seconds before impact): the start of change of course
was observed from the HEAD.

- 1706:17.17 (31.86 seconds before impact): from the VANE it can be
ascertained that 1ift had begun. Value reached was 6.80°. Air speed was
increasing (46.41). Direction straightened out.

From eVerything that happened during this time, it is seen that while the
first officer was repeating the ATC instructions given by the controller, KLM 4805 had
already started its ground run, while at 1706:14.00, moreover, the sound of engines
starting to accelerate is observed.

At 1706:18.19, the controller replied to the read-back of his ATC clearance
in the following way: "0.K.", and at 1706:20.08, Z.e. 1.89 seconds later, added: '"Stand
by for take-off ... I will call you," ending said message at 1706:21.79.

During this time, at 1706:19.35, the KLM 4805 take-off EPR had already been
reached and stabilized (1.39 to 1.42).

Simultaneously, in the Pan Am cockpit, on hearing this conversation, the
pilot says "No, uh", and the co-pilot says, "and we are still taxiing down the runway,
tiie Clipper one seven three six". This communication caused a shrill noise in the KLM
Cockpit, which started at 1706:19.39 and ended at 1706:22.06.

Af 1706:25.47, the tower controller confirmed reception of the Pan Am
message in the following way: "Papa Alpha one seven three six report runway clear."
This was audible in the KLM cockpit. The message ended at 1706:28.89.
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At 1706:29.59, the PAA replied: "O.K., will report when we're clear.”
This reply was audible in the KLM cockpit. S

: The control tower replied, "Thank you", and then the following sentences
were spoken in the KLM cockpit:

Time ’ » Source ~ Content
1706:32.43 ~  C3 Is he not clear, then?
1706:34.10 Cl What do you say?
1706:34.15 PA Yup
1706:34.70 Cc3 Is he not clear that Pan American?

1706:35.70 Cl Oh, yes. (emphatic)

At 1706:43.49, the co-pilot intoned the Vi and subsequently on the DFDR PCC
the following were observed: a pulling of the control columm, with the aeroplane nose
pointing up, 16 per cent of the way back from a 44 per cent forward position and from
Pitch 2, aeroplane nose pointing up.

At 1706:46.04, Z.e., 2.99 seconds before impact, increased direction toward
the right is observed in the HEAD; 0.46 seconds later, a curving of the aeroplane to the
left is seen in the Roll parameter (ROLL) and, 1.54 seconds before impact, a roll to the
right is ¢bserved in the Roll Control Wheel Position parameter (RCW).

. At 1706:47.44, the captain utters an exclamation, while the impact takes
place shortly afterwards.

On listening to the PAA CFR, it may be deduced that its crew saw the KLM
aeroplane 9.5 seconds before the impact.

From the actions of the Tenerife Control Tower, it may be inferred that
their ordering the KLM aeroplane to leave the runway by the third taxiway was so that
they should leave the main runway as soon as possible and proceed along the parallel
taxiway. This third taxiway was the first by which it was possible to take the aeroplane
off the main runway because access to the parallel taxiway by C-1 and C-2 was not possible
on account of the aircraft congestion on the parking apron.

Later, in order to make the manoceuvre easier, the controller chose to
order this aeroplane to continue down the right side of the main runway and at the end
of same make an 180 degree turn.

Likewise, he indicated to the PAA crew that they should leave by the
third taxiway. At first there was some confusion regarding the words "first" and
"third". But this was finally dispelled because the controller made the following
clarification: '"The third one,.sir, one, two, three, third one."





ICAO Circular 153-AN/56 . v 47

The situation deteriorated further when low-lying clouds reduced visibility
to the point at which neither aeroplanes taxiing on the main runway, nor some of those
located in the parking area, were visible from the tower.

It transpires from careful listening to the KLM CVR that although cockpit

operation was correct and the check-lists were adequately kept, there was some feeling

of anxiety regarding a series of factors, which were: the time margin remaining to them,
to the point of straining the allowable limit of their duty time; the poor and changing
visibility which, especially as the runway centre lights were not operative, might prevent
the possibility of take-off within the weather limits required by the company; the
inconvenience for the passengers, etc. It is also observed that, as the time for take-off
approached, the captain - perhaps on account of all these worries - seemed a little absent
from all that was heard in the cockpit. He enquired several times, and after the co-pilot
confirmed the order to backtrack, he asked the tower if he should leave the runway by

-1, and subsequently asked his co-pilot if he should do so by C-4. On arriving at the
end of the runway and making an 180 degree turn in order to place himself in take-off
position, he was advised by the co-pilot that he should wait as they still did not have

an ATC clearance. The captain asked him to request it, which he did, but while the
co-pilot was still repeating the clearance, the captain opened the throttle and started

to take off. Then the co-pilot, instead of requesting take-off clearance or advising

that they did not yet have it, added to his read-back, "We are now at take-off." The
tower, which was not expecting the aircraft to take off as it had not given clearance,
interpreted the sentence as, "We are now at take-off position"l and the controller
replied: "0.K., ... stand by for take-off ... I will call you." Nor did the Pan Am

crew, on hearing the "We are now at take-off", interpret it as an unequivocal indication
of take-off. However, in order to make their own position clear, they said, "We are

still taxiing down the runway." This transmission coincided with the "Stand by for
take-off ... I will call you", causing a whistling sound in the tower transmission and
making its reception in the KLM cockpit not as clear as it should have been, even though
it did not thereby become unintelligible. '

The communication from the tower to the PAA aeroplane requested the latter
to report when it left the runway clear. 1In the cockpit of the KLM aeroplane which was
taking off, nobody at first confirmed receiving these communications (Appendix 5) until
the Pan Am aeroplane responded to the tower's request that it should report leaving the
runway with an "0.K., we'll report when we're clear.”" On hearing this, the KLM flight
engineer asked: '"Is he not clear then?" The captain didn't understand him and he
repeated: '"Is he not clear that Pan American?" The captain replied with an emphatic
"Yes" and, perhaps influenced by his great prestige, making it difficult to imagine an
error of this magnitude on the part of such an expert pilot, both the co-pilot and the

flight engineer made no further objections. The impact took place about thirteen seconds
later. ’

1 When the Spanish, American and Dutch investigating teams heard the tower recording
together for the first time, no one, or hardly anyone, understood that this transmission
meant that they were taking off.
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1736 reporting the '

From that moment until the next call to the aeroplanes, the tower took
care of Fllghts IB- 185 and the BX-387 and awaited the communication from Pan Am Flight

'runway clear".

It also received information coming from two aeroplanes

-located in the parking area that there was a fire in an undetermined place on the field,
sounded the alarm, informed the Fire Fighting and Health Services, and broadcasted the

news of the emergency situation it then called the two aeroplanes on the runway, without
receiving any reply. .

The conversations which took place in the Pan Am cockpit and between the

aeroplanes and the control tower from 1701:57.0 were as follows. The times were taken
from the PAA CVR.

Time . Source ) Content
1701:57.0 CL1736 Tenerife the Clipper one seven three six.
(1702:00.2)

*1702:01.8 APP Clipper one seven three six Tenerife.
1702:03.6 RDO-2 Ah- We were instructed to contact you and
: also to taxi down the runway, is that

correct? (1702:07.4)
1702:08.4 APP Affirmative; taxi into the runway and -ah-
: leave the runway third, third to your left,
(background conversation in the tower).
1702:16.4 RDO-2 Third to the left, 0.K. (17:02.18.3)
1702:18.4 CAM-3 Third he said.
CAM-? Three.
1702:20.6 APP -ird one to your left.
1702:21.9 CAM-1 I think he said first.
1702:26.4 CAM-2 I'll ask him again.
CAM-? *%
1702:32.2 CAM-2 Left turn.
1702:33.1 CAM-1 I don't think they have take-off minimums
anywhere right now.
1702:39.2 CAM-1 What really happened over there today?
1702:41.6 CAM-4 They put a bomb (in) the terminal, Sir,

right where the check-in counters are.
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Time Source Content
1702:46.6 CAM-1 Well we asked them if we could hold and
-uh- I guess you got the word, we landed
here #* *.
. CAM-X * % %
1702:49.8 APP KLM four eight zero five how many taxiway
—-ah- did you pass?
1702:55.6 KLM I think we just passed charlie four now.
1702:59.9 APP 0.K. ... at the end of the runway make one
eighty and report -ah- ready -ah- for ATC
clearance (background conversation in the
tower).
1703:09.3 CAM-2 The first one is a ninety degree turn.
1703:11.0 CAM-1 Yeah, 0.K.
1703:12.1 CAM-2 Must be the third ... I'll ask him again.
1703:14.2 CAM-1 0.X.
1703:16.6 CAM-1 We could probably go in it's ah ...
1703:19.1 CAM-2 You gotta make a ninety degree turn.
1703:21.6 CAM-1 Yeah, uh.
1703:21.6 CAM-2 Ninety degree turn to get around this ...
this one down here itfs a forty five.
1703:29.3 RDO-2 Would you confirm that you want the
. clipper one seven three six to turn left
at the third intersection? (1703:35.4).
(PAA: "third" drawn out and emphasized).
1703:35.1 CAM-1 One, two.
1703:36.4 APP The third one, sir, one, two, three, third,
- third one (1703:38.3). -
1703:38.3 . CAM=? - One two (four).
1703:39.0 CAM-1 Good .
1703:39.2 RDO-2 - Very good, thank you (1703:40.4).
CAM-1 That's what we need right, the third one.

1703:40.1
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Time Source . : Content -
1703:42.9 : CAM-3 . Uno, dos, tres.
1703:44.0 | CAMil : »- Uno, dos, tres.
1703:44.9 CAM-3 Tres - uh-- si.
1703:46.5 CAM-1 . °  Right.
1703:47.6 CAM-3  We'll make it yet.
1705E47.6 APP | ...er seven éne three six report leaving

the runway.:

1703:49.1 CAM-2 - " Wing flaps?

.1703:50.2 CAM-1 | Ten, indicate ten, leading edge lights
- are green. ‘
1703:54.1 CAM-? Get that.
1703:55.0 RDO-2 Clipper one seven three six (1703:56.4)
1703:56.5 CAM-2 - Yaw damp _and instrument? .
1703:58.6 CAM-1 Ah- Bob we'll get a left one *.
1703:59.3 CAM-2 .. I got a left.
1704:00.6 CAM-1 Did you?
1704.00.9 CAM-2 And -ah- need a right.
1704:02.6‘ CAM-1 I'1l give you a little *
1704:03.8 CAM-2 Put a little.aileron in this thing. .
1704:05.0 CAM-1 0.K., here's a left and I'll give you
a right one right here.

1704:09.7 CAM-1 0.K. right turn right and 1ef§ yaw.
1704;11.4 CAM-2 Left yaw checks.
1704:12.4 CAM-1 0.K., here's the rudders.
1704:13.6 CAM-1 Here's two left, centre, two right centre.
1704:17.8 CAM-2 Checks.

1704:19.2 CAM-2 -Controls.
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©1704:19.6 - - CAM-1 Haven't seen any yet!

1704:20.3 CAM-2 I haven't either.

1704:21.7 CAM-1 They're free, the indicators are checked.

1704:24.6 CAM-2 There's one.

1704:25.8 CAM-1 There's one.

1704:26.4 CAM-1 That's the ninety degfee.

1704:28.5 CAM-? 0.K.

1704:34.5 CAM-? * % %

CAM-2 Weight and balance finals?

1704:37.7 CAM (Sounds similar to stabilizer trim).
(1704 :44.8) :

1704:37.2 CAM-1 We were gonna put that on four and a half

1704:39.8 CAM-3 We got four and a half and we weigh five
thirty four (sound of stabilizer trim).

1704:44.6 CAM-2 Four and a half on the right}

1704:46.8 CAM-2 Engineer's taxi check.

1704:48.4 CAM-3 Taxi check is complete.

1704:50.5 CAM-2 Take-off and departure briefing?

1704:52.1 CAM-1 0.K., it'll be standard, we gonna go
straight out there till we get thirty-
five hundred feet then we're gonna make
that reversal and go back out to * fourteen.

1704:58.2 APP -m eight seven zero five and clipper one
seven ... three six, for your information,
the centre line lighting is out of service.
(APP: transmission is readable but slightly

" broken.)
1705:05.8 KLM I copied that.
1705:07.7 RDO-2 Clipper one seven three six.
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1705:09.6 CAM-1 -We got centre line markings (* only)
(could be "don't we) they count the same
thing as ... we need eight hundred metres
if you don't have that centre line...

~ s 5 I read that on the back (of-this) just
a while ago.

1705:22.0 CAM-1 That's two.

1705:23.5 CAM-3 " Yeh, that's forty-five there.

1705:25.7 caM-1 ' Yeh.

1705:26.5 CAM-2 ‘That's this one right here.

.1705:27.2 CAM-1 - (Yeh) I know.

1705:28.1 caM-3 0.K. -

© 1705:28.5 CAM-3 Next one is almost a fort§;five, huh yeh.

1705:30.6 .CAM-1 But it goes...

1705:32.4 CAM-1 Yeh, but it goes ... ahead; I think (it's)
gonna put us on (the) taxiway.

1705:35.9 CAM-3. Yeah, just a little bit yeh.

1705:39.8 CAM-? 0.K., for sure.

1705:40.0 CAM-2 Maybe he, maybe he counts these (are)
three.

CAM-? Huh.

1705:44.8 CAM—? I like this.

1705:44.8 KLM Uh, the KLM ... four eight zero five is now
ready for take-off ... uh and we're waiting
for our ATC clearance.

1705:53.4 APP KLM eight seven * zero five uh you are

cleared to the Papa Beacon climb to and

maintain flight level nine zero ... right

turn after take-off proceed with heading
zero four zero until intercepting the
three two five radial from Las Palmas VOR.
(1706:08.2).
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Time Source . Content

1706:09.6 KLM Ah roger, sir, we're cleared to the Papa
Beacon flight level nine zero, right turn
out zero four zero until intercepting the
three two five and we're now (at take-off).
(1706:17.9).

From the foregoing it may be inferred that the Pan Am crew at first had
difficulty in understanding "third", thinking that it was "first". 1In any case, the
co—pilot asked again and this doubt was dispelled at 1703:36.4 as the tower controller
told him: "The third, sir, one, two, three, the third, third", and the co-pilot confirmed
this at 1703:39.2,

As a result of the poor visibility, the crew had difficulty in localizing
the exits from the runway whose position they were following on the little map that they
had with them. Nevertheless, at 1704:26.4 the captain identified.C-1 (which is the
90 degree exit). At 1705:22.0, they also identified C-2. Then, perhaps through error,
or thinking that C-4 was an easier exit than C-3, they overshot the exit ordered by the
Tower. )

From Appendix 5, which gives the time correlation between the conversations
taking place with the tower and inside the KLM 4805 and Clipper 1736 cockpits, as well as
the data obtained from the KLM 4805 DFDR during the last 88 seconds before impact, the
following may be ascertained. ‘ '

When, at 1706:17.9, KLM 4805 finished reading back the ATC clearance given
by the control tower and added, "We are now (at.take-off)" and before the controller
finished the sentence "O.K.... stand by for take-off, I will call you.", only "...k"
is heard in the Pan Am cockpit. The pilot says: "No uh ..." and the co-pilot says '"'And
we're still taxiing down the runway, the Clipper one seven three six..." (1706:23.6).
These communications caused a shrill noise in the KLM cockpit, which lasted approximately
3.74 seconds.

During this time the KLM take-off EPR was reached and stabilized (1.39
to 1.42).

At 1706:25.6, the tower controller gave the Pan Am crew confirmation in the’
following manner: '"Roger alpha one seven three six report the runway clear" - to which
the Pan Am crew replied at 1706:29.6, "0.K., we'll report when we're clear." The tower
replied, "Thank you", but the KLM aircraft had already started its take—off run. The
Pan Am crew saw the KLM aeroplane approximately 8.50 seconds before the impact. Amidst
logical exclamations of alarm they accelerated in order to try to get off the runway,
but the collision was already inevitable.

2.2 Conclusions

From all of this it may be ascertained that the KLM 4805 captain, as soon
as he heard the ATC clearance, decided to take off.
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The fundamental cause of this accident was the fact that the KLM captain:
1. Took off without clearance.
2. Did not obey the "stand by for take-off" from the tower.

3. Did not interrupt take-off when Pan Am reported that they were still
on the runway.

4, 1In reply to the flight engineer's query-as to whether the Pan Am aeroplane

had already left the runway, replied emphatically in the affirmative.

Now, how is it possible that a pilot with the technical capacity and

experience of the captain, whose state of mind during the stopover at Tenerife seemed
perfectly normal and correct, was able, a few minutes later, to commit a basic error in
spite of all the warnings repeatedly addressed to him?

» "An explanation may be found in a series of factors which possibly contributed
to the occurrence of the accident.

1. A growing feeling of tension as the problems for the captain continued
to accumulate. He knew that, on account of the strictness in the
Netherlands regarding the application of rules on the limitation of
duty time, if he did not take off within a relatively short space of
time he might have to interrupt the flight - with the consequent upset
for his company and inconvenience for the passengers. Moreover, the
weather conditions in the airport were getting rapidly worse, which
meant that he would either have to take off under his minima or else
wait for better conditions and run the risk of exceeding the aforemen-
tioned duty-time limit.

2. The special weather conditions in Tenerife must also be considered a
factor in themselves. What frequently makes visibility difficult is
not actually fog, whose density and therefore the visibility which it

allows can be fairly accurately measured, but rather layers of low-lying

clouds which are blown by the wind and therefore cause sudden and

radical changes in visibility. The latter can be 0 m at certain moments

and change to 500 m or 1 km in a short space of time, only to revert
to practically zero a few moments later. These conditions undoubtedly

make a pilot's decisions regarding take-off and landing operations much
more difficult.

3. The fact that two transmissions took place at the same time. The "stand

by for take-off ... I will call you" from the tower coincided with
Pan Am's '"'we are still taxiing down the runway', which meant that the
transmission was not received with all the clarity that might have
been desired. The whistling sound which interfered with the communi-
cation lasted for about three seconds.
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accident:

The following must also be considered factors which contributad to the

1.

Inadequate language. When the KLM co-pilot repeated the ATC clearance,
he ended with the words, "we are now at take-off". The controller,
who had not been asked for take-off clearance, and who consequently
had not granted it, did not understand that they were taking off.

The "0.K." from the tower, which preceded the "stand by for take-off"
was likewise incorrect - although irrelevant in this case because
take-off had already started about six and a half seconds before.

The fact that the Pan Am aeroplane had not left the runway at the
third intersection. This aeroplane should, in fact, have consulted
with the tower to find out whether the third intersection referred to
was C-3 or C-4, if it had any doubts, and this it did not do. " However,
this was not very relevant either since the Pan Am aeroplane never
reported the runway clear but, on the contrary, twice advised that

it was taxiing on it.

Unusual traffic congestion which obliged the tower to carry out
taxiing manoeuvres which, although statutory, as in the case of
having aeroplanes taxi on an active runway, are not standard and can
be potentially dangerous.

Although contributing to the accident, the following occurrences must not

be considered direct factors in it: the bomb incident in Las Palmas; the KLM refuelling;
the latter's take-off at reduced power; etc.

3.~ RECOMMENDATIONS

3.1° Placing of great emphasis on the importance of exact compliance with instructions
and clearances.

3.2 Use of standard, concise and unequivocal aeronautical language.

3.3 Avoidance of the word "TAKE-OFF'" in the ATC clearance and adequate time separation
between the ATC clearance and the TAKE-OFF clearance.

ICAO Note: Only Appendix 5 to the report is reproduced.

ICAO Ref.:

AIG/056/77.
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COMMENTS OF THE STATE OF REGISTRY
(KINGDOM OF THE NETHERLANDS)

The following comments have been made by the authorities of the Kingdom
of the Netherlands, being the State of Registry of one of the aircraft involved, on the
causes of the accident as set out in the Spanish report.

In accordance with paragraphs 5.20 and 5.26 of Annex 13 to the Convention
of Chicago, an accredited representative of the Kingdom of the Netherlands and qualified
technical advisers to assist him, participated actively in the investigation with a view
to contributing to the real causes of the accident. The results of their investigation
have been presented to the Spanish accident investigation commission.

There is no disagreement on the facts and evidence established in the
joint investigation. With regard to the interpretation of the facts and evidence,
however, the views of the Netherlands investigation authorities differ substantially.

The considerations concerning the cause of the accident as mentioned in
the Spanish report do not answer the question which factors explain the action or
inaction of the KLM crew. In order to reach this conclusion the Spanish report over-
emphasizes the influence of human factors on the KLM crew only and bases its view on
assumptions and suppositions, the correctness of which cannot be found in the available
evidence and, on certain points, is in contradiction with it. The inevitable consequence
is that the essential lessons, which must be derived from this accident are missing in
this report.

The comments contain in Part One the interpretation by the Netherlands
investigation authorities of the facts and evidence established in the joint investigation,
and in Part Two the considerations and conclusions as done by the Netherlands Aircraft
Accident Inquiry Board in its verdict.

It should be noted that the Netherlands Aircraft Accident Inquiry Board,
in its public session on 28 and 29 May 1979, has limited itself to the lessons to be
drawn from the accident. The analysis and interpretation contained in Part One should
be seen totally separate from the verdict of the Board.

PART ONE

Comments of the Netherlands Department of Civil Aviation

Analysis

Based on the total available evidence this analysis discusses the
following items:

a) Human factors of the KLM crew, Pan Am crew and air traffic controller, which could
have been of ' influence on the course of events.

b) The radio-communications, which can be shown to have caused a mutual misunderstanding
between the KLM crew and the air traffic controller, which misunderstanding has
arisen from normal, but ambiguous terminology.
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c)

.a)

The coincidence of a number of circumstances, which coincidence directly influenced
the course of events and ultimately resulted in the collision.

Human factors

KLM

The voice recorder of the KLM cockpit shows an almost relaxed atmosphere and an
orderly progress of the preparations for take-off and taxiing. The weather
deteriorations have been highly variable in intensity, due to drifting layers L
of low clouds. The crew of the American aircraft saw the landing lights of the’ ™7

"KLM aircraft 9.5 seconds before the collision.

From the DFDR-data it has been established that the relative distance was then 700 m,
which illustrates that the visibility at that moment far exceeded the KLM limit of
300 m. Nor does the Spanish report mention any doubt about a visibility-value of
more than 300 m. s

The actual visibility left the KLM captain with no doubt about the legal and

practical aspects to perform the take-off. An unacceptable factor of human stress
cannot be demonstrated here.

When the cockpit check-list had been completed, the captain, keeping the aircraft on
the brakes, applied standard engine power, i.e. 1.10 EPR, this value being slightly

higher than idle power. This is done to check the so-called spin up of the engines
prior to take-off: it is normal practice and does not imply an indication of haste.’

From the voice recorder of the KLM cockpit it is evident that the captain was aware
that the ATC clearance was not yet received and he allowed himself normal time for
it.

-

It is an essential part of the take-off procedure that no take-off will be started

without a take-off clearance, which is demonstrated by the fact that the first

officer also requests for take-off clearance. This item will be further explained
under paragraph b).

After the tower had issued the clearance, the captain started the take-off run

while the first officer was reading back the clearance. It is considered a

normal human way of thinking of the captain that, where the entire preparation

of the take-off was finished and the captain on the basis of the radio-communication
was convinced to have a take-off clearance, he no longer wanted to lose time where
the conditions of visibility at that moment allowed a safe take-off. Also taking .
into account the preceding calmness and discipline in the cockpit, this operational
deviation of 6 seconds is not considered a factor which indicates an already
pre-existing general picture of hurry, nor does it imply a serious operational

error. It has also no direct connexion with the misunderstanding that had already
arisen from the radio-communication.

The cockpit conversation clearly indicates that the captain had the intention
strictly to adhere to the official work and rest-time regulations. No factual
information shows that compliance with these regulations has subjected him to’a
higher than normal stress. Nor does any factual information suggest that he made
haste to comply with the work- and rest-time regulations. '
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— During taxiing out the captain several times asked the first officer information
which was already supplied. This might indicate some form of absent-mindedness.
However, it must be taken into account that he was occupied with the performance
of the cockpit check-list. .

When the first officer remarked that they had not yet received an ATC clearance,
the captain replies" "Nee, dat week ik, vraag maar" (No, I know, ask for it). It
cannot be construed that he had forgotten it.

The request for take-off clearance is part of the standard procedure and such
request was made some moments later in the message of the first officer.

- The fact that the captain, being the chief instructor on this type of aircraft,
had a certain prestige in relation to the first officer, is in practice a normally
occurring situation in a cockpit.

If a condition like this is not accepted as a perfectly normal situation in flight
operations, the composition of a cockpit crew might in numerous cases be practically
impossible.

Considering the large flying experience of the first officer, there certainly existed
no such relationship of authority between the captain and the first officer, that it
would have withheld the latter from taking the correct action in case of essential
shortcomings of the captain. This is already shown by the fact that the first
officer drew the captain's attention to having not yet received an ATC clearance.

= Influences on human activities due to cockpit noise have been recognized over the
years as an additional factor; nevertheless, it can certainly be overcome. The
noise level in a B-747 cockpit during the take-off cannot be considered a factor
of serious disturbance. )

The following can be concluded:

On the basis of the available evidence it cannot be demonstrated that the cockpit
crew of the KLM aircraft performed its duties in haste or was under greater stress
than can be considered normal in the light of the prevailing circumstances of the
delay and the weather changes. The evidence also shows no excessive fatigue either.

The influence of human factors as applicable to all types of human activities will
certainly have applied to the activities of the crew of the KLM aircraft. Yet the
causal influence of the human factors on the premature take—off has not been shown
in the findings of the Spanish or Netherlands investigation. Assumptions to that
effect are not supported by the established facts.

PAN AM

- From the cockpit voice recorder of the Pan Am cockpit it shows that during the taxiing
on the runway, the Pan Am crew was highly irritated by the extra delay caused by the

refuelling of the KLM aircraft. The departure of the Pan Am aircraft was indeed
delayed.

However, the possibility that this irritation caused them to taxi past the intersection
which they were instructed by the tower to use, is not evident from the facts.
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The explanation of the missing of the intersection in question may be found with
greater probability in the facts established by the investigation, such as: the
fog that made a complete view of all intersections impossible, the absence of
markers alongside the runway; the small size of the map which was used as a
reference to the correct intersection, and the circumstance that during the passing
of the intersections C2 and C3 the crew was performing the check-list. Also here,
factors such as the .rapidly varying visibility, which was far below the take-off
limits applicable to Pan Am might have had an influence.

All these human factors, however, are inherent in the normal aspects of flight
operation.

The unacceptability of these factors has never been shown in practice.

The tower controller

The .investigation has shown that the tower controller was on duty the whole day
already and had to handle an unusually high traffic load.

In the transmissions of the tower, background noises are audible which suggest a
football match, which .could imply a distraction. This will be discussed later.

During taxiing on the runway the tower controller asked KLM to report when they
were ready to copy the ATC clearance. Since at that moment the KLM crew was
performing the check-list, .copying of this clearance was postponed until the
moment that the aircraft was lined up in take-off direction. This had as a

result that the-requests for take-off clearance and for ATC clearance were made
simultaneously.

This procedure is not considered abnormal. A disturbing influence of a human
factor-in this procedure cannot be evidenced.

The tower controller intended the Pan Am aircraft to leave the runway at the third
intersection. Due to the sharp angle this intersection was more difficult than

the next intersection. The controller had relatively little experience with B-747
aircraft. His instruction to use the C3 intersection might have been the consequence
of a limited appreciation of the manoeuvrability of a B-747.

From tests with a B-747 at Schiphol Airport, carried out as a part of the Netherlands
investigation, it is evident that this manoeuvre could reasonably be performed.

In the radio-communication the tower controller has been clearly audible. Nothing

but usual, if not formally prescribed terminology, was found to have been used.

The misunderstanding that arose from the terminology in the radio—communication

is certainly not the result of errors in it. The misunderstanding will be further

discussed in paragraph b). There are no human factors to be indicated as evidently
disturbing influences. Only usual terminologies are employed in the communication.
Even the word "0.K.", used by the controller and meaningless as it is, is often

used in aviation communication. Due to coincidences it has had a confirmative
effect which was not intended.
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b)

Due to the fog there existed no visual clues for information. A picture of the
situation could only be obtained by means of the radio-communication.

Two aircraft were taxiing simultaneously on the active runway. After ‘the tower
controller had given his instruction to the KLM aircraft to hold with the words
"Stand by for take-off, I will call you", it would have been more careful if he
had asked the KLM for a confirmation of his instruction.

If a confirmation had been asked for it would, in all probability, have been a timely
warning to abort the take-off.

However, it is to be considered that from none of the preceding messages the controller
had received the impression that the KLM aircraft was not stationary. His statement
that he thought to have heard: '"We are at take-off position", also indicates this.

From the tower tape and from the cockpit voice recorders of both KLM and Pan Am,
however, it is evident that the word "position" was not used by KLM.

Even when considering the factor as is just discussed, the tower controller has
applied usual terminologies and procedures. He could not. know that due to a
coincidence, a squeal made his message unreadable and so he was in no way alarmed.

It is thought that no more importance should be given to this circumstance than to

all other normally occurring circumstances, which were, as shows from the investigation,
applicable to all involved. Those circumstances can, however, be considered as
indicative of a non-optimal functioning.

The background noises in the tower transmissions, which suggest a football match,
were not analysed in the Spanish investigation. These background noises are also
audible on the cockpit voice recorder of the KLM aircraft.

This indicates that they were really present in the tower, could be heard by the
controller and were transmitted together with the communication. Listening to or
looking at a football match on radio or television would imply a serious distraction.
Nevertheless, the real indications that they actually caused distraction are
considered not sufficiently strong to warrant any conclusions as to the human
actions of the controllers.

The radio-communications

Due to the fact that during taxiing the KLM crew had not accepted the offer of the
tower to copy the ATC clearance, both the take-off clearance and the ATC clearance
had to be requested at the moment that the aircraft was lined up, ready for take-off
and the check-list had been completed.

The first officer remarked to the captain that they had not yet received the ATC
clearance, whereupon the captain replies: 'Nee, dat weet ik, vraag maar" (No, I
know, ask for it). The subsequent message of the first officer was made with the
words: 'We are now ready for take-off and we are waiting for our ATC clearance."

The use and meaning of the phrase "We are ready for take-off' has been extensively
examined and illustrated in the Netherlands investigation report, for the purpose

of which a world-wide review about its habitual meaning was made. From this part

of the investigation it has been clearly established that in this phrase, two requests
are made: the request for take-off clearance as well as the request for ATC clearance.
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With regard to the reply to this question the following applies. The reply of

the tower was: ''You are cleared to the Papa beacon etc.", on which the first officer,
with an increasing rate of speech, reads back the clearance and at the end adds:

"We are now at take-off" or '"We are now taking off".

From the CVR and the DFDR of the KIM aircraft it is evident that during the readback
of this clearance, engine thrust was increased to take-off thrust, that 5 1/2 sec
before the end of the readback, i.e. halfway the message, which lasts 8 seconds,

the captain says: '"We gaan - check thrust" (We go - check thrust), that the brakes
were released and that the take-off run was started.

From these factual events it shows that the KLM crew has understood from the clearance
issued by the tower, to have been cleared for take-off as well.

From the fact that the take-off run was started and from the course of events during
the take-off, it is evident that the KLM crew had the absolute conviction that they

were cleared for it. Comnsidering the fog, this conviction can only be obtained through
the radio-communication.

With regard to the misunderstanding which evidently resulted from the radio-
communication, the following can be considered. With his message: '"You are cleared
to the Papa beacon etc.'", the tower controller only replies to the second request,
which concerned the ATC clearance. He replies on the first request, concerning

the take-off clearance, only after the readback. In view of the two requests,

the wording in which the clearance was given holds the possibility for the
misinterpretation that on that moment clearance was given to depart actually

via the indicated route.

In the context of the two requests, it is this wording from'which with almost
certainty, the misunderstanding of the KLM crew has arisen.

After the readback the tower controller reacts with the message: "0.K.'" - approx.
2 seconds pause - "stand by for take-off, I will call you."

This 0.K. from the tower can only have promoted the misunderstanding, it contains a
confirmation of which was just previously reported by the first officer, i.e. that
they were - at take-off - or - eh, taking-off.

The tower controller stated during the joint hearing by the investigation commission,
to have understood that the KLM aircraft had reported to be "at take-off position'.

This indicates the stationary condition of the aircraft, so that he was not alarmed
by it.

It is evident that, emanating from the radio-communication, a mutual misunderstanding
has arisen.

For the KLM crew this resulted in the conviction that they were cleared for take-off;
for the tower controller it gave the conviction that the aircraft remained stationary.

A confirmation of the possibility that a misunderstanding could arise from the way
in which the radio-communication was carried out, is found in the prompt reaction of
the captain and the first officer of the Pan Am aircraft. On hearing the radio
conversation up to and including the word 0.K., this crew feared that the issued
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clearance could possibly be understood as a take-off clearance as well. A tape
recording, made shortly after the accident, on which the Pan Am captain gives his
first impression, as well as the combined statement of the Pan Am crew members as
contained in the NTSB contribution to the Spanish investigation, clearly substantiates
this.

Their fear of a misunderstanding was so urgent that immediately after the 0.K. from
the tower, they reported to the KLM aircraft that they were still taxiing on the
runway. The pause of approximately 2 seconds which the tower allowed between "0.K."
and "Stand by for take-off, I will call you", gave the Pan Am crew the impression
that the message was ended with the "0.K.", on which they immediately transmitted
their warning message.

The coincidence of the message of the tower and the warning of Pan Am: "No - eh -
and we are still taxiing down the runway -" caused, exclusively in the KLM cockpit,
a squeal, which seriously mutilated both messages and prevented them from being
received by those for whom the messages were meant.

The continuation of the take-off indicates that this message has not been intelligibly
audible to both pilots.

It is noted in the Spanish report that during the investigation the sounds on the

KLM CVR tape were filtered in order to improve the quality of the audibility of the
tape.

In this stage of the take-off the crew was fully concentrated on the téke—off run.

It is not surprising that these messages, strongly disturbed by the squeal, could
not be effective.

Two remarks should be made here:

The tower controller, in no way alarmed, has in his routine, not requested a
confirmation of his order to KLM: "Stand by for take-off'’.

Neither the Pan Am crew nor the tower could hear the squeal, so they were not aware
of this or its effect.

The messages exchanged shortly thereafter between tower and Pan Am aircraft,
containing the order and the confirmation of the Pan Am aircraft to report when
clear of the runway, were heard by the flight engineer of the KLM aircraft. These
messages came after the squeal had stopped and on the KLM CVR they are clearly
audible. :

On the question of the flight engineer: "Is hij er niet af dan?" (Did he not clear
the runway then?), repeated with: "Is hij er niet af, die Pan American?" (Did he
not clear the runway, that Pan American?), both pilots reply with: "Jawel" (Yes,

he did).

This again shows that they were absolutely convinced that the runway was clear and

that take-off clearance had been given. The fact that the flight engineer puts this
question shows that he, too, had the same conviction. The way in which he puts this
question shows that this last received message was not consistent with the mental
picture of the situation he had so far. If from this last message the flight engineer
would have been convinced that the runway was not clear, he would, to all reasonability,
have taken action to abort the take-off, such as a.o. an exclamation to that effect.
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Also the fact that he did not interfere in the take-off, for instance by closing
the throttles, for which action he would have been fully authorized in case of real
doubt, indicates that the preceding communication has caused a wrong conviction.

It should be remarked that from the DFDR data can be derived that at the momenﬁlof

the word "Jawel" (Yes, he did) an abort of the take-off could still be carried out
successfully. ’

It is evident that the message heard by the flight engineer was not heard by the
pilots, causing that they also did not understand the reason of his question. Seen
from a point of view of operational practice, it is understandable that in this
phase of the take-off, an exchange of communication, - which did not contain the
call-sign of the KLM aircraft - was not registered in the minds of the unsuspecting

pilots.
Summarizing, it can be stated:

The radio-communication has not at all been exceptional in nature or contents and
can be considered the usual practice.

It is considered evident that from the radio-communication a mutual misunderstanding
has arisen. This applied to both the KLM crew and the tower controller.

From this conversation the KLM crew obtained the conviction that they were cleared
for take-off; the tower controller obtained the conviction that the aircraft remained
stationary. The Pan Am crew recognized and feared the possibility that the KIM

could understand the clearance as a take-off clearance as well and got alarmed by it.

Due to the generation of the squeal the audibility of essential messages of the
tower and of Pan Am, were strongly disturbed in the XLM cockpit and tha meaning of
these messages did not reach the crew.

The convinced reply of both pilots to the question of the flight engineer can be
explained from the fact that, as no KLM call sign was used, the conversation between
Pan Am and tower, from which the flight engineer derived his doubt, was not intelli-
gibly registered in the minds of the pilots; such took place in a phase of the flight
in which they were fully concentrated in performing the take—off.

The misunderstanding did arise exclusively from the radio-communication, without
other interfering circumstances. It can be stated that even without the fog, the
misunderstanding could have arisen from the radio-communication.

The procedures which in the course of events have been followed for the request and
issue of the clearances, do not contain circumstances which can be considered unusual

or abnormal, be it that in practice only incidentally, take-off clearance and ATC
clearance are handled simultaneously. '

Possibly this explains the fact that the tower controller handles the two requests
in a reversed order than in which they were made, with all consequences thereof.
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In the radio-communication terminologies were used which, though generally accepted
in practice, do not express their meaning unambiguously.

Standard procedures and terminologies for radio-communication are contained in
ICAO Doc 4444, Procedures for Air Navigation Services — Rules of the Air and Air

Traffic Services (PANS-RAC) and ICAO Annex 10. However, standard terminologies for
the communication of aircraft with regard to requesting take-off clearance or ATC
clearance are not given.

Therefore, there can be gp dlscu5310n about a standard terminology which the KLM
crew should have used in requesting their clearances.

In cases where no standard terminology is prescribed, in practice a phraseology is

applied which, due to its uniform unambiguity, is considered usual and as such can be

indicated as standard.

In the relevant case 'We request .....'" could have been used instead of "We are

ready for .....".

In a world-wide examination, carried out as part of the Netherlands investigation
concerning usual phraseology, it has positively been established that the latter
terminology is in common international use as well.

The word "O0.K.'", which implies a confirmation, is non-standard. The ICAO standard
term for a confirmation is: Roger, that is correct, wilco or affirmative. However,
the word "0.K." is also often used.

Coincidences

From the facts which were established in the investigation it is evident that the
coincidence of a number of circumstances had a direct influence on the occurrences
related to the take-off. A chain of coinciding circumstances made the accident
almost inevitable. If any of these circumstances had not been there, it is almost
certain that the accident would not have occurred.

The following circumstances are considered coinciding:

The fog, due to which the radio was the only means of communication and the three
parties involved were not visible to each other.

The congestion on the airport, due to which the two aircraft were taxiing simulta-
neously on the only available and active runway.

The fact that the KLM crew initially did not accept the offer by the tower to
deliver the ATC clearance. As a result of this, the request for the ATC clearance
coincided with the request for take-off clearance, at such a moment that the KLM
aircraft stood lined up in take-off direction.

The misunderstanding between KLM and tower, arisen from the radio-communication and
from which erroneously the respective convictions resulted; for the KLM that they"
were cleared for take-off and for the tower, that the aircraft remained stationary.
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The coincidental misleading effect of the word "0.K." of the tower, after the KLM
had reported "We are at take-off" or "We are -eh-, taking off". Only the word .
"0.K." has been clearly audible in the KLM cockpit, which could be taken as a
confirmation for the correctness of the message transmitted by KLM.

The pause of about two seconds after the word "0.K.", from which the Pan Am crew
concluded that the message of the tower had been ended and on which moment they
jumped in to warn the KLM crew. ' .
L Simvttaniovs

This pause had as a result that due to the unintentionalftransmission of two
essential messages, i.e. the message of the tower: 'Stand by for take-off,

I will call you" and of the Pan Am: '"And we are still taxiing down the runway",
a squeal was generated, by which noise both messages were lost. This pause, as
an ultimate of coincidence, has proven fatal.

The squeal, primarily caused by the fear of the Pan Am crew that from the terminology
of the clearance a misinterpretation of the KLM crew could arise.

The KILM crew apparently did not follow the communication between Pan Am and tower.

The predominant coincidence, ultimately resulting in the collision, consists of the

premature take-off of the KIM aircraft coinciding with the taxiing too far of the
Pan Am aircraft.

Performance calculations and taxi tests with a B-747 turning off on an intersection
comparable to the C3 at Tenerife, as part of the Netherlands investigation, indicate
that in all probability no collision, and almost certainly no fatal collision would
have occurred if the Pan Am aircraft had not taxied farther than the third intersection,
which was emphatically instructed by the tower controller.

Although the Pan Am aircraft, which unintentionally taxied too far, has clearly
reported that it was still on the runway, this operational deviation coincided with

the early take-off of the KLM aircraft; it has been a causal coincidence to the
ultimate fatal collision.

General Summary

From the investigation it can be established that the accident was’ not due

to a single cause.

The misunderstanding arose from generally used procedures, terminologies

and habit-patterns.

The unfortunate coincidence of the misunderstanding with a number of

other factors has nevertheless resulted in a fatal accident. Neither in the operation
of the KLM crew, nor in those of the tower controller or the Pan Am crew, actions can
be indicated which should be considered as serious errors. However, in varying degrees,
a non-optimal functioning can be recognized with all parties.
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Cause

The KLM aircraft has taken off without take-off clearance, in the absolute
-conviction that this clearance had been obtained, which was the result of a misunder—
standing between the tower and the KLM aircraft.

This misunderstanding has arisen from the mutual use of usual terminology
which, however, gave rise to misinterpretation. In combination with a number of other
coinciding circumstances, the premature take-off of the KLM aircraft resulted in a
collision with the Pan Am aircraft, because the latter was still on the runway since
it had missed the correct intersection.

PART TWO

Considerations and conclusions of the Netherlands Aircraft Accident Inquiry Board

No evidence was found that any air traffic controller or any crew member
of the aircraft in question was not or to a lesser degree capable for the execution of
his function. Neither was it found that with any of them a particular state of mind
has played a significant role.

Considering the stresses to which members of an aircraft in their work
situation are subject on the one hand and, on the other, taking into account the
experience of these crew members, the Board does not find it plausible that the stresses

on the crew members, emanating from the work situation, were too heavy for any one of
them.

As far as can be verified, the technical condition of each aircraft has
not contributed to the accident.

, From the investigation - especially considering the aforementioned
sequence of events leading to the accident, particularly the presented coincidence of
occurrences, and the statements of the experts given during the session, everything as
seen in their mutual connexion and relation - the Board found that, in order to prevent
such an occurrence in the future:

I. It is desirable that regulations are issued, according to which:

A. A pilot (if circumstances permit) does not request a taxi clearance until after

he has requested, received and confirmed by read-back, a departure instruction
and/or an en-route clearance.

B. A pilot never combines the request for a take-off clearance with any other
message.

C. If practicable, a departure instruction and/or an en-route clearance and a
take-off clearance are issued on different radio frequencies.

D. The phrase "take-off" is used exclusively in the request, the issue and
confirmation of a take-off clearance.
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The safety of traffic (aircraft taxiing, taking-off and landing, as well as
other traffic which is simultaneously on a take-off and/or landing runway) is

. guaranteed,-especially when the air traffic.controller .only has radio-

‘_Jcommunication at his disposal and is unable -to observe that take-off and/or , -

II. It

A.

landing runway contlnuOusly. S
Exits of a take-off-and landing runway are provided with:clearly distinguishable
markings, whereby every marking corresponds with the relevant marklng on the
lay-outs which are used for taxiing. :

In the radio-communication between the crew of an aircraft and air traffic
control, additional use of standard terminology is regulated for crews, and
which is in conformity with the regulated standard terminology, which is used
by air traffic control.

is recommendable that:

Air traffic control has, besides radio-communication, other systems at its
disposal such as: ground radar, block safety systems, visual confirmation by
means of lights and the so-called data-link, in order to control by such means
more effectively the traffic on take-off and landing runways and when necessary
on taxiways, during conditions of bad visibility.

In the cockpit voice recorder of an aircraft a signal is incorporated appearing

at regular intervals, for synchronization with the flight data recorder in the
aircraft.
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:Tlempo presente: llovizna intermitente ¥y niebla a distarcia
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Part Two of the Spanish Report

KLM, B-747, PH-BUF and Pan Am B-747 N736 collision at Tenerife Airport Spain on 27
March 1977

Report dated October 1978 released by the Subsecretaria de Aviacion Civil, Spain, in
both Spanish and English

2.- ANALYSIS AND CONCLUSIONS

2.1 Analysis

On 27 March 1977, a bomb exploded in the terminal building of Las Palmas Airport (Canary
Islands) , and for this reason the passenger terminal was evacuated. As there had been a
threat of a second explosion, much of the traffic arriving at Las Palmas Airport was
diverted to that of Los Rodeos on Tenerife Island. For this reason, the parking area at the
latter airport was crowded with aeroplanes.

The RLM Boeing 747, PH-BUF, arrived at Los Rodeos Airport at 1338 and was parked at the
end of the taxi runway next to a Braathens Boeing 737 (SAFE). Subsequently, a Sterling
Boeing 727, a SATA DC-8 and the Pan American 747, N736, were parked in the same area.

The Pan Am Boeing 747, which arrived at Los Rodeos Airport at approximately 1415, was
parked on the taxi runway next to the above-mentioned Braathens Boeing 737, Sterling
Boeing 727, SATA DC-8 and the KLM Boeing 747, PH-BUF, which had arrived at Los Rodeos
Airport at 1338.

Once Las Palmas Airport had been reopened, the Pan Am N736 aeroplane called the tower
requesting permission to start up its engines; in reply, it was told that there was no ATC
delay, but that it could have problems taxiing on account of the KLM aeroplane which was
ahead of it, and that taxiing on the taxiway would not be possible on account of the
aircraft congestion on the main apron.

Indeed, when the time came to taxi, the Pan Am aeroplane was forced, on account of the
position of the KLM aeroplane which was blocking its way, to wait for the latter's
departure. The three other aeroplanes parked there had already departed.

Approximately one hour later, KLM 4805 requested an estimated departure time. They said
that they needed to refuel and that this would take approximately 30 minutes. They filled
up with 55 500 L, while the passengers remained on board. Later the KLM aeroplane
requested permission to start up its engines, and then clearance to taxi.

It was cleared to taxi towards the holding position of runway 12 and to change its surface
frequency of 118.7 to the approach frequency of 119.7.

A few minutes later, the Pan Am aeroplane called again in order to request clearance to
start up its engines, and was cleared to do so.
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If we keep in mind that the Tenerife-Las Palmas flight is one of about 25 minutes duration,
the taking on of 55 500 L of fuel leads us to suppose that the KLM captain thereby wished
to avoid the difficulties of refuelling in Las Palmas, with the resulting delay, because a
great number of aeroplanes diverted from Tenerife would be going there later. The
aircraft could, in fact, have returned to Amsterdam with the fuel it had without refuelling
in Las Palmas.

The conversations-which took place between KLM 4805 and the control tower until the
aeroplane started to taxi on the main runway were as follows. The times are those taken
from the KLM CVR.

Time Source Content
1658:14.8 EIS_SAS Approach KLM four. eight zero five on the ground in Tenerife.

1658:21.5 APP KLM - ah- four eight zero five Roger.

1658:25.7 KLM
4805

1658:30.4 APP 0.K. foureight.zero five... taxi... to the holding position runway three
zero taxi into the runway and - ah - leave runway (third) to your left.

1658:47.4 KLM Roger, sir, (entering) the runway at this time and the first (taxiway)
4805  we, we go off the runway again for the beginning of runway three
zero.

We require back track on one two for take-off runway three zero.

1658:55.3 APP 0O.K. KLM eight zero - ah - correction four eight zero five taxi straight
ahead - ah - for the runway and - ah - make - ah - back track.

. KLM " "
1659:04.5 4805 Roger, make a "back track
KLM . .
1659:10.0 4805 KLM four eight zero five is now on the runway.

1659:15.9 APP Four eight zero five roger.

KLM Approach, you want us to turn left at Charlie one, taxiway charlie
4805 one?

1659:32.28 APP Negative, negative, taxi straight ahead - ah - up to the end of the
runway and make "back track”.

1659:28.4

KLM

1659:39.9 4805

0.K., sir.

At 1703:14.4, KLM 4805 asked the tower controller if the runway centre lights were in
service because, as the weather conditions were becoming worse, he wished to have this
information in connexion with the minimum required take-off conditions.

At 1704:58.7, the tower controller, after having checked, replied that the runway centre
lights were out of service, while he also passed on this information to the PAA Clipper
1736.

At 1705:27.08, KLM 4805, which was already at the approach end of runway 30, completed
the turn in order to face in the direction for take-off.
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From this point on, see the diagram (Appendix 5) showing the time correlation between
the tower, the KLM 4805 and the Clipper 1736 CVR tapes, as well as the data obtained
from the KIM 4805 DPDR during the last 88 seconds.

At 1705:27.98, the engine braking begins and lasts for 2.54 seconds.

At 1705:36.7, the co-pilot finishes the take-off check-list and at 1705:41.22 (67.81 seconds
before the impact), a slight forward movement due to opening of the throttle is observed
(increase of continued EPR in the four engines). At 1705:41.5, the co-pilot says: "Wait a
minute, we don't have an ATC clearance.” To which the captain replies, "No; | know that,
go ahead,- ask."

At 1705:44.6, KLM 4805 tells the control tower: "Ah - the KLM four eight zero five is now
ready for take-off, and we're waiting for our ATC clearance.” This message ended at
1705:50.77. This communication was heard in the PAA 1736 cockpit.

At 1705:53.41, the controller gave KLM the following ATC instruction: KLM eight seven zero
five - uh - you are cleared to the Papa Beacon, climb to and maintain flight level nine zero
.. right turn after take-off proceed with heading zero four zero until intercepting the three
two five radial from Las Palmas VOR." The message ended at 1706:08.9. At 1706:07.39,
i.e.i 0.7 seconds before the message ended, the aircraft captain said, "Yes", and.44.31
seconds before the impact the nos. 3 and 4 engines Slightly increased their EPR.

At 1706:09.61, the co-pilot repeated the ATC instructions given by the tower controller, at
the following times and as follows:

Time Source Content

1706:09.61 KLM Ah- Roger, sir, we are cleared to the Papa Beacon flight level nine
4805  zero, right turn out zero four zero until intercepting the three two
(RD 2) five. We are now at take-off.

At 17:17.79, the co-pilot's repetition of the ATC instructions ended.

At 1706:11.08, the brakes of KLM 4805 were released. At 1706:12.25, the aircraft captain
said, "Let's go ... check thrust”, ending this sentence at 1706:16.11.

The following was ascertained from the DFDR data:

e 1706:11.70 (37.33 seconds before impact): it was deduced from the LONG that the
aeroplane began to move with longitudinal acceleration.

e 1706:13.99 (35.04 seconds before impact): the EPR have risen above the figures for
idling (1.12-1.12-1.14-1.14).

e 1706:14.94 (34.09 seconds before impact): the start of change of course was
observed from the HEAD.

e 1706:17.17 (31.86 seconds before impact): from the VANE it can be ascertained
that lift had begun. Value reached was 6.800. Air speed was increasing (46.41).
Direction straightened out.

From everything that happened during this time, it is seen that while the first officer was
repeating the ATC instructions given by the controller, KLM 4805 had already started its
ground run, while at 1706:14.00, moreover, the sound of engines starting to accelerate is
observed.
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At 1706:18.19, the controller replied to the read-back of his ATC clearance in the following
way: "0.K.", and at 1706:20.08, i.e. 1.89 seconds later, added: "Stand by for take-off ... |
will call you," ending said message at 1706:21.79.

During this time, at 1706:19.35, the KLM 4805 take-off EPR had already been reached and
stabilized (1.39 to 1.42).

Simultaneously, in the Pan Am cockpit, on hearing this conversation, the Pilot says "No uh",
and the co-pilot says, "and we are still taxiing down the runway, tire Clipper one seven
three six". This communication caused a shrill noise in the KLM cockpit, which started at
1706:19.39 and ended af-1706:22.06.

At 1706:25.47, the tower controller confirmed reception of the Pan Am message in the
following way: "Papa Alpha one seven three six report runway clear.'.' This was audible in
the KLM cockpit. The message ended at 1706:28.89.

At 1706:29.59, the PAA replied: "0O.K., will report when we're clear.” This reply was audible
in the KLM cockpit.

The control tower replied, "Thank you", and then the following sentences were spoken in
the KLM cockpit:

Time Source Content

1706:32.43 C3 Is he not clear, then?

1706:34.10 C1 What do you say?

1706:34.15 PA Yup

1706:34.70 C3 Is he not clear that Pan American?
1706:35.70 C1 Oh, yes. (emphatic)

At 1706:43.49, the co-pilot intoned the V1 and subsequently on the DFDR PCC the following
were observed: a pulling of the control column, with the aeroplane nose pointing up, 16
per cent of the way back from a 44 per cent forward position and from Pitch 2, aeroplane
nose pointing up.

At 1706:46.04, i.e., 2.99 seconds before impact, increased direction toward the right is
observed in the HEAD; 0.46 seconds later, a curving of the aeroplane to the left is seen in
the Roll parameter (ROLL) and, 1.54 seconds before impact, a roll to the right is observed
in the Roll Control Wheel Position parameter (RCW).

At 1706:47.44, the captain utters an exclamation, while the impact takes place shortly
afterwards.

On listening to the PAA CFR, it may be deduced that its crew saw the KLM aeroplane 9.5
seconds before the impact.

From the actions of the Tenerife Control Tower, it may be inferred that their ordering the
KLM aeroplane to leave the runway by the third taxiway was so that they should leave the
main runway as soon as possible and proceed along the parallel taxiway. This third taxiway
was the first by which it was possible to take the aeroplane off the main runway because
access to the parallel taxiway by C-l and C-2 was not possible on account of the aircraft
congestion on the parking apron.
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Later, in order to make the manoeuvre easier, the controller chose to order this aeroplane
to continue down the right side of the main runway and at the end of same make an 180
degree turn.

Likewise, he indicated to the PAA crew that they should leave by the third taxiway. At first
there was some confusion regarding the words "first" and "third". But this was finally
dispelled because the controller made the following clarification: "The third one, sir, one,
two, three, third one.”

The situation deteriorated further when low-lying clouds reduced visibility to the point at
which neither aeroplanes taxiing on the main runway, nor some of those located in the
parking area, were visible from the tower.

It transpires from careful listening to the KLM CVR that although cockpit operation was
correct and the check-lists were adequately kept, there was some feeling of anxiety
regarding a series of factors, which were: the time margin remaining to them, to the point
of straining the allowable limit of their duty time; the poor and changing visibility which,
especially as the runway centre lights were not operative, might prevent the possibility of
take-off within the weather limits required by the company; the inconvenience for the
passengers, etc. It is also observed that, as the time for take-off approached, the captain -
perhaps on account of all these worries - seemed a little absent from all that was heard in
the cockpit. He enquired several times, and after the co-pilot confirmed the order to
backtrack, he asked the tower if he should leave the runway by C-l, and subsequently
asked his co-pilot if he should do so by C-4. On arriving at the end of the runway and
making an 180 degree turn in order to place himself in take-off position, he was advised by
the co-pilot that he should wait as they still did not have an ATC clearance. The captain
asked him to request it, which he did, but while the co-pilot was still repeating the
clearance, the captain opened the throttle and started to take off. Then the co-pilot,
instead of requesting take-off clearance or advising that they did not yet have it, added to
his read-back, 'We are now at take-off.” The tower, which was not expecting the aircraft
to take off as it had not given clearance, interpreted the sentence as, "We are now at
take-off position"" and the controller replied: "0.K., ... stand by for take-off ... | will call
you."” Nor did the Pan Am crew, on hearing the "We are now at take-off", interpret it as an
unequivocal indication of take-off. However, in order to make their own position clear,
they said, "We are still taxiing down the runway." This transmission coincided with the
"Stand by for take-off ... | will call you", causing a whistling sound in the tower
transmission and making its reception in the KLM cockpit not as clear as it should have
been, even though it did not thereby become unintelligible.

The communication from the tower to the PAA aeroplane requested the latter to report
when it left the runway clear. In the cockpit of the KLM aeroplane which was taking off,
nobody at first confirmed receiving these communications (Appendix 5) until the Pan Am
aeroplane responded to the tower's request that it should report leaving the runway with
an "0.K., we'll report when we're clear.” On hearing this, the KLM flight engineer asked: "Is
he not clear then?" The captain didn't understand him and he repeated: "Is he not clear
that Pan American?” The captain replied with an emphatic "Yes" and, perhaps influenced by
his great prestige, making it difficult to imagine an error of this magnitude on the part of
such an expert pilot, both the co-pilot and the flight engineer made no further objections.
The impact took place about thirteen seconds later.

Y When the Spanish, American and Dutch investigating teams heard the tower recording
together for the first time, no one, or hardly anyone, understood that this transmission
meant that they were taking off.
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From that moment until the next call to the aeroplanes, the tower took care of Flights IB-
185 and the BX-387 and awaited the communication from Pan Am Flight 1736 reporting the
"runway clear”. It also received information coming from two aeroplanes located in the
parking area that there was a fire in an undetermined place on the field, sounded the
alarm, informed the Fire Fighting and Health Services, and broadcasted the news of the
emergency situation; it then called the two aeroplanes on the runway, without receiving
any reply.

The conversations which took place in the Pan Am cockpit and between the aeroplanes and
the control tower from 1701:57.0 were as follows. The times were taken from the PAA
CVR.

1701:57.0 CL1736 Tenerife the Clipper one seven three six. (1702:00.2)
1702:01.8 APP  Clipper one seven three six Tenerife.

1702:03.6 RDO-2 Ah- We were instructed to contact you and also to taxi down the
runway, is that correct? (1702:07.4)

1702:08.4 APP  Affirmative, taxi into the runway and -ah leave the runway third, third
to your left, (background conversation in the tower).

1702:16.4 RDO-2 Third to the left, O.K. (17:02.18.3)
1702:18.4 CAM-3 Third he said.
CAM-? Three.
1702:20.6 APP  -ird one to your left.
1702:21.9 CAM-1 | think he said first.
1702:26.4 CAM-2 I'll ask him again.
CAM-? ***
1702:32.2 CAM-2 Left turn.
1702:33.1 CAM-1 | don't think they have take-off minimums anywhere right now.
1702:39.2 CAM-1 What really happened over there today?

1702:41.6 CAM-4 They put a bomb (in) the terminal, Sir, right where the check-in
counters are.

1702:46.6 CAM-1 Well we asked trl*em if we could hold and -uh- | guess you got the word,
we landed here

CAM_? * % %
1702:49.8 APP  KLM four eight zero five how many taxiway -ah- did you pass?
1702:55.6 KLM | think we just passed charlie four now.

1702:59.9 APP  O.K. ... at the end of the runway make one eighty and report -ah- ready
-ah- for ATC clearance (background conversation in the tower).

1703:09.3 CAM-2 The first one is a ninety degree turn.
1703:11.0 CAM-1 Yeah, O.K.

1703:12.1 CAM-2 Must be the third ... I'll ask him again.
1703:14.2 CAM-1 O.K.

1703:16.6 CAM-1 We could probably go in it's ah ...
1703:19.1 CAM-1 You gotta make a ninety degree turn.
1703:21.6 CAM-1 Yeah, uh.

1703:21.6 CAM-2 Ninety degree turn to get around this ... this one down here it's a forty
five.

1703:29.3 RDO-2 Would you confirm that you want the clipper one seven three six to turn
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left at the third intersection? (1703:35.4).
1703:35.1 CAM-1 One, two.
1703:36.4 APP  The third one, sir, one; two, three, third, third one (1703:38.3)..
1703:38.3 CAM-? One two (four).
1703:39.0 CAM-1 Good.
1703:40.1 CAM-1 That's what we need right, the third one.
1703:42.9 CAM-3 Uno, dos, tres.
1703:44.0 CAM-1 Uno, dos, tres.
1703:44.9 CAM-3 Tres - uh - si.
1703:46.5 CAM-1 Right.
1703:47.6 CAM-3 We'll make it yet.
1703:47.6 APP  ...er seven one three six report leaving the runway.
1703:49.1 CAM-2 Wing flaps?
1703:50.2 CAM-1 Ten, indicate ten, leading edge lights are green.
1703:54.1 CAM-? Get that.
1703:55.0 RDO-2 Clipper one seven three six (1703:56.4)
1703:56.5 CAM-2 Yaw damp and instrument?
1703:58.6 CAM-1 Ah- Bob we'll get a left one *
1703:59.3 CAM-2 | got a left.
1704:00.6 CAM-1 Did you?
1704.00.9 CAM-2 And -ah- need a right.
1704:02.6 CAM-1 TI'll give you a little *
1704:03.8 CAM-2 Put a little aileron in this thing.
1704:05.0 CAM-1 0O.K., here's a left and I'll give you a right one right here.
1704:09.7 CAM-1 O.K. right turn right and left yaw.
1704:11.4 CAM-2 Left yaw checks.
1704:12.4 CAM-1 O.K., here's the rudders.
1704:13.6 CAM-1 Here's two left, centre, two right centre.
1704:17.8 CAM-2 Checks.
1704:19.2 CAM-2 Controls.
1704:19.6 CAM-1 Haven't seen any yet!
1704:20.3 CAM-2 | haven't either.

1704:21.
7

1704:24.6 CAM-2 There's one.
1704:25.8 CAM-1 There's one.
1704:26.4 CAM-1 That's the ninety degree.
1704:28.5 CAM-? O.K.
1704:34.5 CAM-? ***
CAM-2 Weight and balance finals?
1704:37.7 CAM  (Sounds similar to stabilizer trim).(1704:44.8)
1704:37.2 CAM-1 We were gonna put that on four and a half

1704:39.8 CAM-3 We got four and a half and we weigh five thirty four (sound of stabilizer
trim).

CAM-1 They're free, the indicators are checked.





1704:44.6 CAM-2
1704:46.8 CAM-2
1704:48.4 CAM-3
1704:50.5 CAM-2
1704:52.1 CAM-1

1704:58.2 APP

1705:05.8 KLM
1705:07.7 RDO-2
1705:09.6 CAM-1

1705:22.0 CAM-1
1705:23.5 CAM-3
1705:25.7 CAM-1
1705:26.5 CAM-2
1705:27.2 CAM-1
1705:28.1 CAM-3
1705:28.5 CAM-3
1705:30.6 CAM-1
1705:32.4 CAM-1
1705:35.9 CAM-3
1705:39.8 CAM-?
1705:40.0 CAM-2
CAM-?
1705:44.8 CAM-?
1705:44.8 KLM

1705:53.4 APP

1706:09.6 KLM
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Four and a half on the right.
Engineer's taxi check.

Taxi check is complete.
Take-off and departure briefing?

0.K., it'll be standard, we gonna go straight out there till we get thirty
five hundred feet then we're gonna make that reversal and go back’ out
to * fourteen.

-m eight seven zero five and clipper one seven ... three six, for your
information, the centre line lighting is out of service. (APP transmission
is readable but slightly broken.)

| copied that.
Clipper one seven three six.

We got centre line markings (* only) (could be "don't we) they count the
same thing as ... we need eight hundred metres if you don't have that
centre line... | read that on the back (of this) just a while ago.

That's two.

Yeh, that's forty-five there.

Yeh.

That's this one right here.

(Yeh)l know.

0.K.

Next one is almost a forty-five, huh yeh.

But it goes...

Yeh, but it goes ... ahead, | think (it's) gonna put us on (the) taxiway.
Yeah, just a little bit yeh.

O.K., for sure.

Maybe he, maybe he counts these (are) three.
Huh.

| like this.

Uh, the KLM ... four eight zero five is now ready for take-off ... uh and
we're waiting for our ATC clearance.

KLM eight seven * zero five uh you are cleared to the Papa Beacon climb
to and maintain flight level nine zero right turn after take-off proceed
with heading zero four zero until intercepting the three two five radial
from Las Palmas VOR. (1706:08.2)

Ah roger, sir, we're cleared to the Papa Beacon flight level nine zero,
right turn out zero four zero until intercepting the three two five and
we're now (at take-off). (1706:17.9)

From the foregoing it may be inferred that the Pan Am crew at first had difficulty in
understanding "third", thinking that it was "first". In any case, the co-pilot asked again and
this doubt was dispelled at 1703:36.4 as the tower controller told him: "The third, sir, one,
two, three, the third, third", and the co-pilot confirmed this at 1703:39.2.

As a result of the poor visibility, the crew had difficulty in localizing the exits from the
runway whose position they were following on the little map that they had with them.
Nevertheless, at 1704:26.4 the captain identified C-l (which is the 90 degree exit). At
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1705:22.0, they also identified C-2. Then, perhaps through error, or thinking that C-4 was
an easier exit than C-3, they overshot the exit ordered by the Tower.

From Appendix 5, which gives the time correlation between the conversations taking place
with the tower and inside the KLM 4805 and Clipper 1736 cockpits, as well as the data
obtained from the KLM 4805 DFDR during the last 88 seconds before impact, the following
may be ascertained.

When, at 1706:17.9, RLM 4805 finished reading back the ATC clearance given by the
control tower and added, "We are now (at take-off)" and before the controller finished the
sentence "0.K.... stand by for take-off, | will call you.", only "...k" is heard in the Pan Am
cockpit. The pilot says: "No uh ..." and the co-pilot says "And we're still taxiing down the
runway, the Clipper one seven three six..." (1706:23.6). These communications caused a
shrill noise in the KLM cockpit, which lasted approximately 3.74 seconds.

During this time the KLM take-off EPR was reached and stabilized (1.39 to 1.42).

At 1706:25.6, the tower controller gave the Pan Am crew confirmation in the following
manner: "Roger alpha one seven three six report the runway clear” - to which the Pan Am
crew replied at 1706:29.6, "O.K., we'll report when we're clear.” The tower replied, "Thank
you", but the KLM aircraft had already started its take-off run. The PanAm crew saw the
KLM aeroplane approximately 8.50 seconds before the impact. Amidst logical exclamations
of alarm they accelerated in order to try to get off the runway, but the collision was
already inevitable.

2.2 Conclusions

From all of this it may be ascertained that the KLM 4805 captain, as soon as he heard the
ATC clearance, decided to takeoff.

The fundamental cause of this accident was the fact that the KLM captain: 1. Took off
without clearance. 2. Did not obey the "stand by for take-off" from the tower.

3. Did not interrupt take-off when Pan Am reported that they were still on the runway.

4. In reply to the flight engineer's query as to whether the Pan Am aeroplane had already
left the runway, replied emphatically in the affirmative.

Now, how is it possible that a pilot with the technical capacity and experience of the
captain, whose state of mind during the stopover at Tenerife seemed perfectly normal and
correct, was able, a few minutes later, to commit a basic error in spite of all the warnings
repeatedly addressed to him?

An explanation may be found in a series of factors which possibly contributed to the
occurrence of the accident.

1. A growing feeling of tension as the problems for the captain continued to accumulate.
He knew that, on account of the strictness in the Netherlands regarding the application of
rules on the limitation of duty time, if he did not take off within a relatively short space of
time he might have to interrupt the flight - with the consequent upset for his company and
inconvenience for the passengers. Moreover, the weather conditions in the airport were
getting rapidly worse, which meant that he would either have to take off under his minima
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or else wait for better conditions and run the risk of exceeding the aforementioned duty-
time limit.

2. The special weather conditions in Tenerife must also be considered a factor in
themselves. What frequently makes visibility difficult is not actually fog, whose density
and therefore the visibility which it allows can be fairly accurately measured, but rather
layers of low-lying clouds which are blown by the wind and therefore cause sudden and
radical changes in visibility. The latter can be O m at certain moments and change to 500
m or 1 km in a short space of time, only to revert to practically zero a few moments later.
These conditions undoubtedly make a pilot's decisions regarding take-off and landing
operations much more difficult;

3. The fact that two transmissions took place at the same time. The "stand by for take-off
... I will call you" from the tower coincided with Pan Am's "we are still taxiing down the
runway", which meant that the transmission was not received with all the clarity that
might have been desired. The whistling sound which interfered with the communication
lasted for about three seconds.

The following must also be considered factors which contributed to the accident:

1. Inadequate language. When the KLM co-pilot repeated the ATC clearance, he ended
with the words, "we are now at take-off". The controller, who had not been asked
for take-off clearance, and who consequently had not granted it, did not
understand that they were taking off. The "0.K." from the tower, which preceded
the "stand by for take-off" was likewise incorrect - although irrelevant in this case
because take-off had already started about six and a half seconds before.

2. The fact that the Pan Am aeroplane had not left the runway at the third
intersection. This aeroplane should, in fact, have consulted with the tower to find
out whether the third intersection referred to was C-3 or C-4, if it had any doubts,
and this it did not do. However, this was not very relevant either since the Pan Am
aeroplane never reported the runway clear but, on the contrary, twice advised that
it was taxiing on it.

3. Unusual traffic congestion which obliged the tower to carry out taxiing manoeuvres
which, although statutory, as in the case of having aeroplanes taxi on an active
runway, are not standard and can be potentially dangerous.

Although contributing to the accident, the following occurrences must not he considered
direct factors in it: the bomb incident in Las Palmas; the KLM refuelling; the latter's take-
off at reduced power; etc.

3.- RECOMMENDATIONS

3.1 Placing of great emphasis on the importance of exact compliance with instructions and
clearances.

3.2 Use of standard, concise and unequivocal aeronautical language.

3.3 Avoidance of the word "TAKE-OFF" in the ATC clearance and adequate time separation
between the ATC clearance and the TAKE-OFF clearance.





