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Both latcral control spoiler actuators werc recovercd. mws
? . The control lever and linkage for|the
ground spoilcr system were not recovered. The hydraulic actuator was recovered in the fully/ex-
tended position, which is consistent with spoilers retracted. There was no evidence of pre- xmpact
failure in cither system.

i
The only major components recovered from the hydraulic system were two engine-driven pumps.
They were severely damaged by the impact, but there was no evidence of pre-impact failur;e.

Thirteen of 16 fuel valves were. recovered. Valve position at impact could not be dewrmineld

The landing gear selector was not recovered. Examination of the landing gear hydraulic actualors
and landing gear determined that the landing gear was extended at impact. |

The shut-off valves for the wing leading edge and horizontal stabilizer de-icing system were
recovered and examined. All were determined 10 be in the closed position. The type of valve in-
stalled is spring-loaded to the closed position, thus the valves close when electrical power is/lost.
Accordingly, no useful information regarding the operation of the ice protection syslem was
gained. \

The four fire extinguishing agent i installed in the aircraft wings were recovered lfl'om
the accident site. One container remained fully charged, while the other three had been dlscharged
Each container incorporates two discharge valves, and the plumbing and control system permits
the agent in either container of one wing to be directed into either engine on that wing. Each
discharge valve is operated by an electrically initiated explosive cartridge which fires a small
projectile to rupture a diaphragm and release the agent. The agent in the containers can also be
released as a result of thermal discharge. This occurs when the pressure within the container
reaches a preset value and a pressure release disc is ruptured. This feature prevents the con;tainer
from rupturing due to internal pressure increase as a result of the container being exposed

cessive temperatures. Examination of the three discharged containers showed one with two, small
raised areas on the exterior surface, each diametrically opposite to the discharge valves, decaz-
ing that the projectiles had been fired after the agent had been discharged thermally during the
post-impact fire. A second container had no raised areas on the exterior surface. When the dis-
charge valves for this container were disassembled, the discharge projectiles were found in \place,
indicating that this container had also discharged thermally during the post-impact fire. |

The third container also had no raised areas on the exterior surface. Disassembly of the diséharge
valves for this container revealed that one explosive cartridge had been fired. The absehce of
any raised areas on the container surface opposite the position of the discharge valves mdxcawd
that firing of the explosive cartridge and release of the projectile had occurred while Me was
still agent in the container to dampen the force of the projectile and prevent denting of the con-
tainer surface. Examination of the aircraft records determined that the third container haﬂ been
installed in the right wing of the aircraft. The installation of the container was reviewed with
reference to maintenance manual drawings and through ination of the containers uqstalled
in the right wing of another DC-8 aircraft. This revxew determined that the discharge valve with
the fired cartridge corresponded to the number three engine.

The main instrument panel with instruments was recovered relatively intact, but severely dﬁnum.
The recovered items, which included light bulbs from various waming, caution, and annuncia-
tion light systems, were subject to detailed examination and analysis at the CASB’s Engmeermg
Laboratory. |
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Most instruments recovered were cither too severely damaged for analysis or revealed no sig-
nificant or rcliable impact rcadings.

Examination of the four engine pressure ratio (EPR) gauges revealed the following impact read-
ings:

Number 1 engine - EPR 1.88;
Number 2 engine - EPR 1.34;
Number 3 engine - EPR 2.04;
Number 4 engine - EPR 1.96.

The co-pilot’s airspeed indicator sustained only minor damage. The airspeed indicator was
equipped with an external circumferential ring with two moveable plastic "bugs” which are nor-
mally used to mark reference speeds during the take-off and approach phases of flight. Upon ex-
amination, these two extemal reference "bugs" were found at settings which corresponded to
speeds of 144 knots and 185 knots. An internal reference "bug"”, located behind the glass face
of the instrument and controlled by a rotary knob, was found at a setting which corresponded to
a speed of 158 knots.

The captain’s airspeed indicator sustained significant bum damage. The internal bug was bumned
into position at 172 knots. No external. "bug" ring was found on this instrument; it was deter-
mined that there was none installed at the time of the accident. The airspeed pointer indicated
165 knots.

A number of waming, caution, and annunciator lights were determined to be illuminated at im-
pact. The time required for a light bulb of the type used to reach full incandescence is ap-
proximately 50 milliseconds. Thus, the breakup seqs of the aircraft must be considered in
any assessment of the significance of the illumination of individual lights. Experience has shown
that the illumination of lights is often the result of system failures caused by the gradual breakup
of an aircraft. Thus, given the gradual breakup of the aircraft as it p ded down the wooded
slope, the illumination of any individual light is not considered reliable evidence of an aircraft
system fault prior to impact.

B o R
OO

Certain other lights considered to be relevant to the determination of the pre-impact integrity of
aircraft systems were determined to be off at impact: PTC (pitch trim compensator) - Extend/Fail;
Hydraulic Reservoir Low Pressure; Rudder Control Manual; and Wing Slot Door.

Engines

All four engines were found within the confines of the wreckage area. They had broken loose
from their mountings and had lost their cowlings during impact. The engines and their acces-
sories were recovered from the accident site and shipped to the CASB’s Engineering Laboratory
in Ottawa for detailed examination and analysis.
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The damage patterns obscrved in the numbcers onc, two, and three engines were consistent with
ground lmpacl at high rotation speed. The front compressor assemblics on all three had sustained
damage, and the comp rear hub was twisted off in torsional overload. The front
comprcssor turbine shafts were twisted in excess of 30 degrees. The rear compressor on ¢ngmcs
onc and threc were destroyed. The number two engine rear comp! was
However, it was noted that this section of the engine had not sustained any cmshmg of |h¢ slruc-
ture surrounding the rear compressor. The accessory gearbox drive coupling on all threc engmes
had failed due to torsional overload.

Damage patterns in the turbine sections varied between the three engines. However, it was evn-
dent that the variation in damage was the result of differences in the of damage su d
by the surrounding structure. !

The bleed valves on engines one, two, and three were determined to be in the closed poéition at
impact, which is consistent with engine operation at high power. Metallization (impingch\en( on
hot surfaces in the engine of semi-molten aluminum alloy and titanium from a damagéd com-
pressor) was present in the transition duct in all three engines. !

The d: ined by the ber four engine was consistent with a lower rotation kpccd at
impact than that of the other three engines. Only the first two stages of the front compressor
were damaged as a result of rotation, and little rotational damage was noted on the frdm com-
pressor/shaft/turbine combination. The bleed valve was determined to be in the open pasition at
ground impact. Debris from trees was found on the valve duct wall on both sides of the valve.
The rear compressor and its turbine, however, showed heavy ional damage at the \ﬁfwemh
and si h stage compressors and first stage turbine, consistent with some engine ro:auon at
impact. Metallization (aluminum alloy and titanium) was present in the transition ducp

q

None of the engines displayed any physical evidence of pre-impact di Each had| ing
debris during impact with the trees and ground. The number four engine displayed the greatest
amount of wood ingestion. During engine disassembly, most of the wood debris wasffound in
the high pressure section of the compressor. 1

The difference in impact rpm between the number four engine and the other three engines could
not be precisely determined, Several attempts were made to determine the impact rpm of the
number four engine through measurement and analysis of the front compressor turbine shaft tor-
sional twisl. An initial attempt resulted in an estimated ground impact rpm well below the nor-
mal engine-out windmill rpm. This estimate was determined.to be invalid because lt assumed
that torsional twist of the shaft occurs entirely within the proportional limit of the clastlc region,
whereas permanent twist can only occur if the shaft has plastically def d and thus requi

a plastic analysis. Further attempts by the engine manufacturer and CASB invesﬁgatog's, both of
which assumed plastic deformation properties, resulted in contradictory findings. The
manufacturer’s analysis concluded that the ground impact rpm of the number four was only be-
tween 12.9 and 14.0 per cent lower than that of the other three engines. The analysis “conducled
by CASB investigators concluded that ground impact rpm was between 40 and 43 per cent of
maximum rpm. Due 1o the contradictory nature of the conclusions of these analyses and the re-
quirement to, in each case, make a number of assumptions, it was not possible to attach a high
degree of reliability to either conclusion. However, the open engine bleed valve found on ex-
amination of the number four engine is consistent with engine rpm at or below 53 per cent Nj,

The engine fuel control units (FCU) were recovered from the site and disessembledfat the Air
Canada maintenance facility in Montreal under the control and supervision of CASB inyestigators.
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No pre-impact failurcs were noted with the exception of a ruptured ‘pressure regulator valve
diaphragm in onc FCU. The scrial numbers of only two of the recovered FCU’s matched those
recorded in the aircraft records. The records indicated that these two FCU's had been installed
on the number three enginc and number four engine. The serial number of the FCU with the
rupturcd diaphragm did not match any of the serial numbers recorded in the aircraft records.
However, its location in the wreckage suggested that it had been installed on the number four
engine. All four units were free of contamination and, cxcept for the ruptured diaphragm, were
assessed as being in good condition.

It could not be determined if the diaphragm had ruptured prior to or as a result of impact. Ex-
cept for the split in the diaphragm material, the diaphragm was in othcrwise good condition, no
deterioration in the fabric was noted. Rupturcs of the type found are commonly found in fuel
systems following a crash. They result from fuel pressurc spikes which occur during aircraft
breakup when fucl lines are pinched and collapsed. Tests conducted using an othcrwise service-
able unit with the ruptured diaphragm installed indicatcd that the regulator was adjustable with
the ruptured diaphragm. For a given throttle position, 6 per cent more fuel than normal would
have been supplied 1o the engine with the ruptured diaphragm.

Three of the four fuel pumps were rec d and di bled. No cc ination or pre-impact
failures were noted. Four fuel booster pumps were recovered and disassembled. No contamina-
tion or pre-impact failures were noted. A check of the serial numbers of these components deter-
mined that the serial numbers recorded in the aircraft technical logs did not match the serial num-
bers of the components installed on the aircraft. Installed positions could not be determined.

Threc of the four engine constant speed drives were recovered and disassembled. No pre-imnact
failures were noted. They were assessed as being in good condition. Two of the recovered con-
stant speed drives were determined to be from the numbers one and two engines. The installed
position of the third recovered constant speed drive could not be determined. Only remnants of
the fourth constant speed drive were recovered.

WI et S . -

A separate examination of the engines was conducted by the same consultant employed by rep-
resentatives of Arrow Air who had found what he believed to be was possible evidence of a pre-
impact explosion in sections from the fuselage. This examination concentrated on inspection of
the engine inlet guide vanes to see if evidence of engine ingestion of fuselage debris could be
detected. His examination of what had been identified as the inlet guide vanes of the number
three engine found ‘three consecutive vanes which displayed a slight flattening on the leading
edge. Examination of these vanes at moderate magnification showed that the middle one had a
faint marking of red-orange color on the leading edge. The consultant hypothesized that the marks
on the vanes were the result of ingestion of fuselage debris which had originated from what he
considered to be a pre-impact explosion occurring just aft of the right side forward door. Later
examination by CASB investigators determined that the inlet guide vanes in question were from
the number one engine, and not the number threc engine. It was further noted that the guide
vanes had been subjected to intense heat during the post-crash fire and that any colouring material
present prior to the fire would likely have burned off. Lastly, the red-orange colour observed on
the guide vane was almost identical to that of the front-end loader which had been used to recover
the engines from the accident site. Numerous examples of this post-accident red-orange paint
transfer from the recovery machinery were evident on all four engines. CASB investigators con-
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cluded that the marks and colouring on the guide vancs occurred after impact, during wrcckagc
recovery.

A consultant employed by a rep e of onc of the deceased flight crew members exammed
the engines and observed metal and fibre particles and what he considered 1o be unusual SO0t~
ing in the area of the fuel nozzles of the number four engine. As a result. the number fbur en-
gine fuel nozzles were removed from the engine and bench tested at the maintenance faqnhly of
a major Canadian airline. This testing was carried out by technicians of the airline experienced
in the testing of fuel nozzles and in assessing their condition. No blocked nozzles were detected,
and, in the opinion of the technici the flow p of all nozzles were acceptable. There
were only a few nozzles where the fuel flow was not even throughout the full 360 degrees. Al-
though they did not consider the condition of these nozzles to be suitable for installation in a
newly overhauled engine, they were considered acceptable as in-service components. 'me tech-
nicians stated that any effect these nozzles could have had on engine operation would hqve been !
unmeasurable.

|
Further examination of the engine by CASB investigators found no evidence of heat di;‘tress in-
dicative of poor nozzle flow patterns on any of the combustion chambers. The metal and fibre
particles found on the nozzles were assessed to be the result of the /ground impact seq

The particles covering the nozzle orifices were not solidly encrusted since they were easil _'thpushed
aside by the fuel flow — the nozzles were not mechanically cleaned prior to the test. The fibre
particles were identified as wood particles. The metal particles were assessed to be from the com-
pressor section of the engine and the result of engine breakup during the impact sequence. The
titanium and aluminum alloy metallization on the surface of the transition ducts of all four en-
gines confirms that debris was being propelled through the engines during the breakup séquence.

The sooting in the area of the nozzles was considered consistent with the disruption §f engine
airflow and resulting changes to the fuel/air mixture that would have occurred due to tree inges-
tion. !

At the request.of the Board,.additional examination of the number four engine' was undertaken
by an independent metallurgical engineer. The primary purpose of this examination was to as-
sess the pre-impact condition of the engine and estimate its power output at impact. Upon com-
pletion of his examination and analysis, the consultant concluded that:

1. The number four engine did not exhibit any component failure or malfunction pmor to im-
pact with the trees.

2. The number four engine had not flamed out by the time of initial impact with trees.

<. 3.. The number four engine was d: d due to i ion of tree fra and grouhd impact.

4. The number four engine bleed valve opened due to engine deceleration that mosn likely oc-
curred as.a result of i ion of tree fi i

o'

5. The number four engine power setting at initial tree impact could not be establish&l with cer-
tamly, however, the observed engine damage caused by tree fragment ingestion ‘and result-
ing deceleration was consistent with high power setting.

28
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Thrust Reversers

All four enginc thrust reverser assemblics were recovered from the accident site and subjected
10 detailed examination and analysis.

The deployment of the thrust reversers involves two actions:  the rearward movement of the
translating ring with the deflector doors in the faired position; and a final rearward movement of
the translating ring (approximatcly scven inches) during which the stop on the latch rod contacts
and operates an actuating mechanism, causing the deflector doors to open. The deflector doors
can only be in the deployed position if the translating ring is in the full-aft position. (See Figure
1.7)

The number one reverser was heavily damaged by impact but had remained relatively intact. The
engine exhaust nozzle had separated from the engine at the aft engine flange and remained trapped
inside the reverser assembly. The outboard deflector door was pulled slightly aft but was esscn-
tially faired with the lating ring. The inboard door was pulled partially out at the forward
edge and the rear edge had buckled the adjacent area of the translating ring inward. Examina-
tion of the deflector door upper actuating arm showed marks in the slots adjacent to the arm,
evidence that the doors were faired at impact. The skin and structure around the lower actuating
arm was deformed inward, trapping the arm in the deflector door closed position. Further evidence
that the translating ring had been in the forward position was provided by the position of the
slider on the lower track; it was found close to the forward end of the track. It was concluded
that the number one reverser assembly had been in the forward thrust position, with the deflec-
tor doors faired and the translating ring in the forward position (stowed) at impact.

The number two reverser assembly was substantially damaged and torn into a number of separate
pieces at impact. The engine exhaust nozzle had torn from the engine just aft of the rear flange.
The translating ring and the deflector doors were heavily damaged by impact. The aft mount of
the reverser lower track remained attached to the nozzle together with the slide and a portion of
the lower forward section of the reverser translating ring. The slide was towards the aft end of
the track but was still more than 16 inches forward of the rear stop. Only the outboard door
remained attached to the largest piece of the translating ring. When recovered, this door was in
the faired position relative to the ring structure but was not trapped solidly in this position, and
movement could have occurred during breakup. However, witness marks at the upper actuating
arm of the outboard door indicated that it was in the faired position at the time of major crush.
The inboard deflector door was torn into two main pieces. A heavy scrape mark in the material
at the edge of the slot around the inboard door lower actuating arm gave clear indication that
the door had been pulled from the faired position during ground impact. The outer cylinder of
the hydraulic actuator was found near the forward end of the piston rod; the cylinder wall was
ruptured longitudinally from an internal overp . Such damage could only occur if the pis-
ton rod, which is attached to the translating ring, was forward when ground contact caused it to
be moved violently aft relative to the pylon. It was concluded that the number two reverser was
not in the reverse thrust position at impact. The position of the slide on the lower track was at-
tributed to scrubbing action during impact which occurred before the slider was trapped by track
deformation.

The number three reverser had been completely flattened during impact, trapping the engine ex-
haust nozzle inside the translating ring, clear evidence that the reverser was in the stowed posi-
tion at impact. The slide was near the forward end of the track. The inboard deflector door was
torn in two. The lower portion was trapped in the faired position.
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The outboard deficctor door was also torn in two. Both the upper and lower scctions were fdund
in the faircd position relative to the attached picces of the translating ring. The hydraulic actuator
had brokcn away from the reverser and the pylon. The gland nut and inncr slecve were al the
forward end of the piston rod, and the cylinder was split longitudinally from internal overpres-
surc. This overy damagc was consi with the lating ring being in the forward posi-
tion at impact. It was concluded that this reverser assembly was in the forward thrust position

with the deflector doors faircd and the: translating ring in the forward (stowed) position at im-
pact. i
i

The number four reverser assembly had separated from the exhaust nozzle at impact. The| for-
ward loop of the translating ring assembly was broken with pieces missing from both sides. [Thc
lower deck was twisted 180 degrees around the rear section of the ring so that the forward face
of the upper part of the translating ring was at one end of the assembly and the forward face of
the lower portion was at the other end. The outboard deflector door was trapped by the slruc-
ture in the faired position at the lower hinge point. The metal skin in this arca was defonned in-
ward, trapping the actuating arm in the faired position. The upper actuating arm for this door
was tomn away from the lranslaung ring, but therc were clear witness marks on the slot cdgc
showing that the arm was in the faired position at the time this damage occurred (Figure J 8.).
The inboard deflector door was torn away from the upper attachment point and was lwnswd 0
the deployed position. There was moderate to heavy damage to the forward edge of this door.
There were deformed areas to the aft end of the actuating arm slots at both the upper and lower
hinge points, evidence that the actuating arms for the inboard deflector door were also in the
faired position at impact (Figure 1.9. and Figure 1.10.). The lower track was severely twisted but
remained attached by the slide bracket to the forward edge of the translating ring. The slld¢ was
within 12.5 inches of the forward position and could not have slid forward after this impact defor-
mation had occurred (Figure 1.11.). The hydraulic actuator was near the forward end of lhe pis-
ton rod. The outer cylinder had split lengthwise, with the material around the split bowed out
(Figure 1.12.). This evidence was consistent with rapid extension of the actuator by extemal for-
ces, and further confirmed that the translating ring had been in the forward position at the, time
of ground impact. It was concluded that the number four reverser was in the faired posmon with
the translating ring in the forward (stowed) position at ground impact.

No failures were noted in any of the four reverser systems other than those resulting fron{ln im-
pact. |

|
|
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EXHAUST
FORWARD THRUST GASES

(THRUST REVERSER STOWED)

REVERSE THRUST
(THRUST REVERSER DEPLOYED)

Figure 1.7. Schematic of Thrust Reverser Assembly
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OUTBOARD DEFLECTOR - |
DOOR UPPER ACTUATING |
ARM AREA OF NO. 4 |

REVERSER. ARM HAS BEEN
PULLED OUT OF SLOT BY:

CRASH DAMAGE. NOTE . |
DAMAGE IN AFT END OF |

SLOT AT ARROW. |

Figure 1.8. Number Four Thrust Reverser Outboard Deflector Door Upper Actuating Arm Area
THRUST REVERSER NO. 4
INBOARD DOOR LOWER |
ACTUATING ARM. SKIN HAS
BEEN CUT AND FOLDED;i
BACK TO SHOW i
DEFORMATION IN EDGES OF
SLOT (ARROWS). NOTE 'I;HAT
ARM IS IN THE DOOR
DEPLOYED POSITION.

Figure 1.9. Number Four Thrust Reverser Inboard Deflector Door Lower Actuating Arm Area
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VIEW OF DAMAGE TO EDGE
OF SLOT AS SHOWN IN
FIGURE 1.9. AT A. DAMAGE
PATTERN SHOWS ARM
MOVED FROM THE DOOR
FAIRED TO THE DOOR
DEPLOYED POSITION AFTER
INITIAL IMPACT.

Figure 1.10. Number Four Thrust Reverser Inboard Deflector Door Lower Actuating Arm Area

THRUST REVERSER NO. 4
LOWER TRACK. AFT END OF
TRACK IS AT TOP IN
PHOTOGRAPH.

Figure 1.11. Number Four Thrust Reverser Lower Track
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THRUST REVERSER NO. 4 |
HYDRAULIC ACTUATOR. |
NOTE SPLIT INOUTER |
CYLINDER.

Figure 1.12. Number Four Thrust Reverser Hydraulic Actuator

Impact Attitude Determination

Using analytical plotters, threc dimensional measurements were made of 378 trees which had
been cut by the aircraft prior to ground impact (See Figure 1.13.). A 1/100 scale model of the
tree-cut zone was then constructed, and a detailed 1/100 scale die cast model of a Douglas DC-
8-63 aircraft was mated to the tree pattern (See Figure 1.14.). Flaps were placed on the \lnodel
at an 18-degree configuration to match post-crash investigation findings. By accurately m&;asur-
ing the orientation of the aircraft model in:the tree pattern at increments along its flight path, the
attitude of the aircraft and the flight path angle were determined. Measurements indicated that
the aircraft first contacted the tree canopy in a seven-degree right bank, nine-degree pitch (the
angle between the longitudinal axis of the fuselage and the horizontal), and a 10-degree yaw
right attitude, on a descending, 12-degree flight path angle (the angle between the fiight pal.h and

the horizontal). |
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1.13

Weapons and Military Equipment Recovered |

A varicty of military weapons and weapon components was found scattercd throughout l.h¢ ac-
cident site. A list of recovered items which were identifiable follows. !

Weapon Type Number Recovered
Pistols 25 |
M16 (complete 202 : g
or components) |
M203 . 24 |
M60 2 ’
Rifle 1 ;

i

There was no evidence found of any military ition or explosive device. St 1 prﬁclicc—

type devices and training aids were recovered. All were inert and contained no explosives.
[

Medical Information

Post-mortém examinations of all occupants of the aircraft were conducted by the United States
Armed Forces Institute of Pathology (AFIP) under the control and supervision of CASB inves-
tigators. In addition, toxicology testing for the presence of carbon monoxide (CO), hfdrogen
cyanide (HCN) and common drugs was conducted on tissue and fluid specimens obtained during
autopsy. Blood samples were obtained from thoracic vessels or the heart where possible;‘ ‘When
these vessels were disrupted and blood unavailable elsewhere, specimens were obtained from
pooled thoracic blood. The toxicology testing was conducted at the Civil Aviation Medical Unit
(CAMU) of the Department of National Health and Welfare located in Toronto, Omand

Prior to autopsy, all accident victims were radiographed and ined carefully for injuries in-
dicative of explosive blast effects and/or fragmentation associated with the detonation of an ex-
plosive device. The radiographs and bodies were specifically examined for trace evidence such
as ‘scrapnel and/or identifiable portions of an explosive device. No characteristic injury patterns,
trace evidence, or portions of an explosive device were detected. |

All three flight crew members sustained multiple fatal injuries on impact. No evidence of causal

or contributory pre-existent disease or other physical problems that would affect the ﬂig}‘h crew’s

judgement or performance was detected through autopsy of the three flight crew members. :
|

Toxicological test results were negative for the presence of CO in the case of the captain and
flight engineer. Toxicological test results for the presence of HCN were negative in t.h;e case of
the captain and, in the case of the flight engineer, revealed an HCN level in the blood of 0.01
milligrams per 100 millilitres (mg%). Both the captain and flight engineer tested positive for caf-
feine and salicylic acid (ASA/Aspirin). In the case of the first officer, insufficient fluid samples
were available to test for the presence of CO and HCN. Test results for the presencé’ of com-
mon drugs were negative. r

Complete autopsies were performed on three of the five flight attendants. The remafining two
flight attendants were not autopsied in deference to family requests made on religious grounds.
However, both remains were radiographed and external observations made. i
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The five flight attendants sustained multiple traumatic injurics. Specimens for t

ing were obtained from the remains of three flight attendants. Toxicological tests

of CO were positive in the case of two flight attendants. Measured levels of €

cent and S per cent saturation. Toxicological tests for the presence of HCN reveal

HCN level in the blood of the flight aticndant with the 21 per cent CO level, the 1

for HCN were negative. Tests for common drugs were positive for caffeine in all ti .. cases and
positive for salicylic acid (ASA/Aspirin) in two cases.

All 248 passengers. sustained fatal injuries as a result of impact and/or the result of fire.
Toxicological tests determined positive values of CO in 69 of the 189 ggsscnger samples avail-
able for gesting. Toxicological tests determined positive values o in 158 of the 187 pas-

sengers where measures of HCN were available.

All but two of the blood samples in which a positive CO value was detected also gave evidence
of positive HCN findings. However, there was no correlation between level of CO and level of
HCN.

An extensive analysis of lung tissue was undertaken to identify possible evidence of explosive
blast effects and/or evidence of inhalation of hot air, toxic gases and/or soot. The results of this
analysis were inconclusive, The effects of an explosive blast wave were considered indistinguish-
able from the effects of trauma due to decelerative forces, flying debris, and structural collapse
of the aircraft. Similarly, it was not possible to distinguish between the pulmonary effects of a
pre-impact or post-impact fire.

1

To use respiration of products of cc as indicators of the timing of a fire, it is necessary .

ess the Tikelihood of a victim surviving the impact, Where a sighificant number of victims ..
unlikely ve survived an impact show evidence of respiration of the products of combustion, /+ - ,
this would indicate there was a fire before impact. Where a significant number of victims like-
ly to have survived an impact show evidence of respiration of combustion products and very few
of those unlikely to have survived the impact exhibit traces of the respiration of combustion

products, this would be a strong indication of a post-impact fire only.

A complete review of pathological examination results was undertaken for the CASB by foren-

sic pathologists from the University of British Columbia and University of Toronto, and AFIP. . .
representatives. The primiary purpose of This Teview was (0 estifiate the time mterval Trom injury s
1o death for each victim. Injuries were coded according to severity using a modification of the s
approach taken by the Abbreviated Injury Scale, a commonly used injury severity index c:levelopedéY ’
by the American Association of Automotive Medicine, Injury pattern coding was completed .
without reference to CO or HCN levels. The time intervals from injury to death were estimated ,, ; %
as follows? -

Time Interval From

s

Injury to Death Number of Cases
zero seconds 41
less than 30 seconds : 51

30 seconds to 5 minutes 158

In six cases, it was not possible to estimate the time interval from injury to death.
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The high numbers of victims with positive levels of HCN detected in toxicological cxaminations
causcd CASB investigators to conduct an cxamination of the-HCN phenomenon. An extensive
litcrature review revealed that conflicting opinions cxist among forensic experts with respect to
the hani hercby blc levels of HCN can enter the blood of an accident victim.
Bacteria action, physical decay, frecze-thaw cycles, and direct contamination have all been cited
as factors that can causc clevation of HCN levels i m blood samplcs As a result of this reyiew,
CASB investigators conclude that four primary mec g 10 able levels of HCN
must be considered when assessing levels of HCN in accident victims. |
|
1. Background |
|
HCN may be found in low concentrations in the blood of normal people. Smokers can| {have
levels as much as twice the "normal” level.

f
2. Nco-formation

|
A number of processes can produce HCN in the body. These processes.arc very complc!x and
their impact is not well understood. They include bacterial activity, the breakdown of
thyocyanate, and the production of HCN as a result of the burning and subsequent fr¢e7mg
of the body. It appears that, under certain conditions, these processes can result in wide \vana—
tions in HCN levels. 1

3. Contamination ‘

In victims who suffer penetrating chest wounds, HCN can be directly introduced inw" blood

in the chest cavity through direct contact with combustion products. HCN does not cdmbmc

with hacmoglobin to form a virtually impermeable barrier at the blood/air interface as does

CO. Rather, it continues to diffuse into the pooled blood until a point of equilibrium is reached
\

4, Respiration of Combl;su'on Products !

HCN is given off as a product of combustion of many of the materials found in aircraft in-
teriors. Victims who breath in air contaminated with HCN will show elevated levels of HCN
in the blood. Depending on the concentration of HCN in the air and the amount ¢f con-
taminate air breathed in, levels of HCN in the blood can be quite high. |
The role that factors other than respiration of products of combustion play in elevatin‘ HCN
levels in accident victims’ blood is illustrated by new procedures adopted by CAMU. Prior to
this accident, the threshiold level used by CAMU when reporting the presence of HCN was 0.01
mg%. However, since the accident, CAMU has revised this threshold upward to 0.02 hg% in
response to the common detection of HCN in accident victim blood samples where no eXposure
to fire occurred. Appllcauon of this new threshold value in blood sample analyses from mhls ac-
cident would result in 30 fewer cases of positively reported HCN levels. I
A siatistical analysis was perfonncd 1o identify and correlate the mechanisms involved in Jproduc-
tion of the HCN levels observed in the victims of this accident and to correlate the evidence
regarding the possibility of a pre-impact fire as illustrated by CO and HCN levels, and SO0t traces
found below the trachea in micropathological examinations. The statistical analysis mdxc%uen that
more than one mechanism was involved in the production of the observed HCN levels. The most
important mechanism was determined to be inhalation of products of combustion. Comammauon
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of the blood through dircct entry via chest wounds and the production of HCN through exposurc
to tobacco were also detcrmined to have significant effects, both singly, and in combination.

In the 27 cascs where survival for any time was considered to be unlikely and blood samples
were available for toxicological testing, 24 cases showed a zero level of CO. The three cascs
which showed non-zero levels of CO were all below 25 per cent saturation. Where survival was
estimatcd to be less than 30 scconds, 36 of 41 cases where blood samples were available showed
zero levels of CO. In the 125 cases where survival was esti d at b 30 ds and
five minutes and blood samples were available, CO was found in 62 cases.

In the 39 cases where soot was found below the trachea, 38 were among victims where the es-
timated survival time was between 30 seconds and 5 minutes. In the remaining case, survival
time was estimated at less than 30 seconds. There were no cases of soot found below the trachea
where survival time was estimated to be zero.

In the 160 cases where ble HCN was d d, 51 cases involved an estimated survival
of less than 30 seconds and/or zero. However, 45 of these cases showed evidence of severe chest
wounds and/or exposure to tobacco products. The remaining six cases were victims for which
the survival time was estimated to be less than 30 seconds but not zero. There were no cases of
positive HCN levels where survival time was estimated to be zero, and the confounding factors
of chest wound and/or exposure to tobacco products were not also present.

The statistical analysis concluded that the comparison of survival time estimates with evidence
of respiration of combustion products strongly supported the proposition that a number of acci-
dent victims survived the initial impact and died in the post-impact fire and that the compa-ison
did not support a pre-impact fire scenario.

Aw——\..
Mechanism of dcath was determined in 247 of the 256 cases. In the remaining nine cases, post-
mortem disruption prevented determination of the mechanism of death. Mechani of death

were determined as follows:

1. One hundred and seventy-five victims died as a direct result of injuries sustained in the im-
pact.

2. Thirty-one victims died as a direct result of the inhalation of products of combustion. Impact
injuries played no material role in their deaths: '

- 3. Forty-one victims died as a result of the combined effects of the inhalation of products of

combustion together with the injuries sustained in the impact.

Fire

An intense fuel-fed post-crash fire developed. Substantial portions of the aircraft were consumed
in the fire. As a result, it was impossible to account for and examine all the aircraft. The most
intense area of the fire occurred in the lower half of the wreckage trail. The upper portions of
the wreckage trail were also subjected to the post-crash fire but to a lesser extent.
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Airport Crash Fire Fighting R (CFR) vehicles arrived at the site apploxlmalcly 10 mihuws
after the accident. Firc suppression activities commenced immediately using dry chemical and
foam. Additional fire vehicles and personncl were dispatched from the town of Gander. Wlhi the
exception of a few stubbom spot fires, the fire was extinguished within 45 minutes of the arrival
of rescue vehicles. These spot fires were extinguished within four hours, except for one whlch
continued to burn for 23 hours.

CFR personnel reported that there were a number of explosnons seen and heard thmughout the
bummg wreckage area. Some were strong enough to lift mounds of rubble several feet mHo the
air. |

Three eyewitnesses reported an orange or yellow glow emanating from the underside of the
aircraft. All three were travelling in separate vehicles on the Trans-Canada Highway which cros-
ses the extended centre line of the ranway, 900 feet beyond the departure end. Two of these wit-
nesses observed the aircraft through their left side windows just before the aircraft passed direct-
ly overhead at low altitude. Both reported a steady orange/yellow glow that was bright enough
to illuminate the interior of the truck cabs in which they were travelling. They were unable to
make any precise determination about the location of the glow. One of these witnesses lhought
the glow might have been a fire but could not be sure. ‘

The third of these witnesses observed the aircraft, from a distance of about one-half mile, cross-
ing the highway from right to left. He also described the phenomenon as a steady orange glow
emanating from the underside of the aircraft. He attributed the glow to the reflection of the run-
way 04 approach lights on the underside of the aircraft. A passenger in this vehicle also obscrved
the aircraft crossing over the highway but did not report the glow. ‘v

A fourth eyewitness travelling along the Trans-Canada Highway observed the aircraft from a dis-
tance of about one-quarter mile, crossing the highway from left to right. He estimated that the
aircraft was about 70 feet above the highway. He stated that, although he could not see the right-
hand side of the aircraft, he could tell it was very bright on that side. He could not see any
flames but thought that it was brighter than it should have been

A fifth eyewitness travelling along the Trans-Canada Highway observed the aircraft ligtjits from
a position two and one-half miles west of the accident site, as the aircraft passed over the high-
way from left to right. He described a yellow light which appeared to be on the wing. |

1

N I other wil observed portions of the take-off roll and brief flight which followed.
None described observations consistent with a glow or fire. One of these witnesses was the air
traffic controller on duty in the control tower. He observed the take-off of the aircraft until it de-
scended below trees beyond the departure end of the runway. He did not observe any sign of
fire or glow other than appropriate aircraft lighting. A second witness observed the lake‘off of
the aircraft from a vantage point on the airport ramp, south of the main terminal bunldmg He
also observed the take-off until the aircraft descended below trees beyond the depamn‘e end of
the runway and reported seeing no fire or anything else unusual other than the alrcraft’s failure
to continue to climb.

Survival Aspects

Immediately following the accident, ATC personnel initiated the airport emergency response in
accordance with published off-airport crash procedures. Direct telephone contact was established
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with airport CFR scrvices and the RCMP. The location of the accident site could not be im-
mediately determined. Although the aircraft struck terrain only about onc and onc-half miles from
the control tower, the impact point was at an clevation significantly lower than that of the air-
port and was thus not visible to airport personnel. The exact position of the accident was estab-
lished with the assistance of an arriving aircraft.

Airport CFR vehicles arrived at the sitc about 10 minutes after the accident. A severe fuel-fed
fire was still in progress. Fire suppression activities commenced immediately, following which
an initial search for survivors was begun, without success. A sccond search for survivors was
conducted about 45 minutes afier the accident, also without success.

The accident was considered to be non-survivable due to the magnitude of the deceleration for-
ces and the severity of the fire.

Tests and Research

Computer Performance Simulations

The University of Dayton Rescarch Institute (UDRI), Dayton, Ohio, was contracted to conduct
an independent analysis of the take-off performance of the aircraft using previously developed
computer simulation techniques (DSS Contract No. 4M012-6-0005/01-FR). Data used in the
analysis included that derived from the FDR and aerodynamic performance information provided
by Douglas Aircraft Co.

A two-part study was conducted. A take-off sensitivity analysis was performed using a digital,
fixed-stick simulation program to establish the relative performance degradation resulting from a
variety of factors which were identified as having potential to adversely affect take-off perfor-
mance. The second approach was to reconstruct the accident trajectory by solving the airplane
equations of motion.

The take-off sensitivity analysis used a two-di jonal, three degrees of freedom digital take-
off program to simulate various take-off scenarios. A normal take-off trajectory was simulated,
and then various abnormal trajectories were generated under assumed conditions or events that
might have degraded take-off performance.

For this analysis, a normal take-off consisted of initiating rotation one second after VR and rotat-
ing 1o a pitch attitude of about 13 degrees at a rate of just under two degrees per second. This
rate of rotation took into account the geometry-limited properties of the aircraft by ensuring that
the aircraft was airborne before a pitch angle of 8.6 degrees was achieved. This resulted in the
aircrafl rotating to a pitch attitude of 12.6 degrees at a rotation rate slightly less than two degrees
per second. An airspeed of V2 + 10 was achieved at 35 feet above ground level and then main-
tained during the climb-out. The take-off weight used for the normal take-off simulation was
344,500 pounds. The corresponding take-off reference speeds were VR - 154 KIAS; V2 - 166
KIAS. Ground effect was considered in the simulation

The abnormal conditions and events evaluated in the sensitivity analysis were early rotation;
reduced thrust in one engine; failure of one engine; failure of two engines; and ice-cc d
wings. The individual effect of each factor on a normal take-off, as well as the combined effect
of several factors, was evaluated.
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The scnsitivity analysis concluded that, of all the factors and cvents considered, the lift and Idrag
penaltics associated with icc-contaminated wings were necessary to result in a flight profile that
resembled the accident trajectory. ;
The reconstruction of the accident trajectory used a technique developed by UDRI for an analysis
of a previous take-off accident involving a Bocing 727. Scveral changes to the original cquations
were made as well as slight modifications to the solution method. Acrodynamic and thrust data
provided by Douglas Aircraft Co. were curve fitted and interpolated for insertion into the com-
puter program. A moment equation was incorporatcd into the program in order to calculate
elevator deflcctions. An algorithm was used to calculate pitch rate and rotational acceleration
from the assumed pitch history profile. Terrain elevation was explicitly included in the take-off
run and used for the calculation of the ground effect during the airborne segment of the accndem
flight. i

|

The equations of motion were solved iteratively with known conditions as constraints. The solu-
tion of the equations of motion of the aircraft detcrmines the lift coefficient (CL). The derived
1ift coefficient is largely insensitive o the assumed pitch history. The drag cocfficient (Cp) derived
from solving the equalions of motion is not as accurate as the CL, since, in this case, it was de-
pendent upon d thrust. For le, loss of thrust from one engine cannot be dnsungmshed
from a 0.05 increase in Cp. The UDRI accident reconstruction study concluded that the only ac-
ceptable solutions to the aircraft equation of motion required a significant loss of lift and a sig-
nificant increase in drag. The calculated reduction in lift was approximately 30 per cent, lhe in-
creasc in drag at least 100 per cent.

At the request of the Board, a second i dent series of comp performance s:mulauons
was performed. This work was conducted by a flight dynamics specialist of the Departmenl of
National Defence (DND). The primary purpose of these simulations was to further analyse the
performance of the aircraft with varying amounts of thrust and of ice contamination on the wings.

Performance estimations were made using lift and drag data for the DC-8-63 provided by bouglas
Aircraft in conjunction with the following additional assumptions: aircraft weight - 344 500
pounds; pitch angle at lift-off - 8 degrees; ficld ambient conditions - temperature -4.2 dcgrecs C,
altityde 425 fect asl. For reference purposes, lift-off was considered to occur 8,000 feet after the
start of the take-off roll. Ground effect increments to lift and drag coefficients were eliminated
if the aircraft height above ground was greater than that of the aircraft wing span or if the dis-
tance from start of take-off was greater than 10,500 feet (this distance corresponds to qhe loca-
tion where the ground slopes steeply away at the end of the runway). Douglas Aircraft lift and
drag data were extrapolated from 16 to 18 degrees angle of attack to obtain data over lhe angle
of attack range 0 to 18 degrees. :

The computer program written for the simulation calculated the aircraft post-lift-off performance
at the desired time increments for a total of 20 seconds. The performance calculations w?re based
on accelerated climbing/descending equations of motion. ;
The performance calculations were separated into two groups: cases with surface contamination
and four engines operating normally; and, cases with surface contamination and a smgile engine
failure at a specified time. In addition, several cases without surface contamination were run as
test cases to validate the program and provide a basis for comparison. These test cases
demonstrated that the program accurately estimated the normal climb performance of the DC-8-
63 predncled by Douglas Aircraft.
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Program options for individual simulation runs werc as follows:
1. Time increment

2. Equivalent surface roughness - 0, 0.02, or 0.04 inch elements
3. Engine failurc - failure time and degree of thrust loss

4. Acceleration - sets initial acceleration

5. Climb-out speed - target speed for steady climb-out

6. Maximum pitch attitude

7. Overrotate - allows rotation to pitch attitude higher than optimum for the degraded
acrodynamic properties

8. Pitch rate start - specifies time for overrotation if allowed

9. Pitch-up - forces angle of attack to 18 degrees if speed decreases to stall in order to simu-
late high drag associated with the stall

The program was limited in that it could not duplicate the dynamic control inputs of the pilot at
the controls, and, since an accurate pitch history was not available, it is unlikely that any predicted
performance would exactly match the complete flight trajectory of the accident take-off. However,
assuming that the aircraft was flown using normal procedures (ie. normal pitch limits, pitch rates
and airspeeds), the first portion of the trajectory could be estimated with reasonable accuracy.
Once the aircraft performance began o degrade below normal, the predictions become less ac-
curate because pilot inputs have a significant influence.

The cases of surface c ination with four engines operating showed that the aircraft was
capable of a safe climb-out with either contamination with surface roughness elements of 0.02
or 0.04 inches if the aircraft was flown at the optimum pitch attitude (which was lower than the
normal pitch attitude for climb-out with a clean airfoil). Small changes in pitch angles or airspeed
had a significant effect on aircraft performance for both 0.02 and 0.04 inch surface roughness
elements. Increasing pitch angle from 12.5 to 15 degrees with 0.02 inch contamination elements
was sufficient to degrade the climb performance so that a successful climb-out was not possible.

With surface roughness contamination elements of 0.04 inches, the aircraft was more sensitive
to pitch angle increases. A successful take-off with four engines operating and with surface rough-
ness contamination elements of 0.04 inches was only possible if the pitch angle was maintained
at or below 11.7 degrees.

For those cases which included an engine failure along with contamination of the wing surface,
even lower pitch angles were necessary to ensure a successful take-off. When contamination with
surface roughness elements of 0.02 inches was combined with an engine failure, a successful
take-off was possible only if pitch angle was maintained at or below 11 degrees; with surface
roughness elements of 0.04 inches and an engine failure, a successful take-off was not possible.

In all, 44 different simulations were conducted (including those which were conducted to validate
- the program). The simulations which resulted in the best "match” to the accident flight were those
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with 1ift and drag penaltics associated with wing contamination with the equivalent of full sur-
face roughness clements of 0.02 inches and the loss of thrust from onc enginc, and those with
lift and drag penaltics: associated with wing contamination with the equivalent of full surfacc
roughncss elements of 0.04 inches, with or without a loss of thrust from one enginc. ‘

Simulator Tests 1

As part of its investigation, the Board conducted a scries of simulator tests using a DC-8- 63 train-
ing simulator located at the Sterling Airways Flight Training Centre, Kastrup, Denmark. Represen-
tatives of Arrow Air, Douglas Aircraft Co., Pratt & Whitney, the FAA, and the NTSB were
present and observed the tests.

The aim of the simulator testing was to duplicate the situation faced by the crew in Gander on
12 December 1985. Various scenarios generated by technical concerns arising from the| inves-
tigation, performance predictions by the aircraft manufacturer, the computer simulations performed
by UDRI, and the Board's own performance analysis were "flown" by pilots from Am¢w Air,
Douglas Aircraft Co., and Sterling Airways. !
The snmulator was manufactured by Canadian Aviation Electronics (CAE) of Montreal, Quebec
For the purposes of the tests, it was programmed-to reflect, as closely as possible, the ambnem
conditions at Gander at the time of the accident. |

Prior to conducting the test "flights", the fidelity of the simulator was checked, both quantita-
tively and qualitatively. It was concluded by all who attended the tests that the simulator had
reasonable lift, drag, and thrust fidelity in the ﬂlghl regime of interest. Handling quahues were
determined to be acceptable. !

The test scenarios included the use of low take-off reference speeds, failure of the numiaer four
engine, extension of the pitch trim compensator (PTC), deployment of the number fou‘i' engine
thrust reverser, and ice-contaminated wings. The scenarios were "flown" indwndually and in
various combinations. All tests were flown by the pilot in the right seat. Various recovery tech-

niques were utilized by the pilot when abnormalities occurred.

For those tests which simulated ice c« ination of the wing, the simulator complner was
reprogrammed with modified coefficient of lift and drag values derived from data provided by
Douglas Aircraft Co. and UDRI. The changes in CL and Cp were consistent with that ¢ccumng
with upper wing surface cc ination with h 1 of 0.04 inches. The CL maxi-
mum value was achieved at 10 degrees angle of auack which conformed to the value predicted
in the UDRI performance study. The 10-degree value also provided a compromise fit for lift
coefficient value imposed by the existing software description of the coeffficient of lift curve.
Reprogramming was performed by the engineering staff of the Sterling Airways Traininjg Centre.

The only scenarios flown which came close to duplicating the actual performance of t.He aircraft
during the accident take-off were those that included the altered coefficients of lift and drag. Any
attempt to fly the simulator at normal climb-out angles with these CL and Cp values resulted in
a stall just after passing the runway end. The stall occurred at 168 KIAS at a pitch angle of about
12 degrees.

Rotating at a higher airspeed, reducing the pitch angle used to angles below the norn{\al climb-
out angle, and using full power after lift-off enabled a successful take-off to be conducted. It
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should be noted, however, that the detrimental effects on pitch stability associated with ice con-
tamination could not be simulated.

After the stall occurred, the simulator "nosc” would drop, and post-stall angles of attack could
ot be achieved. Because the simulator stall and post-stall qualities did not accurately reflect the
manner in which the aircraft would respond during and after a stall, the drag values had limited
value in the simulation with regard to trajectory prediction.

N A

The tests also demonstrated that it was possible to maintain aircraft 1 with an en-

gine in idle reverse.

Additional simulator testing was conducted using a DC-8-63 training simulator located at the
Flying Tigers Training Centre, Los Angeles, California. Representatives of Arrow Air, Douglas
Aircraft Co., Pratt & Whitney, and the FAA were again present and observed thé tests. As in
the previous testing, the simulator was programmed to reflect as closely as possible the ambient
conditions at Gander at the time of the accident, and the fidelity of the simulator was verified,
both quantitatively and qualitatively. ‘

The purpose of this second series of tests was to examine several accident scenarios which in-
volved aircraft system malfunctions deemed by the Board to require further scrutiny. The scenarios
examined included PTC runaway, full reverse thrust on the number four engine, in-flight deploy-
ment of the ground spoilers, asymmetric flap conditions, take-off with closed slots, jamming of

the el , and a complete hydraulic system failure.

Similarities with the accident flight profile were observed in several of the scenarios tested. Ap-
plication of full reverse thrust on the number four engine, a jammed elevator, severe flap asym-
metry and attempting take-off with flaps retracted all resulted in marginal aircraft control. Al-
though in some instances' the pilot was able to complete a take-off successfully, the margin of
control was such that, under actual flight conditions and without any prior wamning, successful
completion of a take-off would be doubtful.

Airspeed and altitude values similar to those of the accident take-off were observed in the test
runs that simulated application of full reverse thrust at or shortly after lift-off, take-off with asym-
metric flaps (0 and 18 degrees) and slots closed, and take-off with flaps retracted and slots closed.
Attempting take-off with either the left or right wing flaps in the retracted (0 degrees) position
resulted in the sounding of the take-off warning horn.

In each case that simulated a jammed elevator, the pitch angles that were achieved prior to lift-
off would have resulied in a tail strike.

Test scenarios which simulated extension of the PTC, complete hydraulic failure, and take-off
with the slots closed all resulted in successful take-offs. In each case, the take-off was completed
without significant difficulties being experienced by the pilot at the controls.

1t proved impossible to simulate in-flight deployment of the ground spoilers. Although cockpit
indications of spoiler deployment were obtained (illumination of spoiler deployed light), no change
in aircraft performance was observed.

It was also noted that, when faced with a situation involving degraded climb performance or con-
trol difficulties, a gear-up selection was rarely completed.

r
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Flight Crew Fatigue ' |

Considcrablc rescarch has been conducted in the past two decades concerning the subjcdt of flight
crew fatiguc. As a result of this research, fatigue-inducing factors and the consequences lof fatigue
on human performance have been identified. i
Fatigue can be described as cither "acute” or "chronic.” The former refers to fatigue of short-
term origin usually brought on by intensive and repeated activitics and is often influenced by a
short-term irregular sleep pattern; the latter refers to fatigue of long-term origin, is usually charac-
terized by extended accumulation of flight and/or duty time, and sometimes may be accompamed
by Iong-lcrm slecp degradation. |
Key-fatigue producing elements have been identified as extended accumulation. of ﬂi‘ghl and/or
duty time; inadequate rest prior to flight; multiple time-zone travel; flights which the nor-
mal slecp period; short layovers; flights in an easterly direction; seven-day-plus flight patterns;
and exposure to noise, vibration, and the aircraft microclimate which produces low hu)mdlly and
cabin altitudes as high as 7,000 fect.
The effects of fatigue have been identified as judgement deterioration, alertness deten‘brauon an
increase in error rate, irritability increase, and the development of sleep hunger, all of whlch have
detrimental effects on the performance of flight crews. ;
Recent research has concentrated on quantifying fatigue-producing work patterns so that the
likelihood of fatigue can be predicted. Several fatigue-rating indexes have been developed to be
applied in the analysis of flight crew schedules. |

]
Dr. Stanley Mobhler, the Director of Aerospace Medicine, Wright State Univcrsily‘ School of
Medicine, testified at the Board’s public inquiry, regarding a fatigue-rating index he had dcveloped
in conjunction with other aerospace medicine researchers.

The index scores each of the flight segments of a schedule in accordance with a number of known
fatigue-inducing factors. The cumulative fatigue potential of a given schedule is then calculated
and compared against a Physiologic Fatigue Index which reflects a range of physiologic demands.

At the request of the Board, Dr. Mohler applied his fatigue-rating index to the Decem‘)er schedule
of the accident flight crew up to the time of the accident. The physiological index for each flight
segment was determined to fall into the category of "may dangerously deplete phys:ologlcal
reserves."

i
i

Additional Information

Arrow Air Procedures

DC-8-63 Take-off Procedures

Normal take-off procedures are described in the Arrow Air Inc. DC-8 Airplane Opemang Manual.

Pertinent extracts from the manual follow: ‘

a)" "With a smooth positive back pressure, initiate rotation of the airplane at the scheduled Vr
speed. Adjust the rate of rotation [of 2 degrees per second. Do not allow the pitch attitude
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b)

~

©)
d)

on the runway 10 exceed] maximum 8 degrecs, so as to attain the V2 speed at a height of 35
fect above the runway surface.” *

"Retract gear as soon as a definite climb is cstablished...."
"After gear is up accelerate to V2 + 10."

"WARNING: Failurc to remove snow and ice accumulated on aircraft while on the ground
can result in serious acrodynamic disturbances and structural damage when flight is attempicd.
Take-off distance and climb-out performance can be adversely affected to a dangerous de-
grec, depending on weight and distribution of the snow and ice. Structural damage has also
resulted from vibrations induced in flight by unbalanced loads of unremoved accumulations.
These hazards must be avoided by removing the snow and ice from the wings, fusclage and
tail before flight is attempted.”

Take-off With Engine Failure

The Arrow Air Inc. DC-8 Ground/Flight Training Manual, under the general heading "Take-off
with Enginc Failure" states the following:

Maintain V2 until attaining 1000 ft AFE [above field elevation). Always ensure complete
control of the airplane and attain a safe altitude before dealing with specific problems. The
nature of the emergency will be a determining factor but 1000 feet is generally recommended
as a safe minimum altitude for dealing with engine failures, fires, etc. This altitude (1000
feet) will ONLY be used when obstacle clearance criteria is not a problem.

Cold Weather Operating Procedures

The Arrow Air Inc. DC-8 Airplane Operating M. [, under the g | heading "DC-8-63 Cold
Weather Procedures” states the following:

D. Snow, Ice and Frost Removal

(1) ‘Snow removal from the control surfaces must be complete to ensure proper balance
and travel. Control surface movements can be seriously affected by freczing of hinge
* points. Aircraft should not be dispatched unless a careful visual check has been made
of aircraft wings, control surfaces and hinge points, and it has been definitely deter-
mined that frost or snow deposits are cleared from these areas. At any time de-icing
is performed, all slush or snow accumulations will be removed from all arcas by use

of glycol de-icing equipment. )

N. Airfoil (De-Icing and Anti-Icing)
(1) When airfoil de-icing is necessary, observe the RAT [Ram air temperature] and set

timer number one or timer number two to the observed RAT. When icing conditions
no longer exist, leave timer turning and set to long cycle and allow it to run through

*According to Douglas Aircraft, normal pitch attitude during climb is between 11 and 15
degrees depending upon ambient conditions and the aircraft gross weight.
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onc complete cycle. Momentarily push Tail De-Ice Button to De-Ice Tail foﬂ 25
minutes. Turn Airfoil De-Ice Switch Off after Tail De-Icing Cycle is completed.

NOTE: When in icing conditions and while using the Airfoil De-Icing System, the
Tail De-Ice Buytton should be momentarily pressed approximately every 20 minutes.
When landing in icing conditions using the Airfoil De-Icing System, the Tail De-Tec
Bution should be pressed approximately 10 minutes before landing but not less/than
5 minutes prior to landing.

Standard Average P

iger Weight

The Weight and Balance section of the Arrow Air Inc. DC-8 Operating Manual ldenuﬁés the
standard average adult p ger weight, including five pounds of carry-on baggage, for use be-
tween 01 November and 30 April as 170 pounds This section also states that actual p g
weights should be used when large groups of passengers are carried whose average welgh‘ does
not conform to the normal dard weight. Examples are given as a group of large athlefes or
a planeload of men. |

Arrow Air Adjusted Weight Units Loading System

DC-8-62 and DC-8-63 Aircraft i

On 31 October 1985, Arrow Air published Bulletin 85-22 which introduced a new syslq‘m for
calculating the weight and centre of gravity position of its DC-8 aircraft. This new system, en-
titled Arrow Air's Adjusted Weight Unit Loading System, was designed to simplify and give
greater accuracy to the development of the loading system analysis prior to the dispatch of each
flight.

Instructions for the operational use of the loading system were contained in the bulletin. Toj deter-
mine passenger weight, flight crews were instructed to enter on the load sheet the number of
passengers to be boarded and then enter the adjusted weight units from the loading table{which
corresponded to the number of passengers. The weight units found in.the loading tables were
based on an average passenger weight of 165 pounds in summer and 170 pounds in winter] There
were 10 instructions or guidance concerning the requirement or method to determine total pas-
senger weight using actual | 2 ights when the age value was not considered“ repre-
sentative of actual passenger weighits. i

After Bulletin 85-22 had been developed, the FAA ‘principal operations inspector (POI) assngned
to Arrow Air was consulted, and he concurred with its contents.

Basic Operating Weight \
The Douglas Aircraft DC-8-63 Weight and Balance Manual defines operational empty wélght as
the basic empty weight plus operational items. Operational items are identified as those itemis of
personnel equipment and supplies that are necessary on a particular operation unless alréady in-
cluded in the basic empty weight. Examples of items normally included in the operational empty
weight are flight crew, removable cabin and galley equipment, and usable drinking and Washmg
water.

The Arrow Air weight derivation report for N9SOJW indicated that the aircraft was last §veighed
on 04 August 1985, The basic empty weight was determined to be 159,399 pounds. Examina-
tion of the pre-weighing check-list determined that this weight did not include removable galley
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equipment, cabin itcms such as pillows and blankets, or disposable waler. The derivation of opera-
tional empty weight (basic operating weight) included only the weight of the flight crew and
their personal baggage.

Although the weight of the flight attendants and meals was included in the determination of the
aircraft weight and centre of gravity, no consideration was given to removable galley equipment,
removable cabin items, and potable water.

By contrast, the previous weight derivation performed by Union des Transports Aériens in 1981
included 1,250 pounds in the basic operating weight 10 account for these items.

In consideration of the above, the Board estimates that the basic operating weight of the aircraft
was underestimated by at least 1,000 pounds.

Zero Fuel Weight

The Douglas Aircraft DC-8-63 Weight and Balance Manual defines maximum design ZFW as
“the maximum weight of an aircraft less the weight of all usable fuel and other consumable
propulsive agents in particular sections of the aircraft that are limited structuratly to this condi-
tion. This is a weight at which the subsequent addition of fuel and other consumable propulsive
agents (as limited by other design gross weights) will not exceed the aircraft design strength,”
The Douglas Aircraft DC-8-63 Weight and Balance Manual siates that the-aciual ZFW must
never exceed the maximum design ZFW. :

The maximum design ZFW of N95OJW was 230,000 pounds. In 1985, Arrow- Air explored the
possibility of increasing the maximum design ZFW of the aircraft. A Supplementary Type Cer-
tificate (STC) was available that would have raised the maximum design ZFW of the aircraft by
14,000-pounds. No structural modifications to ‘the aircraft were required; however, certain
modifications to the airspeed indicating system were necessary (o provide maximum airspeed
wamings for a reduced flight envelope. The maximum allowable airspeed would have been re-
duced, but this speed, 352 KIAS versus 373 KIAS, would not normally be exceeded during
normal operation. Although action t0 obtain the STC had been contemplated, it was not being
actively pursuved.
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Aircraft Weight and Balance ‘

Operator’s Weight and Balance Calculations

i

I
Weight and balance calculations were performed by the crew using the Arrow Air Adjuisled
Weight Units Loading Sysiem for DC-8-62 and DC-8-63 passenger aircraft. oo

The load sheet completed at Gander showed a 330,625- pound gross take-off weight whnch was
compriscd of the following:

Basic Operating Weight 160,022.8 1b*

(includes pilots and baggage)

Flight Attendants and Meals 1,5999 Ib

Passenger Weight 424992 1b

Cargo pit #1 87918 1b i
Cargo pit #2 12993 Ib |
Cargo pit #3 10,4045 1b :
Cargo pit #4 5,004.2 1b ;
ZFW 229,621.7 Ib |
Take-off Fuel 101,003.7 Ib
Total 3306254 b !

* Decimal values reflect units for the purpose of determining centre of gravity position.;

The calculated centre of gravity position was 25.4 per cent Mean Aerodynamic Chord (MAC)
well within the allowable range of 14.0 to 32.3 per cent MAC.

With the exception of the take-off fuel weight, all weight values had been determined at}Cairo
by the Cairo/Cologne flight sector crew. Because the passenger and cargo loads did not change
at Cologne, these same values were used for the subsequent take-offs from Cologne and Gander
Weight and balance calculations in’ Cairo were performed by the first officer. !

The passenger weight used was the wrmer-ad_wswd weight unit which corresponded wuh 250

gers. This rep d an p ger weight of 170 pounds. Although the load had
changed in Cairo, the cargo pit welghls used were the same weights used to perform weight and
balance calculations for the flights from McChord AFB to Cairo. The first officer and flight en-
gineer who operated the flight testified at the Board’s public inquiry that they believed the ac-
tual take-off weight at Cairo to be about 10,000 pounds greater than that calculated on the load
sheet. Although they increased take-off reference speeds accordingly, the calculations on the load
sheet were not amended, nor was this information passed to the crew who assumed responsibility
for the aircraft at Cologne. The captain of the aircraft on the Cologne/Cairo flight sector testified
that he did not recall either the first officer or flight engineer informing him that take-off reference
speeds had been increased.

Weight and balance calculations for the first series of rotation flights on 03 w0 05 Decemﬁer were
reviewed by investigators. These calculations were performed using the same ad;usled\ weight
units loading system by the same flight crew who performed the calculations for the 10 to 12

- December series of flights.
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The passenger weight indicated on the load sheets for this first serics of flights was 8,000 pounds
greater than that used on the 10 to 12 December flights. The total weight of cargo indicated was
8,000 pounds less than that of the 10 to 12 Decémber flights. The weight used on the flight to
Cairo was idcntical to those uscd on the flights to Fort Campbell.

Cargo Weight

In preparation for the 12 December flight from Cairo to Fort Campbell, all cargo which was 1o
be placed in the aircraft cargo pits was weighed. The weighing was performed by MFO person-
ncl, prior to departure from their base of operations in the Sinai. The weight of the cargo was
determined to be 27,950 pounds and consisted of 481 duffle bags and 48 foot lockers of miscel-
lancous military goods.

At Cairo, it proved impossible 1o fit all the cargo into the aircraft. Despite extraordinary efforts
and to the expressed consternation of MFO personnel, 41 duffle bags were left behind in Cairo.
After the accident, MFO personnel estimated the weight of the items left behind 1o be 2,870
pounds. This figure was determined by MFO personnel who estimated the average weight of
each duffle bag to be 70 pounds.

It could not be determined if the scaled weight determined by the MFO was passed to Arrow
Air personnel at Cairo. The total cargo weight indicated on the load sheet was 2,400 pounds less
than the scaled weight determined by MFO personnel. The cargo weight indicated on the load
sheet also included 1,300 pounds of catering equip and aircraft spares not included in the
MFO scaled weight. Thus, even if the estimated 2,870 pounds of duffle bags which were not
loaded on the aircraft were considered by the crew, the cargo weight was about 1,000 pourds
heavier than that indicated on the load sheet.

Passenger Weight

The weight of the passéngers was not determined on departure from Cairo. For flight planning
purposes, an average weight of 170 pounds was used to determine the total passenger weight.
This average weight includes an allowance of five pounds for carry-on baggage. Information from
several sources indicates that the total weight of passengers and their carry-on baggage was con-
siderably in excess of the weight calculated by the crew using the 170-pound average value.
Ante-mortem weights of the 248 passengers were determined through the examination of U.S.
army personnel records. The average weight of each passenger without uniform was 164 pounds.
Each passenger carried with him personal gear which included a weapon, miscellaneous military
equipment, web belt, clothing, and souvenirs. The carry-on baggage boarded on the aircraft in
Cairo nearly filled the baggage holds of two B-737 aircraft which ferried the passengers from
their base at Ras Nastani to Cairo. Numerous witnesses indicated that a large quantity of carry-
on baggage was stowed in-the cabin on departure from Cairo. The quantity of cabin baggage
was the subject of concern to MFO personnel and the cabin crew.

In an effort to determine the total weight of passengers and cabin baggage, the passenger weights
of MFO flights inbound to Cairo were examined. In accordance with procedures established by
the U.S. Army, each passenger travelling from McChord AFB to Cairo for duty with the MFO
was weighed with his or her carry-on baggage.

On 03 December 1985, the total scaled weight including carry-on baggage of the passengers who
flew from McChord AFB to Cairo was 54,726 pounds or about 219 pounds per passenger. This
value was passed to Arrow Air personnel at McChord. Personnel who dealt with the flight in-
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bound to Cairo on 10 December and the flight outbound to Fort Campbell on 12 Decemb
reporicd that the cabin baggage on the outbound flight exceeded that on the inbound ﬂighli

In consideration of the points enumeratcd above, the Board estimates that the average welghl of
each passenger on the accident flight was about 220 pounds. The total weight of the 248 pas-
sengers was thus about 54,560 pounds, that is, about 12,000 pounds higher than the wenght in-
dicated on the load sheet.

Take-off Weight Estimated by the Board i

Based on the findings of its investigation, the CASB estimated the take-off weight of the alrcmft
to be about 344,500 pounds comprised of the following:

Basic Operating Weight 161,000 Ib |
Flight Attendants and Meals 1,600 Ib j
Cargo Loaded at Cairo 25,080 b |
Catering Equipment and Spares 1,300 1b !
Passenger Weight 54,560 b |
ZFW 243,540 Ib |
Take-off Fuel ) 101,000 1b
Total 344,540 b
Load Planning, Procedures, and D "

The movement of MFO troops to and from Egypt was governed by a contract between Arrow
Air and the MFO, entered into in 1984 and renewed in 1985. 1

The contract specified that, for each flight, 250 passengers were to be carried and each pas&engu
was entitled to a baggage allowance of 154 pounds. No passenger weight was specified in the
contract, nor was there any requirement for the MFO to provide weight information to Armw
Air for individual flights.

In preparation for this series of flights, planning meetings were held involving U.| S Army per-
sonnel and representatives of Arrow Air. At those ings, Arrow Air rep ives

U.S. Army personnel that the payload capacity of the DC-8 was 72,000 pounds. It was the con-
sensus among all concemed that, on these flights, the aircraft would "bulk-out” before thé max-
imum weight capacity was reached.

Various directions and instructions were proposed by the U.S. Army pertaining to the movemem
of their personnel to MFO duties in the Sinai. A standard operating procedure, promulgaled by
the U.S. Amy for the use of units deploying to duty with the MFO, identified the payload
capacity of the deployment aircraft as 75,000 pounds. The individual baggage allowanoe estab-
lished by the U.S. Army for MFO members was 150 pounds. For certain personnel, the bpggage
allowance was 175 pounds. For planning purposes, the U.S. Army considered 170 pounds to be
the average weight of each soldier. When planning for a tactical deployment, 220 pounus was
used as an average weight to account for web gear and weapons.

A U.S. Military Command pamphlet designed for use by U.S. military organizations when plan-
ning airlift requirements identified the allowable payload of a DC-8-63 as 90,000 pounds
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No manifests which contained weight information were prepared by MFO or U.S. Army person-
nel cither at Cairo or at McChord AFB, nor were they requested to do so by Amow Air. In all
cases, where weight information was passcd on, it was done via miscellancous slips of paper.

According to an operation order prepared by U.S. Army personnel which described the proce-
dures governing this deployment of troops to the Sinai, the officer-in-charge was to have on paper
the total weight of all personnel and baggage to be loaded on the aircraft. Three copies were to
be prepared. One was to go to the aircraft captain and one to the MFO representative. The only
documents recovered during the investigation pertained to the weight of the baggage boarded at
Cairo.

The only U.S. military records recovered which pertained to the payload carried on this series
of MFO rotation flights were records and audit documents prepared by U.S. Air Force person-
nel at McChord AFB to account for the use of ramp space and ground equipment at McChord.

The recorded payload on 03 December was 40,000 pounds passengers and 14,760 pounds cargo.

* On 10 December, the recorded payload was 50,000 pounds passengers and 37,500 pounds cargo.

The only reference to the aircraft load found in Arrow Air documents was in the flight message
addressed to the flight crew in Cologne from Arrow Air dispatch personnel in Miami. The mes-
sage contained a note to plan for 250 passengers with 100 pounds of baggage each.

The original passenger load planned for this rotation flight was 250. However, in the days im-
mediately preceding the flight, 1 adju: to the p ger manifest were made, and the
planned load was reduced to 249 p gers. The actual p ger load was reduced to 248 be-
cause one passenger, who was to have been on board the aircraft, misplaced his passport and
was not permitted to board the aircraft at Cairo. However, his personal baggage remained on
the aircraft. The load sheet prepared by the flight crew in Cairo and carried over to the depar-
tures from Cologne and Gander showed a load of 250 passengers.

Military Equipment/Weapons Carried On Board

In addition to their own personal effects, the military personnel on board the aircraft carried per-
sonal issue military equipment which included a variety of weapon types. The United States
Army provided the following list of weapons believed to be on board the aircraft at the time of
the accident:

Weapon Type Number Onboard
Pistol (.45 cal) 21

M16 (light assault rifle) 121

M203 (machine gun) 24

M60 (grenade launcher) 2
Sniper Rifle 3
M16/M203/Pistol 75
(specific type

not specified)

Other miscellaneous military equipment belonging to the unit was also on board the aircraft.
However, with the exception of one clip each of .45 calibre ammunition reported to have been
carried by a Criminal Investigation Division (CID) inspector and the Batallion Commander, this
equipment did not include military ordnance, ammunition, or other explosive material.
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All personal cffects carried on board the aircraft were subject to a rigorous pre- -flight i inspection
by United States Military Customs Inspectors and Egyptian Customs officials. Approximately 60
per cent of the baggagc placed in @c cargo pits of the aircraft was inspected. Bags were selected
at random, empticd and the ¢ ined. Onc hundred per cent of the carry-on baggagc
was inspected. No unauthorized military equipment, ordnance, explosives, or military devices of
any kind were found during this inspection procedure, nor had any such items been found in
similar inspections conducted prior to the first flight of this rotation and prior to the thrco flights
in the preceding rotation. |

The baggage that belonged to the passenger who was not boarded at Cairo had been sdbjcclcd
to this inspection- procedure.

DC-8-63 Performance Information

Flight Manual Performance Information

The FAA approved DC-8-63 Airplane Flight Manual defines the minimum take-off fi cld length
as the greatest of: :

1. The distance from start of takeoff to a point 35 feet above the runway at the Vé speed,
assuming an engine to fail at a speed corresponding to the decision speed, Vi. |

2. The distance to accelerate to the decision speed, V1, and to bring the airplane to a stop.
The stopping performance is based on maximum braking on a dry, hard surface | runway,
anti-skid operative, with spoiler extension initiated after the throttles are moved to the
idl¢ position,

/ !
3. The all-engines-operating takeoff field length which is 115% of the four-engine 'dls(ance
from start of takeoff to the 35 foot height. |
\
The take-off run available was 9, 900 feet because runway 22 was entered from a right turn from
runway 13. The field-length limited take-off weight for the accident flight, as determified from
the Flight Manual, was 352,000 pounds.

The following take-off reference speeds are utilized in DC-8 flight operations: |

1. Vi - Critical Engine Failure Speed. ?

2. VR - Take-off Rotation Speed. The speed at which rotation is initiated during L.he take-
off to achieve the V2 climb speed at 35 feet.

3. V2 - Take-off Climb Speed. The V2 value is equal to the actual speed at lhe 35-foot
height, as demonstrated in ﬂlght tests and must be equal or greater than 120 pqr cent of '
the stall speed.

4. VF - Flap Retraction Speed. The minimum flap retraction speed. It is equal to Vz +25
knots.

The take-off reference speeds are normally determined by the flight engineer and by | }eference
to tables found in the DC-8-63 Airplane Flight Manual. They are then reviewed by the captain
and first officer and are set using movable "bugs" 1 d in the ci ferential ring of each
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pilot’s airspeed indicator, with the exception of the V2 value which is sct using a rotary knob
which moves a cursor behind the glass face of each indicator.

Take-off reference specds and corresponding stabilizer angles vary depending on the take-off
weight and centre of gravity position of the aircraft and the flap setting used for take-off. The
take-off reference speed data card calculated by the crew for the take-off at Gander was not
found. - Applicable - take-off reference -speeds and corresponding stabilizer angles for take-off
weights of 310,000, 330,600, 344,500 and 355,000 pounds and the applicable centre of gravity
position, as published in the DC-8-63 Airplane Flight Manual, arc as follows:

310,000 1b* 330,600 Ib** 344,500 1b*** 355,000 1b¥***
V1 130 KIAS 135 KIAS 140 KIAS 144 KIAS
VR 145 KIAS 150 KIAS 154 KIAS 158 KIAS
V2 158 KIAS 163 KIAS 166 KIAS 169 KIAS
Vr 183 KIAS 188 KIAS 191 KIAS 194 KIAS

Corresponding stabilizer angle for take-off:
4.3 ANU 4.8 ANU 5.3 ANU 5.5 ANU

* Weight which corresponds to the internal bug setting (V2) found on the co-pilot’s airspeed
indicator.

i Crew-calculated weight.

***  Take-off weight estimated by the Board.

*%%+ Maximum allowable take-off weight.

The 172 knots indicated on the captain’s airspeed indicator internal bug did not correspond with
any V2 value published in the DC-8-63 Airplane Flight Manual.

Based on a take-off weight of 344,500 pounds (estimated by the Board) and a V2 speed of 158
KIAS (V2 that corresponded with the internal bug setting on the co-pilot’s airspeed indicator)
the corresponding stabilizer angle for take-off would be 5.8 ANU.

Manufacturer’s Performance Information

Douglas Aircraft Co. supplied a considerable amount of information pertaining to the aerodynamic
performance of a DC-8-63. This performance information took into account the aircraft configura-
tion and ambient conditions at Gander and included data for a normal take-off and data applicable
to certain abnormal conditions.

According o information supplied by Douglas Aircraft Co., under the ambient conditions at
Gander, a DC-8-63 with a take-off weight representative of that estimated by the Board should
have lifted off 47 seconds after brake release at 165 KIAS, following a ground roll of 6,700 feet,
assuming that rotation was initiated at 153 KIAS and the time from rotation to lift-off was 3.5
seconds. The take-off distance (to 35 feet agl) would have been 7,800 feet. An engine failure at
VR would have increased the take-off distance by about 200 feet.

Further information was supplied which pertained to changes in the coefficient of lift generated
by the lift-producing surfaces of the aircraft under the following conditions: leading edge slots
closed; ground spoilers deployed; and ice-contaminated wings.
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|
The lift penalty which results from closed wing slot doors is a 0.2 reduction in maximum/ coef-
ficient of lift. Ground spoiler deployment results in a 0.4 reduction in coefficient. of lift
degrees angle of attack. This reduction incrcasces as angle of attack increases. Douglas Aircraft
Co. was unable to provide exact data for higher angles of attack. With respect to ice contamina-
tion, Douglas Aircraft Co. supplied information which indicated that, with wings contaminated
by surface roughness elements of 0.04 inches, maximum coefficient of lift would be reduced by
about 25 per cent. The coefficient of drag at or beyond the stall angle of attack (which would
be a lower than normal angle) would increase by greater than 100 per cent relative to an yncon-
taminated wing operating at the same angle of attack, below the siall. (See Figure 1.17)) | -

I

Lift-off Speed \

]
An aircraft will not lift-off until the lift produced exceeds the aircraft weight. Because the DC-
8-63 is geometry-limited 1o a pitch angle of approximately 8.6 degrees on the ground, crews have
been trained not 10 allow the piich angle to-exceed eight degrees while the aircraft is still on the
ground. Thus, for the DC-8-63 to become. airborne, the aircraft must accelerate 10 a speed where
sufficient lift will be generated at the limiting angle of attack.

|
Experience has shown that the DC-8-63 begins 10 rotate approximately one to two seconds after
the "rotate” call is made, assuming normal crew and aircraft response. times. If the aircraft is
rotated early but at a normal rate of two degrees per second, the DC-8-63 will reach a pitch
angle of eight degrees before reaching a speed that will produce sufficient speed for hﬁroff If
the eight-degree pitch angle is held, lifi-off would occur at about 161 KIAS at an aircraft weight
representative of that estimated by the Board. i
Climb Performance :
For small angles of climb at a given aircraft weight, the rate of climb depends on the dii*‘érence
between thrust and drag. When the total thrust is greater than the total drag, the aircraftjis able
to climb at a steady or increasing speed. When the aircraft climbs at an angle greater than al-
lTowed by the available excess thrust, the airspeed will decrease.

If airspeed, climb gradient, and thrust are: known, the total aircraft drag can be calculawdf for the
climb after lift-off. The total drag can be used to calculate a coefficient of drag required to
produce the climb profile. Using FDR data, the coefficient of drag required to produce the climb
profile of the accident flight was calculated. In the absence of reliable FDR altitude data, max-
imum and minimum climb profiles for the accident flight were determined using witness obser-
vations and the JETS Mode C altitude readout. In this manner, the peak altitnde achieved during
the bricf climb after take-off was determined to be no more than 125 feet above the runway.
Similarly, thrust was assumed to be normal four-engine take-off thrust for the ambient conditions
at Gander.

From 54 seconds to 61 seconds after brake release, the airspeed decreased at a rate of 1.3 knots
per second. Three calculations were performed to assess the coefficient of drag necessary to ac-
count for the observed deceleration. These calculations assumed altitude gains after take-off-of
70 feet, 100 feet and 125 feet respectively. The results of these “snapshot™ calculations suggested
that coefficients of drag of 0.29,0.281, and 0.267 would be required o explain the performance,
assuming that all four engines were developing take-off thrust and respective altitude gaxns of
70 feet, 100 feet, and 125 feet occurred.
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The loss of thrust from one engine is equivalent to a change of 0.05 in cocfficient of drag. Thus,
if an cngine failure is considered in these calculations, the coefficients of drag that would be re-
quircd o explain the performance of the aircraft arc 0.24, 0.231, and 0.217 respectively.

The manufacturer’s data indicated that the expected coefficient of drag would be approximately
0.13 for a normal climb following lift-off.

Aircraft Stall

The lift produced by an airfoil (wing) is primarily dependent on three variables: - airfoil geometry,
angle of attack, and airspeed. Airfoil geometry on any given aircraft is altered through the use
of trailing edge and/or leading edge flaps. Typically, extension of flaps increases the lift-produc-
ing capability (coefficient of lift) of a wing. For a specific flap setting, the only other way of
changing the coefficient of lift is to change the angle of attack.

Angle of atiack is the relative angle between the air impinging on the wing and the wing chord.
As the angle of attack increases so does the coefficient of lift. The coefficient of lift continues
to increase with increases in angle of attack as long as the airflow over the wing remains smooth
and adheres to the contour surface of the wing. However, at a certain angle of attack, the airflow
begins to separate from the upper surface of the wing. Initial separation usually occurs near the
trailing edge of the wing. As the angle of attack increases further, the separation points move
forward: until the critical angle of attack is reached. Beyond this critical angle, any further in-
crease in angle of attack results in a decrease in coefficient of lift, and a stall is said to have oc-
curred. Near the stall, drag increases significantly.

The point at which an aircraft will stall is dependent upon angle of attack. However, due to the
interrelation of angle of attack and airspeed in the production of lift, stalling and the point at
which an aircraft will stall are usually expressed in terms of airspeed. For a given flap angle,
factors which affect stall speed are thrust, angle of bank, load factor (vertical acceleration, 'G’),
weight, and centre of gravity position.

Stall onset is the flight regime that precedes a full stall. In this regime, the aircraft is subjected
10 ever increasing buffet, pitch, and roll activity. Typical stages of stall onset, in order of occur-
rence, include activation of the artificial stall wamning; momentary separation of the airflow on
the wing as airspeed is reduced toward stall; buffeting which increases in intensity as speed
decreases further (and angle of attack increases); the movement forward of the centre of lift as
the separated flow region expands, resulting in less pilot control force necessary to cause the
nose o raise; an increase in roll activity and lateral control difficulties caused by asymmetries
in the fluctuating separation regions of each wing and which typically result in aircraft heading
change during stalt. -

The stall characteristics of the DC-8 series of aircraft are described in the DC-8 Flight Study.
Guide in the following manner. "The stall characteristics of all DC-8 series aircraft are excellent
and straightforward in every respect throughout the entire operating weight and C.G. range. All
aircraft possess a crisp, clean break with no pitch-up tendencies or adverse roll characteristics.
This is basically achieved through care in wing design. On the DC-8, as angle of attack is in-
creased in the approach to stall, the inboard section of the wing, which already has been flying
at a greater angle of attack than the outboard because of airfoil design, will stall first. The cen-
ter of lift of the wing will then move aft. with respect to the aircraft’s center of gravity, thus
causing the nose to pitch down in a positive manner while good lateral control is retained.”
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According to acrodynamicists from Douglas Aircraft and published material from the| Bocmg
Ce ial Aircraft Company (Jet Transport Performance Methods), swept wing jet transport
aircraft like the DC-8-63 will yaw at the stall, particularly if pilots arc trying to control wing
drop with ailcron inputs. An examination by the Board of several other accidents in which a DC-
8 aircraft stalled shortly after lift-off determined that it was common for the aircraft hc%admg to
deviate significantly when the aircraft stalled.

Stall speeds for the DC-8-63 are published in the FAA approved Airplane Flight Man I. The
speeds are predicated on idle thrust and a forward centre of gravity. They represent the mini-
mum speed reached during aircraft certification stall recovery tests. With 18 degrees of flap and
an aircraft gross weight of 344,500 pounds, the FAA certified stall speed is 144 KIAS.!

Actual stall speed, that is, the speed at which the stall occurs, is higher than the FAA certified
stall speed. Calculations using aerodynamic data provided by Douglas Aircraft Co. prdduced a
1G stall speed for a gross weight of 344,500 pounds that was about 11 knots higher ‘lhan the
FAA stall speed. A centre of gravity position which corresponded with the take-off from Gander
would result in a stall speed decrease of three knots. Take-off thrust would reduce the stall speed
by a further four knots. Because of the limitations of the FDR, the effects of load chtor and
angle of bank could not be estimated. Accordingly, the 1G clean wing stall speed on take-off
from Gander, determined from data provided by Douglas Aircraft Co., was about 148 KIAS.

Stall Warning Systems i

Most jet transport aircraft are equipped with a stick shaker or.some other type of wamnig device
to alert the pilot that the aircraft is approaching a stall. In the DC-8, the stick shaker is hcuvawd
by a sensing mechanism (a lift transducer) in the wing leading edge. |

The vane of the lift transducer protrudes through the lower surface of the wing Ieadmg edge so
that, during flight, aerodynamic forces on the vane activate the stick shaker when a preset angle
of attack is reached. According to Douglas Aircraft Co., the DC-8-63 stick shaker will activate
approximately 13 knots above the FAA stall speed and six knots above the 1G stall sﬁeed.

Ground Effect

Any airplane operating near the ground will experience changes in the d ic ch: is-
tics of its wing. The ground will cause a restriction to the local airflow and alter the wmg up-

wash, downwash, and tip vortices. These effects are referred to as ground effect.

In ground effect, the induced flow velocities will be reduced, and the wing will expenence a
lower induced drag coefficient and a higher coefficient of lift for any specific angle pf attack.
In other words, the wing will require a lower angle of attack to produce the same lift coefﬁ(:lem
and the corresponding drag coefficient will also be lower. |
Ground effect is most pronounced when the aircraft is within one quarter of a wing span (37
feet for the DC-8-63) of the ground. All ground effect benefits are lost when the aircraft is more
than one wing span above the ground. Typically, induced drag is reduced by about 20 per cent
at one-quarter wing span from the ground and by about 45 per cent at one-tenth wing span from
the ground.
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Figure 1.15. Typical Effect of Surface Roughness at the Leading Edge on Aerodynamic Characteristics
1.17.9 Aircraft Icing

Considerable research has been conducted into the effects of ice contamination on airfoil perfor-
mance. As a result of this research, it is accepted that, in general, ice accretion on the leading
edge or upper surface of an aircraft wing results in an increase in stalling speed, decrease in the
stall angle of attack, and rapid drag increase near the stall. (See Figure 1.15.)

These effects and the inhcrent hazards have been documented and described in numerous
aerodynamic tests and papers, aviation periodicals, and cold weather operations manuals. (See
Appendix C for general information on the aerodynamic effects of ice contamination).

Recent research has shown that seemingly insignificant amounts of wing ice can be sufficient to
significantly degrade an aircraft’s performance and flight characteristics. Surface roughness caused
by ice, frost, snow, or even large accumulations of insect debris or badly chipped paint can be
sufficient to cause significant decreases in lift production and increases in drag.

Research has demonstrated that distributed roughness elements having a height of only 1/10,000
of the wing chord can adversely affect performance by increasing stall speeds. This height cor-
responds to about 0.030 inches on a DC-8-type aircraft - about the roughness of medium to coarse
grit sandpaper.

On a wing contaminated with surface roughness, the normal stall progression of a swept wing is
altered. The normal nose-down pitching moment in the direction of stall recovery which
accompanies a stall is reduced when the wing is contaminated. The effects of the degraded pitch-
ing moment characteristics can range from an out-of-trim condition that can result in a different
than normal response to control column inputs, to a severe pitch-up as the angle of attack is in-
creased.

The leading edge portion of the wing is the most sensitive to contamination. Localized ridges,
grooves, or narrow bands of roughness near the leading edge of the wing can cause a detrimen-
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tal cffect equivalent to that caused by some lessor degree of rough 1 distributed over
the entire surface of the wing. The relative cffects of such localized ridges, grooves, or ﬁanow
bands of roughness as a function of the location of the roughness expressed in petcenlagc of
chord can be scen in Figure 1.16. !

Because ice contamination results in a lower than normal stall angle of attack, angle—oflatlack-
dependent stall warning systems, such as that installed in the DC-8, may not provide Wammg
prior to actual stall.

!
In 1981 and 1982, the Bocing Commercial Airplane Company conducted wind tunnel, ﬂlght and
simulator tests with a Boeing 737 to better understand the effects of wing and horizontal tail
contamination on airplane performance and flight characteristics. The results of these studies in-
dicated that contamination significantly reduces wing lift capability, increases stall spee‘ds and
decreases climb performance. i
When the wing was contaminated, stall onset flight characteristics occurred within Lhe clean
airplane normal manoeuvring envelope, before stall warning system activation. i
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Figure 1.17. Model DC-8-63 Effect of Wing Upper Surface Distributed Roughness on Aircraft Lift and Drag

Flight tests, conducted on a Boeing 737 aircraft with wing surfaces roughened by the applica-
tion of epoxy potting compound and safety-walk finish with a textured paint roller, demonstrated
an 18 per cent loss of maximum lift capacity, which results in a 13-knot increase in stall speed.

Tests in the Engineering Flight Simulator indicated that pilots could encounter stall onset flight
characteristics during a normal take-off rotation manoeuvre when the simulator was programmed
with contaminated airplane acrodynamic characteristics.

Aircraft without leading edge high-lift devices are particularly sensitive to wing surface rough-
ness. Extension of the leading edge devices on aircraft so equipped will generally recover most
of the performance degradation resulting from low levels of roughness.

Unlike the Boeing 737, the Douglas DC-8-63 is not equipped with wing leading edge devices.
Douglas Aircraft Co. confirmed that the performance degradation experienced by the DC-8-63
with small amounts of contamination is significantly greater than that encountered by other aircraft
types equipped with leading edge devices. Information provided by the Douglas Aircraft Co. in-
dicated that significant reduction in the maximum coefficient of lift and significant increase in
the coefficient of drag would be experienced with surface roughness elements of 0.04 inches.
(See Figure 1.17.)
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According 1o the Douglas Aircraft Co. data, in an 18-dcgrec flap configuration, the maximum
coefficicnt of lift for thc DC-8-63 would be reduced by 25 per cent with wings ¢ inated by
surfacc roughness clements of 0.04 inches.

1.17.10  Ice Accretion on Approach

In the recent past, considerable rescarch has been conducted into the subject of in-flight ice ac-
cretion on airfoils. This research has resulied in the development of several models which can
predict the amount of ice that would accrete on a specific airfoil shape under certain conditions.
In order 1o make such predictions, the conditions that must be known include the true airspeed
and altitude of the aircraft, static air temperature, liquid water content of the cloud lhrougﬁ which
the aircraft is flying, and the radius of the water droplets in the cloud.

i

Scveral such calculations were performed by CASB investigators and by rescarch officers of the
National Rescarch Council (NRC) of Canada. This agency has conducted recent research into
icing through expcriments undertaken in the high speed icing wind tunnel of the Low Tempera-
ture Laboratory. All calculations performed used the airspeeds and altitudes determined from the
aircraft FDR recording of the descent into Gander (Figure 1.18.), static temperatures dcwrmmed
from the Atmospheric Environment Service’s (AES) rawinsonde released near St. John’s New-
foundland approximately two hours after the accident, and liquid water content and droplcl size
values obtained from AES. The altitude of the top and base of the cloud layer lhrough which
the aircraft flew while on approach to Gander was determined from pilot reports made by pilots
who either arrived at or departed from Gander both before and after the accident.

ARROW AIR DC-8-63 N950JW DESCENT INTO GANDER 12 DEC 1985 ‘
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Figure 1.18. FDR Plot of Approach to Gander
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Onc calculation used a method described in the United States Federal Aviation Agency Techni-
cal Report: "Engincering Summary of Airframe Icing Technical Data.” This calculation resulted
in a predicted ice accretion on approach of about 0:25 inch on the outboard portion of the wing.

A sccond method involved estimating the ice accretion on the wing utilizing a numerical model
of rime icc accretion on two dimensional airfoils of arbitrary shape in potential flow. The model
was suitable only to provide an estimate of the collision efficiency of the wing and an estimate
of the thickness of the accretion which could have occurred at a sufficiently cold temperature.
The model predicted that the total collision efficiency of the wing under the assumed conditions
would be 0.14, resulting in an ice accretion rate of about 3.8 kilograms per hour per metre of
span. The maximum local efficiency was about 0.65 near the leading edge of the wing. Assum-
ing no runback, the local collision efficiency of the wing would have produced an ice thickness
of about 0.3 inch.

Both of these methods were limited in value because they assumed a rime ice type accretion on
the wing. However, the air temperature during the approach was sufficiently warm that the su-
percooled drops which struck near the leading edge of the wing would not have frozen immediate-
ly on impact, but rather would have run back along the wing surface, freezing at some distance
back from their location on inital impact. The resulting horn-shaped, glaze ice formation would
produce a much less streamlined profile than that predicted in the first two calculations.

In an attempt to refine estimates of the probable thickness and shape of wing ice accretion during
the approach to land at Gander, a further series of calculations was performed using a method
which enables calculation of the thickness of glaze ice formations on a non-rotating cylinder.
Since the model was able to simulate icing only upon cylinders, various cylinder diameters wers
chosen because they approximated the curvature of the upper and lower surfaces of the DC-8-
63 wing profile at various semi-span stations between 26 per cent and 85 per cent.

This series of calculations determined that the most probable estimate of maximum ice accretion
expected during the aircraft’s approach to land at Gander would vary from 8.7 millimetres (0.34
inches) at 85 per cent semi-span through 6.5 millimetres (0.26 inches) at 53 per cent semi-span
to 5.0 millimetres (0.20- inches) at 26 per cent semi-span.

While slight variations between the local collision efficiencies on the cylinder and the DC-8-63
wing would lead to slightly different forms of ice accretion on the wing than on the cylinder,
the calculated values were considered to be an accurate approximation of the ice which would
have accreted on the wing of the aircraft during the approach to land at Gander.

Interviews with pilots from Arrow Air and other operators indicated that airfoil de-ice is rarely
used. For weather conditions similar to those at Gander on the morning of 12 December 1985,
it was the consensus of those interviewed that it would be unusual for airfoil de-ice to be used
on approach to land.

Aircraft Ground De-Icing

To comply with the "clean aircraft concept” and minimize the hazards associated with ice con-
tamination, it is common practice in the aviation industry to de-ice an aircraft prior to take-off
when conditions warrant. Various techniques of ground de-icing have been developed over the
years. Current practice involves the use of Freezing Point Depressant (FPD) ground de-icing and
anti-icing fluids which have the capability to remove ice contamination and provide a protective
film to delay further formations of frost, snow or ice.
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Ground de-icing facilities using FPD fluids were available in Gander on the moming of 12 Decem-
ber 1985. The crew of MF1285R did not indicate that de-icing was required during their sn.éuon
stop.

Two other aircraft departed Gander in'the three hours immediately preceding the accideﬂ(. A
Boeing 737, which departed about 30 minutes before the accident, was de-iced on the ground
prior to departure. This aircrafi landed at Gander at 0645, During the last two hours of its dlrw-
hour station stop at Gander, precipitation in the form of very light freezing drizzle and light snow
grains was reported. The individual who de-iced the aircraft reported that ice was present oh the
leading- edge of the aircraft wing prior to de-icing.

A British Aerospace VC-10, which departed about three hours before the accident, was ndt de-
iced prior to take-off. This aircraft spent 50 minutes on the ground at Gander. During that ume.
no freezing drizzle was reported. !

Ground Service Personnel Observations

Six ground service personnel attended the aircraft during its technical stop at Gander. All‘were
interviewed by CASB investigators in the days following the accident. ;

The individual who marshalled the aircraft into position on the ramp and assisted in the place-
ment of the passenger stairs did not observe ice on the aircraft. However, he reported that he did
not inspect the aircraft for ice, nor did he at any time go up on the passenger stairs. In response
to detailed questioning, he stated that he was not sure if there was, or was not, ice on the aikcraft.

Two other individuals positioned the passenger stairs at the aircraft, loaded catering supphes and
removed trash from the aircraft. Both indicated that they did not observe the wings of the aircraft
and could not say whether ice was present on the wings or not.

A fourth individual serviced the lavatories of the aircraft during the station stop. He reponéd that
he did not specifically look at the aircraft because immediately upon completion of his duues be
was required to assist with departure preparations for another aircraft.

One of two refuellers reported that he did not see any obvious need for de-icing but qualified
his response to investigators by stating that he could not see the top of the wing and that ihe top
of the wing might have had ice. - |

The second refueller reported that he did see ice on the edge of the windscreen while he &vas on
the flight deck conversing with the flight engi He further reported-that the flight engineer
had said that the flight had picked up a'little ice on descent into Gander. With respect to his ob-
servations made while outside the aircraft, this refueller stated that he was unable (o see the top
of the wing and, thus, could not comment on what ice may have been present. |

All six ground service personnel were re-interviewed by CASB investigators later in the inves-
tigation. Their recollections of observations made during the aircraft’s station stop at Gander were
unchanged. :

Arrow Air Flight Crew Scheduling :

Arow Air's policy pertaining to flight crew member scheduling is found in the Ammow Aanenetal
Operations Manual, The manual states that all Arrow Air flight crew members will be scheduled




836

Canadian Aviation Safc

1.17.14

1.17.15

L17.15.1

in accordancc with appliable FARs. Arrow Air’s Dircctor of Flight Operations testified .
Board’s public inquiry. Flight crew scheduling at Arrow Air is -his responsibility. He tesy
that applicable FARs were the primary parametcers used to establish individual flight c.
schedules. Although no wriiten policy existed with respect to maximum duty day, he considered
a duty. day of 16 hours to be the upper limit used when developing schedules. He further tes-
tified that it was normal to allow a two-hour extension to the maximum crew duty day in the
event of unanticipated delays and that it was within the discretionary power of a capiain 10 ¢x-
tend the duty day in excess of 18 hours. He also testificd that fatigue-inducing factors such as
time-zone changes and night departures were not considered in developing crew schedules. The
company employed no medical officer or adviser. Pilots were expected to self-monitor for fatigue.
Interviews with Arrow Air personnel indicated that, on occasion, pressure was exerted by flight
dispatch o complete planned itineraries.

Recovered Documentation

A work book containing a listing of the- captain’s previous flights was recovered from the
wreckage.

One entry pertained to an Arrow Air MFO cargo flight in a DC-8-63, N6161A, to Ras Nasrani,
Egypt on 23 February 1983. The entry indicated that the aircraft’s main hydraulic system had
failed on the flight inbound to Ras Nasrani.

The subsequent entry pertained to a flight to Cairo after a brief stop at Ras Nasrani. The entry
indicated that, in order to get the aircraft out of Ras Nasrani, it was necessary to use the auxiliary
hydraulic system to raise the landing gear and flaps. The process was described as slow but suc-
cessful. Some difficulty was experienced getting the gear doors latched.

The next entry pertained to the departure from Cairo following a fuel stop. It indicated that the
aircraft was nursed out of Cairo and that the company diverted the flight to Amsterdam for main-
tenance. The entry described the approach and landing at Amsterdam and the difficulties en-
countered ( 1 ion of ail , cross-wind, and turbulence).

Pertinent United States Federal Aviation Regulations

Arrow Air is a certificated air carrier operating under domestic and flag carrier rules of FAR
Part 121.

Flight Recorder Requirements

FAR 121.343 requires that large turbine-engine-powered aircraft certificated for flight above
25,000 feet be equipped with one or more approved flight recorders. For aircraft having an original
type certificate issued before 30 September 1969, the recorder must record the following infor-
mation; time, altitude, airspeed, vertical acceleration, and heading.

FAR 121.349 requires that large turbinc-engine-powered aircraft be equipped with a CVR. Cur-
rent regulations do not require that a CVR be functionally tested by flight crews prior to flight.

The Arrow Air, FAA Approved DC-8 Minimum Equipment List permits dispaich of an aircraft
with an inoperative FDR and with an inoperative CVR. This is consistent with the FAA Master
Minimum Equipment List for the DC-8 and other transport-category aircraft,
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The U.S. FAR 121.521 outlines the flight-time limitations for aircraft operated overscas ;and in-
ternationally by a crew of two pilots and onc additional airman. It states: !
|

(a) No supplemental air carrier or ial may schedule an ai 10 be aloft

as a member of a flight crew of two pilots and at least one additional flight crew mem-
ber for morc than 12 hours during any 24 consecutive hours. ‘

(b) If an airman has been aloft as a member of a flight crew for 20 or more hours during
any 48 consecutive hours or 24 or more hours during any 72 consecutive hours, he must
be given at least 18 hours of rest before being assigned to any duty with the air carrier
or commercial operator. In any case, he must be relieved of all duty for at least, 24 con-
secutive hours during any seven consecutive days. ‘_

There are no flight crew duty day time limits included in FAR Part 121.

The provisions of FAR Part 121 do not apply when a specific flight does not involve the car-
riage of persons or property in air commerce for compensation or hire, such as a ferry flight to
a maintenance base. Such non-revenue flights operate under the provisions of FAR 91, General
Operating and Flight Rules. Under FAR Part 91, there are no flight crew flight-time limitations.

FAA Surveillance

In March 1984, as part of special two-phase National Air Transportation Inspection (NATI), the
FAA conducted concentrated inspection and surveillance of air carriers throughout the United
States. Findings of the first phase of the inspection were reviewed by regional ooordmalots who
analysed them for trends and potential problem areas. If deficiencies were noted during the phase
one inspection of a particular carrier, a second, more detailed inspection of the specific air car-
rier was immediately initiated. On completion of its phase one inspection of Arrow Air, the FAA
conducted a second phase inspection of Arrow Air between 19 March 1984 and 29 Maxch 1984.

The inspection team carried out an in depth review to ensure that Arrow Air operatijons were
conducted in accordance with applicable FARs. The inspection involved the review of records,
interviews with company personnel, en route inspecti ramp inspecti and facilii(y inspec-
tions.

|
The inspection followed a period of rapid growth at Arrow Air. Inspectors noted thati in many
cases, Arrow Air operating policies and procedures had not kept pace with this growth. Numerous
company manuals were found to be out of date, and, in some cases, manuals did nolt meet the
requirements of FARs. |

Arrow Air aircrew training records were judged to be unsatisfactory. Many examples of incom-
plete and unsupported training records were observed. Weak record keeping was a trend found
throughout the Arrow Air orgamzauon The inspection team noted that there was no fo:‘ma.l main-
tenance training program in place.

It was determined by the inspection team that Arrow Air operated their fleet of ancraft with
many DMIs and that, in some cases, DMIs were carried for months without corrective action.
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Inspection of Arrow Air sparc parts held in stock at onc oI' their facilities determined that many
parts contained scrviccable parts tags from unapp ig] Arrow Air personncl
were immediatcly advised that usc of these parts was unacc blc. In resp , Arrow Air
removed all the parts from stock and shipped them to its M:aml basc to ensure lhe parts were
properly certified by FAA approved sources.

With respect to FAA surveillance activities, the inspection team noted several cases where routine
surveillance had identificd discrepancies which appeared to be violations of FARs, and where
the inspection results were recorded as satisfactory.

There were also instances where no follow-up action had taken place after unsatisfactory surveil-
lance obscrvations had been made. There were other in: where the inspection team deter-
mined that the carrier itself had been asked to investigate alleged violations of FARs.

As a result of its observations, the inspection team made a number of recommendations. Many
pertained to increased surveillance on the part of the local FAA office and the assigned principal
inspectors. They recc ded that operations and mai units i their surveillance
and inspections of the carrier; that all discrepancies or unsatisfactory findings noted be followed
up to ensure that corrective action was taken; that, where deemed appropriate, violation action
was taken; and that, in general, a more firm stance be taken with respect to company activities
and practices found to be inappropriate or contrary to regulations.

Specific areas identified as requiring increased surveillance activity and follow-up were company
manuals, training, DMISs, and the use of parts from unapproved foreign sources.

The FAA conducts ongoing surveillance of air carriers to ensure compliance with FARs and ap-
proved FAA procedures. The responsibility for this ongoing surveillance is primarily that of the
assigned POI and principal maintenance inspector (PMI).

The FAA inspectors who were the assigned POI and PMI at the time of the accident testified at
the Board’s public inquiry into the accident.

The assigned POI had assumed his responsibilities at Arrow Air in June 1985, six months before
the accident. He testified that about 75 per cent of his duties related to activities at Arrow Air.
Of that time, only 30 per cent was devoted to inspection and surveillance, the remainder to provid-
ing technical advice to the carrier. Although an assistant operations inspector position existed, it
had been vacant since the POl was assigned to Arrow Air.

In the opinion of the POI, Arrow Air’s operations met the requirements of FARs and approved
FAA procedures. He further testified that he believed the manpower resources available to him
for surveillance of Arrow Air were inadequate.

The assigned PMI had assumed his responsibilities at Arrow Air in April 1985, eight months
before the accident. He testified that it was his responsibility to ensure that Arow Air main-
tenance and inspection programs were in accordance with FAA standards. Surveillance activities
would include spot inspections, en route inspections, facility inspections, review of various man-
uals and aircraft technical logs as well as aircraft inspection. He further testified that, in addition
to his duties at Arrow Air, he was also the PMI for two other air carriers and five repair sta-
tions. He estimated that about 40 per cent of his time was devoted to surveillance of Arrow Alr
To assist him in his responsibilities were two other FAA inspectors.
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During his cight months of surveillance at Arrow Air, the PMI did not identify any dcﬁcncncncs
in Arrow Air’s maintcnance and inspection programs. He considered Arrow Air’s opcr@nons o
be in accordance with required standards. He further indicated that, in his role as PMI ,at Arrow
Air, he did not in any way usc the rcport of the 1984 NATI of Arrow Air. |
In January 1986, onc month after the accident, the U.S. Secretary of Transportation dlrecwd the
FAA to conduct in depth inspections of airlincs operating under military charter. Arrow Air was

i

subjcct to such an inspection between 21 January 1986 and 21 February 1986. i

\
The inspection team made numerous observations which were, in the opinion of inspectors, in-
stances of non-compliance with FARs or accepted FAA procedures. In several cases, findings
were similar to those determined in the 1984 NATI of Arrow Air. Inadequacies and examples
of non-compliance with FARs were noted in almost all areas of Arrow Air’s operations. Specific
observauons included out-dated manuals, procedures not in accordance with FARs, unsatisfac-
tory training files, non-compli with established Arrow Air procedures, use of aircraft parts
and componems from unapproved foreign sources, and non-compliance with FAR inaxxmum
flight-time limitations and minimum crew-rest prowsaons Although no overall concluSmns were
drawn as a result of this inspection, the FAA inspector in charge testified at the Board’s public
inquiry that, in some areas, Arrow Air did not meet thc mi dards required by the FAA.
He further testified that he considered some of the obscrvations made to be mgmﬁcant and that,
in some cases, the safety of operations was questionable. ;

Subsequent to the public inquiry, the FAA informed the Board that, after an in depth | lvewew by
the FAA’s Miami Flight Standards District Office, many of the inspection team’s fmAmgs were
found to be invalid for a variety of reasons. Specifically, many of the findings were T:onsndered
10 be of a minor nature, and, of the 19 findings considered by the FAA to be major, that is, wor-
thy of formal enforcement p dings, further investigation determined that eight were not viola-
tions, and they were subscquem.ly dismissed without further action. Ten of the major findings
were determined to be violations which resulted in assessment of a civil penalty or lssuance of
a warning/correction letter.

The FAA further indicated that, when compared against in depth inspections carried 6ut at other -
carriers, the magnitude of Arrow Air noncompliance was no worse than "average", mdlcauve of
violations in limited areas of their operation. |

The FAA also asserted that, in the months preceding the accident, their surveillance and follow-
up of Arrow Air was executed 10 a greater degree, both in quality and quantity, than ever before
in the company’s history.

Public Inquiry

The CASB.conducted a seven-day public inquiry into this accident in Hull, Quebec beginning '
08 April 1986 (See List of Witnesses - Appendix D). Participants in the inquiry were the CASB
technical panel; Douglas Aircraft Co.; Pratt & Whitney United Technologies; the thht Crew
Next of Kin; Arrow Air Inc.; Multinational Force and Observers; Department of Transport,
Canada; United States Federal Aviation Administration; United States National Transportation
Safety Board; United States Army; and the Department of Justice, Province of Newfoundland.
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2.2

ANALYSIS

Introduction

Analysis of all available information from the FDR, witness observations, and radar data indi-
cates that, following an apparently normal ground roll, the aircraft failed to achieve a normal
rate of climb. Within a few seconds of rotation, the airspeed began to decrease, and, at an al-
titude of no more than 125 feet above the runway, the aircraft stalled. A rapid descent ensued,
and, about 20 seconds after lift-off, the aircraft struck trees on downsloping terrain about 2,900
fect beyond the departure end of the runway. Aircraft pitch attitude and the flight path angle at
impact were indicative of an angle of attack of 21 degrees, well beyond the normal stall angle
of attack.

The major objective of the investigation was to demmine the cause of the significant degrada-
tion in normal take-off perfi The investigation and analysis were directed toward the
pre-impact servxceablluy of the aircraft, the take-off welghl of the aircraft, and the weal.her fac-
tors. In the absence of a useful cockpit voice recording and b of the limi of
parameters measured by the FDR, it was also necessary to conduct a detailed theoretical analysis
of the aircraft’s performance. In addition, flight crew performance, load planning and control,
company maintenance procedures, flight crew fatigue, flight recorder requirements, and FAA sur-
veillance activities were examined.

Performance Analysis

Characteristic changes in the pressure altitude and vertical acceleration traces of the FDR record-
ing indicate that lift-off occurred 51 seconds after brake release at an airspeed of about 167 KIAS.
Following lift-off, the airspeed continued to increase for a further two seconds until a peak air-
speed of 172 KIAS was attained. The aircraft d the d end of the runway six seconds
after lift-off, at about 170 KIAS. Thereafter, the airspeed oonunued 10 decrease until a stall oc-
curred.

It proved impossible to determine an altitude profile of the flight from the pressure altitude trace
of the FDR because of static pressure errors associated with the occurrence of the stall. However,
eyewitness observations and the radar controller’s observations of the radar Mode C readout sug-
gest the aircraft gained a maximum altitude of 125 feet. The Mode C readout as observed by the
radar controller did not change from the 500 feet asl readout that was indicating at the commen-
cement of the take-off roll. The readout indicates in 100-foot i thus it is possible that
the aircraft could have climbed a maximum of 100 feet above. the start of take-off roll altitude
(125 feet above the runway departure end) before the altitude readout would have changed to
600 fect. Eyewitness observations were consistent with a maximum altitude gain of 125 feet, al-
though in all likelihood the altitude gain was less than that.

The vertical acceleration trace proved fo. be unsuitable for estimating a flight path; nevertheless,
the rapid fluctuations in acceleration values immediately after take-off indicate the aircraft was
in a stalled condition. Further evidence of this condition are the extreme oscillations of the pres-
sure altitude u'aoe which are the result of the rapid pressure changes experienced in the stall

in both ical acceleration and p: altitude values were in marked
contrast to those of previous take-offs. The alteration in headmg which commenced about five
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seconds afier lift-off was not inconsistent with control difficulties expericnced during s!all onsct
and is typical of swept wing aircraft accidents whcrc aircraft stall was a factor.

Because of the unreliable time sequence associated with the vertical acceleration trace ‘of the
FDR, it was not possible to detcrmine precisely when the stall occurred. chcnheless, when
viewed together, the vertical acceleration, airspeed, and heading traces indicate that the mrcraft
was in a stalled condition within 10 seconds of lift-off.

Early rotation would normally result in aircraft lLift-off at about 161 KIAS, if the crew used a
pitch angle of eight degrces while on the runway. Analysis indicates that the aircraft IntJKed off
at about 167 KIAS, six knots above the predicted speed. However, since the actual pitch history
of the take-off and bricf flight is not known, it is not possible to conclude with certainty (hat the
lifi-off speed was abnormal.

The performance of the aircraft during the take-off was compared closely with the the‘bretical
performance data provided by Douglas Aircraft Co. A normal DC-8-63 at the calculated weight
of the accident aircraft and under the existing environmental conditions should accelerate to lift-
off in about 47 seconds, using 6,700 feet of runway. After lift-off, the aircraft should chmb and
accelerate while transitioning to the climb configuration.

The performance of the aircraft during the take-off was below that predicted. Although a&:celera-
tion corresponded well with that expected to rotation, lift-off occurred four seconds laler than
predicted assuming normal take-off reference speeds were used. Over 1,000 feet of add:uonal
runway were used. Nevertheless, sufficient flying speed was achieved, and the aircraft lifwd off
well before the end of the runway. The later than normal lift-off should not have had | ‘any ad-
verse effect on the remamder of the take-off.

The performance of the aircraft after lift-off was significantly below predicted values. The evi-
dence is conclusive that, following lift-off, both the climb rate and acceleration were well below
normal. Although an initial climb was established, it was maintained for less than 10 seconds,
and no more than 125 feet was gained during this brief climb. Similarly, the aircraft continued
to accelerate for only two seconds following lift-off. Thereafter, the aircraft began to decelerate
until the stall occurred.

|
Based on the data provided by Douglas Aircraft Co. and from the DC-8-63 Aircraft Flight Manual,
the 1G stall speed, at the weight calculated by the Board and for the configuration of the acci-
dent aircraft, is 148 knots. As determined from the FDR, the aircraft stalled within 10/ seconds
of lift-off. Airspeed during this 10-second period varied between a peak of 172 knots, which was
achieved two seconds after lift-off, and a low of 163 knots, which was the recorded airspeed 10
seconds after lift-off. Thus, the aircraft stalled at an airspeed between 15 and 24 knots above the
predicted stall speed. Application of the estimated error bounds of the FDR airspeed trace results
in a stall speed range between 10 and 29 knots above the predicted stall speed. It should, however,
be noted that the recorded airspeed during the take-off roll agreed closely with that pre%iicted by
the Douglas Aircraft Co., evidence that the recorded airspeed values were substantially correct.

Further analysis was conducted to determine the theoretical lift and drag penalties ne&essary to
result in the observed differences between predicted performance and the actual perfonnanoe of
the aircraft during the accident take-off. - . 1

Theoretical analysis demonstrated that the performance of the aircraft after lift-off was indlesuve
of a significantly decreased value in coefficient of lift and a significantly increased valub in coef-
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ficicnt of drag. During the bricf climb which followed lift-off, the aircraft decclerated. Assum-
ing an altitudc gain of 125 feet, the cocfficient of drag valuc necessary to produce the decelera-
tion was calculated to be 0.267, well above the normal coefficient of drag valuc of 0.13 provided
by Douglas Aircraft Co. for the conditions and aircraft configuration during take-off. The calcu-
lated cocfficient of drag was about 100 per cent higher than the normal value.

An altitude gain after lift-off of less than 125 feet would require an even higher value in coef-
ficicnt of drag to produce the observed deceleration. The calculated coefficient of drag valucs
that corresponded to altitude gains of 100 feet and 70 feet were 0.281 and 0.29 respectively.

Although the recorded airspeed could have been subject to a maximum error of five knots, any
error would have been constant, and thus would have no effect on the validity of the decelera-
tion used to calculate the coefficient of drag.

The increase in both lift-off speed and stall speed is indicative of decreased lift-producing capa-
bility of the wing (i.e., coefficient of lift). The calculated decrease in CL maximum necessary to
account for the magnitude of the increase in stall speed was at least 0.38. According to data
provided by Douglas Aircraft Co., this corresponds to about a 22 per cent decrease in maximum
coefficient of lift.

The conclusions of the computer simulations conducted by UDRI agreed closely with this analysis.
Their solution of the aircraft’s equations of motion determined that an approximate 30 per cent
loss in coefficient of lift had occurred accompanied by at least a 100 per cent increase in coef-
ficient of drag.

Pre-Impact Condition of the Aircraft

Introduction

Serious considcration was given (o the possibility that the significant changes in aircraft perfor-
mance were the result of a pre-impact failure or malfunction of the aircraft. Extensive and detailed
examinations were conducted on all the recovered wreckage. Although much of the aircraft was
consumed in the post-crash fire and the complete integrity of most of the aircraft systems could
not be determined, the Board was unable to identify any physical evidence of such a failure or
malfunction. All damage to the aircraft and its components was assessed to be the result of im-
pact and the post-crash fire. The aircraft configuration at impact was determined to be normal
for the planned take-off. :

There was, however, considerable information in the form of witness statements which suggested
that problems with the aircraft were present before the accident. Specifically, these related to the
flight control system, the hydraulic system, the number four engine, and the thrust reversers. In
addition, there were the reports of the yellow/orange glow emanating from the underside of the
aircraft and the evidence of a lower rpm of the number four engine at impact.

In the absence of FDR information pertaining to aircraft system operation and because of the ex-
tensive destruction of the aircraft which precluded a complete examination of all aircraft com-
ponents, several possible malfunctions were analysed to determine their likelihood and what im-
pact, if any, they would have had upon the accident flight.

n
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Flight Controls

The reported binding and ratchetting of the co-pilot’s control column suggesicd the possibility
that control of the aircraft could have been lost because of a binding or jamming of the clevalor
No conclusive evidence of such an cvent was found in examinations of the wreckage, nor was
the source of the reported binding identified. | ‘
I
It is possible that the binding was the result of an unserviceable PTC. The description of the
binding was similar to that encountered with a previous PTC problem. Under normal circumstan-
ces, the PTC is deactivated for take-off, and any irregularities in its operation would not affect
take-off. Nevertheless, had it been inadvertently in operation, and malfunctioning, it is remotely
possible that abnormal inputs could have occurred as a result of PTC extension. However, had
there been such a malfunction, it would be expected that the PTC EXTEND/FAIL light would
have been illuminated. Examination of the wreckage determined that the light was not illuminated
at impact. Furthermore, extension of the PTC could not explain the significant changes to| coef-

ficients of lift and drag.

!
Testing in the simulator further demc dthatar y PTC during take-off was a;snua-
tion that was readily overcome by the pilot, resulting in a successful take-off. |
f

P

Detailed examination of the elevator leading edge led the p e of a ch scratch
on the elevator that corresponded with a mark on the rear spar of the stabilizer. It could not be
determined if the marks were the result of impact damage or if they existed before the ac‘gidem.
If these marks were not the result of impact, their presence may be indicative of interference be-
tween the elevator and stabilizer caused by a foreign object. Such interference could have resulted
in the reported binding. Had this been the case, it is also remotely possible that the interference
between the elevator and stabilizer progressed to the point that the elevator jammed during the
take-off.

Examination of the wreckage determined that the elevator was in the full-trailing-edge-up posi-
tion at impact. Faced with the imminent impact with the terrain, it is likely that the flight crew
would have reacted with control inputs that would have resulted in this position. The posmon of
the elevator thus suggests that full-up movement was available to the pilots. Alternatively, the
impact position of the elevator suggests that, if jamming occurred, it resulted in a full-up deflec-
tion, or the jamming was of a transient nature, and the pilots regained authority prior to impact.
Had the elevator jammed in the full-up position at rotation, the pitch angle would have exceeded
the 8.6 degree geometry limit of the aircraft, and the tail would have struck the runway prior to
lifti-off. There was no evidence of a tail strike on either the runway or aircraft tail. No scrape
marks were observed on the tail skid or on the runway surface. Furthermore, neither of these
cases is supported by the analysis of the aircraft’s performance during take-off. Neither case
would result in the significant changes to coefficients of lift and drag evidenced by the mag-
nitude of the deceleration during the slight climb and the premature stall. Testing in the simulator
further d d that j g of the elevator resulted in pitch angles before lift-off that
would result in a tail strike.

Hydraulic System

Some ﬂlght control systems of the aircraft are hydraulically operated. So too are the landing gear
and engine thrust reversers. There was evidence to suggest that the hydraulic system of the aircraft
was leaking; replenishment of hydraulic fluid was a recurring event. In the two days pn¢r to the
accident, a total of 13 quarts of fluid was added to the system. According to Douglas Aircraft
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Co., leakage is the only explanation that can account for such a fluid replenishment rate. Represen-
tatives of the. operator suggested that therrecorded rate of replenishment had been inflated by
vendors and did not reflect the actual replenishment rate. The Board could find no evidence to
support this.

Examination of the aircraft wreckage did not reveal any evidence of a hydraulic system failure;
however, examination of the hydraulic system was limited to two engine-driven pumps. In view
of the significant ratc of leakage of hydraulic fluid, it is possible that a hydraulic system failure
could have occurred as a result of insufficient fluid. The recovered documentation provided evi-
dence that, on a previous occasion, the pilot had initiated two flights with an inoperative hydraulic
system.

Evidence obtained through examination of recovered light bulbs was inconclusive with respect

" 1o the status of the main system hydraulic power and services during the take-off. However, the

impact status of the hydraulic reservoir low pressure light (not illuminated) would indicate that
a rapid depletion of fluid in the main reservoir had not occurred. Furthermore, the impact status
of the rudder control-manual indicating light (not illuminated) indicates that the rudder was
hydraulically powered through either-the main system or rudder standby hydraulic power pump.

hudeanli

Testing in the simulator demonstrated that take-off with an inoperati y Y could
be accomplished without significant difficulty. Similarly, failure of the hydraulic system during
take-off did not result in an unsuccessful take-off. Both the ailerons and rudder automatically
revert to manual (aerodynamically boosted) in the event of hydraulic system failure. The horizon-
tal stabilizer is equipped with an alternate electrically powered trim system, and the elevators are
operated by a conventional cable system and by an aerodynamic boost tab. The captain’s pre-
vious take-offs performed with an inoperative hydraulic system further demonstrated that such a
take-off could be accomplished without significant difficulty and cannot explain the observed
performance degradation during the accident take-off.

“Engines

EGT indications of the number four engine were approximately 40 degrees hotter than the other
three engines. As a result, the Cologne/Cairo sector crew was retarding the throttle slightly on
take-off to keep the temperature under limiting values. It is reasonable to assume that the acci-
dent crew was doing the same. Information supplied by the engine manufacturer demonstrated
that such an action would reduc~ total engine thrust by about 2.5 per cent. Such an event would
have an insignificant effect on take-off performance.

Engines one, two, and three were determined to be operating at high-power settings at ground
impact. The number four engine was determined to be operating at a lower rpm than the other
three engines when it struck the ground. It could not be conclusively determined how much lower
the impact rpm was although the position of the bleed valve strongly suggests that, prior to im-
pact with the ground, engine rpm fell below 53 per cent. It could not be determined if this lower
ground impact rpm was the result of the ingestion of debris as the engine passed through trees
i diately prior to ground impact, or if the lower rpm was a condition which occurred prior
to descent into the trees. With the exception of the possible pre-impact rupture of the pressure
regulator diaphragm in the FCU, there was no evidence of any mechanical failure of the engine.
Metallization in the transition duct provided positive evidence that the engine was operating at
tree impact and had not flamed out.
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Independ ination of the ber four cengine confirmed the asscssment of CASB! inves:
tigators that, with the exception of the possible pre-impact rupturc of the pressure rcgulaqbr dia-
phragm in the FCU, there was no evidence of any component failurc or malfunction involving
the number four enginc prior to impact with trecs and that the enginc was operating at l§|c time
of trec impact. Similarly, this independent examination could not establish with certainty the en-
ginc power output at the time of initial trec impact. However, the independent consultant did
conclude that the obscrved enginc damage caused by tree ingestion and resulting deceleration
was consistent with a high power output. |

It is possible that the rupture of the pressure regulator valve diaphragm of the FCU bclﬁfcvcd to-
have been installed on the number four engine occurred prior to impact, although the overall
good condition of the diaphragm and previous accident investigation experience suggest that the
rupture was impact related and occurred as a result of a pressure spike. Tests with the ﬁxptured
diaphragm indicated that, had it occurred prior to impact, no adverse effects would have resulted.
However, the FCU bench flow tests were limited to asscssing steady state conditions. Thus, the
possible effects, such as compressor stalling or surging, a ruptured diaphragm could have had
under other conditions, such as a rapid advancement of the throtte lever beyond the take-off
thrust position, are not known. !

The impact readings of the number one, three, and four engine EPR gauges were consistent with
a high power setting. The number two engine EPR gauge reading was consistent wit;h a sig-
nificantly lower power setting. These gauges arc a servo motor type, with no return spring
mechanism. Indicators of this type will tend to remain at the position of last reading when electri-
cal power to the system is cut; however, when contacted, the manufacturer of the gauges indi-
cated that, because there is no return spring mechanism, the pointer can move when a igauge is
rotated. Thus, it is quite possible that none of the EPR gauges accurately reflected engine power
output at impact. |

Nevertheless, since three of four EPR gauge impact readings were at or near the mke—¢ff thrust
setting, their possible significance was examined. In assessing the significance of any individual
reading, it is necessary to know when power was removed from the indicator. The impact read-
ing of the number four engine, if reliable, suggests that, when power was removed from the in-
dicator, the enginc was operating at high power. Assuming that power was not removed from
the indicator until aircraft breakup began to occur, the reading suggests that this cr{gine was
operating at high power until at least initial trec impact.

i

Although the impact reading of the number two engine indicator was well below take-off EPR,

- it is possible that the reading, if reliable, indicates that power was removed from the indicator

later in the impact scquence, after the engine rpm and EPR had decreased as a result of impact
and breakup. This assessment is supported by the examination of the engine which indicated that
the engine was operating at high rpm at ground impact. R
Although there was no definitive evidence to indicate that the number four engine was not operat-
ing at a high power setting when the aircraft entered the trecs, the possibility that the lower
ground impact rpm indicated that an interruption of number four engine power occurred at or
after rotation could not be completely ruled out through examination of the engine. Fuhhemore,
witness accounts of the yellow/orange glow could be considered consistent with flames emanat-
ing from an engine experiencing compressor stalls and surges. Also considered consistent with
an interruption of engine power of the number four engine was the heading change to the right

which occurred shortly after lift-off. |
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Engine performance was not recorded on the FDR. Thus, in the analysis of aircraft performance,
it.was nccessary to assume normal engine operation. Therefore, had there been a power inter-
ruption in the number four enginc, it could not be distinguished from an increasc in drag. However,
the thrust penalty associated with the failure of onc enginc is cquivalent to an increase of about
0.05. in the cocfficicnt of drag. The theoretical performance analysis determined that the com-
bined cffects of thrust loss or drag increase, necessary to result in the actual performance of the
aircraft, were cquivalent to a coefficient of drag increase of at least 0.13; well in excess of the
valuc associated with the failure of one enginc. Additionally, the failure of onc enginc cannot
explain the significant decrease in coefficient of lift determined in the performance analysis.

Previous accidents involving DC-8 aircraft have demonstrated that, at high angles of attack, it is
possible for an engine to experience power fluctuations accompanied by flames ing from
the engine as a result of surging caused by disruptions in the intake airflow. Thus, it is also pos-
sible that the lower ground impact rpm of the number four engine and yellow/orange glow ob-
served by witnesses was a conscquence of the stall and a subsequent compressor surge that oc-
curred shortly after take-off.

In conclusion, although the possibility of thc number four enginc operating at less than full power
cannot be climinated, such an event, on its own, should not have caused the accident. Perfor-
mance simulations conducted on behalf of the Board by UDRI and DND indicated that the per-
formance of the aircraft could be explained by the loss of thrust from one engine, coupled with
the performance degradation that results from ice-contaminated wings.

Potable Water System

There was evidence 1o indicate that the potable water system was leaking. Although the system
had been subject to maintenance actions in Oakland prior to the initiation of this series of rota-
tion flights, it was again leaking on arrival at McChord, and water leakage was reported by the
captain to Arrow dispaich in Miami during a telephone call made from Gander, on the mom-
ing of the accident. The Board considered the possible effects that this water leakage could have
had on aircraft control either as a result of changes in weight and centre of gravity position or
through disruption to critical aircraft systems.

Watcr leaking from the aircraft’s potable water system drains by gravity to the space between
the cargo compartment liner and the aircraft skin. The lower fuselage is equipped with fuselag
drains; however, when the aircraft is pressurized, these drains close and water can accumulate in
the belly of the aircraft. During a long duration flight, this water can freeze due to the low am-
bicnt temperatures at high altitudes. This ice will melt and slowly drain away during ground stops
where the ambient temperature is above freezing.

Discussions with other DC-8 operators indicated that, on occasion, water leakage directly into
the cargo pits is a problem. The problem is not, however, one of aircraft control, but rather one
of wet baggage and water damage to the insulation in the cargo pits. There are no aircraft con-
trol systems in the lower portion of the .cargo pits which would be affected by water leakage,
nor could water accumulate in a quantity sufficient to cause significant changes in the aircraft
weight or centre of gravity.

Aircraft Configuration

There was no evidence found during the examination of the wreckage to suggest that the aircraft
configuration was abnormal at impact.

5
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To assess the position of the flaps at impact, the Board cxamined evidence gathered lhrbdgh cx-
amination of the flap actuators, flap lockout cylinders, flap position indicator, and the flapltracks.

i

Impact marks inside the flap actuators were consistent with a flap seuting of less than 25 dbgrccs
Rolicr imprints on three of the cight Nap racks recovered were consistent with a flap ng of
18 degrees. Although there were conflicting imprint marks on the other flap. tracks reej:.|

with only two exceptions, these marks were within a corresponding Nap sciting range of bbtwecn
12 and 25 degrees. Because of the multiple foller imprints on some flap tracks, thc most ¢|sunct
marks were assumed (0 be those that occurred at impact. With flaps partially extended, trce con-
tact would tend to pull the flaps and rollers rearward. However, tree contact would not likely
producc sufficient shock loading to result in witness marks on the tracks. As a result, &vnness
marks on the tracks could cquate 1o a greater flap angle than the actual position prior 10 tree im-
pact. Thus, it is possible that sccondary impacts occurred during breakup, which may have been
of greater magnitude, thus accounting for the range of flap positions determined through inter-
pretation of the most distinct marks. With respect to the remaining two roller imprints, ane was
clearly unreliable due to the significant differcnce between imprint positions on the left al‘nd right
side of the same track (i.c., 50 and 23 degrees). The other imprint, which corresponded lo a flap
position of 32 degrees, was also considered unreliable because of the significant d:ffcrence in
the interpreted flap sctting and the flap sctting determined for adjacent flap tracks on the same
flap. |
No usecful information was gaincd through examination of the flap lockout cylinders or the flap
position indicator. i
Flap asymmetries have been experienced with the DC-8-63. In these cases, the asymmethc con-
dition was caused by failure of a flap-link assembly initiated by fatigue pre-cracking. The flap-
link assemblies were recovered from the wreckage and examined. There was no evndence of pre-
impact failure. No fatigue pre-cracking was detccled ;

In conclusion, although testing in the simulator demonstrated that severe flap asymmetry could
result in a flight profile similar to that of the accident flight, the Board found no evi Jence 0
suggest that such an asymmetry had occurred. Based on its examination of the flap systqm com-.
ponents, the Board concluded that the flaps were extended to the planned 18-degree setting.

The stabilizer angle determined from the wreckage was close to that applicable to the [take-off
weight and centre of gravity position calculated by the crew and the corresponding V2 speed i3
was within the flight-deck indicator’s 1 ANU margin of emror. Because of indications that the
flight crew had underestimated the take-off weight and may have inadvertently used a V2 speed-
applicable to 310,000 pounds, the corresponding take-off stabilizer angle was calculm}ad. This
value (5.8 ANU) was also close to the value determined from the wreckage. It too was within
the flight-deck indicator’s 1 ANU margin of error. Thus, the Board concludes that an mappropnale
stabilizer setting did not contribute to this accident. ;
Examination of the.recovered wing slot hydraulic actuators suggested that the wing slot doors
were in the appropriate (open) position at impact. This conclusion was supported by me deter-
mination that the wing slot door light was not illuminated at impact. This light will illuminate
when the wing flaps are not in the UP position and any one or none of the slot doors is m fully
open.

The results of the performance analysis and simulator testing further indicated that closed slots
could not explain- the accidént. The lift penalty which results from closed slots is a 02 reduc-
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tion in maximum cocfficient of lift. The performance analyses cakulated that a minimum 0.38
decrease in maximum coefficient of lift is necessary to result in an increase in stall speed of the
magnitudc indicated through analysis of the FDR recording. Testing in the simulator demonstrated
that take-off with wing slots closcd could be completed without significant difficulty.

There was no evidence to suggest that an inadh ion of the ground spoilers had oc-
curred. Examination of the ground spoiler system hydraulic actuator determined that it was in
the extended position at impact, consistent with spoilers retracted. The lift and drag penalties as-
sociated with their deployment exceed the values determined in the performance analysis. Al-
though the Board was unable 0 successfully simulate the in-flight deployment of the ground
spoilers, it has no doubt that such an event, if it were to occur immediately after take-off, would
result in catastrophic consequences not dissimilar to those which occurred on the moming of 12
December 1985, Nevertheless, there was no physical evidence to suggest that such an event had
occurred. Furthermore, the operation of the spoiler system through a ground shift mechanism and
nose gear oleo exiension prevents the spoiler lever from being inadvertently moved to the EX-
TEND position when the aircraft is in the air.

The landing gear was extended at impact. Normally, retraction of the landing gear is initiated
within three seconds of lift-off, once a positive climb rate has been established. In view of the
severely degraded climb performance after lift-off and the abnormal flight characteristics asso-
ciated with the stall onset, flight management problems likely precluded an up selection of the
landing gear. Tests in the simulator confirmed that, when faced with a situation involving degraded
climb performance, a gear-up selection was rarely completed.

Thrust Reversers

Initial examination of the ber four thrust at the accident site raised the possibility
that the reverser had deployed in flight. When found, the . translating ring of the reverser system
had been tumed inside out, giving the appearance that the reverser had been open at ground im-
pact. This possibility was further supported by the aircraft’s slight turn 10 the right shortly after
lift-off. As a result, all four engine thrust reversers were subjected to close scrutiny by inves-
tigators. In the case of engines one, three and four, the translating rings were determined to be
in the forward position and the deflector doors faired. In the case of the number two engine, the
translating ring may have been aft of the forward stop but was at least some 16 inches forward
of the rear stop and the deflector doors were faired. The Board considers this to be clear physi-
cal evidence that all four reverser assemblies were in-the forward thrust position at impact.

No pre-impact faults with the reversers were identified.

Consideration was given to the possibility that a reverser had deployed in flight and, as a result
of crew actions, had been stowed prior to impact. The performance penalties associated with
deployment in flight are considerable. Simulator testing showed that application of full reverse
thrust on the number four engine at or near lift-off could result in a flight profile similar to that
of the accident flight.

The aircraft is equipped with an gency "dump” capacity which, when sclected, instantly
returns the reverser doors o the faired position, thus eliminating reverse thrust. In the accident
aircraft, the emergency dump switch was I d on the overhead le above the captain’s
(left-hand) seat. The dump swiich can not, however, move the translating ring forward (o the
stowed position. Thus, if a reverser had deployed in flight and the dump switch activated, only
the doors would fair and the translating ring would have remained in the aft position.
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Thercfore, when the position of all four reverser assembly translating rings is considered, uncom-
manded deployment of a thrust reverser could not have occurred. |

238 Explosion or Fire ;
There was considerable speculation that the accident occurred as a result of the dclonauon either
accidental or through sabotage, of some explosive device. This speculation was fuclléd by the
fact that military personnel and equipment were aboard the flight and by the increasing world-
wide incidence of terrorist activity. Also contributing to this speculation were a repou:d claim
of responsibility by a terrorist group, the point of origin of the flight, and the rcpons by three -
witnesses of a yellow/orange glow emanating from the lower surface of the aircraft. The obscr-
vations of the yellowjorange glow also raised the possibility of ‘a pre-impact fire. i

" Dclailed cxammauon of the wreckage with the ass:slancc of forensic experts of the RCMP in-
cluding ex i e RCMP Cen) evidence of an ex-

. p Sy
plosion or pre-impact fire. Al damage to_the aircra ts_was considcred to be
the result of impact wi am and the post-crash fire. T

The Board believes there is sufficicnt evidence to conclude that two side pancls were mlssmg in
the number three cargo pit. The absence of these panels would compromise the integfity of the
Class D classification of this compartment. A Class D cargo or baggage compartment is one in
which: a fire occurring in it wilt be completcly confined without endangering the safy:ty of the
airplane or occupants; there ar¢ means to exclude hazardous quantities of smoke, flames, or other
noxious gases from any compartment occupicd by the crew or passengers; and venu!auon and
drafts are controlled within cach compartment so that any fire likely to occur in the compartment
will not progress beyond safe limits. Thus, although' the Board found no evidence to suggest that
a fire had occurred in the number three cargo pit, the missing side panels would pemm ventila-
tion of the compartment and, in turn, possible propagation of a fire, if one had ongmaled in this
compartment.

Examination of the engine fire extinguishing agent contai indicated that it was passible that
agent had been released into the number lhree engine as a result of crew actions; the explosive
charge had fired while agent was still in the container. This and witness observations of the yel-
low-orange glow raised the possibility of a pre-impact ﬁre in the number three engme ' However,
other evndence mdlcates that this dld not occur: hing }

e number three engine
was determined to be operating and at high rpm at ground impact. Thls indicates that \lhc engmc
had not bcen shut down prior to ground impact.

Activation. of the fire cxtinguisher would also be
contrary to Arrow Air published emergency procedures and training which specify that, in the
event of an emergency during take-off, flight crews are to wait until a safe altitude (l 000 feet
AFE) is attaincd before dealing with specific problems. |

Discussions with the manufacturer of the fire extinguishing agent containers md:caled that it is
possible for the the explosive cartridge in the container to activate as a result of exposure to the
high temperatures associated with a post-crash fire or through energlzmg of the actualing circuit
during aircraft breakup. In consideration of all of the available evidence, the Board conclud

. that the discharge of the fire extinguishing agent was the result of either impact or thé post-crash
fire and not the result of an intentional action on the part of the flight crew. f
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Despite an extensive scarch of the arca between the departure end of the runway and the initial
impact point, no components or debris was found that originaied from the aircraft, cvidence that
the aircraft was intact unti) initial impact with the terrain.

There was no evidence found of any ammunition or military ordnance in the wreckage. A thorough
inspection of personal baggage loaded on board the aircraft had been carried out prior to depar-
ture from Cairo. No cxplosive matcrials or otherwisc hazardous items were discovered. The Board

noted no significant difference between the weapons recovered and those reported 1o have been

on board.

Several small post-impact explosions occurred in the burning wreckage. Although some of these
explosions were reportedly large enough 1o cause mounds of rubble 10 1ift several feel into the
air, none were considered of sufficient magnitude to be the result of detonation of explosive
devices. The Board attributes these explosions 10 the normal bursting of pressurc vessels (ac-
cumulators, fire extinguishers, acrosol cans, etc.) due to the heat of the fire. It is also likely that
some of the reported explosions may have been firing of up to ten .45 calibre small arms rounds
reported 10 have been carricd on the aircraft by the Batallion Commander and the CID mspec-
tor.

The occurrence of a pre-impact fire or explosion was also not supported by the autopsy evidence
and the blood carboxyhemoglobin levels of the aircraft occupants.

No evidence was found of shrapncl wounds and/or the identifiable portions of an explosive device,
nor were injury patterns deemed to be characteristic of a pre-impact explosion.

All of the pathologists involved in the. assessment of the pathological/toxicological evidence
agreed that pathological examinations and toxicological analyses yielded no evidence of pre-im-
pact inhalation of the products of combustion and that, when these findings were combined with
evidence from the accident site, injury patterns and mechanisms and timings of death, pre-im-
pact inhalation of products of combustion could be excluded beyond any reasonable doubt.

&Although there was some level of HCN detected in the remains of the majority of aircraft oc-

cupants, it was the conclusion of all pathologists involved in the assessment of the pathological

—

and toxicological findings that the HCN values weré unreliable as an indicator of pre-impact fire
and, at best, only indicative of exposure to fire. A high correlation with exposed chest cavitics

and hemothorax. was noted in the casés with very high HCN concentration. In the 20 cases with
the highest HCN concentration, 17 cases had exposed chest cavities and 16 had either docu-
mented hemothorax or multiple rib fractures which was accepted as evidence of hemothorax.
This represented a highly significant correlation_between high HCN levels and hemothorax. Al-
““Wosrall the blood samples were retnieved from the body cavities, and, thus, it was thé agree-

ment of all pathologists involved that much of the HCN in the blood was the result of post-mor-

—tem _cxposure 1o fire, The effects of neo-formation.on the HCN levels, il any, could not be
identified.

ustion. In this regard, all cases of elevated CO levels were considered to be the result of post-

X%O values were considered to be a reliable indicator of the inhalation of the products of com-

impact ation of the products of combustion.

In summary, it was concluded that al! aircraft occupants died as a direct result of impact andfor
the post-crash fire. Some of the victi ined injuries compatible with short-term_survival
\and died as a result of inhalation of the products of combustion, eii

1 primarily or in combina-
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tion with scvére injurics sustained during impact. No evidence of any pre-impact fire or explosnon
was found as a result of the pathological examinations and toxicological testing.

Finally, the performance of the aircraft was not consisient with a sudden and catastrophic \evenl
such as an explosion. i

Considerable i was. g d by the yellow/orange glow reported by some wnqesscs
However, in the absence of corroborating physical evidence, the Board was unable to determine
the source of the illumination described by these witnesses. In assessing the significance ¢f this
evidence, the Board took into account that each saw the aircraft for only a brief period of time,
and, since all were driving vehicles when they made their observations, they could not fully direct
their attention to the aircraft. As a result, none was able to precisely describe the phenomenon,
nor fix its position on the aircraft. Although at least one of these witnesses thought that the glow
might have been a fire, he was not certain. Experience has shown that, when an accident is fol-
lowed by a post-impact fire, witnesses often tend to associate fire with pre-impact observaﬁons

The Board also noted that other witnesses who observed the aircraft during its brief ﬂl$hl did
not report observing this glow or any other observation consistent with a fire. Two of the;e wit-
nesses observed the take-off of the aircraft until after it began to descend below trees beyond
the deparwre end of the runway.

It is possible that the glow observed by some witnesses was the illumination from normhl light
sources on the aircraft such as landing lights. One of these witnesses attributed the phenomenon
1o the reflection, on the bottom of the aircraft, of approach lights for runway 04 localcd‘ on the
extended centre line of runway 22: 1t could not be determined if the approach lights to runway
04 were illuminated at the time of the accident. It is also possible that the phenomenon observed
by these witnesses was caused by compressor surging of one or more engines, resulting -from
disruptions in intake airflow. Compressor surges accompanied by flame emanating from [the en-
gine have been observed in other DC-8 accidents where angles of attack at or beyond ﬂne stall
were achieved.

Aircraft Weight

There was considerable evidence 10 suggest that the crew-calculated take-off weight (330,625
pounds) at Gander was less than the actual take-off weight. Determination of the actual weight
was difficult due to inconsi 1oad dox ion and, in some cases, an absence of adequate
load  documentation. Nevertheless, the Board estimates that the actual take-off weight exceeded
that calculated by the crew by about 14,000 pounds. The most significant contributing factor 10
this underestimation was the use of an average passenger weight that was significantly less than
the actual weight of a U.S. Army soldier with web gear, weapon, and the quantity of other carry-
on baggage described by witnesses. Also contributing to this underestimation was the juse of a
basic operating weight and cargo weight that were each about 1,000 pounds in- error. However,
despite this underestimation, it is clear that the maximum authorized take-off weight was not ex-
ceeded for the accident flight, nor did the take-off weight exceed that allowable for the runway
length available for take-off. Nor was the centre of gravity position altered sngmﬁcamly because
of the relatively even distribution of the higher weight values.

This underestimation of weight would have, however, resulted in the use of take-off teference
speeds below those appropriate for the actual take-off weight. The take-off reference speeds for
the crew-calculated weight are between three and five knots lower than the reference speeds for
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the Board’s estimatc of the actual weight, that is, 344,500 pounds. According 10 information
provided by Dougtas’ Aircraft Co., the usc of these lower speeds would have had litde cffect on
the take-off performance of the aircraft. Early rotation would have. resulted in a slight incrcasc
in take-off distance and - time 10 take off. A slight decrease in initial climb ratc would have also
occurred. The siall margin would have been reduced by three knots if the 330,625-pound V2
valuc was uscd as a reference speed by the crew.

Rotation results in a slight decrease in the rate of acceleration because of the normal increasc in
induced drag associated with lift production. When rotation is initiated 100 carly, this decrease
in accelcration rate occurs carlier in the take-off and results in slightly lower acceleration to lift-
off speed, hence a slightly longer take-off roll, in both time and distance. With the exception of
this slight lengthening of the take-off roll, there are no other adverse effects.

Other evidence suggests that the crew may have inadvertently used take-oflf reference speeds for
a take-off weight about 35,000 pounds below the actual take-off weight. Examination of the
wreckage suggested that the reference bugs on the co-pilot’s airspeed indicator may have been
set at the reference speeds appropriate for a take-off weight of 310,000 pounds. It is possiblc
that the reference bugs moved during the breakup sequence and that their positions as found were
not thosc set by the flight crew prior o take-off. Furthermore, parallax errors could ‘account for
small differences between the reference bug positions found on the face of thie instrument and
the positions observed and sct by the first officer. Tests indicated that the possible parallax error
was as much as three knots for the bug found at 144 knots and two knots for the bug found at
185 knots. There was no parailax error for the intemal bug found at 158 knots. Nevertheless,
with parallax -errors considered, all three reference bugs were found at speed values less than
those appropriate for the take-off weight calculated by the crew, and two of three were found at
spced values appropriate for a take-off weight of 310,000 pounds. The positions of the three bugs
at speed values less than those which corresponded fo the take-off weight calculated by the crew
may have been more than coincidental.

Although usc of speeds applicable 1o a take-off weight of 310,000 pounds would result in an
even longer take-off roll, slower time to lift-off, and slightly reduced climb rate, a successful
take-off would follow. In certification testing, the aircraft manufacturer was required 1o demon-
strate the aircraft’s ability to perform a successful take-off when rotated 10 knots below normal
rotation speed. The occurrence of a successful take-off under these conditions was further
demonstrated in the computer simulations conducted by UDRI and the simulator testing con-
ducted by the Board.

The post-accident position of the internal bug on the co-pilot’s airpseed indicator was eight knots
lower than the corresponding V2 speed predicated by the actual take-off weight. If the lower V2
speed is used as a reference, the 18-knot stall margin that would be available under normal con-
ditions would be reduced by eight knots. If, for whatever reason, the stall speed was increased,
the stall margin could be reduced to zero if lower than normal reference speeds were selected
and flown,

The post-accident position of the intemal bug on the captain’s. airspeed indicator ‘did not cor-
respond with any published V2 speed for the DC-8-63. 1t was suggested by a colleague of the
captain that it was common practice for pilots 1o sct this bug at a position that corresponded with
V2 plus 10 knots. If in fact this bug had been set 10 a position that corresponded to V2 plus 10
knots, the corresponding V2 speed is 162 knots, the V2 value appropriate for.the crew-calculated
take-off weight. Represcntatives of Arrow Air could not confirm' that setting the bug to V2 plus
10 knots was common practicc among their pilots. Nevertheless, it is possible that the internal
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bug on the captain’s airspeed indicator had been set V2 plus 10 knots. If such was the casc,
it would indicatc that the captain had sct the bug with reference 10 the spoeds appropriate to the
crew-calculated weight, i

Weather Factors 3
The weather conditions at the-time of the accident and the similarity of this accident to others
involving aircraft with ice-contaminated wings causcd the Board to examine, in detail, thqﬁ pos-
sibility that the accident was the result of ice accretion. The Board’s analysis determined that the
performance of the aircrafi was consistent with the known effects of wing icing. The theofetical
performance analysis conducted by the Board detcrmined that a reduction in lift production and
increasc in drag were neccssary to produce the performance of the aircraft observed durir":g the
accident take-off, Furthermore, the Board determined that the aircraft stalled at an airspeed above
the stalf speed calculated for the applicable weight and configuration,
As demonistrated in previous research and by previous accidents, seemingly insignificant arﬁoums
of ice can be sufficient to significanly degrade an aircraft’s performance and flight characteris-
tics. This performance degradation is the result of reduced Lift production and increased drag. Of
particular significance is the increase in stall speed and decrease in stall angle of attack (%ausod
by changes in the lcading edge shape of the wing and surface roughness. The Board believes
that the failure of the aircraft 10 accelerate following lift-off, its failure 1o achieve a sus"lained
climb, and the stall at a higher than normal airspecd exemplify the known effects of ice-con-
taminated wings. :

i
Calculations performed by the Board during its analysis determined that the increase in drag and
decrease in lift production were consi with that demc d to occur with wing surface
roughness elements of about 0.03 inches or an amount of leading edge ice contamination with
equivalent effects. i

The fact that the aircraft did initially achieve a climb and continued to accelerate for a ver;" brief
period after rotation could be attributed to the enhanced aerodynamic efficiency (increased lift
and reduced drag) provided in ground effect. However, as the aircraft climbed away, the benefit
of ground cffect would have been quickly reduced. As the aircraft crossed the departure ¢nd of
the runway, ground effect would have been lost because of the rough, downsloping terrain. Analy-
sis of the aircraft flight profile indicated that the aircraft entered stall buffet and stalled sooh after
it crossed the departure end of the runway, i

The conclusions based on the computer simulations conducted by UDRI and the simulator. tests
conducted by the Board were consistent with those of the theoretical analysis. Both demontrated
that lift and drag values consistent with ice accretion on the aircraft wings duplicated the take-
off performance of the aircrafi. |
The performance simulations conducted by DND, on behalf of the Board, also confirmé¢d that
the performance of the aircraft was consistent with that which results from ice-contaminated
wings. Although the simulations were limited in that the aircraft pitch history of the brief flight
and inputs by the pilots were not known and thus could not be considered, there was close
similarity between. the observed performance of the aircraft and simulations of take-offs with the
wings contaminated with surface roughness elements of 0,04 inches or an amount of leading edge
icing' with equivalent effects, or with wings contaminated with surface roughness elements of
0.02 inches, or an amount of leading edge ice with equivalent effects, compounded by the loss
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of thrust from onc cngine. Furthcrmore, the simulations demonstrated that, with ice cona...
tion present, aircrafl take-off performance is very sensitive to small changes in aircraft pich and
airspeed. The differences between a successful take-off and an unsuccessful take-off were only
one degree and two 10 three knots respectively.

The simulator tests showed that it was possible to complete a take-off successfully with C1. and
Cp valucs consistent with ice-c inated wings. However, to be successful, it was necessary
to usc significantly lower than normal pitch angles during rotation and initial climb in order to
maintain the anglc of attack below the Jower than usual angle of atack at which a stall would
occur. Such an action would require advanced knowledge of the degraded performance. In this
regard, the simulator tests confirmed the sensitivity of aircraft performance to changes in aircraft
pitch demonstrated in the computer performance simulations,

The precise amount, type, and location of any icc adhering (o the surfaces of the aircraft during
the take-off could not be determined. Nevertheless, based on the prevailing weather conditions,
the Board belicves that some ice would have accreied on the Jeading edge of the wing. Under
the prevailing conditions: for the aircraft’s approach to Gander, it was-calculated that the most
probablc maximum amount of ice accretion on the leading edge of the wing would vary from
about 8.7 millimetres. (0.34 inches) at 85 per cent span, through 6.5 millimeires (0.26 inchcs) at
53 per cent span, to 5.0 millimetres (0.20 inches) at 26 per cent span. This accretion would rep-
resent a full span, narrow ridge, or disturbance on the leading edge of the wing with the greatest
accretion on the outboard section of the wing. This calculation did not include any ice that would
have accumulated below cloud in the approximate onc and one-half minutes of additiona! flight
1o touchdown. In view of the freczing precipitation occurring when the aircraft landed, it is prob-
able that additional icc would have accreted on the leading edge during the approach, although
the quantity could not be calculated.

The calculated ice accretion was consistent with the pilot reports made by the captain of the
Bocing 737 which deparied Gander about 45 minutes after MF1285R had landed and the pilot
of the PA-31 which landed just after the accident. During his brief climb through the same cloud
tayer, the 737 captain reporied moderate icing. He estimated that approximately one-quarter inch
of ice accumulated on the centre post of the windscrecn. The PA-31 pilot reported icing on ap-
proach sufficicnt to significantly obscure visibility through the cockpit windshield.

With the cxception of the one refueller who reporied seeing ice on the edge of the windscreen,
none of the ground service personnel who assisicd in servicing the aircraft reported observing
ice on the aircrafi. However, the Board notes that most of these personnel were not in position
to observe, at close range, the aircraft wings. Further, in their interviews with CASB investigators,
those personnel who did approach the wings of the aircraft reported that they did not specifical-
ly inspect the aircraft for ice and that ice may have been present. In considering the lack of wit-
ness reports of ice on the aircraft wing, the Board also notes that the leading edge of the wing
is between approximately 10 and 16 feet above ground and that the station stop was made during
the hours of darkness. Both of these factors would have made it difficult to detect small amounts
of glaze ice on the leading edge, particularly on the outboard sections of the wing, when no
specific effort was being made to look for ice. None of the ground service personnel were in
position 1o observe any ice contamination that may have been on the upper surface of the wings.

The quantity of ice which would have accreted on the leading edge of the wing would be de-
pendent on the use of wing ice protection. Although the Board cannot conclude with absolute
certainty that ice protection was not used during the approach, normal industry practice suggests
that it would not be usual for the crew to employ ice protection for such a brief descent through
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cloud. Pilots who werc interviewed from Arrow Air and other operators concurred that it w%mld
be unusual for airframe ice protection to be used on approach in the prevailing circumstanaes.

|
As a result, the Board considers it likely that ice was present on the leading edge of the wings
when the aircraft landed at Gander. The greatest quantity of leading edge icc would have been
on the outboard scction of the wings. The approach and landing at Gander would have been dom-
plcted without incident because they were flown at angles of attack below those used for take-
off and because of the acrodynamic benefits of ground effect expericnced during the landing
flarc. i

Data provided by Douglas Aircraft enabled the Board 10 estimate the decrease in cocfﬁciepl of
lift maximum which would result from the calculated leading edge accretion amounts. As seen
in Figure 1.16., the per cent reduction of maximum lift coefficient which results from a local-
ized, spanwise disturbance or narrow band of roughness located at the leading edge is a func-
tion of the roughness height divided by chord length. :

At 85 per cent semi-span, the chord length is 125.5 inches, thus the 0.34-inch calculated a@cm-
tion divided by the chord length is 0.00271, which, according to the Douglas data, resultsin a
maximum lift coefficient reduction of about 27 per cent. |

At 53 per cent semi-span, the chord length is 226.4 inches, thus the 0.26-inch calculated aéc:e-
tion divided by the chord length is 0.00115, which, according to the Douglas data, results/in a
maximum lift coefficient reduction of about 23 per cent. !

At 26 per cent semi-span, the chord length is 312.9 inches, thus the 0.20-inch calculated accre-
tion divided by the chord length is 0.00064, which, according to the Douglas data, resuhs[ ina
maximum lift coefficient reduction of about 18 percent. ;

From Figure 1.16. it can be seen that the reduction of maximum Lift coefficient determined al
the 85, 53, and 26 per cent semi-spans equates to full upper surface contamination with rough-
ness elements of 0.052 inches, 0.033 inches, and 0.022 inches respectively. |

The weather conditions during the technical stop at Gander were conducive to the accumul;'ation
of additional ice on the wings of the aircraft. Freezing precipitation in the form of very light
freezing drizzle and snow grains was reported between 0900 and 0945. At 0930, the obs:erver
noted freezing drizzle and snow grains adhering 10 the accretion: indicator. He described the
precipitation as a thin, rough layer, covering less than 30 per cent of the indicator’s surface. After
0945, no further freezing drizzle was noted; however, snow grains continued to be observed on
the indicator until after the accident. The time of the aircraft’s landing at Gander corresponded
closely with the 0900 surface observation taken by the weather observer. Thus, the Board believes
that the type and quantity of ice which accumulated on the aircraft would be closely reflected
by the freezing precipitation observed on the ice accretion indicators at 0930, 0945, and 1900.

Based on these observations, the Board concludes that the upper surface of the wings would have
been roughened by the cumulative effects of the freezing drizzle and snow. grains. The texture
of the precipitation which adhered to the indicators was further described by the meteoroldgical
observer as resembling medium grit sandpaper. This description is often used in the research
documentation to describe the magnitude of roughness necessary to significantly degrade an
aircraft’s performance and flight characteristics, |
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In addition, it is considered possible that some frost may have formed on the upper surface of

the wing as a rcsult of interaction between the cold wing surfacc and the near saturated atmos-

pherc. Although the amount of frost that may have formed is not considered large, it could have
lted in further g of the upper wing surface.

{2

The Board concludes that the combination of leading edge ice, which accreted during the ap-
proach, and upper surface roughening, which occurred during the station stop, was probably suf-
ficient to result in aircraft pcrfonnam:c degradation eqmvalent to that which occurs with the en-
tire wing upper surface roughened with rough of b 0.03 and 0.04 inches.

&

The flight engineer was observed o conduct a.visual inspection of some portions of the aircraft
while at Gander. It is not known if he observed. any ice on the wings of the aircraft. From his
vantage point on the ground, it should have been possible to see ice left on the wing leading
edge from the approach to land. However, it was dark at the time, and, although the ramp area
was lighted, without close inspection, the darkness would have made such an observation more
difficult, particularly on the outboard sections of the wings. Furthermore, it is possible that his
inspection was confined 1o areas of the aircraft under the wings such as the landing gear and en-
gines. If this was the case, ice on the leading edge would not have been detected. Alternatively,
it is possible that he did observe ice on the wing leading edge but considered its effects insig-
nificant. The Board could not determine whether the crew knowingly, or unknowingly, attempted
the take-off with ice contamination on the wings.

The freczing precipitation which fell during the station stop at Gander was a signal that there
was a high potential for ice accretion on the upper surface of the wings. Unfortunately, the ab-
sence of a useful cockpit voice recording -precluded the Board from establishing what, if any,
discussion took place beiween the flight crew members regarding ice on the aircraft.

Although regulatory requi and advisory material stressed
the importance of the clean wing concept. expencnce has shown that some pilots do not fully
appreciate the extent 1o which. small amounts of contaminant can degrade an aircraft’s perfor-
mance, especially swept wing aircraft and, in particular, those not equipped with leading edge
devices. Thus, it is possible that the flight crew was aware of the ice contamination and under-
estimated its effects. Had the crew determined that de-icing was necessaty, suitable equipment
and facilities were available at Gander. A review of records determined that Arrow Air flights
had utilized these facilities on previous occasions.

Sequence of Events

The Board was unable to determine the exact sequence of events which led to this tragic acci-
dent. The significant destriction of the aircraft at impact and during the post-crash fire, the limited
flight data recorder information, and the lack of cockpit voice recorder information were all fac-
tors which prevented the determination of the exact causal sequence. Nevertheless, no pre-im-
pact failures or malfunctions which could account for the accident were jdentified. Thus, the
following scenarios were not considered consistent with the evidence gathered during the inves-
tigation: uncommanded deployment of a thrust reverser; pre-impact fire; pm-lmpact explosnon,
inappropriate aircraft configuration; hydraulic system failure; flight 1 malfu p
waler system leakage; and physical failure of one or more engines.

Furthermore, the Board believes that there is sufficient evidence to conclude that ice contamina-
tion of the wing and the resulting degradation in aircraft performance was a significant facior.
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There i significant evidence in the form of ice accrction calculations, pilot reports, and iweather
obscrvations 1o suggest that, during the approach 1o land, ice accreted on the leading cdgc of the
wing and that, whilc the aircraft was on the ground, additional roughening of the upper. surface
of the wings occurred beeause of the freezing precipitation and possibly frost. Since lhc aircraft
was not de-iced, the o ination which acc latcd during the approach and station stop
remained on the aircraft for the take-off. The performance calculations, computer simhlaljons,
and flight simulator testing all d atcd that the performance of the aircraft was consistent
with the reduced acrodynamic efficicncy and resultant high drag associated with wing jicc con-
tamination. ;

It is possible that other factors such as an engine compressor surge and the use of an inappropriate
take-off refercnce specd contributed to this occurrence; however, their precise contribution could
not be determined. The Board considers the following 10 be the probable sequence cf events
which occurred during the atiempted take-off,

The take-off roll proceceded normally, and rotation was commenced at or about the Spe¢d calcu-
lated by the crew. The calculated rotation speed was at least four knots below that appropriate
for the aircraft weight and may have been as much as nine knots below that appropriate for the
aircraft weight. This lower rotation speed probably resulted in a.delayed lift-off and extended
take-off roll. Nevertheless, the aircraft lified off and cc ced climbing. The simulator tests
did, however, demonstrate that the use of Jower than normal take-off reference specds reduced
the chance of a snccessful take-off with ice-contaminated wings. Lower than normal take-off
reference speeds would reduce the already limited speed margins above the stall. !

At lift-off, rotation was probably continued towards the expected pitch attitude neclzssary o
achicve a normal climb schedule. Afier lift-off, and, as the benefits of ground effect decreased,
the aircraft’s degraded acrodynamic characteristics would have become apparent to the crew.
These degraded characteristics would initially have resulted in 2 lower than normat rate of climb
for the pitch attitude sct. In responsc, it is probabie that the pitch attitude was increased lb achicve
the desired rate of climb. However, simultancously, the drag effects of the contamination would
have causcd the rate of acceleration to decrease, followed rapidly by a decrease in airspeed. The
extended position of the landing gear indicates that a normal climb rate was never aclﬁcivcd.

Further performance degradation may have occurred as a result of a compressor surjgc in the
number four engine. Although there was no definitive evidence to indicate that the number four
engine was not opcraung at high power at initial tree impact, this possnbxhty could not be elim-

inated. Comp lations demc d that lessor amounts of ice contamination were re-
quired to result in the observed performance degradation, if coupled with a loss of thrust in one
engine.

Soon after the airspeed began to decrease, the aircrafi stalled. Computer simulations and tests in
the flight simulator demonstrated that, with ice contamination present, a stall would ocqur at nor-
mal climb-out pitch attitudes. The crew would have received very little waming of the impend-
ing stall: the stall occurred at a significantly higher than normal airspeed, and, because the angle
of attack at which it occurred was lower than normal, it is probable that there was little or no
advanced warmning from the artificial stall warning, |
t

The heading change to the right was typical of other jet transport aircraft stall accndenls and thus
could be direcdly autributable to the stall. It is also possible that the heading change reflects a
loss of thrust involving the number four engine.
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Once the stall had occurred, there was insufficicnt altitude available to cffect a recovery. Fur-
thermore, the change in aircraft pitch characteristics causcd by the ice contamination could well
have made aircraft pitch control more difficult. The normal nosc-down pitching moments which
occur at stall would Jikely have been changed to a nosc-up pilching moment.

Previous stall accidents involving DC-8 aircraft have shown that compressor surging at the high
angle of attack associated with stal) is not uncommon. Thus it is also possiblc that the lower
ground impact rpm of the number four engine reflects surging in the enginc after the stall had
occurred. The angle of attack at initia) tree impact was determined 1o be about 21 degrees. Wit-
ness obscrvations of the yellow/orange glow could have been the result of flame emanating from
the engine which accompanied a compressor surge.

The full traiting-edge-up elevator position suggests that, when impact with the terrain became
immincnt, the pilot applied full-aft control in an instinctive effort to avoid ground contact. Despite
this effor, the aircraft struck trecs, while in a severe stalled condition about 20 seconds after lift-
off. Brcakup of the aircrafl c ed i diately, and, upon impact with the ground, an ex-
tensive fucl-fed fire commenced.

Load Planning and Control

The weight and balance calclations performed by the crew underestimated the actual take-off
weight of the aircraft at Gander by about 14,000 pounds. The underestimation of the take-off
weight was primarily due to the use of a standard average weight that did not take into account
the nature of the passengers being carried. Contributing to the underestimation was the lower
cargo weight used by the Cologne/Cairo crew and the company’s use of a basic operating weight
that did not take into account the weight of removable galley and cabin equipment and potable
walter.

The standard weight uscd was applicable o an average civilian adult with five pounds of carry-
on baggage. The Board determined that the average weight of the passengers carried on MF1285R
was approximately 220 pounds, 30 per cent higher than the 170-pound average used for flight

planning purposes.

The original incorrect figures continued to be used for the flights to Gander, and the planned
flight {rom Gander to Fort Campbell. As a result of the underestimation of the weight of the
aircraft load, the Board believes that the maximum authorized take-off weight was exceeded by
8,000 pounds on take-off from Cologne.

Although the use of actual p g ights was required by the Arrow Air Operations Manual,
the systcm employed by the company for determining weight and centre of gravity did not provide-
specific direction on how 1o use actual weights. It was evident that weights on previous flights
had been used in actual passenger weight and balance calculations; thus, it is apparent that crews
were familiar with a method to adjust passenger weights to reflect a more accurate weight. The
actual weight of individual passengers was not determined in Cairo by either MFO personnel or
Arrow Air. It should have been apparent o the crew who completed the initial weight and balance
calculations that an average weight of 170 pounds was considerably less than the actual weight,
and the load sheet should have reflected this higher weight.

There was further evidence to indicate that Arrow Air flight crews were not determining the
weight and centre of gravity for every flight. A review of weight and centre of gravity documen-
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tation for-the serics of MFO romlion flights which commenced on 03 December 1985 and the

serics of flights which d-on 10 December 1985 determined that -the passenger and

cargo weights used on the flights from Cairo o Fort Campbell were identical to the weights used

on the inbound flights from McChord AFB to Cairo. Despite the fact that a different load iwas

being boarded at Cairo, it is apparént that the flight crew was copying the load figures for the
" inbound flight.

The Board also noted significant inconsisiencies in documentation legardmg loads being camed
on the two series of rotation flights. The Board obtained ‘considerable evidence that suggested
the loads carried from McChord AFB to Cairo on 03 December 1985 and 10 December 1985
were substantially the same. Despite this similarity, the passenger weight as indicated on load
sheets prepared by the same flight crew differed by 8,000 pounds. The cargo loads carried on
these flights were reportedly also similar in weight; nonetheless, on the load sheets, the indicatéd
weights were again 8,000 pounds diffetent. Because new weight and balance calculations were
not performed for the return flight to the United States, these same inconsistencies were pmsem
in the load documentation for the flights originating in Cairo. In addition, the Board notes, that
the number of passengers indicated on the load sheets prepared on depanure from Cairo, Cologne,
and Gander was mcorrecl

These inconsistencies are- further evidence that the weight of loads being carried on Arrow Air
aircraft was not bemg determined accurately. i
I

Contributing to this situation were inadequate load documenumon and record keeping. Thmughout

its investigation, the Board experienced difficulties.in obtaining accurate- d tation re;
ing the weight of passenigers and cargo carried on the MFO charle:ed flights both to and from
Cairo.

Although the cargo was being weighed prior o departure from both Cairo and McChotd AFB
no manifests or records of the scaled weights were being Kept. Nor were such records kept of
the scaled weight of passengers deparung McChord-AFB. The only U.S. military load records
recovered that pertained (o the series of flights were the McChord AFB Records/Audit manifests
which did not agree with either the scaled weights or the figures used on the Arrow Air load

¢ shects. Weight information prepared by U.S. military and MFO personnél was passed 10 Arrow
“Air personnel on slips of paper. It could not be determined what, if any; use was made by the
‘Arrow: Air personnel of this weight information. None of the load sheets prepared prior to ﬂnghl
reflected ‘the weights calculated by U.S. Army or MFO personnel.

The Board also noted numerous inconsistencies regarding load weights in’the load plannmg
guidance material available to personnel from Arrow Air, the U.S. Army, and the MFO, These
inconsistencies added to what the Board believes was considerable uncertainty regarding lﬂe ac-
tual welght ‘of the Ioads carried on the MFO flights.

In calculating the actizal weights of loads carried on the two series of rotation flights, the Board
- determined that, on each flight, the maximum authorized ZFW was exceeded. Funhennore, itis

the conclusion-of the Board that Arrow Air flight crews and managemient were aware that the

maximum ZFW was being exceeded on a régular basis. i
\
The ﬂ:ght crew members who were responsible for thé calculation of the weight and cenfre of
gravity in Cairo acknowledged that they believed the load 16 be about 10,000 pounds heavier
than thiat indicated on the load sheet. The ZFW indicated on the load sheet was 229,621 pOunds
less than. 400 pounds under the maximum -authorized ZFW. Therefore, the crew opetawd the

43-806—91 28
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aircraft almost 10,000 pounds over-the maximum authorized ZFW. On those occasions where the

passenger weights on the load sheets were higher than the standard average weight, the Board

noted  that the cargo weight was always less than the cargo -weight shown -on the load sheets

‘where a lower passenger weight was used. The. reduction . in cargo weight corresponded closely

to the increasc in passenger weight. In every case, the ZFW was just under the maximum allow-
able. Tt is the opinion -of thc Board that the load sheet calculations performed by the flight crew
were planncd 1o demonstrate adherence to the maximum allowable ZFW. It further belicves that
the dard average p ger weight, although it did not. accurately -reflect the weight of pas-
sengers being carricd, was being used. in an effort (o keep the ZFW -indicated on the load sheet
below the maximum authorized.

Arrow Air management was concemed about the ability of the aircraft to carry the MFO con-
tracted loads within its ZFW limits. In 1985, they had contemplated action-to raise the ZFW
limit of the aircraft, although this action was not-actively pursued. In discussions with Amrow Air
management personncl following the accident, it:was ¢vident they were aware that, in ordér 10
conduct MFO flights, the maximum-design' ZFW of the aircraft- was a-problem. The contract be-
tween Arrow Air and the MFO specificd a baggage allowance of 154 pounds per passenger. As-

‘suming-an average passenger weight of 170-pounds, Arrow Air had contracted-to carry payloads.

of up. 10-81,000 pounds on the MFO flights. This value was approximately 13,500 pounds in ex-
cess of the payload capability: of the aircraft used for the MFO ﬂxghls This discrepancy between
contractual obligations and the payload capacity. of the aircraft was ki to g how-
cver, action 1o increase the ‘maximum dcsngn ZFW was not being pursued.

Arrow Air Maintenance and 'Operating-Practnces

Tthoardfoundmmmmmclmmatuwxcm&mmemultofanamnftunw

. viccability or malfunction, Nevertheless, during.-its investigation of -the accident, the Board did. " '

obsérve centain maintenance-related practices and methods of operation that were not ift accord-.

" “ance. with approved and tecommended ‘procedures and which: had the potenual 10 adversely af-
- fect safcty ’

" “In the two Deccmbcr 1985 series of. rotation niglus between the United Smcs and Calro. there
. 'were at least four occasions when:the Board belicves:mainicnance entrics should have been made
“in the technical Jog of the aircrafi. These relate to the ratchetting of the co-pdot's controt column,

the illumination of the. thrust reverscr unlocked light in- flight, the mnssmg panel in the caigo -

- hold, and (he abnormally high number four engine exhausi iemperature indication. Tn each case;

the probicin should have been entered in the technical log and the situation.cither rectified or, if

‘possible, deferred- within the. guldeliws of the company’s, DML pohcy In none. of lhc four cases -

was this action taken. . o )
mBomdnspamcululycowmnedwummedeclshnofAm Mrmrewswwanamh

"L that exhibited snomalies in the.opcration-of. the flight control. sysiem, Further-evidence of this: .
‘,mwdeandthcwn}lmgnessmmmdﬂngmmwwfmﬂightﬁmnwnmkmn i

unserviccabilities are the two. sepmw mghls oymwd by the capmn. ‘with-an unsuvweable main

* hydraulic syswm

mMmmmmmwmmﬁwdbwmgﬂmcwmmwiem

‘mmn:@wmﬂumﬂwm&uuﬂnnfayﬁwumw Among

mtnmluulymwwnwmmmmmmmwmms
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that would arisc by delaying a flight at an cn route station and the probable domino effect on
company opcrations caused by a signiﬁcam dclay in onc of .its flights.

Noncthel the Board consid that this pfacucc P non-comp with blishcd
airworthincss standards and an unnccessary reduction in flight operations safety. marglm

Problems were being experienced with the aircraft potable water, system. Despite repeated repair
action, maintcnance personncl were unable to rectify the problems and keep the system in a serv-
iccable state. Although repairs to the system had been carried out in Oakland prior to the rota:
tion flights which cc cd on 10 December 1985, it is cvident that leaks were present during
the flight to and from Cairo. Despite the leaks and the knowledge that water was lcakmg into
the aircraft; Arrow Air personncl continued to have the system replenished.

Similarly, the freq y of lhc replenish of hydrauli ﬂuid indi that the aircra(l's hy-
draulic system was lcaking fluid at an abnormally high ratc. Although this problem had been oc-
curring for at Icast six months prior 10 the accident, it was not apparent that Arrow mainicnance

personncl had taken definite action to identify the source of the leakage and rectify the problem.

In addition, Arrow Air maintenance personnel did not identify the requircments for ins‘pcction
and replaccment of -some of the repairs made to the aircraft following the 1981 accident in
Casablanca. The lifc-limit on onc of the repairs had cxpired without action being taken 1o | rcplacc
the repair. |

Flight Crew Fatigue

Fiight Crew Scheduling Practices .

Daily flight-time limits and minimum crcw-rest requircments have been established 10 reduce the
potential for aircrew fatigue. Examination of the flight crew’s flight time records for the month
of December 1985 determined that the flight-time limitations of FAR 121.521 had been cxcocdcd
twice. In the 24-hour period commencing 0206 GMT, 05 December 1985, the flight crew's flying
time was recorded as 13 hours 22 minutes, that is, 1 hour 22 minutes in excess of the l2-hnur
maximum. In the 48-hour period commencing 1018 GMT, 03 December 1985, the ﬂylng time
recorded was 22 hours 24 minutes. Followmg this, only scven hours clapsed before the crew in-
itiated its next flight. FAR 121.521 requires that a minimum of 18 hours crew rest be glvén when
a flight crew member has been aloft for more than 20 houn during any consecutive 48 hours.

A review of FAA special surveillance reports determined that, on other occasions, Armw Air
flight crew had exceeded the requxrcmcms of FAR 121.521 with respect to flight-time Inimauons
and crew rest.

It was the stated intent of the flight crew to ferry the aircraft to Oakland, California.on complc-
tion of the flight to Fort Campbell. The Board estimates that, at the completion of this ﬂnghl the
crew would have accumulated about-15 flight hours in the 24 hours commencing with dcpaﬂum
from Cologne. The crew’s duty day would have approached 20 hours. Because the ﬂlghl to Oak-

-land was to be conducted without passengers, it was not considered an FAR 121 ﬂlghu Rather,

it was to be conducted under the provisions of FAR 91. FAR 91 does not ‘include any flight:
time limitations or minimum_crew-rest reqmremems Thus, the flight could be oonducled within
the provxsnons of applicable FARs.
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By scheduling’ non-revenue ferry flights under the provisions of. FAR-91 at the completion of a
scrics of FAR 121 flights, flight-time limitations and créw-rest. requirements designed to reduce -
the potential for aircrew fatiguc can be circumvented. The: Board can find no reason to justify
the abscnce of ‘such limiis and-requirements for flights conducted by FAR 121 ‘certificated air

carricrs-under FAR 91.. -

To a large extcnt, the prevention of flight crew fatigue is dependent on the scheduling practices

~and policics of the air carricr. In'the United States, the FARs provide a framework within which
the. carricr: must operatc; however, it is incumbent on the carrier to'devise workable policies that -

meet the operational needs. : .

_The pilot:scheduling policy developed by Arrow Air makes no-reference to flight-time limits,

duty-day limits or minimum crew rest. It was determined by the Board that.company schedul-
ing procedures did not address flight crew fatigue factors. No maximum duty-day limit was es-
tablished. : : . ’ :

Fatigue Assessment.

A detailed analysis of available information pertaining to each flight crew member’s vulnerability
to fatigue was undertaken. Consideration was also given to identifying behavioural evidence: that
could be attributed to fatigue, and. the-causal sequence of events leading up to the accident.

It was the opinion of the medical expert who testified at the Board's public inquiry that, in the
12 days leading up to the accident, the flight crew had been consistently exposed to work pat-
terns and fatigue-inducing factors which were highly conducive to the development of chronic
fatigue. These factors included short layovers, night departures, multiple time-zone travel, and a
flight-hour accumulation of almost 57 hours in' the previous 10 days. ;

There are no accepled toxicological tests which' can verify the presence of, or quantify the in-

fluence of, fatigue. However, Tesearch has empirically identified certain- fatigue-induced beha-

viours and associated: performance decrements.

An analysis of what was known of the flight crew’s behaviour while.in Cologne, during the
flight, and while on the ground in Gander indicated no clear behavioural pattern that could be

associated with fatigue. As:a result; the Board could not determine whether any individual flight

crew member was in fact fatigued nor establish any cause and effect relationship between prob-

“able fatigue and the accident sequénce.

Flight Recorder Requirements

The investigation into the causes and. factors that led to this accident was hampered by the min-
imal amount-of accurate information provided by the accident aircraft’s five-parameter foil-type
FDR and the partially unserviceable:CVR. The FDR provided only gross indications of the air-
craft’s performance during take-off. There were no indications of engine performance or systems
operation. In.the absence of such information, the Board had to use other, less reliable and more

~ time-consuming. methods in an-effort to: determine ithe sequence of events-leading up 0 the ac-

The CVR apparently had an unserviceable cockpit area microphone, Consequently, there was no
recording of flight crew conversation from the time pre-flight checks were commenced until the

!

9
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aircraft crashcd Had such information been availablc, the Board would have objained mlcr in-
sight. into crew actions and flight managcmcm problems.

The Board notes with concern that the DC-8 Minimum Equipment List-approved by the FAA
permits operation of a DC-8_aircraft when both the FDR and CVR are unserviceable and that
current regulations do not require CVRs to be functionally checked by ﬂlght crews before fhghl.

FAA Surveillance SN : f

The normal ongoing surveillance of Arrow Air by the FAA did not identify any deficiencies in
Arrow Air’s ability to comply with applicable FARs or established FAA procedures. Both as-
signed principal inspectors testified at the Board’s public inquiry- that, dunng their mrvelllance
they noted no significant discrepancies in Arrow Air's methods of operation.

In contrast, the special inspection conducted in:January and February 1986 noted nurncmus ex-
amples of non-compliance with FARs and established FAA procedures in certain areas of Arrow
Air operations. In some cases, findings of the 1986 inspection were similar to those made during
the NATI conducted in 1984. Although, according to the FAA; many of the findings were later
determincd to be of a minor. nature and enf action lted in civil penalties or wam-

ing/correction letters in only 10 cases, the Board is concerned that routine surveillance, ¢harac-
terized by the FAA to be the most thorough in the company ’s history, was unable to |dcnufy

* these deficiencies.

As a result of the 1984 inspection, numerous  recommendations had been made’ with redpecl to
increased surveillance and follow-up. According to the FAA, in the months preceding the acci-
dent, their surveillance and follow-up of Arrow Air was executed to a greater degree, both in
quallty and quantity, than ever before in the company’s history. Nevertheless, the Board notes
that, in the months preceding the accident, the assistant operations inspector position at’ Arrow
Air had been vacant and that the POI assigned to Arrow Air testified at the Board’s publlc in-.
quiry that the resources available to him for surveillance of Arrow Air were inadequate.
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15.

16.
17.
18.
19.

rotation flights conducted in December 1985.
20.
21.

22.

23.

2s.

26.

27.

28.

29.

Guidance material available to Arrow Air flight crew did not include direction concuning
the i or method to d inc total passenger weight usmg actual passenger wclghts'
when calculaung weight and centre of gravity.

Accuratc weight and centre of gravity calculauons were not being performed by Arrow Anr
flight crew for cvery flight.

Inconsistencics existed in the load-planning material that was available to Arrow Air person-
nel, MFO personncl, and U.S. Army personnel.

The quantity and accuracy of documentation regarding l.hc number and weight of passengers
and weight of cargo carricd on the MFO rotation flights were inadequate.

The maximum design zero fuel weight of the aircraft was exceeded on each of the MPO
Arrow Air’s contractual obligations with respect to allowable payload exceeded the authorized
payload capability (maximum design zero fuel weight) of the aircraft being used.

Arrow Air flight crews were not recording all aircraft unserviceabilities in the aircraft j _;our
ney log and on occasion were accepting for flight aircraft with known defects.

A life-limited repair resulting from a previous occurrence had not been replaced in acoprd
ance with the recommendations of the aircraft manufacturer.

The potential of the flight crew’s Dy ber flight schedule to produce fatigue was hign.

. There are no flight-time and crew-rest limitations for United States FAR Part 121 air carner

operations conducted under FAR Part 91.

The accident investigation into the causes and factors that led to this occurrence was severe-
ly hampered by the lack of information that a serviceable cockpit voice recorder and en-
hanced-capability digital flight data recorder could have provided.

The United States Federal Aviation Admini on. Master Mini Equipn Llst for
aircraft such as the DC-8 allowed aircraft to be released for flight wnh an unsemceable
cockpit voice recorder and flight data recorder.

Routine FAA surveillance of Arrow Air did not identify existing deficiencies with respect
to Arrow Air’s ability to comply with applicable FARs and FAA approved procedures. T|
deficiencies were identified in a special inspection conducted in January 1986, one momh
after the accident.

The balance of evidence did not support the occurrence of a pre-impact fire or explosnon
either accidental or as a result of sabotage.

The evidence did not support the occurrence of ‘an uncommanded deploymem of a th.mst

" reverser.

30. The flight crew was certified and qualified for the flight in accordance with existing regula

tions.
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31. The aircraft was certificd in accordance with existing regulations.

32. The take-off weight and centre of gravity position were within.prescribed limits.
Causes

The Canadian Aviation Safcty Board was unable to determine the ¢xact sequence of events which
led to this accident. The Board belicves, however, that the weight of evidence supports the con-
clusion that, shortly. aficr lift-off, the aircraft expcrienced an incrcase in drag and reduction in
lift which resulted in a stall at Jow. altitude from which recovery was not possible. The most
probable causc of the stall was determined to be icc contamination on the Icading edge and upper
surfacc of the wing’-Other possible factors such:as a loss of thrust ‘from the number four engine
and inappropriate take-off reference speeds may-have compounded the effects of the contamina-
tion. . .

795
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Canadian Aviation Safety Board
SAFETY ACTION |
Action Taken

Weight and Balance Calculations - Use of Standard Average Weigllts
for Atypical Passenger Loads

In the initial phase of the investigation into the caiises and faciors that led to- this occnfrence a
safety deficiency was identified.in the mcthods used ‘by Arrow Air flight crews for dewrmmmg
the. take-of f wcxght of the mrcraﬁ '

On 13 Febmary 1986, as a consequence of these initial concems, the CASB recommended that:

The Department of Transport-review company ‘documéntation for Canadian air carriers to
confirm _the adequacy-of provisions for the use of actual weights (versus standard average
weights) and that the associated load calculation forms reflect the basis for the load deter-
minations; and |

CASB 86-01

The Deparlmem of Transport: re-emphasxze to each carrier the necd to use actual welglns for
passengers, if the passenger. load s llkely o devme from standard welghls
CASB 86-02

In addition, the CASB ncommended that:
The National Transportation Safely Board conslder issuing pardllel recommendations ‘to CASB

86-01 and 86-02 above, requiring similar action for American-registered-air carriers.
CASB 86-03

These three recommendations havebeen fully implemented to the Board’s sansfacuon

U.S. Operations With Unservkeable Flight Data and Cockpit Voice Recorders. ‘
At the time of the accident, the U.S. Master Minimum Equipment List permitted cenam ajrcraft

‘ typessuchasﬂleDC—swbenleawdforﬂlghtwuhmunserkublcﬂ!gludamrecmdetm

cockpit voice recorder. NTSB and FAA involvement in this investigation led to FAA action 1o
rectify this deficiency, and, on 15 December 1987, the FAA adopted a policy that the U.S. Master
Minimum Equipment List require those previously exempted aircraft types to beeqmpped with
at least one serviceable and funcuoning recorder. .

Action Required

Loss of Performance - Leading Edge and Wing Upper Surface Contamination

Flight Crew Knowledge of Pexformance Impacts
mtossofpufommeedmwwewsmcomunhuﬁmofhdmgedgesmdmwm-

- faces, mmydmmwmammMMMdemmm
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been known to- aircraft mannfac(uren, rcgulamry and wcidcm mvcsugatm authonucs. and

i opcralors for many. ycars.

For almosi four decadces, Unitcd States Federal Aviation Re@ulationsi have prohibited take-off of
aircraft when frost, spow,.or ice adheres (o the wings, propellers, or-control surfaces of an aircraft.
These regulations are known: collectively-as_ the "clcan wing regulations.” Additionally, in 1982
the Federal Aviation Administration issucd Advisory Circular (AC) 20117 1o address frequent
misconceptions concerning the'effects of slight surface mughness on aircraft performance caused

. by ice accumulation. The circular outlines the aerodynamic principles of ‘changes in lify-and drag
. due to wing surfacé roughcss and emphasizes that take-off: is not to be aiempted unless it has

been confirmed that all critical components are free: of adhering snow, frost, or other ice forma-
tions. AC 20-117 states that close inspection.is the only Imown metbod ofensunng clean wings
and flight control surfaces before-flight.

In Canada, legislation contained i in. Air. Navigation Order. Series V11, Number 2 govemmg air ‘

'.mlcropemuonsusmglargeamaﬁ Tépeats the U.S. clean wirig regulations, and a of

the Acronautical Information Publication’cautions pilots against the hazards of atiempting ﬂlght
with wing or.control surfaces contaniinated by snow, ice, or frost.

In spite of ‘existing regulations and promotional material, numerous aircraft occurrences bear wit-
ness to the fact that flight.is sometimes attempted when wing:surface contamination due 0 ice,
snow, or-frost-is present.-Accident investigations and analyses of aircraft occurrences concerning
aircraft such as the Bocing 737-200 series, the McDonnell-Douglas DC-9 Series 10, and this oc-
currence involving a Douglas DC-8-63 series aircraft all confirm that leading edge and wing sur-
face contamination - due 1o ice and snow:can degrade aircraft performance during the take-off
phase of flight to the pomt where there is little 10 no margin of safety. This loss of performance

.. is_particularly. severe in ajrcrift like the DC-8 which do not:have leading edge devices to aug-

ment Jift and 10 allow. the aircraft: to.attain a higher-angle of atack beforé the wings stall.

The Board has no doubt that flight crews understand the aerodynamic principles conceming loss
of -performance due to readily-visible amounts of ice; snow, -or frost contamination of leading
edges. However, the Board believes that many flight crews do not fully comprehend the mag-

- nitude of performance penalties attributable 10 small amounts of icé contamination, Aircraft operat-

ing manuals and other aircraft performance documents contain little or no information on the
magnitude of performance:penalties possible with relauvely minor amounts of surface roughness.

: :Thete(ote. the CASB recommends that'

42.12

‘The ‘Depaftment of Tmhspon initiate a national’ safety campaign 10 ensure that all pilots are
aware of the potential consequences of" anempting ulne»off wuh even mmor amounts-of con-

: tammauon on-the wings, : ;
“CASB 88:07

‘Wing Ice Detection

As a consequence of an investigation into an accident of a. McDonnell-Doiglas DC-9-10 ‘series
aircraft at: Denver Colorado on 15 November 1987, the NTSB recenily issued two recommenda-
tions to the FAA 10 address the-hazards of conducting & take-off in the DC-9-10 with undetected
meonmeuppawmgmﬂmmm«nme!mtwnsaﬂfawmdwsaimmﬁtype
which is not equipped with' wing leading edge high lift devices, to establish detailéd procedures

'fdfdewcnngupperwmgmpmrwmke-oﬂ'md until such time as the procedures-have been
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422,

. and

implemented, to_anti-icc. these aircraft with maximum cffective. strength glycol solution when
icing‘conditions cxist. :

The Board notes that Canadian panies operating DC-9 gircraf ly use only the DC-9-
30.scrics,. which. are equipped with leading edge high lift devices -and which are thus less sus-
ceptible 10 performance degradation from wing ice contamination. However, the deficiency'iden-
tificd by thc NTSB is applicable: to-DC-8 aircraft-which are operated in Canada. The. Board
belicves that the circumstances of the-accidents involving the DC-9-10 at-Denver and the. DC-8
at'Gander confirm: the need: for Canadian flight.crew operating aircraft not’ equipped with wing--
leading. cdge; high lift devices 1o be-ablé 10 detect the presence of ice on the wings. According-
ly, the CASB recommends that: . ‘ .

The Department of Transport require. all Canadian operators of McDonnell-Douglas: DC-8
aircraft, and such other aircraft types whichthe Department deems appropriate, 10 establish
desailed procedures for detecting ice on the wings prior-to take-off, :

R CASB- 88-08

.Operating With Unserviceable Cockpit Voice Recorders -

The CASB-believes: that the lack of useful cockpit voice recorder (CVR): information - in| com-
bination with the inaccuraie and minimal flight data recorder (FDR):information provided by
five-parameter foil-type flight recorders contributed significantly to the. difficulty in determining
the causes and factors that led to this accident. In panticular, the Board's understanding of any
contributing. flight crew -human factors is incomplete. The: Board: is- pleased that regulatory
revisions to improve: the- capabilities of FDRs; in keeping with- the International Civil Aviation
Organization (ICAQ) standards and. recommended practices, have been undertaken or proposed
in both Canada and the United States; however, the Board believes that easily implementable
procedures ensuring. the serviceability of CVRs should be introduced. ‘
For. a number of years, CVRs thave had the capability for flight crews 10 iest the cockpit area
microphone channel; this feature is pan of the Technical Standards Order requi for such
equipment. This self-test feature allows flight crews to functionally check the cockpit area micro-
phone- channel before flight and, quickly detect an unserviceability: Canadian and U.S. regula-
tions. specify. that flights must be conducted with-a serviecable and functioning CVR. However,
there are.no prescribed procedures with respect to the nature or frequency of CVR tests. It'is un-
derstood -that some operators” procedures include a test prior to each flight, some require only
one: test daily, and others include tésts on a less frequent schedule. As a result, there is potential
for unserviceabilities {o remain undetected through a ber of flights conducted b 1 func-
tional tests. : : 3

The Board believes that; in-the event of -an- occurrence, recorded cockpit communications can be
vitally important in-und ding the seq of events and in assessing the influence of human
faciors. Accordingly, the CASB recommends that: Lo

The. Department.-of Transport réview the procedures currently in place with respect 1o func-
‘tional checks of cockpit voice recorders with'a view: 1o enisuring that the serviceability!of the
equipment is being desled adequately: o ;

: CASB: 88-09




870

Canadian Avlamn Slfcly Bonrd

423

43

431

" The-National Transportation Safety de Ooﬁsuda' seekmz parallel action'in thc United' smes
to mm outlined for Canada in CASB 88-09. - ° )
CASB 88-10

Flight Crew l-‘atigne lnadequcies in Regulations ald ‘I'heir Application

. TheCASB accident mvesugaﬁon into this occurrence determined that, in the n days leading up

10 the:accident, the: flight. erew had exceeded:specified flight-time limitations twice and had:less
than minimum crew rest on-at least-one occasion, Thus, there was'a: poiential for the dévelop:
ment of fatigue; with its concomitant potential: for adversely affecting pilot judgement and crew

- coordination.. Furthermore, on the day ‘of .the accident, the . cnewsphnned ferry: flight 1o Oak-

land, California ‘afier the flight 10 Fort'Campbell would have resulied -in -the accumulation’ of
about 15 flight hours: in less than a 24-hour: period and:a duty pemdohlmos( 20 houirs: Never-

“theless, -this would ‘fiot have oonmvenedus ‘rogulations.
'ln 1986, the CASB identified sevenl safety deﬁcnencnes in-current Canadian Iegmlmen tegard

ing maximum. crew-flight and-duty-time limitations and minimum crew-rest provisions; Three of
six related mcommendauonsnssmdbyﬂwadmesmemadasuggeswdmumbe
more-siringent regulations governing crew-duty hours and crew-rest.cycles for- crews of lm'ge
transpon-eatexory aircraft, -

mBoardnotcsum mgeneml the U.S. FARsprescdbemoremngmwonn-olsloprevem
fatigoe-related accidents than-are applicable in Canada today.:Howevet, while FAR Part 121 (ap-°

plicable to air carriers and commercial operators of large aircraft) specifies Might-time limitations
and ‘minimuim: crew-rest periods, these restrictions do.not always: apply. Ferry flights and other

: ~nmnvenueopaaummbemmmderﬂwmvls”msbeAkhn9l (general -operat-
ing and flight rules). which do not inclide any limitations on flight time nor préscribe minimum

crew-rest periods. The Board believes: that the flight crews of FAR Part 121 air carriers require

vthesamedegreeofwgﬂmce Jjudgement, and ability to react whether they are: conducting &

menw-getmﬁng or non-fevemie operation. 'I'Mtefbtc the CASB recommends that:
'l‘heNauanalTrmspomuon SafetmedoonsldenwommdmgachmgemUS. Federal
. -Aviation Regulations:such’ that the ‘flight-tiine, uty-ume. ‘and crew-rest provisions of FAR
Part 121 would-apply to all operations of Pan 121 -air carners. mcluding non-revenue flighits.

CASB 88-11

_Other Safety Concerns

Air Carrier Mnmtenam and Operating! l‘roceduns lludequau Regnlatory Control

“The mvesugauon of this occurrence mvealed numerous instances of Jong- -stainding inadequacies

in ‘the air carrier's maintenance ‘and-operating procedures. In 1984, the Federal Aviation: Ad-
misistration, under the National Air Teansporiation Inspection, completed an‘extensive réview of

~U.S. air:carrier practices and procedures; including Arrow -Adir. Despne this close inspection by

the ngulalory authority, umlequacm continued to exist.

"l'thASB|sconcenwddmmhnlxkdeﬂecuvemguhmwnmlmmdfmuponthe
operations.

nmgmofsafbtymynlsobemwuinoﬂmmcm

~100”
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‘ mlsmponmdmcsafctyacuonnmnhasbemadopwdbyd\cf“' QJ"‘*,‘ ft,
- -and Board Members: o :

7 W. MacEachem -

% A. Portelance -

“B. Pultz

Z/F., Thurston

Members N. Bobbiu. L. Filotas, D. Mussallem. and R; Stevenson dissemed A report of their
dissent is avmlable on request fmm the Canadian Avnauon Safety Board. )
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APPENDIX A

ESTIMATED FLIGHT PR\ 41 g |
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APPENBIX B

EXTRACTS FROM ATMOSPHERIC ENVIRONMENT
SERVICE MANUAL OF SURFACE OBSERVATIONS

342

3421
3422
3423
343
3431
3432

34321

3433

»*

Fwezmg Preclpmuon’

Frmngnzzle”Dnzzle.thedmpsofwhlchﬁeezeonunpnetwiﬂmwmmdotwnhmhaob-
jects atof near the earth’s surface.*

1FreczingRam Rain, ﬂledmpsofwhlchfremmunpactwimmegromdorwimomdrobpcts
atornearlheanhssurfm‘

Freezing Drizzle or Freezing Rain shall be reported when rain or drizzle is freezmg on the Ice
Accretion lndwatorormotherobpclsatormarmewm;stﬂm‘

Frozen Precipitation.

Snow. Precipitation-of mainly hexagonal ice crystals, most of which are branched (sm‘-shaped)
The branched crystals ‘are sometimes mixed with unbranchied crystals. At temperatuses higher
than about -5C, the crystals are generally clustered to form snow: ﬂakes o f

Snow: Pelléts. Precnpmuon of . white and-opaque particles of ice: These ice. pnmcles ’nre either
spheical or conical; their diameter is about 2-5 mm.

Sriow pellets are briuel and easily crushed; when they fall on liard ground, they bounce and often
break up. Snow pellets. always occur in showers and are often accompanied by snow ﬂakes or
rain drops, when the surface temperature is around OC

Snow Grains. Precipitation of very small white and opaque grains of ice. These gram# are fair-
ly flat or elongated; their diameter is generally less than 1 mm. When the grains hit hard ground,
they do not bounce or shatter. They usually fall in very small quantities, mostly from ‘Slmus or
from fog, and never in the form of a shower |

‘Intensity of Prec:pllallon

The precipitations classified above as Liquid, Freezing and Frozen (with'the exeepuon of ice
crystals) are always qualified as to intensity, viz., very light, light, moderate or heavy.

" VERY LIGHT is used o indicate the intensity when scaticred drops,‘ﬂakcs grains, peuoécs or..

stones are occuiring at a rate which would not wet or cover a surface, regardless of ‘the dura-
tion,

i

ltlsofcom'seassumed&al&eobmmmmﬁmﬂylmwdabovemwoledhelowﬂw

temperature of the' ambient gir,
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393

?.9.4

The intensitics LIGHT, MODERATE ‘and HEAVY arc determined by comsidering cither the of-
fect on visibility or the rate. of fall.

- Inensity by Visibility Criteria. : o
“ Sriow " " LIGHT if visibility 5/8 milc or morc

Snow Shower . ‘

Snow Grains MODERATE if ALONE* and: the visibilty

Snow Pelicts reduced to 1/2 or 3/8 mile

Drizzle B

Frcezing Drizzle HEAVY if ALONE* and visibility reduced to 1/4, 18 or 0 mile.

B-2




875

Canadian Aviation S;fcly Board _
APPENDIX C

AERODYNAMIC EFFECTS OF ICING

The most significant effect of snow or ice on the wing surface is its influence on the smooth
flow of air over the surface contour. Changes in the contour shape and roughness of the surface
will cause the airflow to begin to scparate from the wing at a lower angle of attack than normal
and cause a reduction in the lift which will normally be developed by a wing at a given angle -
of attack and a given airspeed (sec figure below). Both the maximum lift which can bé developed -
and the angle of attack at which it will be developed will be reduced significantly. 'Stall buffet
and stall will be encountered at higher than normal airspeeds. ‘ X

- CD ROUGH

/ Cp SMOOTH

CL SMOOTH

"CLROUGH -

D0 .- 00
DOm0 O )

- e
WB A O

Angle of Atiack _

" Lift and Drag Effects of Wing Contamination
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Iec_contamination of an aircraft wing also has a significant detrimental effect on the aircraft’s
total drag, that is, the force which resists. the aircraft’s forward motion through the air. The total
drag has two componcents, parasitc drag and induced drag. Induced drag is that drag which is
produced by the g ion of lift. Induced drag i as the angle of attack increases. There-
fore, since a contaminated wing must fly at a higher angle of attack at a given airspeed to produce
the required lift, the induced drag gencerated at that airspeed will be higher than the induced drag-
of an uncontaminatcd wing. Furthermore, since ice contamination causes the airflow to separate
carlicr from the upper surfacc of the wing, it results in a higher induced drag value at any angle
of attack. The increase in parasite drag as a result of ice contamination is small in comparison
to the increasc in induced drag. '

On a wing contaminated by surface roughness, the normal stall progression of a swept wing is
altered. The normal nosc-down pitching moment in the direction of stall recovery which accom-
panies a stall is reduced when the wing is contaminated. The effects of the degraded pitching
moment characteristics can range from an out-of-trim condition that can have a different than
expected response to control column inputs, to a severe pitch-up as the angle of attack is in-
creased.

The leading cdge portion of the wing is most sensitive 10 ice contamination. The effects of the
contamination decrease as the forward most extent of the contamination moves farther aft of the
leading edge.

Glaze ice accretions which occur at temperatures just below freezing provide the largest aero-
dynamic penalty. i

Ice accumulation, in particular, the detrimental effects on lift and drag associated with wing sur-
face roughness has been identified as a causal factor in a number of take-off accidents involv-
ing jet transport aircraft.

On 27 December 1968, Ozark Airline Flight 982, a Douglas DC-9-15, crashed while taking off
from the Sioux City Airport, Sioux City, Jowa. The NTSB determined that the probable cause
of the accident was a stall near the upper limits of ground effect, with subsequent loss of con-

~ trolas a result of the acrodynamic and weight penalties of airfoil icing. The crew had not de-

iced before the attempted take-off.

On 27 November 1978, Trans World Airways Flight 505, a Douglas DC-9-10, crashed while
taking off from Newark International Airport, Newark, New Jersey. Aircraft control- was lost
shortly after lift-off at an airspeed of 154 knots and at an altitude of about 65 feet agl. The NTSB
identified airframe icing and a failure to de-ice before take-off as causal factors.

On 05 February 1985, an Airbome Express Douglas DC-9-15 crashed while taking off from
Philadelphia International Airport, Philadelphia, Pennsylvania. The NTSB determined that airfoil
icing and failure to de-ice before take-off were cause factors in the accident.

All three of the above accidents contained 1 common’
1. Each aircraft stalled at a lower than normal angle of attack shortly after take-off;
2. Precipitation was present in the form of freezing rain and/or snow;

3. The aircraft were not de-iced before take-off;

4. None of the aircraft was equipped with leading edge devices.

C-2
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"On13 Jnnuary 1977 Japan- Airlincs Flight 8054, a Douglas DC-8-62-F, cmshcd while lakmg off
from Anchorage. Inicmational Airport, Anchorage, Alaska. The aircraft stalled at, or shortly after
reaching, V3. at-an ‘altitudc of about 60. fect above: ground lovél: The NTSB detcrmined that
airframe icing was. a contributing: factor in-the accident. As.in the. other three cases, the aircraft 3
was not de-iccd-prior to: take-off. Conditions during lhc approach to: land: were conducive (o the
accretion of ice ‘on the wings of the aircraft. - - : |

In 1950, thc Umlcd States establishcd regulations which pmlnblled tako-off of aircraft wbcn frost,
snow; or ice was adhering to:the-wings, propelicrs, or control surfaces of an-aircraft. These regula-
tions remain-in cffect today as cited under Federal Aviation Regulations (FAR) 121.629, 135 1227,

and 91.209. These regulations. are.commonly known s the "clean aircraf concept” ahd werce
based on -the:known dcgradation of aircraft performance and changes of aircraft ﬂlght charac-

teristics when ice formations of any type dre present.

In December <1982, in. response: (o a number. of accudems mvolvi’ng large tnnspon md small
general aviation aircraft resulting from what it believed to be misconceptions that ex:swd regard-
ing the effects of slight surface roughness caiised by ice accumulations on: aircraft performance
and- flight characieristics and. the effectivenéss of ground de-icing fluids, the United Siajes FAA
published Advisory-Circular (AC) 20:117. Its purpose ‘was. to emphasize. the clean airctaft con-
cept following ground opcrauons conducnve to-aircraft icing and o provnde infannauomto assist
in cornphance j :

AC 20-117 identifies that the effects of ‘ice formation ‘on ‘an mrcraft are’ wide rangmé unpre-
dictable, and dependent upon mdmdual aircraft design. It ‘states that wind wnnel and flighl tests

indicate that when ice, frost, or snow, having a thickness and surface roughness similar-o medium - -

or coarse sandpaper, accumulates on the leading edge and upper surface of a wing, wmk 1ift can
bewducedbyasmuchasmperoemanddragcmbemcrusedbyAOpercem

These changes in 1ift and drag will significantly increase stall speed, reduee conuollabiluy,
alter aircraft flight characwnsucs Itidentifies surface roughness as the primary mfluence in the
decrcasemlmmdmcreasemdragandemphaswesﬂmmkc-offnmbemwmpwdunlessuhas :
been ascertained that all critical components of the aircraft-aré free. of adhenng snow, fmst, or
other. i ice formations. - ; ;

AC-20-117 cautions that aircraft ceniﬁed for flight in’ |cmg condmons have only demonstrated
the capability. of penetrating icing conditions in forward flight regirie and:that ice, trost, or snow
formed -on aircraft surfaces:on the ground can have a totally different effect on mrcmft fllght
characteristics than ice.formed in flight:

AC-20-117 States lhat the only method currendly known .of posuuvely mnammg whether an
airciaft is"clean. -prior o take-off is by close inspection. Many ‘factors. are.identified whlch in-
fluence - the accumuilation of ‘ice, frost, or snow. Surface' roughness results under eondmons of
precipitation or when moisture ‘is. splashed, blown, or sublimated onto-aircraft surfaces, The.cir-
cular states: that the pilot-in-command is ulummly responsible for ensunng that the clean wing
concept is, followed.
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~ William' G, Geange

Paul Gamett -~ - -
. Raymond Foley v/
Clarence Bowring

Waltcr K. Brown
. John S. Steeves -
Lloyd D. Granter

~Rudy-Kiffor
L/Col.- James M. Kelly
Capt. Gerald A, De Portér
Maj. Ronald W. Carpenter
Charles A. Alonso
Hans Bertleson
Arnhur G. Schoppaul
Mona Ogelsby
Major Kathlene Kruczek
$/Sgi. Charles Hailer
Capt. Fred Shambach
Lt. Bradley G. Clemmer -
Peter Smith
R. Stephens Saunders
Michael Mendez

. Julius Graber

Robert E. North:

Charles E. Bodemann
Herbert Dichimann

Kelvin Colbert

John Kempster

Sgt. William R. Fraser

Col. Robert McMeeken, MD
Gerald J. Nash

Anthony Kijek

Frank P. Giannolla

APPENDIX D
' LIST OF WITNESSES
PUBLIC INQUIRY

Peter Boag ~ Chai CASB Technical Pancl

William: Mahoncy - Eyewitness
- Cecil-Mackie -~ Eyewitness

Leonard Loughren - Eyewitness

Robert Lanc - Eyewitness

Glenn Blandford - Tower Controller, Transport Canada

~ Allied ‘Aviation Service' Company Newfoundland

Ld.
- IMP Aviation Services: ,
= IMP ‘Aviation ‘Services v’

— Atmospheric Environment Service/Environment

Canada

~ Pilot, Canadian Pacific Airlines
- Pilot, Canadian Pacific Airlines
< Alfied Aviation Service Company of Newfoundland .

Lid.
- Chief Pilot, Arrow “Air Inc.

"= US. Army

- U.S. Army

-~ U.S. Army .
- Pilot, Arrow-Air Inc. ¢
- Pilot, Arrow Air Inc. 3
= Pilot, Arrow Air Inc._/
-~ U.S. Amy

- U.S. Army

- U.S. Army.

-U.S. Aty (MFO)

- U.S. Ay (MFO)

g

+ - Arrow Air Inc. &4

- Pilot, Arfow Air Inc.

- Director of Maintenance, Arrow Air Inc.
— European Director, Arow Air Inc. - —
< Prat & Whitmey, United Technologies. Corp.
-~ Pratt’'& Whitney, United Technologies Corp. -
~ Contract Maintenance, Arrow Air Inc,
— Director of Flight Controller Arrow Air Inc,
~ Director of Charter Services, Arrow Air Inc. !

~ RCMP Gander
- US. Ay

-~ U.S. Federal Aviation Administration
— U.S. Federal Aviation Administration
—~ U.S. Federal Aviation Administration

>
J

PR
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Vincent J. Lepera i ~U.S. Federal Aviation Administration
~——— Don Ewing . . "~ Director of Operations, Arrow. Air Inc.

Ralph Brumby ~ Douglas Aircraft Co. :

Dr. Stanicy Mohier . . ~ Wright State University R i

D-2



Canadian Aviation Safcty Board

APPENDIX E

LIST OF LABORATORY REPORTS AND STUDIES

The following laboratory reports and studics were completed:

LP 287/85 - Fuel Analysis

LP 289/85 - Instruments Analysis

LP 290/85 - Light Bulb Analysis

LP 291/85 - Cockpit Switches

LP 7/86 - Freeze Drying of Documents

LP 180/86 - Identification of Parts

LP 106/88 — Thrust Reverser Position Analysis
LP 139/88 — Engine Firc Extinguisher

Report on Examination of Damaged Pratt & Whitney JT3D-7 Engine SIN 671322 — conducted
by Gary J. Fowler, Ph. D., Fowler Inc.

Arrow Air DC-8-63 Perfc Es ion — conducted by Major M. E. Givins, P. Eng., Flight
Dynamics Specialist, Canadian Forces.

Analysis of Arrow Air DC-8-63 Accident — conducted by James K. Luers, M. S., Senior Rescarch
Scientist and Mark A. Dietenberger, M S., Associate Research Physicist, University of Dayton
Research Institute.

Suppl y C on Questions From the Canadian Aviation Safety Board Regarding
Icing as Related to Aviation Occurrence Report 85-H50902 - by Myron M. Oleskiw, Ph. D., As-
sociate Research Officer, Low Temperature Laboratory, Division of Mechanical Engincering, Na-
tional Research Council.

Post-Mortem Factors: Causal and Survival Aspects ~ by David D. Elcombc MD, Dnrcclor,
Safety Medicine Branch Canadian Aviation. Safety Board.

These repons are available on rcquest from the CASB.

E-1
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AC
ACC

agl
ASDA
asl
ATC
CAE
Calif.
CASB
Cp
CID:

. CVR
DML

EGT
FAA

ICAO "

< in, Hg
_ JETS

Ky.

GLOSSARY

Advisory Circular

arca control centre

Atmospheric Environment Scmoe
Air Force Base

ahove field elevation

above ground level .

stabilizer angle units aircraft nose up
accelerate-stop distance available
above sea level )
air traffic control

Celsius

Canadian Aviation Elecmics
California

Canadian Aviation Safety Board
coefficient of drag .

. Crash Fire Fighting Rescue

Criminal Investigation Division
coefficient of lifi

carbon monoxide

‘cockpit: voice recorder

deferred maintenance item ;
Department of National Defence
exhaust gas temperature

“ engine. pressure ratio.

Federal Aviation Administration
Federal Aviation Regulations
fuel control -units:

"’,'fllgh(dnlam

feet”

Fréezing Point quessam
Florida

Flight Reootder Playback Cemre

load factor

GreenchhMemTime

hydeogen cyaniide
houi(s)

ln;ﬂnauoml Civil Avmwn Ommudon :
" instrument ﬂlght rules ’
“inches of -

Joint En Route 'I‘ennim! Syms

-hmmdmwdmspeed
Kenticky

latitude

. pound(s) .

APPENDIX F
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long
M

MAC

mb

MFO

mg%

mi

N

Ni

NAS
NATI
Nfld.
NRC
NTSB
PMI
POL
PTC
RCMP
STC

TODA
TORA
UDRI

longitude

magnetic

mcan acrodynamic chord

millibar(s)

Multinational Force and Obscrvers

milligrams per 100 milliliwres

mile(s)

north

Rotational speed of the low pressure comipressor of a two-spool engine
expressed as a percentage of the maximum value

Naval Air Station :

Nationai Air Transportation Inspection

Newfoundland

National Research’ Council

National Transportation Safety Board

principal maintenance inspector

principal operations inspector

pitch trim compensator .

Royal Canadian Mounted Police

Supplementary Type Centificate

true e -

take-off distance available

take-off run available

University of Dayton Reséarch Institute

critical engine failure speed

take-off climb speed

flap retraction speed

take-off rotation speed

west ' ‘

Washington

Zulu

zero fuel weight

degree(s)

minute(s)

second(s)

F-2
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ApPPENDIX 47.—FINDINGS OF THE SUBCOMMITTEE ON CRIME IN ITs In-
VESTIGATION OF THE DECEMBER 12, 1985, AIRPLANE CRASH WHICH
CLAIMED THE LIvEs oF 248 MEMBERS oF THE U.S. Army, lOls'r
AIRBORNE, AND 8 CREWMEMBERS |

EXECUTIVE SUMMARY

On December 12, 1985, a DC-8 Arrow Air international charter with
248 members of the U.S. Army's 101lst Airborne and eight Arrow Air
crew members crashed approximately 20 seconds after takeoff
(approximately one-half mile from the runway) from the Gander
International Airport, Gander, Newfoundland. The charter flight
departed Cairo, Egypt on December 11, 1985 with planned stops in
Cologne, Germany and Gander, Newfoundland prior to its sched led
arrival in Ft. Campbell, KY. k

According to the International civil Aviation Organization (ICAO)
treaty, to which the United States is a signatory, the Canadian
Government was responsible for the investigation and reportinb of
the fatal plane crash since the accident occurred in Canada. The
role of the United States was limited to being advisors in the
investigation. The United States was allowed to review and make
comments to the draft report prepared by the Canadians.

The Canadian investigation took almost four years to complete and
report. There was considerable controversy within Canada and the
United States over the management of the investigation, and the
conclusions and findings that were the result of the investigation.
During those years, four separate reports (the Majority Report, the
Dissenting Opinion, the Aviation Group of Canada Report and the
Justice Estey Report) were issued in Canada before the Canadian
Government determined that no further inquiry into the crash was
warranted. |

Immediately following the crash, allegations were made that the
crash was the result of an act of international terrorism. Two~
U.S. embassies abroad received communications concerning alleged
claims of responsiblity for the fatal plane crash.

Allegations of terrorist involvement persisted following the
completion of Canadian investigation and the subsidiary reports
which that investigation generated. Additionally, concern in the
United States, particularly among family members of the victims of~
the Gander disaster, regarding the role of the United States
Government in investigating the disaster persisted, and in fact
grew rather than subsided. | -
For these reasons and the fact that the Subcommittee has
responsibility for matters relating to extraterritorial criminal
jurisdiction of the United States, the Subcommittee on Crime
initiated an oversight investigation of the role of the United

43-806—91——29
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States Government in the investigation of the Gander disaster. The
purpose of this investigation was to review the role of the U.S.
Government and not to criticize or discredit the Canadian
investigation.

The Subcommittee's investigation disclosed a near total absence of
United States Government participation in the investigation of the
fatal crash.

Though the Subcommittee found no evidence in the record that
terrorism was involved in the accident, we do not believe that
concerned Americans can find any comfort in this fact. We say this
because we found no evidence that there was an investigation of
possible terrorism.

In this regard, it concerns the Subcommittee that no one in the
‘United States Government had detailed information on what was done
by the canadians, or by the United States Government itself, to
determine that terrorism was not the cause. When the National
Transportation Safety Board (NTSB), the lead U.S. agency, was
questioned about terrorism, the Subcommittee was. referred to
Canadian authorities for a response. :

Because there was no investigation of possible terrorism, there is
no opportunity to reconstruct, review, and reevaluate that
investigation.

Additionally, the Subcommittee is disturbed that the NTSB expressed
complete satisfaction with the factual information in the Majority
Report. It did so after maintaining a "laissez-faire" attitude
while the Canadians spent four years mired in controversy over the
facts in the Majority Report.

Justice Estey's Report (the final report in Canada on the Gander
investigation), concluded there was no evidence in the Majority
Report to support its conclusion as to the cause of the accident.
Meanwhile, after reviewing the draft report, the NTSB submitted a
letter to the CASB which stated, "The National Transportation
safety Board staff has reviewed the draft report and has no
comments to suggest. They find the report thorough and complete,
and the conclusions logically supported by the text."

! Burnett, Jim, Letter from the NTSB to the Chairman of the
CASB, dated January 22, 1988 (See Exhibit 38)
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The Subcommittee believes the NTSB was grossly negligent and was
not acting in the public's interest for taking such a position.
A layman, after reviewing the Canadian reports, could determine
that there were obvious flaws in the CASB investigation and
conclusions. From the information collected by the Subcommittee,
it appears that the NTSB was predisposed to not find fault wiﬁh the
content of the CASB draft report.

The United States Government owes a great deal to the 248 mémbers"
of the U.S. Army who were returning from a peacekeeping mission in

the Middle East who tragically gave their lives in the fatal crash.

For the NTSB to "sit back" while the controversy over the results

of the investigation were drawn out over a number of years was not

fair to the victims or their families, nor in the best interest of

the United States. The Subcommittee believes the NTSB should have

been more aggressive during the investigation and should not have-
taken such a "hands off" approach after the CASB Majority Report

was released. |

As mentioned previously, this investigation was. not intended to
criticize the Canadian investigation. The Subcommittee believes
that it would be remiss if it did not comment on the CASB
investigation. The Subcommittee respects the sovereignty of Canada
and understands the provisions in the ICAO treaty. Nonetheless,
there comes a point at which politics and "turf battles" should be
put aside for the best interests of the victims, their families and
this country. i

|

BACKGROUND ON THE MULTINATIONAL FORCE AND OBSERVERS (MFO)

The MFO was created on August 3, 1981 as a result of a protocol
entered into between Egypt and Israel and witnessed by the United
States. The Protocol established the MFO to replace the United
Nations forces and observers that were established as a result of
the 1979 Egyptian-Israeli Treaty of Peace (the result of the Camp
David Accord). The United States agreed to participate in the MFO .
along with approximately 10 other countries. The MFO was
established as a separate international organization which would
not be affiliated with the United Nations.? The MFO ‘is headed by
the Director-General who is domiciled in Rome, Italy.  The
Director-General is an American who is nominated by the United
States and agreed upon by Egypt and Israel. The MFO is funded by
the United States, Egypt and Israel. The U.S. State Department
oversees the entire MFO program. ‘

2 u.s. Army Information Paper--uultinational Forde and
Observers. (See Exhibit 4)
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The U.S. Army is the only branch of the United States military that
participates in the MFO. The U.S. Army rotates different divisions
of U.S. soldiers every six months to the Sinai. The U.S. soldiers
are responsible for operating checkpoints, reconnaissance patrols,
observation points and ensuring the freedom of navigation through
the Strait of Tiran. They are also responsible for reporting
violations of the Egyptian-Israeli Peace Treaty, and ensuring that
the parties correct any violations.®

At the time of the Gander crash, approximately 95% of the
Department of Defense international passenger flights  were
contracted out to commercial carriers under the responsibility of
the Military Airlift Command (MAC) within the Department of the Air
Force. Military aircraft was used for movement of cargo. During
Fiscal Year 1985, Arrow Air charters accounted for $33,674,000.00
of the $422.7 million spent on Department of Defense charters.*
Arrow Air's primary purpose was to move military personnel.

CANADIAN INVESTIGATION

Since the fatal plane crash occurred in Canadian territory, the
investigation was conducted by the Canadian Aviation Safety Board
(cASB) in accordance with the ICAO treaty. The United States
participated as advisors to the Canadians. The majority members
of the CASB issued their report, which was endorsed as the official
report of the Canadian Government, approximately three years after
the fatal crash. The dissenting members of the CASB issued a
separate report expressing their dissatisfaction with the
investigation and the conclusions in the Majority Report.

In keeping with standard procedure, the Aviation Group of Transport
canada (a Canadian Government agency comparable to the Federal
Aviation Administration (FAA) in the United States) issued their
own report after reviewing the majority and minority reports. The
Aviation Group's report was highly critical of the Majority Report.
As a result of the controversy, the Transport Minister of Canada
requested that Justice Willard Estey, a former member of the
Supreme Court of Canada, review the entire Gander investigation.
Justice Estey issued his report in July 1989 in which he concluded
there was evidence to support some of the majority's conclusions,
but not the ultimate conclusion of the cause of the accident.

3 14.

* y.S. Army Information Paper--DOD Use of Civil Aircraft for
Movement of Passengers and Cargo. (See Exhibit 3)
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However, Justice Estey believed that no further investigatidn of
the Gander crash was warranted. A more detailed review of each
report issued in Canada appears in the following pages.

MAJORITY REPORT

At the conclusion of the CASB investigation, five members of the
CASB (the majority members) issued Aviation Occurrence Report No.
85-H50902, dated October 28, 1988. In the Majority Report, under
the section entitled "Causes", the majority reported, "The Canadian
-Aviation Safety Board was unable to determine the exact sequence
of events which led to this accident. The Board believes, however,
that the weight of evidence supports the conclusion that, shortly
after lift-off, the aircraft experienced an increase in drag and
reduction in lift which resulted in a stall at low altitude from
which recovery was not possible. The most probable cause of the
stall was determined to be ice contamination on the leading jedge
and upper surface of the wing. Other possible factors such as a
loss of thrust from the number four engine and inappropriate take- '
off reference speeds may have compounded the effects of the
contamination."®

f

The majority members of the CASB published 32 separate findings
that were part of the conclusions reached as a result of their
investigation. = The majority members did not find any evidence of
an explosion or fire on board the plane prior to impact.

DISSENTING OPINION

On November 14, 1988, four members of the CASB issued their
Dissenting Opinion to the report filed by the majority members.

In the Dissenting Opinion Report, under the "Causes" section, the
dissenting members concluded "an in-flight fire may have resulted
from detonation of undetermined origin brought about catastrophic
system failures."® The dissenting members issued several findings
that included "ice contamination was not a factor in this
accident"; and "a fire broke out on board while the aircraft was
in flight; possibly due to a detonation in a cargo compartment."’

|

® cAsSB Aviation Occurrence Report No. 85-H50902, Oct. 28,
1988, p. 95. |

¢ CASB Dissenting Opinion Report No. 85-H50902, Nov. 14, 1988,
p. 14. . i

7 14. : i
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In addition, the dissenting members were not satisfied with the
manner in which the Canadian investigation was conducted and the
information that was made available to them. During their
interviews with the Subcommittee the dissenting members claimed
they were not allowed to go to the crash site; they did not know
about witnesses' statements prior to the public inquiry; and when
they formed a special committee to review the evidence of the
crash, the committee was dissolved later by the Chairman of the
CASB.

AVIATION GROUP REPORT

The Aviation Group of Transport Canada reviewed the majority and
dissenting members reports and documents to ensure that the safety
of the cCanadian aviation system was addressed and to identify
preventative methods that the CASB did not address.

After reviewing the majority report the Aviation Group determined
that ". . . some of the assumptions are based on inaccurate data
and some significant factors have not been given appropriate
attention."® " The Aviation Group evaluated the 32 findings of the
Majority Report and concluded that 16 of the findings were
statements of fact; 6 findings were considered to be substantiated
and the remaining 10 findings could not be substantiated by the
evidence and analysis contained in the report. Some of the
findings that could not be substantiated were that "a thrust
reverser could not have deployed, that the aircraft stalled, and
that ice could have accreted on the aircraft while it was on the
ground at Gander."® However, the Aviation Group recognized that
ice on the wings could have been a possible cause.

The Aviation Group concluded that the exact cause of the crash
could not be determined by the evidence -available to them. They
also concluded that the findings by the dissenting members were not
supported by the evidence.

The Aviation Group was highly critical of the management of the
investigation as well. Some of the major criticism's were that

" . . . the Board has occasionally interchanged factual information
with analysis and allowed unsubstantiated assumption to be repeated
as conclusions.. In addition, the report is written in such a way

® Aviation Group Report of Transport Canada, Executive
Summary, p. i. :

? 1d.
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that assumptions are seen to imply factual information."  The
Aviation Group further concluded that "The emphasis of the factual
data almost totally on the icing theory suggests that there were
other aspects of the occurrence which were allowed .to go relatibely
untouched. "' The Aviation Group believed, "the fascination with
computer results is an indication of a mismanaged investigation;
and "the data appears to have been gathered to prove a preconceived
concept of why the accident occurred not to investigate and
evaluate all the possibilities."!?

JUSTICE ESTEY'S REPORT :

Due to the controversy within Canada over the conclusions reached
as a result of the Gander investigation, the Transport Minister of
Canada requested on March 29, 1989 that Justice Estey review the
Gander investigation to determine if. any further review of the
accident was necessary.

In July 1989, Justice Estey concluded his review of the Gander
investigation and determined no further inquiry into the crash was
warranted. Justice Estey concluded in his report that, "The
testimony and material gathered by the Board does not show that ice
contamination of the leading edge or upper surface of the wing was
the cause of the accident. Furthermore, nothing in the material
placed before the Board reveals the cause of the accident."®
Justice Estey concluded that ice contamination was not a cause nor
even a probable cause of the accident. He also concluded that
"there is almost no evidence which supports any of the conclusions
of the minority."™ ;

S8COPE OF INVESTIGATION

The purpose of the Subcommittee's investigation was to examine the
role of the U.S. Government concerning the Gander crash and address
numerous allegations that have been made concerning the crash and
the investigation of the crash. These include allegations that| the

% 1d. at p. 44 i
1 14.
2 14.

* Report of Justice Willard Estey, former Justice of the
Supreme Court. of Canada, July 21, 1989, p. 34. )

* 1d. at p. 36.
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crash was the result of a terrorist act, and that there was a
conspiracy within the U.S. Government to cover up this fact.

The Subcommittee determined that, due to the lapse of time since
the fatal crash and the absence of an investigative record by the
U.S. Government, it would be impossible to determine the cause of
the crash. In addition, such an undertaking would be outside the
jurisdiction of the Subcommittee.

During the oversight investigation, the Subcommittee reviewed
volumes of documents maintained by the U.S. agencies involved with
the Gander investigation, and interviewed current and former
employees of the U.S. Government who were directly involved with
the Gander investigation.

In addition, the Subcommittee interviewed three of the CASB
dissenting members, Canadian citizens, relatives of the victims in
the crash, members of the U.S. Army who were with the 101st in the
Sinai, and American aviation experts. The following pages address
the role of the U.S. Government and the more significant
allegations and the findings disclosed as a result of this
investigation.

U.8. GOVERNMENT INVOLVEMENT

During the oversight investigation by the Subcommittee, documents
and/or briefings were provided to the Subcommittee by the National
Transportation Safety Board (NTSB), U.S. Army, Defense Intelligence
- Agency (DIA), Armed Forces Institute of Pathology (AFIP),
.Department of State, Federal Bureau of Investigation (FBI), and the
Federal Aviation Administration (FAA).

NATIONAL TRANSPORTATION SAFETY BOARD

The NTSB was the lead U.S. agency for the investigation and
participated as advisors to the cCanadians. The NTSB was
responsible for providing technical advisors from all the U.S.
organizations that had an interest in the fatal crash (i.e. U.S.

Army, the Federal Aviation Administration (FAA), McDonnell Douglas,
Pratt & Whitney and Arrow Air).

Mr. George Seidlein was the NTSB accident investigator in charge
of the U.S. team in Gander.

In interviews with the Subcommittee, Mr. Seidlein, who is now
retired, explained he was responsible for coordinating all the
representatives from the U.S. organizations to assist the CASB.
Mr. Seidlein stated that his team participated, as advisors, with
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the CASB in the technical investigation of the crash. No one from
the NTSB assisted the RCMP with their investigation. Mr. Seidlein
added that the CASB did not ask his opinion on the cause of the
crash nor was he in the position to offer his opinion. Mr.
Seidlein emphasized during the various interviews with the
Subcommittee that his role was limited to being an advisor and that
he had to follow the laws and regulations of Canada. |

According to Mr. Seidlein, he never saw the CASB draft report or
the NTSB response to the report. Mr. Seidlein expressed the |
opinion that his analysis of the CASB draft report would not have
made it through the NTSB because he did not agree with the icing
theory.

The CASB draft report was reviewed by Ronald L. Schleede, Chief,
Aviation Accident Division for the NTSB. Mr. Schleede was Mr.
Seidlein's supervisor and was in Gander as the senior
representative from the NTSB. In his interview with | the
Subcommittee, Mr. Schleede explained that he reviewed the CASB
draft report in Canada and made some verbal comments and
suggestions to the CASB. |

b P
Mr. Schleede also represented the NTSB at the public inquiry in
Canada on April 8, 1986 concerning the fatal plane crash. | Mr.
Schleede explained during his Subcommittee interview that Mr.
Seidlein did not appear at the Canadian public inquiry because he
could be a "public relations problem" for the NTSB. ‘

The NTSB deferred all questions concerning sabotage/terrorism to
the Canadians. One of the primary concerns of the Subcommittee is
that no one in the U.S. Government was able to provide  the
Subcommittee with detailed information on the RCMP investigation
that determined terrorism was not involved with the fatal crash.

According to the NTSB, they did not have any documents pertaihing
to the fatal crash because under the ICAO treaty the Canadians
maintained all the documents.

0.8, ARMY

The Army reported that its role in the events following the fatal
crash was in the areas of recovery and identification of the
remains of the deceased and assisting the victim's families. | The
Army did not get involved with the technical or criminal
investigation of the accident. The Army relied on the expertise
of the NTSB. Through the Office of the General Counsel, the Army
provided the Subcommittee volumes of documents, including the
autopsy reports from the AFIP, and arranged for numerous interviews
of active duty personnel during this investigation. !
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Major General John S. Crosby, who was Assistant Deputy Chief of
Staff for Personnel, U.S. Army, at the time of the.crash, was the
senior military official in Gander, and was in charge of the
recovery of all the victims in the crash.

Approximately 45 U.S. Navy personnel stationed in Argentia
(approximately 200 miles from Gander) assisted the Army for a
brief period immediately after the crash. The search for the
remains of the deceased was carried out by over 30 U.S. Army
personnel under the command of General Crosby.

In order to provide assistance to the families of the victims, the
U.S. Army's Casualty and Memorial Affairs Operations Center located
in Alexandria, VA assumed responsibility for coordinating the
support effort for the families. One aspect of the progranm
involved appointing a Survival Assistance Officer to the families
in order to assist them in obtaining benefits and services to which
they were entitled.

In addition, the Army assigned Legal Assistance Officers to provide
legal advice for the primary next of kin. In an interview with the
Subcommittee, Major General Hugh Overholt, retired Judge Advocate
General for the U.S. Army, explained that legal assistance was
provided to the families to protect them from individuals who would
try to take advantage of them for financial gain. The significant
documents pertaining to the Army's role in the Gander investigation
are included in the Exhibits section of this report.

ARMED FORCES INSTITUTE OF PATHOLOGY

The identification of the body remains was the responsibility of
the Armed Forces Institute of Pathology (AFIP) in accordance with
a Memorandum of Understanding (MOU) that was agreed to by the CASB,
Department of Justice of the Province of Newfoundland, Royal
canadian Mounted Police (RCMP), NTSB and the Army.!’ As outlined
in the MOU, the toxicology analysis was performed by the Canadians.
Colonel Robert R. McMeekin, M.D., Director of the AFIP certified
the identification of each individual on the plane. ' The AFIP

identified 100% of the bodies on board the plane, and determined
there was no evidence of an explosive device.'®

15 Mémorandum of Understanding, Dec. 14, 1985. (See
Exhibit 8) .

16 y.S. Army Identification Paper. (See Exhibit 2)




893 ’

11

In a letter dated June 21, 1988 from the AFIP addressed to6 the
CASB, the AFIP stated, "There was no evidence of inflight explosion
or fire. At autopsy, all bodies were radiographed and carefully
examined for injuries compatible with blast or fragmentation
associated with an explosive device. The radiographs and bodies
were also examined specifically for trace evidence <and/or
identifiable portions of an explosive device. No characteristic
injury patterns, trace evidence, or explosive device fragments were
identified. = An inflight fire would probably have resulted in at
least a few bodies in demonstrable instantly fatal injuries in
association with significantly elevated carboxyhemoglobin and/or
prominent soot deposition on mucosal surfaces of the trachea,
bronchi, and other airways. None of the 256 bodies examined had
this combination of findings."!
DEFENSE INTELLIGENCE AGENCY

The Defense Intelligence Agency did not participate in the Gander
investigation. DIA received copies of interviews pertaining to the
fatal crash which were conducted by the FBI in the United States
at the request of the RCMP. - Colonel Thomas C.. Rauter, former
Branch cChief of the Office of Security, Counter-Intelligence
Division, was responsible for maintaining liaison with the FBI in
the areas of espionage, terrorism and defectors. Standard
-procedure was that Colonel Rauter would receive reports from the
FBI and then he would disseminate the report to the proper section
within DIA. In the Gander case Colonel Rauter said the report
probably went to the Counter-Terrorism section. A former analyst
in the Counter-Terrorism section could not recall the specific
report, but thought it was probably destroyed since there was no
evidence of terrorism. :

FEDERAL AVIATION ADMINISTRATION

The Federal Aviation Administration assisted in the Gander
investigation by participating in the maintenance review, systems
review and engine teardown. At the time of the crash, Robert D.
Cook, former Branch Manager of the Accident Coordination Branch,
was the agencies's representative for the Gander investigation.
Mr. .Cook believed the FAA should have participated in various
interviews during the investigation in which they were excluded.
Mr. Cook said that he disseminated the CASB draft report to the FAA
employees who participated in the investigation: compiled the
responses; and drafted the FAA's letter of response to the
Canadians., :

i

¥ Gormley, Colonel William T., M.D., and Wagner, Céptain
Glenn, D.O., Letter regarding the autopsies of the victims, dated
June 21, 1988. (See Exhibit 14)
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In the response to the CASB draft report, the FAA's South Florida
Flight Standards District Office and Regional Staff concluded that
the presence of ice accumulation during ground time was arguable
and suspect. However, "since conclusive evidence of ice, or lack
of ice, will never be available, we accept the possibility of its
presence."®

Mr. Cook and William R. Hendricks, Director, Office of Accident
Investigations for the FAA, both agreed, during their interview
with the Subcommittee, the NTSB should have been more forceful
which would have enhanced the investigation. The FAA did not
receive any information during the investigation concerning
sabotage/terrorism. At the request of the Subcommittee, the FAA
provided various documents pertaining to the Gander accident. The
significant documents are included in the Exhibits section of this
report.

FEDERAL BUREAU OF INVESTIGATION

The Federal Bureau of Investigation (FBI) did not conduct a
separate criminal investigation concerning the Gander crash. In
a letter from John E. Collingwood, Inspector-in-Charge,
Congressional Affairs Office for the FBI, addressed to Subcommittee
Chairman Hughes, dated April 10, 1990, the FBI advised the
Subcommittee that the Canadians did not allow the FBI to
participate in the investigation.'®

Immediately after the crash, the FBI dispatched a forensics team
to Gander, however, the FBI team was not permitted by the Canadians
to go to the crash site. On December 14, 1985, the FBI departed
Gander after they notified FBI Headquarters "it was established
that terrorism most probably was not involved in the crash and the
decision was made to return the crash victims to the Armed Forces
Institute of Pathology."*® According to the FBI, the information
that there was no evidence of terrorism was told to them by the
Canadians; it was not determined by their own investigation.

The Subcommittee can not understand how the Canadians could
determine so quickly that terrorism was not involved in the crash.

!* Berry, William M., Jr., FAA Memorandum regarding CASB Draft
Aviation. (See Exhibit 21)

¥ collingwood, John E., Letter to the Honorable William J.
Hughes. (See Exhibit 28)

* FBI Teletype, December 1985. (Exhibit 27)
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The wreckage of the plane may not have been scattered as if there
was an explosion on board, but the Subcommittee has learned from
previous investigations, that terrorists have more sophisticated
methods of disabling a plane than through the use of an explesive
device. ‘

The FBI provided all their documents pertaining to the fatal plane
crash to the Subcommittee. The significant documents are included
in the Exhibits section of this report. Included with these
documents is the report from the FBI's Identification Div#sion
pertaining to the identification of the victims. i

STATE DEPARTMENT ‘

The State Department's role in the Gander crash consisted of
collecting information and performing their diplomatic duties.
‘The State Department did not get involved with the investigation.
The State Department provided classified and unclassified documents
to the Subcommittee. The significant unclassified documents are
included in the Exhibits section of this report.

The following pages contain the allegations ‘of the fatal plane
crash and the findings which are the result of the oversight
investigation.

ALLEGATION: The U.S. Army wanted to cover-up what the Spﬂcial
Agent from the Criminal Investigation Division (CID) was carrying
on board the flight that crashed in Gander. Part of the basis for
this allegation was that the U.S. Army provided conflicting
statements to the Canadian Government and the Director General of
the MFO on what the CID agent was transporting on the plane.

FPINDING

In a Memorandum, dated March 26, 1990, the U.S. Army Criminal
Investigation Command reported to the Subcommittee that their
records indicated that Special Agent Dirk Miller was carrying 66
grams of hashish as evidence that was seized from a soldier in the
Sinai on December 2, 1985.%' The evidence was not recovered at the
crash site. In addition, Special Agent Miller was carrying a file
containing unsubstantiated information about the battalion
commander taking a personally owned weapon to the Sinai. This file
was also destroyed.

F
|

2 Memorandum from the U.S. Army Criminal Investigation
Command, March 26, 1990. (See Exhibit 17)
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Special Agent Miller was assigned a .38 calibre pistol and 12
rounds of ammunition for use with his official duties in the Sinai.
Special Agent Miller's pistol and ammunition were confiscated from
him on December 11, 1985 by the Egyptian Air Security prior to his
flight from the Sinai to Cairo. According to U.S. Army Major
Ronald W. Carpenter, Jr., U.S. Army Liaison Officer for the MFO,
he retained the ammunition but returned the pistol to Special Agent
Miller in Cairo. The pistol was not recovered at the crash site.
The ammunition was retained by Major Carpenter because of an
agreement with the Egyptians that the MFO would not transport
ammunition during the rotation through Cairo.

ALLEGATION: In an Arrow Air Memo, dated February 24, 1986, Michael
Mendez, Director of Maintenance for Arrow Air, alleged that on
December 13, 1985, George Seidlein said General Crosby wanted to
immediately bulldoze the crash site to prevent pilferage.

FINDING

The Subcommittee interviewed George Seidlein, Robert Cook, the FAA
representative at Gander, and General Crosby, who was in charge of
the U.S. Army's recovery operation.

Mr. Cook stated he attended a meeting (date unknown) with General
Crosby and three or four others (names unknown) regarding what to
do with the crash site to prevent souvenir hunters. Mr. Cook said
General Crosby mentioned bulldozing the crash site as an
alternative. Mr. Cook stated General Crosby did not mention
bulldozing at the beginning of the investigation.

Mr. George Seidlein explained that General Crosby never mentioned
to him about bulldozing the site. Mr. Seidlein thought the subject
of bulldozing the site came up later in the investigation when
they were deciding what to do with the crash site at the conclusion
of the investigation.

General Crosby stated he thought the subject of bulldozing the
crash site was the idea of the Airport Manager at the Gander
airport. General Crosby said he thought it was a good idea.

A review of the U.S. Army's documents disclosed that the Operation

Control Center Duty Officer's Log, dated December 18, 1985,

annotated the possibility of bulldozing the crash site by Canada
became an issue.

From the interviews conducted, the Subcommittee determined that the
discussion of bulldozing the site took place in the context of
steps which might be taken after the investigation was completed.
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The Subcommittee believes there is no evidence that the idea of
bulldozing the crash site was intended to be immediately after the
accident. :

t The FBI conducted an independent investigation #hich
included a 200-page report that the FBI would not release under
the Freedom of Information Act (FOIA).

FINDING ;

The FBI did not conduct an independent investigation regarding the
Gander crash. After the crash, the FBI sent their legal attache
(LEGAT) from Ottawa and forensic experts from FBI Headquarters to
Gander. According to the FBI, the Canadians would not allow the
FBI to participate in the investigation and prevented them from
going to the crash site. :

A review of the FBI documents disclosed the FBI's participation was
limited to providing disaster identification services and '

conducting interviews in the United States for the RCMP. ' The
"mysterious" 200-page report consists of worksheets and other
documents prepared by the FBI's Latent Fingerprint Section
Identification Division as a result of the identification process
for the victims in the crash.

The interviews conducted by the FBI were requested by the RCMP in
a letter dated December 31, 1985.3 The RCMP requested the FBI to
interview cCaptain Schoppaul, First Officer Bertelson and Flight
Engineer Alonso, all employees of Arrow Air who flew the Cologne
to Cairo leg of the trip. The FBI was asked to focus their
questions on the condition of the aircraft, the maintenance of the
aircraft, flight schedules and security of the aircraft on their
trip. The RCMP did not ask the FBI to inquire about sabotage,
terrorism or explosive devices. The FBI provided to| the
Subcommittee the memorandums of interviews they submitted to the
RCMP. ;

The one puzzling area is that a former Arrow Air pilot , Stephen
saunders, claims he was interviewed at his home by FBI Special
Agent Wilbur Scarborough. Mr. Saunders stated that after he was
interviewed at his home, he escorted Agent Scarborough to the Miami
Airport where he showed Scarborough a plane similar to the one that
crashed. Mr. Saunders stated some of the questions asked by
Scarborough included whether a person could survive in the belly

22 Jatter from the Royal Canadian Mounted Police, Decl 31,
1985. (See Exhibit 22) :
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of the plane, and what effects an explosion would have in certain
areas of the plane. Mr. Saunders' wife confirmed her husband was
interviewed by Agent Scarborough. :

Agent Scarborough, who is now retired, denied he interviewed
Saunders. Agent Scarborough stated he interviewed cCaptain
Schoppaul. The FBI provided the memorandum of interview of the
Schoppaul interview. They did not have any documents concerning
an interview with Saunders.

ALLEGATION: The dissenting members of the CASB concluded that
there was evidence to show that the Arrow Air plane experienced an
on board fire and massive loss of power prior to impact. The
dissenters believed the fire may have been associated with an in-
flight detonation from an explosive or incendiary device that may
have been the work of terrorists.

FINDING

In December 1985, the U.S. Embassy in Algiers informed the
Secretary of State via telegram that on December 16, 1985, the
U.S. Consul General in Oran received a telephone call in which the
caller claimed responsibility for the fatal crash in Gander on
behalf of the Islamic Jihad.?

In January 1986, the U.S. Embassy in Port Louis advised the
Secretary of State via telegram that they had received a letter,
dated January 17, 1986, in which a group claiming to be the "Sons
of Zion" informed them that the fatal plane crash in Gander was a
"cold blooded premeditated act which involved an expert sabotage
of the aircraft a few hours before take-off, with the complicity
of several Egyptian and Libyan mechanics and other Anti-U.S. and
Anti-Israeli individuals,"* . :

From the documents reviewed by the Subcommittee, there was no
evidence of any investigation to follow up these allegations. All
the government agencies deferred to the NTSB. The NTSB deferred
the question of terrorism to the Canadians: The NTSB pointed out
that they receive claims of responsibility by terrorist groups for
every plane crash.

% pepartment of State Incoming Telegram, Dec. 1985. (See
Exhibit 33) '

» pepartment of State Telegram, Jan. 1986. (See Exhibit 34)
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It was alleged that duffle bags belonging to?the
members of the 101st were removed from the Arrow Air plane in Cairo
in order to load six boxes onto the plane. The contents of these
boxes were related to attempts to release the hostages in the

Middle East. In addition, it was alleged that a blackout occurred
while the plane was being loaded and a fight broke out among! the
baggage handlers which would have had an impact on the security of
the plane.

FINDING

Prior to the 101st Airborne leaving the Sinai, all their personal
duffle bags and unit equipment were subject to a customs inspection
by U.S./Egyptian officials. According to Mark Brady, a former
Military Policeman who participated in the customs inspection in
the Sinai, a high percentage of the bags -and unit equipment were
randomly inspected. Mr. Brady stated there was definitely small
arms ammunition (M16 and .45 calibre) in the boxes he checked. He
said there was nothing unusual about the items he inspected, and
there were no high explosives.

After the baggage and equipment passed customs, it was loadediand
sealed on trucks and driven to Cairo by U.S. soldiers. In Cairo,
the trucks were met by Major Carpenter and parked in the customs
holding area. Major Carpenter, who was in Cairo the entire time
the 101st Airborne was there, said the trucks were guarded by U.S.
soldiers. Major Carpenter added that he was not aware of | any
blackouts or fights during the loading of the Arrow Air plane. He
stated the plane was parked in the VIP landing area where pl#nes
of foreign dignitaries are parked when they arrive in Cairo. Major
Carpenter said security at the airport was very tight. |The
movement of the MFO troops was top priority. that . involved
negotiations and special arrangements with high ranking Egyptian
officials with terrorism always a concern. P
According to Major Carpenter, the items on the trucks. consisted of
duffle bags, aviator kits and unit equipment. The unit equipment
included medical/dental records, night vision equipment, and other
pieces of equipment that was assigned to the 101st.

Major Carpenter explained that he assumed ammunition was béing
carried on board the plane based upon comments made by | the
battalion commander LTC Marvin Jeffcoat. Major Carpenter stated
that he and LTC Jeffcoat had a discussion about ammunition on board
the plane after Special Agent Miller's gun and ammunition were

confiscated from him. Major Carpenter said LTC Jeffcoat did not
see ammunition on board the plane as an issue since the December



900

18
4 rotation carried ammunition.?

Major Carpenter explained the duffle bags were not removed from
the plane in order for boxes to be placed on board. The 41 duffle
bags were never loaded onto the plane. He thought the 41 duffle
bags could not be loaded onto the plane because there was no more
room. This was annotated on the cargo manifest of the plane dated
December 9, 1985.%* Major Carpenter thought this happened because
the bags were loaded at night, there were no lights in the cargo
compartment, there was an empty pallet in the cargo compartment
that took up space, and that the Egyptian cargo handlers were not
motivated to squeeze all the luggage into the cargo compartment
like American baggage handlers.

ALLEGATION: ~ There were explosive devices on the Arrow Air plane
that crashed in Gander. A photograph of three mortar shells
recovered at the crash site was sent to the Subcommittee by a
family whose son died in the fatal plane crash.

FINDING

The mortar shells in the photograph were either 60mm or 8ilmm
training devices that are used to simulate mortar fire. The exact
size of the shells could not be determined from the photograph.
The mortar shells are propelled by a 22mm sub-caliber cartridge.
A review of U.S. Army records disclosed that 2,000 22mm sub-caliber
cartridges were sent to the Sinai in July 1985 (the 101st Airborne
was in the Sinai from June through December 1985). The U.S. Army's
position was that the mortar shells should not have been on the
" plane. - Speculation is that someone on the plane was taking the
shells for souvenirs. According to the CASB majority report, the
shells were inert and contained no explosives.

Major David L. Marks, Commander, U.S. Army Technical Detachment,
located at the Naval Explosive Ordinance Disposal Technology
Center, Indian Head, MD, analyzed the photograph at the request of
‘the Subcommittee. Major Marks stated that it appeared from the
photograph that the shells were not armed or expended because the
end caps were attached to the shells. Major Marks stated standard
procedure is to ship ‘the shells and cartridges separately. When
the shells are to be used for training, the procedure is to remove
the end cap, screw in the cartridge, and then insert the shell into

* Memorandum from Major Ronald W. Carpenter, Jr., U.S. Army,
Dec. 16, 1985. (See Exhibit 10)

2 cargo Manifest for the Arrow Air Plane, dated Dec. 9, 1985.
(See Exhibit 15)
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the mortar tube. Major Marks explained the 22mm cartridge used in
the shells is a smoke charge and not an explosive device. When the
mortar shell is used with the 22mm cartridge, the 22mm cartridge
propels the shell out of the mortar tube; the cartridge continues
down range while the shell drops off; when the cartridge striikes
the ground a yellow smoke charge is activated and a noise is
created to simulate live mortar fire.

In an effort to get detailed information about the mortar shells
and the RCMP investigation, the Subcommittee submitted a letter to
the Embassy of Canada requesting specific information about the
condition in which the shells were found, any live ammunition and
spent casings found at the crash site, and detailed information
about the scope of the RCMP investigation. The Embassy of Canada
has not responded to the request by the Subcommittee.

3 There was an unknown quantity of money on board/ the
plane that was found immediately after the crash and turned over
to the U.S. Army. This money was allegedly ransom money to be used
for the release of the U.S. hostages in the Middle East.

FINDING

The money on board the plane was the responsibility of the.
paymaster for the 101st Airborne. At the time of the crash, the
paymaster had $118,457.42 in personal checks, U.S. Treasury chepks,

U.S. currency and expense vouchers. The money, checks and vouchers
were recovered and inventoried by the Canadians at the crash site
and returned to Ft. Campbell, KY.?’

Gi N: A former member of the U.S. Army claimed that he was
detailed from his Ranger Unit at Fort Benning, GA to the 101st
Airborne in the Sinai in order to participate in a covert mission.
The purpose of the mission was to train individuals from other
countries on how to fire weapons. Some of the soldiers! who
participated in this covert mission were allegedly on the plane
that crashed in Gander, and the U.S. Government wanted to conceal
their identity during the investigation.

FINDING

The Subcommittee reviewed the military record of this soldier and
interviewed him on a number of occasions. As a result, the

Subcommittee determined there was no factual basis for @ his
allegations. The U.S. Army stated everyone on board the Arrow Air

¥ y.s. Army records concerning money recovered at crash site.
(See Exhibit 16) |
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flight was assigned to or was a supporting element of the 101lst.

. CONCLUSION

At the beginning of this investigation there were numerous
allegations, some of which included that the fatal plane crash in
Gander was linked to an act of terrorism against the United States;
that the crash was related to unsuccessful attempts to rescue the
hostages in the Middle East; that the plane was sabotaged in
retaliation for an arms deal during the Iran Contra affair; and
that there were bodies in the six crates that were loaded on the
plane in Cairo. The Subcommittee explored each of the allegations,
no matter how bizarre, and gathered all the factual information

available from the U.S. agencies involved with the Gander
investigation, and other sources, in order to resolve these issues.

After evaluating and analyzing all the information obtained during
the course of this investigation, the Subcommittee is dismayed and
troubled about the failure of the U.S. Government to pursue an
agtive and aggressive role in the investigation of the Gander
disaster.

First, no one in the U.S. Government could provide the Subcommittee
with any detailed information about investigations to determine if
sabotage or terrorism played a role in the crash. The FBI departed
Gander two days after the crash because the Canadians indicated
they did not need the FBI's assistance and were told that there
was no evidence of terrorism.

The Subcommittee believes that this was the first of many
shortcomings: in the manner in which the government of the United
States responded to the Gander crash.

The United States had a strong interest in seeing that a thorough
investigation was conducted, including an investigation of the
possibility of terrorism as a cause of the crash.

It appears that the FBI agents sent to Gander the day of the crash
waited in a Gander motel for whatever reports or conclusions
Canadian authorities saw fit to share with them. After a mere 36
hours,  they accepted a declaration that “terrorism was not
involved" and returned home. From the information available, it
does not appear that they were given any evidence in support of
this conclusion. i :

Such a course of conduct on the part of the FBI is, in the view of
the Subcommittee, unacceptable if not also unbelievable. It may
be that more aggressive efforts by the FBI to assume a role in the
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investigation would have been unsuccessful. Regrettably, since no
such efforts were made, we will never know if they would have been
successful.

We note in this regard that this is not the first time the
Subcommittee has had occasion to examine the role of the FBI in
investigating potential terrorist acts against U.S. citizens
outside our borders.

Shortly before undertaking this inquiry, the Subcommittee held a
series of hearings on the role of the FBI and other agencies of the
U.S. government in the investigation of the August, 1988, airplane
crash in Pakistan that took the lives of the Pakistani President
zia, U.S. Ambassador Arnold Raphel, U.S. General Herbert Wasson,
and 28 others.

In that case, it can be said that, to its credit, the FBI was very
aggressive in seeking a proper role in the investigation, but was
thwarted by other elements of the United States government, led by
the Department of State.

In the case of the Gander crash, with the possible exception qf the
U.S. Army in the manner in which it insisted on and obtained a key
role in the recovery and identification of the remains of its
deceased soldiers, there were no U.S. government agencies who
deserve high marks for effective representation of U.S. interests.

The NTSB was directly involved with the technical investigatidn but -
could not provide any information about sabotage/terrorism. | This
was despite the fact that the U.S. accredited representative had
the right to have access to all the information collected by the”
CASB.

The NTSB deferred questions of terrorism to the RCMP. Since the
NTSB was the lead U.S. agency, all the other U.S. agencies relied-
on the NTSB for gathering all the facts to the investigation.

|
Secondly, the Subcommittee is disappointed that the NTSB did not
scrutinize the factual information in the Majority Report in the
same manner as it was done in Canada. This raises the concern that
the NTSB may have been reluctant to criticize another countny and
a member of the ICAO treaty.

The manner in which the NTSB utilized--and failed to utllizé--the
services of its chief investigator, George Seidlein, in the dander
investigation is instructive in this regarad.

Mr. Seidlein was selected by the NTSB to lead the U.S. team;which
took part in the investigation. 1In this role, he was the poipt of
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contact for the United States for all aspects of the Canadian
investigation. Nonetheless, he was excluded from participation in
critical phases of the investigation. .

First, he was pushed aside during the public inquiry phase of the
Ccanadian investigation. Second, he was not involved in reviewing
and offering comments on the final report of the Canadian
investigation on behalf of the United States. In fact, upon being
shown findings of the Canadian investigation by Subcommittee staff,
Mr. Seidlein indicated that he was seeing them for the first time.

In both of these phases of the investigation--the public inquiry
and the formal review of the Canadian report--Seidlein was replaced
by his supervisor, Ronald L. Schleede, Chief of the Aaviation
Accident Division of the NTSB. .

In an interview with the Subcommittee, Mr. Schleede indicated that
he replaced Mr. Seidlein in the Canadian inquiry because Seidlein
was not good at public relations.

We find this suggestion that public relations concerns might be
given a higher priority than substantive matters to be very
distressing. Our concern is increased by the knowledge that Mr.
Seidlein was critical of the inclination of the CASB to conclude
that the crash was caused by icing on the airframe of the DC-8.

When interviewed by Subcommittee staff, Mr. Seidlein indicated that
he was noﬁ asked by NTSB to review the final report of the Canadian
investigation. Mr. Seidlein offered the observation that, had he
been asked to review the report, it is unlikely his views would
have been accepted by the NTSB, since he did not agree with the
CASB's conclusion that the crash was caused by icing on the
airplane.

We cannot say with certainty that Mr. Seidlein was excluded from
critical phases of the investigation because he did not agree with
the direction the investigation was going. However, the fact that
he did disagree with the icing theory makes it even more disturbing
that the NTSB excluded its own point person from the investigation.
It did so, according -to testimony of the NTSB official who removed
him and replaced him, because of his lack of finesse in matters of
public relations.

Having done so, the NTSB then proceeded to give its ‘uncritical
approval of the CASB majority report, with no indication that it
reviewed or considered the storm of controversy that the report
generated within the CASB itself and within the aviation community
in canada and the United States.

The Subcbmmittee is disturbed that the NTSB "sat back and watched"
while the Canadian Government spent four years arguing over the
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causes and findings in the Majority Report. Meanwhile, the
families and relatives of the victims were relying on the U.S.
Government to protect their interests in the investigation lof the
fatal crash. i

It is the belief of the Subcommittee that the NTSB should have been
more forceful in representing the United States interests in this
investigation. ' Granted, the NTSB was working in a foreign country
under an international treaty. However, as the Subcommittee has
learned in this investigation and previous investigations, each
one should be treated differently.

In this particular case, 248 American soldiers lost their lives at
a time when terrorism against Americans around the world was
widespread. In fact, from June 1985 through November 1985, thére
were 11 incidents of worldwide terrorism against Americans. The
*Achille Lauro® hijacking occurred two months prior to the fatal
crash. - Therefore, the Subcommittee believes the U.S. Government
should have been more assertive in knowing all the facts about the
complete investigation as opposed to just the technical aspdcts of-
i

Finally, the Subcommittee is concerned that the Canadians did not
utilize all the resources and expertise of the U.S. Government to
assist with the investigation. The Subcommittee does not
understand how the Canadian Government could turn down the
assistance from the U.S. Government (i.e. FBI investigative
experts) when the Canadians were facing one of the world's largest
aviation catastrophes at a time when terrorism was widespread
around the world against Americans.

This is not a matter of second guessing the Canadian investigation,
but a realization that when 248 members of the U.S. Army are killed
the vast resources and expertise of the United States should have
been actively pursuing the cause of the crash. The Subcommittee
believes the expertise and resources of the FBI and the U.S.
Government would have not only enhanced the investigation but moré
than 1likely would have eliminated a 1lot of the controversy.
Instead, it appears the CASB was determined to prove that they had
the expertise and resources to conduct their own investigation.

In the end, with all the controversy over the facts of the
investigation, the actions and inactions of both the Canadians and"
U.S. authorities have elevated the concerns of the victim's

families concerning the competency of the investigation. | B

The Subcommittee believes the failure by the Canadians to 'accept
the assistance from the FBI, and the reluctance by the NTSQ to be
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more aggressive with the Canadians during the investigation and
after the Majority Report was issued, have left questions that will
always remain unanswered.

RECOMMENDATIONS ‘

1. The Departments of Justice and State, and other agencies of the
Executive Branch as appropriate, should review our treaty and other
international agreements and protocols for consistency with policy
reflected in the Anti-terrorism provisions of the United States
Code which were enacted in 1986. (18 U.S.C. 2331--Extraterritorial
Jurisdiction over Terrorist Acts Abroad against United States
Nationals).

By way of explanation for their failure to take a more active role
in the investigation of the Gander crash, agencies of the United
States government stated that their role was severely limited by
the terms of the International Civil Aviation Organization  (ICA0)
treaty. ‘ ‘

The Subcommittee believes that many of the restrictions on U.S.
participation in the Gander investigation were self-imposed.
Nonetheless, we do believe that provisions of the ICAO and other
international agreements should be -reviewed to determine any
inconsistencies with the policy of the United States as reflected
in 18 U.S.C. 2331.

That statute, enacted after the Gander crash and therefore not
implicated in that investigation, extends United States criminal
jurisdiction over terrorist killings of United States nationals to
all such killings, regardless of whether the crime occurred in the
United States or abroad.

To the extent existing international agreements prohibit or impede
the FBI or other U.S. law enforcement agencies from investigating
incidents of possible violations of the "long arm" statute, they
should be reviewed for potential renegotiation, and revision.

2. The Departments of Justice and State, and other affected U.S.
agencies, should develop procedures and memoranda of understanding
relating to the investigation of possible terrorist acts abroad
against U.S. citizens and U.S. interests. These agreements should
provide mechanisms for problem identification, referral to the
appropriate level of government for attention, and resolution.
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APPENDIX 48.—ADDITIONAL RECOMMENDATIONS GROWING OUT OF
THE INVESTIGATION OF THE SUBCOMMITTEE ON CRIME INTO THE
GANDER AIR CRASH

1. IN JUNE 1990 THE COMMITTEE SENT A REQUEST TO THE CANADIAN
EMBASSY REQUESTING- SPECIFIC INFORMATION = ABOUT THE RCMP
INVESTIGATION INTO POSSIBLE TERRORIST OR OTHER CRIMINAL INVOLVEMENT
IN THE GANDER CRASH.

WE RECOMMEND THAT, IN THE 102ND CONGRESS, THIS COMMIT'I‘EE
CONTINUE TO PURSUE THIS AVENUE OF ADDITIONAL INFORMATION.

INASMUCH AS IT APPEARS THAT INFORMATION DEVELOPED BY THE RCMP
CONCERNING POSSIBLE CRIMINAL ORIGINS OF THE GANDER DISASTER HAS NOT
~BEEN REVIEWED BY U.S. LAW ENFORCEMENT AGENCIES, OUR COMMITTEE
SHOULD REQUEST SUCH A REVIEW BY APPROPRIATE LAW ENFORCEMENT AND
INTELLIGENCE AGENCIES OF THE UNITED STATES.

2. DUE TO PREOCCUPATION WITH ICING ON THE AIRFRAME AS THE CAl SE1 OF
THE CRASH, INADEQUATE ANALYSIS HAS TAKEN PLACE OF OTHER POSSIBLE
CAUSES OF THE CRASH. THIS IS PARTICULARLY TRUE OF ME ICAL
MALFUNCTION, SYSTEMS FAILURE, AND HUMAN ERROR AS POSSIBLE USES.

WE RECOMMEND THAT THIS COMMITTEE FOCUS PARTICULAR ATTENTION ON
ADDITIONAL ANALYSIS IN THESE AREAS, AND TO SECURE ADDITIONAL
TECHNICAL EXPERTISE (FROM GOVERNMENT AGENCIES WITH EXPERTISE AND
FROM INDEPENDENT EXPERTS) IN CARRYING OUR THIS ANALYSIS.

l}
3. WE RECOMMEND THE ATTORNEY GENERAL REVIEW THE HISTORY OF BOTH
GANDER AND THE PAKISTANI ATIR DISASTER CLAIMING THE LIVES OF OUR
AMBASSADOR ARNOLD RAFAEL FOR NEW SAFEGUARDS TO INSURE THAT THERE IS
HIGH LEVEL REVIEW AND FULL COORDINATION AT THE EXECUTIVE LEVEL FOR
ANY FUTURE EXTRATERRITORIAL DISASTERS OF A POTENTIAL TERRORIST
CAUSE.

43-805 (920)




