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NATIONAL TRANSPORTATION SAFETY BOARD 
WASHINGTON, D.C. 20594 

AIRCRAFT ACCIDENT REPORT 

Adopt& February 19,1981 

REDCOAT AIR CARGO, LTD. 
BRISPOL BRITANNIA 253F, REGISTRATION G-BRAC, 

BILLWICA, MASSACHUSElTS 
FEBRUARY 16,1980 

SYNOPSIS 

About 1416 eastern standard time, on February 16, 1980, Redcoat Air 
Cargo, Ltd., Flight RY103, a Bristol Britannia 253F, crashed into a wooded areal 
adjacent to an industrial park and residential area in Billerica, Massachusetts, 
about 16 miles north-northwest of Boston Logan International Airport, Boston, 

that their aircraft to climb; the aircraft reached 1,700 ft end 
Massachusetts, takeoff from runway 33L. The crew radioed. 

descended into the ground. Weather at Boston at the time was 400 f t  overcast, 
visibility 1 / 2  mile in light snow and fog, and winds 360' a t  11 knots. A SIGMET was 
valid for the Boston area calling for moderate to severe icing in precipitation. 
Pilots reported wind shear and turbulence in the  Boston area and the crew of Flight 
103 repwted downdrafts. Of the eight occupants aboard FligW 103, seven were 
killed and one was seriously injured. The .aircraft and its cargo were destroyed by 
impact and postcrash fire. 

cause of the accident was degraded aerodynamic performance beyond the flight 
The National Transportation Safety Board determines that the probable 

capabilities of the aircraft resulting from an accumulation of ice and snow on the 
airframe before takeoff and a.further accumulation of ice when the aircraft was 
flown into moderate to severe icing conditions following takeoff. Contributing to 
the cause of the accident were encounters with wind shear, downdrafts, and 
turbulence during the climb. The failure of the  flightcrew to,obtain an adequate 
preflight weather briefing and the failure of the National Weather Service to  
advise the flightcrew of a SIGMET for severe icing conditions were also 
contributing factors. 

.~ 

1. FACTUAL INFORMATION 

1.1 History of the Fli@t 

Model 253F, British registry G-BRAC, was being operated under a'British Air 
On February 16, 1980, Redcoat Air Cargo, Ltd., a Bristol Britannia 

Operator Certificate as Flight RY103 from Boston, Massachusetts, to Shannon, 
Ireland Flight 103 was the return flight of a Royal Air Force (RAP) weekly 
charter which originated in Lyneham, England, and carried cargo to Belize, Belize 
(formerly British Honduras). The accident flight was the first trip by Redcoat 
carrying cargo from Boston to Ireland. The flight was not operating as an RAF 
charter, although there were 446 lbs of RAF cargo aboard the airgraft. 
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February 15, 1980, arriving about 1510. I/ The aircraft was parked a t  the central 
The flightcrew had flown the aircraft from Belize to Boston on 

cargo ramp at Boston's Logan Internatioiial Airport, where cargo was loaded under 
supervision of the dmaster. About 2200, after the cargo w a s  loaded, the captain 
was called to tam +craft from the cargo ramp to the, transient aircraft 
parking area at the extreme southwest portion of the airport. The aircraft was 
then refueled with 6,650 gallons of jet A fuel and secured for the night. 

crewmember, believed to be the navigator of Flight 103, entered the National 
About 1100, on February 16, the crew arrived at the airport. A 

Weather Service (NWS) office and requested a 500 millibar (mb) prognosis chart for 
the North Atlantic. The weather briefer suggested a 250-mb chart because the 

left the office and returned in a few minutes accompanied by other crewmembers 
NWS does not issue 500-mb charts for the entire North Atlantic. The crewmember 

Of Flight 103. They requested forecasts for several airports in the British Isles.' - 
The weather briefer said that the crew appeared to be in a hurry; however, he 
suggested that they obtain forecasts for other stations'in the New England states, 
and the Canadian maritime forecasts. When the briefer returned a short time later 
with the forece,sts, the crew w a s  on the way out of the office and he called them 
back. After recaiving the forecasts, the crew again started to leave but the 
briefer 'again called them back to obtain their flight number for his records. 
Shortly after the crew finally departed, the briefer said he remembered that he had 
neglected to tell them about SIGMET 2/ India 2, which forecast octasional severe 
icing in precipitation in the New Englacd area. LJhf (f;d ic'J ~ . ._ ' ' I  : j j l l  (,:,! 

filed a flight plab. 
About 1155, the crew proceeded to the flight service station (FSS) and 

- 
, .  

' :i 

In the meantime, the flight engineer and the ground engineer had 
proceeded to the aircraft to prepare it for departure. Since 'a snowfall during the 

local ground service sweep the snow off and that deicing fluid be applied to the 
night had left considerable snow on the aircraft, the flight engineer requested that 

aircraft. 

I, \ 

buildup of nearly 1 ft  of snow against the right side of the fuselage, on the Wings 
The flight engineer and other ground witnesses stated that there W a s  a 

and horizontal stabilizer, and on the right side of each engine jet pipe. All of these 
areas were swept before deicing fluid was applied. Deicing fluid was then applied 
to the entire upper surface of the aircraft, except for the top.of the fuselage. The 
person who performed the operation stated that one of the crewmembers stated 
that i t  was not necessary to deice the fuselage, as it appeared free of snow and ice. - 
The flight engineer and ground engineer observed the snow being Swept Off the 
aircraft, then left the area while deicing was performed. 

- 

.. - 

m m e s  herein are eastern standard based on the 24-hour clock. 
- 21 A forecast of significant and usually hazardous imminent meteorological 
phenomena severe enough to be of concern to pilots of all aircraft. 
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accident, stated that snow was falling intermittently during the deicing operation 
During a postaccident interview, the flight engineer, who survived the 

and before engine start, and that the snow was wet. The flight engineer stated 
that he walked around the aircraft after the deicing was completed, and he 
ohecked all the. control surfaces for proper clearance; he found them all to be 
satisfactory. Ground witnesses stated that they saw the ground engineer walk 
around the nose wheel area and then board the aircraft. No one saw the flight 

completed. 
engineer or any other crewmember check control surfaces after deicing was 

The remainder of the flightcrew arrived at the aircraft and boarded 
about 10 to 20 minutes after deicing was completed. The flight engineer and 
ground engineer reportedly had completed preparations and had boarded with the 
two passengers. Aircraft occupants now included the captain, first officer, flight 

occupants were aboard, the deicing crew gave the wings and horizontal stabilizer a 
engineer, navigator, loadmaster, ground engineer, and two passengers. After the 

"fast shot" of deicing fluid. 

e After the engines were started, the aircraft remained parked for 20 to 
25 minutes with the engines at idle. Flight 103 called clearance delivery at 
1350:57 and was cleared to the destination airport via the flight plan route, The 
flight was instructed to maintain runway heading to 5,000 ft. 

clearance was amended to change the departure runway to 33L': The amended 
The departure runway was to be 15R. A t  1358:48, horyever, the 

clearance directed Flight 103 to depart on runway 33L and turn left to 315" at  the 
2-mile dbtance measuring equipment (DME) fix after departure. The flight 
engineer stated during the postaccident interview that he released the flight 
control locks after the engines were started, and the control surfaces moved from 
their stowed position. He said he also lowered the flaps to full down; then brought 
them fully up and finally selected the 15" down pasition (takeoff position). The 
aircraft taxied from the ramp at 1355. supervisor stated that he saw 
snow and posSibly frost beginning to accumulate on the leading edges of the wings 
as the aircraft left the ramp area. The flight engineer stated that the entry guide 
vane heat was on before taxiing and that he recalled seeing the outside air 
temperature gauge at 6" to 8' C. He said that because snow was falling, he would 

it was mild. The snow that we were getting was very, very wet snow, very wet." 
have expected the temperature to be lower. He repeated that the snow was "wet, 

He said, "each time we stopped, I leaped out of my seat, peered through the radio 
window and there was no buildup of snow or ice on the leading edge of the nacelle, 
around the intake or the leading edge of the main plane." When asked how much of 
the wing he could see, he responded, "from that position, practically to the wing 
tip." He added, "the top surface of it more or less. The top surface outboard of 
No. 1 engine." He summarized, "I am convinced that there was no appreciable ice 
buildup on the aircraft before we started to take off." 

'. 

Flight 103 was instructed to follow an Eastern Airlines Boeing 7 2 7 ~  on 
the outer taxiway, but was asked to hoId~twice ox-the outer taxiway while ground 
traffic conflicts created by the runway change from 15R to 33L were resolved. 
When the conflicting arriving traffic landed on runway 15R and the  



-4- 

~ 

runway was clear, the Eastern 727 and Flight 103 were cleared to taxi outbound on 
"Charlief' to the takeoff end of runway 33L. During Flight 103's hold on the outer 
taxiway, a witness in the airport operations tower saw what he believed to be 

the engines of the stopped aircraft. The flight en 'neer stated that each time the 
ight 103's engines being reversed. He said he saw snow swirling vertically near 

aircraft was stopped on the outer T-@-- axlway, reverse thrust was selected 
momentarily because of the icy taxiway, and that snow did swirl up during the 
stops. 

According to the flight engineer and the cockpit voice recorder (CVR) 

the taxi to runway 33L. No abnormalities were apparent. A t  1357, the first 
transcript, the normal taxi and before-takeoff checklists were accomplished during 

officer remarked, "We'll have deicing on as soon as we get airborne." He then said, 
"We'll be in, be in the range as soon as we get airborne Rick, *.If ?/ The flight 
engineer responded, "yeah, very likely." When asked during the intemiew what was  
meant by this discussion, the flight engineer stated, It  (a) that we would expect ice 
warning fairly shortly after takeoff and (b) that we would be in the so-called 
temperature range for engine icing for the cowling, this is what we thought. I said 
that I would watch this and would be responsible for it." 

when they were rolling. A t  1408:41, the tower controller asked Flight 103 if they 
A t  1407:11, Flight 103. was cleared for takeoff and was asked to advise 

were rolling :let and, at 1408:44, Flight 103 responded, "One-oh-three okay just 
(goin'). ?/ A t  i408:57, Flight 103 called, "one-oh-three is rolling." The first 
officer made the takeoff. Two snowplow drivers watched the takeoff and stated 
that it appeared normal and that the aircraft lifted off between runway 4L and 
taxiway Another witness stated that the aircraft roteted f&. takeoff 
near the intersection of runways 33L and 4L. These positions were..6,705 f t  and 
7,655 ft, respectively, from the takeoff end of runway 33L. 

The flight engineer stated during a postaccident interview that there 
were patches of slush on the runway surface. He said he could hear the slush hit 
the fuselage at times during the takeoff roll, and did not consider the takeoff run 
abnormally long because of the runway surface condition. He further stated that 
the aircraft' encountered severe turbulence immediately after liftoff, and the  
turbulence was constant during the climb. When asked to describe the turbulence 
further, the flight engineer responded that it was like a "high frequency buffet." 
According to the flight engineer and the CVR transcript, the normal 
after-takeoff-checklist items were accomplished, including the landing gear-up 
and flaps-up items. Maximum continuous power was called for and set at 1410:20, 
and the first officer called, "Two DME, going left." For about the next minute the 
flightcrew discussed the departure control frequency. At 1411:34, radio contact 
was established between Flight 103 and departure control. A t  1.411:36, the 
departure controller advised Flight 103 "RY one-oh-three, low-altitude alert, 
check your altitude, climb, and maintain niner thousand." A t  1411:42, Flight 103 
replied, l'. . . we're passing twelve hundred feet, cleared to niner thousand." About 

- 3/ Asterisks indicate unreadable words. 
- 4/ Unclear word. 
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1411:22, the captain said, "Ice warning," and the flight engineer replied, ttItts 
actioned." The CVR transcript revealed an intracockpit comment at 1411:52 by an 

%ot the deicing on?" The flight engineer replied, "Affirmative." A t  that point the 
unidentified crewmember, "Bloody rough, isn't it?" At 1412:07, the captain asked, 

crew continued the climb check. The flight engineer said the first officer 
controlled the pressurization system, and probably opened the valv ' to  begin 
pressurization when he made the remark "commenced" during the cl&heck. 

The flight engineer stated that about the time the low-altitude alert 
was received, the aircraft was in clouds and was experiencing severe turbulence. 
He said the aircraft was moving rapidly about all three axes. He said he was not 
concerned about the climb rate until the low-altitude alert was received. He also 
said that the captain and first officer did not seem concerned about the climb rate 
at this point. 

alert and advised, "RY one-oh-three, low-altitude alert, check your altitude 
A t  1412:49, the departure controller received a second low-altitude 

immediately, shows one thousand four hundred feet, the minimum safe altitude in 

"one-zero-three roger, we're getting a lot of chop here." A t  1413:03, the first 
that area is one thousand seven hundred feet." The captain replied, 

officer said, "Cowl heat and icing can go off now can't it?" The flight engineer 
replied, "Cowl heat's not on." The captain said, "Go at  V2 plus three then, 
Jack." 5/ The first officer replied, "Okay not climbing at the moment." The flight 
engine& repeated, "Cowl heat's not on." * 

During the postaccident interview, the flight engineer stated that he 
was extremely concerned about the proximity of the terrain after the controller's 
second alert. He said he was sure the captain and first officer were equally 
concerned. When asked about the use of cowl heat, the flight engineer stated that 
he had momentarily (less than 30 seconds) turned on the cowl heat for Nos. 1 and 4 
engines, noticed the expected drop in torque, and then returned the switches to off. 
He said torque returned to normal values. He said that his comments about cowl 
heat's not being on were verifying to the crew that the heat was, in fact, off. He 

raised the nose after the second low-altitude alert and the captain's directive to 
could not recall any airspeeds being flown, but he did recall that the first officer 

"go at V2 plus three. . . .IT 

. 

captain replied at 1413:41, "RY one-oh-three we're getting some pretty severe 
The departure controller requested Flight 103 to turn right to 360'. The 

downdrafts here." The controller responded, "One-oh-three roger, when you leave 
four thousand, five hundred feet, the. . . air gets quite a bit smoother up there 
from a pilot report I received ten minutes ago." The captain replied, W n  pleased 
about that, thank you, sir'." The controller added, * there is wind shear at that 
altitude that you're at  now." That transmission was followed by the sound of a 
microphone button being keyed. 

5 / a s s u m e d  - that the V2 plus 3 speed referred to by the captain w a s  the V2 
speed of 133 knots, with flaps 15 degrees, printed on the takeoff data card. This 
assumption was based on the opinion of the chief pilot of Redcoat Air Cargo, Ltd., 
who reviewed the CVR transcript and company procedures. 
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". . . because I didn't want to have the penalty f a  thrust." However, he verified 
The flight engineer stated that wing heat was not used during the flight 

that he observed no deficient engine power indications f a  the entire flight. 

The following cockpit conversation ensue& 

1414:OE FE 
FE 
FO 
PO 
FE 

141k14 PO 
1414:17 FO 
1414:26 PO 
1414:30 Navigator 

PO 

I think well. 
I think we're. 
Full power 
Full power 
I think well have a little bit more power 
out of it. 
Yes. 
Bloody thing's going down. 
Any icing? 
No, there's nothin on the wings. 
Going down. 

zero-three, are we clwe to  high ground here, we just don't seem to be climbing?" 
A t  1414:35, the captain called departure control and asked, 'I. . . one- 

The controller responded, "RY one-oh-three ah * you show one thousand two 

affirmative." The controller asked Flight 103 if it wanted t o  return t o  Boston. The 
hundred now, understand you can't climb." The captain replied, "That's 

however, at 1415:11, t h e  controller asked if the aircraft was in visual flight rules 
transmissions recmded on the CVR were beginning to break up at this point; 

(VPR) conditions and the captain replied, "NO we're IFR (instrument Right rules)." 

The following intracockpit conversation occurred in the next few 

1415:22 FO - Okay, do you want to jettison, Bill? 
1415:23 Capt 
1415:25 FO 

Capt - Okay ( * my stick), * * * * * 6/ 
1415:36 Navigator - 
1415:38 

Y outre very low, I can see the ground. 
FE 

Sec?onds: 

- Yeah, start jettisoning fuel. - You take control, now. 

- Yeah, welre dumping fuel. 
- Get round here you bugger. 

1416:OO FO 
1416:02 

- Get some power up. 
PE 

1416:05 Capt - In a stall 
1416:07 Capt 

Capt 
- Look out 

1416:08 Sound of impact. 
Hold on 

1415:57 CRpt 
c Rpt - Controls ere frozen. ( * try it) 

We have full power now. - 

- 

- words--could be "low and sinking." 
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we're still sinking." That radio trammission was not received by Boston departure 
At 141k41, the captain radioed, "One-oh-three we're dumping fuel, 

ccmtrol; however, witnesses on the ground near the accident site heard the 

remrded on the CVR, nor did the flight engineer report henrii i t  
trammiasion on a radio scanner. No sound of the stall warning stickshaker WM 

miles of flight. The ccasemm of their observations was that the aircraft was 
Numerous ground witnesses saw the aircraft M i  the approximate 16 

lower than they eipected witnesres near the airport reported that the aircraft 
was climbiw slowly end it was much lower than they would have expected it to be. 
Severalsaidthespeedeppeeredtobeslow,theaircraftnosehigh,andtheengines 
at high power. They also said the wings had been "wobbling." All said that the 

. witness reported seeiw the aircraft Mow the dau& on occasion and entering Q 
landiqg gear and were up, and none saw f i i  or smoke before impact. The 

leaving the dau& at different locatiarn, alollg the route. They said it was in a 
climbing attitude, but not gaining altitude. A few witnesses near the point of find 
impmct said that the aircraft flew directly over their homes in a nosehigh attitude 
snd the wiw had struck trees. Howeva, inspection of these areas and followup 
lntmviera revealed that the aircraft had not actually touched the trees, but it WKI 
exlremdy low. 

Thenightengineerstatedthattheairerattwasindoudsfromabout 

revealed that at l413:M the aircraft entered a grsaual right turn from a eoucse of 
500 to 600 f t  above the ground fa nearly the entire flight. Radar information 

about 315". Radar contact was last when the aircraft was abut 0,7 milafrom the 
accidmt site and at an elevation of 600 ft m a l  

Theaircraftcrashedintoawoodedareaadjaenttoanindusbtal 
and just short of a residential area. The crash path was oriented on a magnetic 

-ares 
bearing of 050' and was about 1,502 f t  long from initial contact with the trees to . 
where the maim wreckage came to rest. A severe postcrrtsh fi erupted 
imnediately. 

location was 4231'45" N and 71~5'08" W. 

L2 -topwops 

The acreident occurred in rhylight hans at an elevation of 170 ft. The 

_ _  

2 0 
0 0 
0 0 
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1.5 Crew InfamatIan 

The crew was certificated and qualified to conduct the flight. The 
crew consisted of the captain, first officer, flight engineer, and navigator. Two 

appendix B.) 
additional crewmembers were a loadmaster and a ground engineer. (See 

1.6 Airerait Information 

maintained, and equipped in accordance with current British regulations. (See 
G-BRAC, a Bristol Britannia 253P, serial No. 13448, was Certificated, 

appendix C.) G-BRAC was a 4-engine turboprop manufactured by Bristol Aircraft 
Company. Its certificate of airworthiness was issued by the U.K. Civil Aviation 
Authority. 

The investigation did not reveal the exact manner in which the cargo 
was loaded aboard G-BRAC. According to statements from persons involved, 
cargo loading began shortly after G-BRAC arrived in Boston on February 15, 1980, 

of 30 items weighing an estimated 22,000 lbs. The heavier items were loade first 
with the loadmaster supervising the loading. Loading was begun with a tr ckload 

from the front of the aircraft along the right side to the rear. The loading w $ d  
then stopped until a second truck arrived containing an estimated 12,500 lbs ,of 
cargo. When the heavier items from the truck were all loaded on the cargo area' 
floor, some lighter cartons were loaded on top of the heavier cargo in the fuselage. 
The remainder of the lighter items were placed below the floqr in bargo 
compartments. The entire fuselage load was covered by heavy netting and secured. 
Twenty-four cartons and one skid weighing a total of about 2,297 lbs were not 
loaded. The flight engineer stated that he was present during the loading and that 
the cargo was left behind because the aircraft's weight capacity was reached. 
Persons associated with the shipment stated that the cargo was left behind because 
the aircraft cargo space was full. 

The aircraft loading sheet found aboard Flight 103 showed the following 
weight - 7/ distribution of the load: 

Under Floor Holds Cabin Bays 

No. 1 - Empty 
No. 2 - 660 kg 
No. 3 - 500 kg 
No. 4 - Empty 

No. 5 - 2,800 kg 
No. 6 - 4,000 kg 
No. 7 - 3,000 kg 
No. 8 - 2,800 kg 
NO. 9 - 1,100 kg 

loadmaster arrived at the various cargo bin weights, because the individual cartons 
The Safety Board's investigators were unable to determine how the 

and skids did not have unit weights on them, nor did the shipper or freight 
forwarder provide the loadmaster with accurate documentation of the exact 
weights of the items. Discrepancies were found in the estimates of unit weights 

- 7/ The British use the metric system in weight and balance computation. Both kg 
and lbs are used herein depending on the reference &om which the particular 
weight was taken. Both are reported on occasion for clarity. 
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made by the shipper and individuals involved with the shipment. Similarly, the 
exact total weight placed aboard Flight 103 could not be verified. The items left 
behind were weighed and those weights were compared with items reportedly 
aboard the aircraft. Using those figures, the weight used by the loadmaster of a 
load totaling 14,860 kgs (32,760 lbs) is calculated t o  have been reasonably accurate. 

RAF cargo already aboard. The estimated weight of actual cargo loaded a t  Boston, 
The Safety Board did not determine whether that weight included the 446 lbs of 

based on documents and statements provided to the Safety Board, was estimated t o  
have been about 13,874 kgs (30,587 lbs). This figure takes into account an 
arithmetic error of 946 kgs (2,085 lbs) more than the actual weight made by the 
shipper. 

After the aircraft was refueled with 6,650 gallons of jet A fuel, the 

review of the flight engineer's trip record from Belize to Boston showed 21,600 kgs 
weight sheet showed the total fuel aboard for takeoff as 26,600 kgs (56,643 lbs). A 

fuel  aboard for takeoff a t  Belize and that the actual burnoff may have been about 
390 kg less than expected, which would place the actual fuel aboard for takeoff a t  
Boston at 26,900 kgs. 

The aircraft was last weighed on June 3, 1977. The documents aboard 
the aircraft show the empty aircraft weight as 40,263 kgs (88,765 Ibs). There were 
three amendments to the weight documents for equipment added t o  the aircraft 
which brought the empty weight t o  41,148 kgs (90,715 lbs). The most recent weight 
sheet fa the aircraft showed an Aircraft Prepared for Service (APS) 8/ weight of 
41,551 kgs (91,604 lbs). This was adjusted for 44 kgs of additional %uipment, a 

passenger, and baggage weights were added to the adjusted APS weight to arrive a t  
triplkunit passenger seat, which brought the APS to 41,595 kgs.'Additional crew, 

the dry operating weight of 42,015 kgs (9 ,627 lbs). Takeoff fuel weight was added 
to this figure to arrive a t  the wet operat' J g weight, and cargo weight was  added to 
arrive at the takeoff gross weight. The estimated takeoff gross weight for Flight 
103 was calculated as follows: 

.Dry operating weight - 42,015 kgs 
Takeoff fuel - 26,990 kgs (based on fuel slips and actual fuel burn from 
Belize) 
Cargo (loaded) - 13,874 kgs 
Cargo (aboard) - 181 kgs 9/ 
Calculated takeoff weightL83,060 kgs (183,115 lbs) - IO/ 

The weight sheet found aboard Flight 103 showed the weights as 

. *  

follows: 

Dry operating weight - 42,015 kgs 
Takeoff fuel - 26,600 kgs (figure shown on the weight sheet) 

Takeoff weight--83,475 kgs  (184,030 lbs) 
Cargo - 14,860 kgs 

- E/ The APS weight is the result of adding normal crew weight, drinking water, 
navigation equipment, ships library, and other items. - 9/ The cargo manifest showed 446 lbs (202 kgs) of RAF cargo aboard; however, a 

RAF cargo weighed 400 lbs (181 kgs). 
corrected message was received from Redcoat Air Cargo, Ltd., stating that the 

- 10/ Based on cargo weights as reported and estimated by the shipper. 



-IO- 

83,915 kgs (185,000 lbs). The center-of-gravity (c.g.1 allowable range for the 
The certificated maximum takeoff gross weight for the aircraft was 

takeoff weight of 83,475 kgs was between 112.7 ins. (forward limit) and 98.42 ins. 
(aft limit) forward of the datum with the landing gear down and flaps extended. 
The aft limit moves to 93.14 ins. for landing gear up and flaps retracted (cruise). 
The c.g. l imi ts  for maximum takeoff gross weight of 83,915 kgs are 113.39 ins. and 
93.14 ins., respectively. 

The loadsheet for Flight 103 showed a laden c.g. as 22 percent. This 
percentage is derived from a balance computer on which the various weights are 

standard mean chord (SMC) for the calculated takeoff weight. Twenty-two percent 
entered and a laden index is derived. The laden index gives a reading of 22 percent 

SMC equates to 111.6 ins. forward of the datum. This is within the c.g. allowable 
range, about 2 ins. aft of the forward limit. Witnesses to the  loading operation 
stated that the loadmaster checked the nose landing gear strut extension on several 
occasions during the loading operation. 

as follows: "Climb performance below normal; off-loading of hydraulics produced 
The maintenance records for the aircraft showed a writeup in June 1979 

'thump' and return to normal performance." The maintenance corrective action 
involved full landing gear retraction tests during which the nose gear forward 
left-hand and right-hand doors drooped. The doors were adjusted, and the aircraft 
was  released for flight. There were no further writeups on this problem. 

December 17, 1961, revealed that the RAF had experienced'deficient climb 
British Aircraft Corporation (BAC) document No. FRD/175/4/13, dated 

performance with this particular aircraft, G-BRAC. The RAF had reported that 
t h e  time to climb performance was  substantially inferior (-34 percent) to that 
specified in the performance data. Considerable evaluation was made of the 
engine performance, the  airframe effects, and pitot/static problems. 

During two BAC test flights, the time to climb to 25,000 f t  was 9 
percent and 26 percent greater than specified values. The second test climb was 
made with entry guide vane heat on which was found to account for the greater 
time. With the entry guide vane heat on, 2 1/2-percent less power was measured 
than was measured on the first flight. The flight test results showed that the mean 
engine power was about 4 1 / 2  percent less than that specified for the fleet. Also, 
the tests showed 3 I/Z-percent exces drag during the climb from small  amounts of 
surface roughness. The combination of power loss and excess drag was sufficient 
to account for the deficit in climb performance of 9 percent greater t ime to 25,000 

reported climb deficit of 34 percent and the observed value of 9 percent. 
ft. The tests failed to determine the reason for the discrepancy between the 

However, several items of maintenance, including resealing and painting, were 
performed on the aircraft before the tests to "clean up" the airframe 
aerodynamically. Also, rigging and symmetry were verified and the engine 
compressors were washed. 

A more recent flight test was conducted by Airline Engineering, Ltd., 
at Luton, England, on June 30, 1978. The airframe time was 19,140:24 hours with 

within acceptable tolerances. 
total landings of 7,703. All performance criteria including time to climb were 
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1.7 Meteorological Information 

1.7.1 General 

of February 16, 1980, was characterized by low overcast and obscured skies with 
The weather in the Boston area during t h e  morning and early afternoon 

visibilities ranging from 1/2 to 2 miles in snow and fog. Temperatures were 
slightly below freezing with winds from the northwest to  east at 7 to  14 kns. A 
frontal inversion extended northward from the surface warm front south of Boston 
to over the Boston area. The thickness of the cooler air beneath the inversion in 
the vicinity of Boston was apparently quite variable based on aircraft reports of 
turbulence, wind shear, and icing. Moreover, winds and precipitation, as reported 
by witnesses a t  the airport and along the flightpath of Flight 103, were variable. 
Some witnesses reported gusty winds with dry snow, while others reported wet 
snow and freezing rain with no appreciable wind. (See appendix D.) 

1.7.2 Surface Obse~vations 

The following surface observations were taken on February 16, 1980, 
for the times and places indicated: 

L 

Boston 

Time-1354: type-record special; ceiling--partial obscuration 
measured 400 f t  overcast; visibility 2 miles; weather--light 
snow and fog; temperature-30°F; dewpoint-24' F; 
wind--330* 11 knP; altimeter--29.39 ins; remarkssnow 

variable 6,000 ft.  
obscuring 2/10 sky; runway 04 runway visual range 3,000 f t  

Time-1429; type-special; ceiling-partial obscuration $ 6  

measured 400 f t  overcast; visibility 1/2 mile; weather--light 
snow and fog; wind--360° 13 kns; altimeter-29.36 ins; 
remarks--snow obscuring 4/10 sky, runway 04 runway visual 
range 3,000 f t  variable 4,000 ft. 

. 

1.7.3 W e a t h e r  Radar 

A t  1330, the NWS radar a t  Chatham, Massachusetts, reported an 

report. The northwest edge of this area was about 14 miles southeast of Boston. 
area of 8/10 coverage of light rain and snow, with intensity unchanged since last 

At 1430, the Chatham radar reported an area of 8/10 light rain and snow, intensity 
unchanged since last report. The northwest edge of this area was about 5 miles 
southeast of Boston. The radar meteorologists a t  Chatham stated that there were 
no significant weather radar echoes over the flightpath of Flight 103. A review of 
the radar photographs covering the period 1258 to  1432 showed that observable 
precipitation remained slightly southeast of Boston. until 1421 when the 
northwestern edge of the observable precipitation just reached the airport. 
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. 1.7.4 Pilot Reparts 

analysis of the'aigital flight data recorder provided a vertical temperature trace 
A Swissair DC-10 landed on runway 33 a t  Boston Logan at 1441. An 

during the aircraft's let-down and approach. 

i: 

The sounding plotted from these data showed a mixed surface layer 
about 400 f t  thick. Above this was a poorly defined temperatwe inversion, which 
became isothermal about 2,000 f t  and conditionelly unstable above about 4,000 ft. 
The temgerature was -0.5' C at the surface, -2.19 C at the top of $ha ,mixeg,bysr,. . 
and c0.3 C a t  the top of the inversion. 

The captain of the Swissair flight said he encoqntersg tFR p&Ij.ti@s 
during the descent with light snow and light turbulence; no icing ww observed. He 
said less than 1 in. of snow accumulated on the wings in about 40 minutes ground ' 

time, which required deicing before departure. 

Flight 103 d tp r t ed  on runway 33L. The captain said he encountered heavy 
An Aer Lingus Boeing 707 landed on runway 15R about 9 minutes before 

precipitation in the form of snow during the approach. He said ice accumulated on 
the windshield wiper, but he did not observe airframe ice, and that his aircraft is 
not prone to that type of icing. He stated that moderate turbulence w a s  
encountered between 3,000 and 1,000 ft. . c 

A Delta Airlines Boeing 727 in an approach to runway 15R about 10 
minutes before Flight 103 made its takeoff encountered rime. ice and snow. The 
captain of the Delta 727 said that between 3,000 and 2,000 ft, the aircraft 
encountered severe turbulence and a wind shear of between 15 to 20 or more kns. 
He made a PIREP immediately to tower. He said he noted a 10-kn tailwind 
component during the approach, executed a missed approach, and subsequently was 
cleared f b  and landed on runway 33L. He said moderate turbulence w a s  
encountered on the approach to runway 33L. 

The following pilot report was filed with the Boston Flight Service 
Station: 

Time-1405: location-between Bangor and Boston, altitude-2,000 
ft, type aircraft-Cessna 310, remarks-low level wind shear about 
2,000 ft. . 

The following pilot reports were received by the Boston-Logan tower: 

Time-1349: location-departing Logan, remarks-Delta Flight 169 
issued a wind shear report: Between 1,000 and 1,500 f t  moderate 
turbulence and wind shear, lost 1 0  to 20 kns. 

Time-1410: location-approaching Logan, remarks-Delta Flight 

as a "heck of a shear." A t  500 to 600 ft, the pilot reported "bad turbulence." 
204, Boeing 727, between 3,000 and 2,000 f t ,  lost 20 kns; described 

Time-1410: location-approaching Logan, remarks-Eastern Flight 
372 reported a "ripple." The flight reported no wind shear on arrival. 
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1.7.5 Ground Witnesses 

to heavy precipitation of fine grain powder snow was falling a t  the time of the 
A witness in the immediate vicinity of the accident site said moderate 

accident. He said there was no wind, no wet snow, end no ice pellets. 

Another witness about 7 to 8 miles north of Billerica stated that he saw 
large snowfl8kes a t  the time of the accident. He said the snow on the ground was 

snow on the ground. ., 

wet end mushy. He drove about 5 miles farther north where he saw dry, powdery 

A third witnes proceeding north on Route 3A from Burlington Center, 

encountered freezing rain on his automobile windshield. He said the freezing rain 
Massachusetts, only a few miles from the accident site, stated that a t  1400 he 

continued long enough to cause him some difficulty driving. 

Numerous other witnesses were interviewed who had observed variable 
precipitation conditions from freezing rein end ice pellets to dry, powdery snow 
end wet snow. 

1.7.6 SIGMEPs c * 

Forecast Office, Boston: 
The following SIGMEFs were issued by the National Weather Service 

SIGMET INDIA 2: 
Valid:  1200-to 1600 

- States: Maine, New Hampshire, Vermont, New York, Pennsylvania, 
New Jersey, Rhode Island, Massachusetts, Connecticut, 
end coastal waters. 

- Area: 85 miles east of Bridgeport, to 200 miles east of 
Providence, to 95 miles southeast of Atlantic City, to 
40 miles southwest of Harrisburg, Pennsylvania, to Barre- 
Montpelier, Vermont. 

Frequent moderate to occasionally severe icing, icing 
in precipitation. Freezing level surface to 3,000 ft. Conditions 
generally improving in Pennsylvania, but likely continuing 
elsewhere by 1600 e.s.t. 

SIGMET JULIETT 1: 

Valid: 1425 to 1800-[issued about 9 minutes after the 
accident.] 

- States: New Hampshire, Massachusetts, Rhode Island, 
Connecticut, New York, and adjacent coastal waters.. 

.. 
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Area: From Concad, New Hampshire, to 200 miles east of 

Jersey. 
Provldence to 120 miles south of Providence to Newark, New 

Locally severe turbulence below 3,000 it, with low level wind 
shear likely central and east Maine and Rhode bland, south and 
east Connecticut, essodated with low centered coastal 
Connecticut and warm front east-northeastward over Cape Cod. 
Conditon moving northeastward acrw coastal water8 and ending 
by 1800 e.s.t. 

-. 

.~ 

LS Ai& to Iqlndgntiq! 

There was no evidence that Plight 103 encountered navigntfonal 
problems. The air traffic control (ATC) radar equipment used to provide service to 
Flight 103 waa operating propeely at the time of the accident. 

LS - Communieatiam 

The CVR reoording revealed that the crew encountered difficulty in 
receiving the Automatic Terminal Infamation Service ( A T l S )  and field condition 
rep& broadcasts before starting the engines. After the engines were started and 
the radios were powered by the aircraft generators, radio r-eception xas improved. 
Althorn the ATIS and field condition report broadcasts were garbled, the cockpit 
conversation revealed that the crew received the appropriate information. 

The departure control frequency transmitted to Flight 109 by clearance 
delivery was spoken phonet~cally (UIC ". . . departures will be one twenty f a u  

frequency aa ", . . departure frequency *e two zero decimal four one , . .", i.e. cme . . .", which could be interpreted as 120.41 or 124.1. Flight 103 read back the 

clearance corpect . . . ." The cmect phonetic phrase f a  the w a r t w e  frequency 
120.41. A t ,  the completion of the readback, the controller.acknowledged, "YYnn 

shodd have been, "one two four point one." A review of the CVR tnpe revealed 
that the crew encountered difficulty contacting departure control because they 
attempted to tune the radio to 120.41. The first indication of that difficulty was 
recorded on the CVR at  1410:28. The captain, first offii, and flight engin- 
cfisaussed the frequency far abaut 53 seconds before the error was noticed. 
Contact with &partwe control was established at 1411:33 on frequency 124.1. 

There w a e  no further communications difficulties until 1415:01, when 
the CVFt recading revealed that the incoming transmissions were beginnhg to - w. 
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t10 Airpart Iniormatian 

The Boston Logan Snternational Airport, elevation 20 it, is served by 

departures at the time of the accident. Field Condition Report No. 4, issued at 
five hard-surface runways. Runway 33L, 10,081 it long, was being used for 

i 1324, was being.broadc& on frequency 125.55 and was current during the time the 
crew of Flight 103 prepared to taxi and takeoff. 

Airport when Flight 103 was on the ground, the taxiway and runway 33L was 
. According to ground witnesses and other crews operating at Logan 

snow-covered and icy. The crew of an Eastern Airlines B-727, which departed 
ahead of Flight 103 on runway 33L, stated that there were drift8 of snow across the 
runway which the a i rmft  struck during takeoff. The consistency of the snow 
varied from loose dry snow to wet slushy snow. 

Lll.1 CXtckpit V o i o s  Recwde? 

area behind the galley in the extreme aft cabin are& The vecorder had 
The Pairchild cockpit voice recorder was located in the wreckage in the 

experienced severe impact and fire damage, Much of the extknal case, Including 
the front panel with the data plate, was missing and the remainder was burnt 1. 
The inner pation of the tape wlls distorted and brittle from heat, 'whieh ww 
transmitted to the tape from the spindle, The k t  20 minutes of the tape were 
readable and were t r e b e d .  The flightcrew wore "hot microphoneP which were 

gains f a  the crew mikes end the radio inputs were out of balance. ThiScaucled 
fed directly to the recorder. The fidelity was excellent, except that the electricd 

difficulty in reading out the area microphone and crew converastionrr 6uring 
incoming radio transmhionrr. 

t l l . 2  Flight Data Ruxrde? 

@DX) was insidkd 
A Lockheed Air Service 109-C, s e r M  No. 516, flight data recorda 

in the &craft. The recorder was located in the wreckege in 
its norm& imtallcd position in the empennage section, aft of the rear pesoure 
bulkhead It was not burned and showed no evidence of impact. 

The  foil^ recording medium was examined at  the Safety Board's 
Moratory, The euunination rev- that the traces for the various recorded 
parametera were being scribed in ~JI  active manna; however, the traces were not 
&le for the accident Nght. The cassette wlls loose in the recordsr hOWing 
allowing the foil cassette to move up and down when the recorder shook. 

1/16 inch, Esami~tion of the foil takeup spool drive wheel, which engaga the 
Measurement of the trace excursions showed that the movement was BI much IU 

teeth of the &ive sprocket at the bottom of the awette, revealed bright wit- 
marks where the gears were disengaging and reengaging at  .times. The traces 
associated with the accident fIigbt covered about 2 minutes. This fact, plur the 
fact that the h o r h t &  reference Une trace was erratic, pecluded the use of 
recorda traces to r-t the accident flight. 

\ 
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Examination of the foil revealed that the recorder had operated 
erratically on previous flights,, but not as severely-as on the accident flight. The 

generally more severe as a result of flap and landing gear extension. 
erratic operation occurred mostly during approach and landing when vibrations are 

1.12 Wreckage and Impact Infarmation 

The aircraft passed through trees and struck the ground on a magnetic 
heading of 050'. (See appendix E.) I t  initially struck a tree about 60 ft above the 

found about 255 f t  beyond initial tree contact. There wa8 no evidence of other 
ground adjacent to a parking lot. A portion of the left horizontal stabilizer w a s  

continued over a relatively clear area with no ground contact. About 706' f t  beyond 
tree contact for about 450 ft, where- several tree tops were broken+ '?lid aircraft, 

the initial impact area, the  aircraft paxed through a thick stand dft teee~~fm~about 
250 to 300 ft. The swath through these trees was immediately adjamtit to a 
building nor,th-northwest of the trees. The swath indicated that the aircraft was in 
a right bank of.about 30' to 45' as it cut through the trees. The proximity of the 
adjacent building w a s  such that the left wingtip had passed just above the top of 
the buildinc, which was about 40 f t  high. Portions of the left elevator, left 
horizontal staSllizer, and left wingtip were found among the trees under the swath. 

The aircraft struck the ground about 200 f t  beyond the last stand of 
trees, slid across an open area, and entered another stand of trees whye i t  apne  to, 
rest. The wreckage path was about 1,502 f t  from initial tree impact to where the 
farthest portion of the fuselage came to rest. The width of the swath and 
wreckage scatter was about 200 ft.  The aircraft slid into the last stand of trees; 
with its nose to the right. The remains of the cockpit structure and nose sftction, 
including the nose landing gear, were found along the right side of the crash path. 
The aircraft broke up considerably during the crash sequence, especially in the 

severely and disrupted during the impact. 
forward fuselage and wing areas. The engines and propellers were damaged 

Most of the wreckage sustained severe postcrash fire damage and the 
fuselage structure w a s  nearly consumed by fire. The cockpit structural pieces and 
flight deck components were damaged by fire, but some major portions escaped 
fire damage. Both wings sustained severe impact damage and major portions were 
consumed by postcrash fire. 

extreme end of the crash swath. It w a s  separated from the fuselage structure and 
The vertical stabilizer and rudder assembly were found near the 

escaped fire damage. Numerous pieces of the left horizontal stabilizer and 
elevator were found along the entire wreckage path. Only a few pieces of the right 
horizontal stabilizer and elevator were located in the debris. All three landing 
gear assemblies were located within the main wreckage area. 

Because of impact and postcrash fire damage, flight control System 
continuity could not be established. The elevator control linearhotory actuator 
located in the empennage was found in the full  noseup position on both elevators. 
The elevator trim tab worm gearbox on the left elevator w a s  found a t  the 22' 
tab-down position, which is equivalent to nearly full noseup trim. 
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The flight deck seats and flight deck materials were scattered in an 
area about 50 f t  by 200 ft. The only seat recovered was the first officer's; it had 
separated from the floor structure, and the seatback had failed in an aft direction. 
The remainder of the occupant restraint systems were consumed by fire. 

The cockpit overhead F-1 panel was badly burned. All  of the switches 
and indicators for control of the  deice and anti-ice systems were damaged by 
impact and fire to the extent that no useful information could be obtained. 

- 
Both fuel dump chutes were located. The left chute was in the 

extended (open) position. The right chute was damaged to a degree that its 
position at impact could not be determined. There was fuel residue on the snow 
and foliage on the Found short of the  impact area. 

1.13 M e d i c a l  and Patholo&al Information 

Autopsies and toxicological analyses were performed on the remains of 
the captain and the first officer. The examinations revealed no preexisting or 
incapacitating pathology which would have affected the crewmembers' ability to 
conduct the flight safely. The toxicological analyses were negative for alcohol; 
basic, neutral, and acidic drugs; and carbon monoxide. . * 

fatally injured occupants. Three bodies sustained severe burns. The other two 
External examinations were conducted on the remains of the  other 

were not burned. There were soot deposits in the throats of the burned victims. A 
blood .sample obtained from only one of the burned bodies contained 51 pePCent 
carbon monoxide. Toxicological .samples were not taken from the remaining 
victims. 

The four fatally injured flight deck occupants sustained multiple severe 
impact injuries. The loadmaster and two passengers, who were seated in the rear 
cabin in a triple-occupancy, aft-facing passenger seat, sustained severe postcrash 
thermal injuries. They had no external evidence of skeletal fractures. 

.. 

The sole survivor (flight engineer) sustained a fractured skull, compound 
fractures of the left a r m  and both legs, and chest injuries. 

1.14 - Fire 

struck the ground. The fire was initially confined to an area about 40 f t  wide and 
According to ground witnesses, fire erupted shortly after the aircraft 

gradually spread north from the aft fuselage. Fire equipment was on scene a t  

(4 engines), Hanscome Field (1 engine), Wilmington (I engine), and Woburn (1 
1425, about 9 minutes after the accident, and included contingents from Billerica 

engine). The Hanscome crash truck applied an aqueous-film-formingfoam blanket 
over the crash site, and the fire was extinguished about 1505. 
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1.15 survival Aspects 

The occupiable area of the flight deck was destroyed by impact. All 
flight deck occupants were ejected during the crash sequence, except the navigator 
who remained strapped to the remains of his seat. Rescue personnel removed the 
surviving flight engineer and the deceased flight deck occupants before fire 
entered the area near the aircraft. 

The bodies of the occupants seated in the aft-facing passenger seat in 
the rear of the cargo compartment were found in the immediate mea of the  tail 
section. 

1.16 Test3 M d  RoseerCh 

1.16.1 Powe?&lts 

asemblies were moved to the Butler Aviation facility a t  Boston Logan Airport for 
After initial on-scene examination, the engines and propeller 

detailed exh.?ination. The examination revealed no evidence of preimpact 
mechanical faiiu:es to the engines or propellers. The entry guide vane valves were 
found open on all four engines. The wing anti-ice and engine cowl heat valves were 
closed on all four engines. Examination of all propeller hub gears revealed impact 
marks a t  points consistent with flight blade angles. 

1.17 A d d i t i d  Infmmation 

1.17.1 Aircratt Peifamance 

* . 

The takeoff data card for  the accident flight was found in the 

lb). The flight engineer stated that he had completed the card as part of his 
wreckage; the  card showed the calculated takeoff weight as 83,915 kgs (185,000 

preflight duties. The following entries were found on the card: 

VI -- 115 kns 
V2 -- 133 knS 
FISS lJ -- 147 kns 

Flaps -- 15" 

Minimum torque -- 760 lbs 
Maximum jet pipe temperature -- 542' 
QNH -- 995 mbs 

f i r e s  to be correct for the existing conditions. The expected distance from the  
A review of the flight manual  performance charts revealed the above 

start of the takeoff roll to the point of liftoff was calculated to be 4,095 f t ,  
assuming the ambient conditions for the accident flight with a clean runway 
surface, and for  full-rated engine performance. 

in safety speed-the speed assumed for the flightpath after the flaps are 
retracted a t  400 ft. 
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1.0 seconds longer than expected. According to estimates made on the takeoff 
The recorded time between the cockpit callouts of V1 and V2 was about 

performance from contaminated runways for the Britannia, water or slush 
accumulations of 1/4 in. can cause the lengthened takeoff roll observed for Flight 
103 and the extended time between VI and V2. 

The power-on, flaps-up stall speed for the aircraft was calculated to be 
118 kns indicated airspeed (KIAS) a t  the  calculated takeoff weight. The power-off, 
flaps-up stall speed was calculated to be 125 KIAS. - 

The following torque losses with various bleeds operating were reported 
by the aircraft manufacturer. The figures are torque loss per engine in lbs per 
square inch: 

Cowl heat -- 5 lb/in2 
Wing anti-icing -- 50 lb/in 
Prenurization -- up to 20 lb/in 2 
Entry guide vanes -- 3 to 5 lb/in 2 

several sources. Since FDR data were not available for the  performafie study, 
The airborne performance of Flight 103 was evaluated using data from 

stored radar tracking information for Flight 103. was obtained and used to 

Twenty-eight radar "hits" were recorded for the airborne portion of Flight 103's 
determine its position over the ground and altitude in hundreds of f t  m.s.1. 

flightpath. (See appendix F.) The first hit was a t  500 f t  m.s.1. in the initial climb 
and the last hit was a t  600 f t  m.s.1. about 0.7 mile before the crash. The highest 
altitude recorded was 1,700 f t  m.s.1. The radar hits were 12 seconds apart. These 

In general, the aircraft climbed between about 400 and 750 f t  per minute (fpm) to 
data were used to calculate probable groundspeed and rates of climb and descent. 

1,700 f t ,  where it began descending about 500 fpm until impact. 

An Aer Lingus 8-707, which landed on runway 15R about 9 minutes 
before Flight 103 departed, passed through approximately the same airspace as did 
Flight 103. The FDR and stored radar information from the  B-707 were obtained 
and analyzed to determine the $per winds acting on the aircraft. Comparison of 
the E-707's groundspeed and ground track in relation to the aircraft's true airspeed 
and heading provided wind velocities and directions. The raw wind calculations for 
the  B-707 flight from 4,000 f t  down t o  1,000, f t  showed winds in intensity from 50 
kns to 8 kns which varied in direction from 136' to 272'. From 1,000 f t  to about 
400 it, the  winds were variable in direction and velocity (3 to 20 kns). These winds 
were based on radar hits 12 seconds apart, and therefore a smoothing technique 
was used to provide a wind mode) which was used in the performance analysis. 

The calculated wind model and radar information for Flight 103 were 
entered into a computer program a t  NASA's AMES Research Center to obtain the 
accident aircraft's performance capabilities. The computer program incorporated 
local magnetic variation, winds, temperatures, estimated gross weight, and thrust. 
Power settings were maximum continuous and ful l  power. These were based on 
testimony from the flight engineer end on data from the CVR. The data derived 
from the computer program were aircraft flightpath, vertical acceleration, roll 
angle, pitch angle, indicated airspeed, angle of attack, and thrust versus drag plots. 
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airspeeds in the climb to 1,700 ft, but with a much lower rate of climb, about 400 

In general, t h e  computer-derived data show near-normal indicated 

fpm actual versus the normal rate of about 1,200 fpm. The angle of attack w a s  
fairly constant, 8' to 11Oup to 1,700 f t ,  and began to increase during the descent to 
over 2l0  at  900 ft. During the descent, the airspeed decreased to between 132 and 

dropped to 119 kns. 
143 kns with the rate of descent about 400 to 500 fpm to 900 ft, where the airspeed 

The computer-derived performance data were consistent with a rapid 

relevant parameters derived from the computer analysis of Flight 103's 
drag increase as the aircraft began the descent from 1,700 ft. Table 1 contains 

performance. 

based on recorded radar information and aircraft gross weight and power 
The computer-derived data of Flight 103's performance W e W  largely 

estimates. Winds were derived from correlating readings of another aircraft's 
flight data recorder and the Federal Aviation Administration (FAA) radar plot of 
its track. Because of error tolerances inherent in each of the areas of base 
informatior, i t  cannot be concluded that at each point in time the accident aircraft 
was  experienping exactly the value of the specific parameters listed. It should be 

static.sources which are transmitted to and encoded by ground-based software in 
noted, for example, that aircraft altitude information is derived from aircraft 

increments to the nearest 100 ft. Also, mathematical smpothing techniques w,ere 
used to lessen the impact of fluctuations in the  data that may have beenVhe result 
of instrument and recording error tolerances. These data should be interpreted 
with the above limitations considered. However, the trends shown in the - 
computer-derived performance data listed are representative of the general nature 
of the flight and the performance of the aircraft during the  recorded portion of the 
flight and they are the best data available to evaluate Flight 103's performance. 

1.17.2 Winp: Surface R o m e =  

~ 

The following information was  extracted from an article entitled "Wing 
Surface Roughness, Cause and Effect." - 12/  

leading edge and extending varying distances aft, the  typical 
For fu l l  span upper wing surface roughness beginning a t  the 

in stall speed), a reduction of the angle of attack at which S t a l l  
effects are a reduction of the maximum lift coefficient (increase 

occurs, and a rapid poststall drag increase. The effects become 
more adverse as the size and chordwise extent of the roughness ~ 

increase. They may also be accompanied by a reduction in lift at 
a given angle of attack and by an increase in the wing parasite 
drag. 

- - 
- 

stall due to surface roughness effects occurs a t  a lower than 
Further complicating the overall situation is that premature 

normal angle of attack. . . . Therefore, it is possible that angle Of 

used on m o s t  current jet transports may not provide warning prior 
attack dependent stall warning systems such as the alpha (a) vanes 

to actual stall. 

- 12/  Brumby, Ralph E., DC Flight Approach Magazine, January 1979, PP. 2-7. 
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- Time 

1410:24 
.1 1410:36 

1410:48 
1411:OO 

1411:24 
1411:12 

1411:36 
1411:48 
1412:OO 
1412:12 
1412:24 
1412:36 

1413:OO 
1412:48 

1413:12 
1413:24 

1413:48 
1413:36 

1414:OO 
141412 
1414:24 
1414:36 
1414:48 
1415.00 
1415~12 
1415:24 
1415:36 
1415:48 

/.' 
I 

Table I.-Computer-Derived Performance Data for Flight 103 

Altitude 
(m.s.1) 

500 

700 
700 

900 
: 1000 

1100 
1000 
1200 
1200 
1200 
1300 

1400 
1200 

1500 
1600 
1700 
1600 
1600 
1500 
1400 
1300 
1300 
1200 

1000 
1100 

900 
700 
600 

- 
if 
11 

il 
1if2 
164 
172 
176 
178 
174 
163 
163 

. 190 
187 

170 
169 
180 
165 
143 

149 
146 

141 
137 

138 
139 

128 
122 
11 
if - 

- 1/ Insufficient data points fa computation. 

Coefficient 
Drag 

11 
if 
if 

.O&l 

.056 

.050 

.047 
-046 
.049 
.058 
.058 

.040 

.042 

.052 

.053 

.064 

.047 

.093 

. l o 1  

.087 

. l o 3  

.112 

. lo8  

.111 

.137 ' 

.166 

il l/ c - 

Airspeed (kns) 
Indicated 

- 1/ 

if 
I/ 

lif4 

174 
166 

179 
180 
175 
165 

188 
164 

191 
171 
169 
178 
160 
136 
139 
143 

132 
138 

134 
133 

119 
125 

I/ 
if - 

Attack (degrees) 
Angle of 

- 11 

if 
1/ 

ii. 3 

10.0 
10.9 

9 . 5  
9 .3  
9.8 

11.2 
11.3 
8 .7  
8 . 3  

10.3 
10.5 

12.0 
9 .5  

16.4 
15.5 
14.9 
16.9 
17.4 
17.0 
17.7 

21.9 
19.6 

11 
- if 

N 
c. 
I 

I 

-. 
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aircraft having no leading edge high-lift devices. . . The effects 
~ h e ~ e  effects are pmtidarly important for early tmnspcrt 

of small amounts of wing surface roughness may not be 
particularly noticeable to a flightcrew operating within the 
normal flight envelope. Since all transport aircraft operating 
speadr have some margin above the actual smooth rring stall 
speeds, the mughnes effects may have only decreased that 
margin. For example, a 1.3 Vs appmch speed may have had the 
margin reduced to 1.1 Vs, leaving little actual stall mergin for 
mamruveringorgusttolerance. 

 he authrr con&ded, in pert, 
AEcumulatiors equivalent to medium or ~ a e ~ e  Sanaprper 

covering the full -'of the wing's leading edge can cl~se a 
significantinereaseinstallspeedsleadingtothe~bilityofa 
stall prior to the activation of stall warning. 

Roughnessoecurringdightlyaftoftheleadingedgeonthe 
wing% lower slpface will have little effect on st& but it does 
hcrease perasite &ag which will affect takeoff performance. . 
Separate systems am incaparated in Bristol Britannia 253P ahraft for 

deicing, tail unit deicing, engine *-intake deicing, win- heating, 
w d  heating, end sidgaeen demisting. Two ice detectors are fitted on 
the lower slpface of the aircraft me. The formation of ice on these detectors 
activates the ice-- circuit and b r i i  into operation tail surface and 
elevator horn heat, propeller deicing, and entry guide vane deicing, provided the 

bleedairarecontrolledbyswitchesinthemelrpit 

LlT.4 D e i c e a d A n & i c e ~  

deiee panel is coniigured properly. wi and cowl deice heat pvided by engine 

selected until ice ammulation is evident on the leading edges. W e  is a black 
The Operati- Manual contains a note that e heat should not be 

strip painted an the outboard leading edge so that a crewmember may view ice 
kdlduQ - 

Fligtlt Manuak 
The following are excqts from the mol Britannia 253F approved 

I* Pmtectim systems 

Bearureof the~~tyofoverheat ingtheengineand 

~ p e r f o r m a n e e h a s n o t b e e t s c h e d u l e d , t h e w i n g a n d  
simeuleeffectofthepwer1or;onthetakeoffandbalked 

eogine aati-icing systems mls t  not be Switdled on drring 
taker& when perfmmance is Wrdy to be critical. 
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OPERATING PROCJDURES 

14)\ 

Befwe entering any type of cloud or precipitation with an 
indicated outside air temperature below [IOAT] +12'C 
switch on (switches to MANUAL) the compressor entry 
guide vane heating of all engines: these must remain on for 
at least a further 15 minutes after leaving cloud. 

IOAT within the band +2' C to -2' C should be avoided. 
Continuous operation in cloud or precipitation with the 

The propeller, tail unit and horn balance heating may be 
switched on (switches to MANUAL) at any time. However, 

switched on (MANUAL). 
when the ice warning lamp illuminates they must be 

Wing heating should be switched on only when there is 
evidence (for example a definite decrease in IAS [indicated 
air speed]) that there is appreciable ice accretion on the 
wings. . * 

entering cloud or precipitation a t  IOATs between +2'C end 
Switch the engine air intake (cowl) deicing on before 

200 knots IAS and the temperature is within the critical range 
+2'C to +Eo C. In this case speed must be reduced first and the 
realized IOAT a t  200 knots IAS checked before engine air intake 
deicing is used. 

NOTES: (a) The engine air intake deicing system is 
effective a t  speeds betow 200 knots IAS. Above 
this speed its effectiveness is much reduced. 
When the IOAT is below +2' C the conditions are 
assumed tp be Dry Ice conditions and the engine 

ON. Hence switch to MANUAL, compressor 
guide vanes only. 

- +12'C, unless the speed when entering these conditions is above 

. air intake deicing system is not to be switched 

air temperature gauge read between 6-8' C (43-46'F) during the taxi to takeoff 
The flight engineer was questioned about his statement that the outside 

when the .reported temperature was 31' F. He stated that he knew it  was higher 
than  actual and mentally subtracted about 6'C from the reading on the ground. 
The chief engineer for Redcoat Air Cargo, Ltd., verified that the crews were to 
use tower-reported temperatures, if available, for purposes of deciding to use cowl 
heat. The night engineer and chief engineer stated that the lack of accuracy of 
the outside air temperature gauge was not unique to this aircraft, but was common 
to other Britannias as well. 

In Section If of the Flight Manuel, the following "Special Condition of 
Flight" is included: "The aeroplane is suitable for flight into moderate icing 

regulations pertaining to certification and operating rules for flight in icing. 
conditions." The U.K. Civil Aviation Authority (CAA) was queried regarding its 

Following are excerpts from the CAA's re?ly: 

\. 
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If severe icing is forecast, takeoff should not be 
attempted. . . . While it is agreed that no specific 
instruction appears in the flight manual with regard to using 
wing anti-icing and its effect on aircraft performance, the 
instruction in the flight manual for anti-ice bleeds to be 
OFF for takeoff is based on two assumptions: 

a) There will be no significant ice buildup during the takeoff 
and initial climb with the aircraft being operated under the 
icing conditions limitation (moderate icing), and 

b) the likelihood of engine failure in the late stage of the 
takeoff or in the initial climb, say between VI and 400 feet 
is remote, the duration of this maneuver belng about 15 
seconds. 

1.17.5 Procedures f a  Dissemination of SIGMET Alerts by Air Traffic Control 
Facilities. 

control facilities are outlined in FAA Handbooks 7110.65A (Air Traffic Control) 
The procedures for dissemination of SIGMET alerts from air traffic 

and 7110.10E (Flight Services). Handbook 71X0.65A contains instructions that a 
SIGMET alert be broadcast on all frequencies, except-emergency fr,equencies, if 
the area affected by the alert is within 150 miles of the airspace under a facility's 
jurisdiction. - 

that the in-flight specialists, responsible for broadcasting SIGMET alerts, over the 
A statement signed by the  Boston Flight Service Station Chief indicated 

air/ground frequencies failed to do so with SIGMET India 2 and SIGMET Juliett 1 O n  
February 16,1980. 

broadcasts of aeronautical and meteorological information on designated radio 
Paragraph 330 of Handbook 7110.10E requires continuous, transcribed 

facilities. The designated facility in  the Boston area is the Lyndy nondirectional 
beacon (NDB), which transmits on 382 kHz. It is located 4.8 nmi north-northeast Of 

broadcast of adverse conditions from current SIGMET's. The aporopriate SIGMET 
the Logan International Airport. Paragraph 331(c) requires the inclusion in the 

information was transcribed and broadcast over the Lyndy NDB by the Boston FSS 
on February 16, 1980. The CVR transcript revealed no discussion by the crew Of 
Flight 103 about listening to the Lyndy NDB. 

- - 
1.17.6 Deicing Fluid 

The deicing fluid used to deice the aircraft was a 30-perCent glycol, '~ 
- 

70-percent water mixture heated to about 180'F. The combination of heat and 
pressure removes snow and ice from the airframe. The glycol prevents water from 
refreezing during the deicing operation. The fluid is not intended to prevent 
buildup of snow or ice after the deicing operation. 

During the postaccident interview, the flight engineer stated that h e  
believed the deicing fluid would provide more than 1. hour's protection from the 
freezing snow falling at the time. The Safety Board's investigators interviewed 
numerous flightcrews of other air carriers and found that many of them assumed 
that deicing fluid provided protection against refreezing. 
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lvailable data or published specifications on the continuing effects of the fluid 
Neither the manufacturer of the deicing fluid nor the F A A  have 

lfter ,it is applied. The variables of ambient temperature, airframe temperature, 
aecipitation intensity, and moisture content preclude such specifications. 

2. ANALYSIS 

General 

lualified to conduct the flight. There was no evidence of preexisting medical 
The investigation revealed that the crew was properly certificated and 

roblems which affected the crew's performance of their duties. 

The aircraft was equipped and maintained in accordance with applicable 
,egulations. The aircraft was properly certificated. 

Based on the evidence, the Safety Board considered several causal areas 

weight and balance, crewmember actions, and meteorological conditions, including 
n this accident--power loss, airframe or flight control malfunction or failure, 

wind shear, turbulence, downdrafts, and icing. These aspects were analyzed 
ndependently and then were considered as they related to each other. 

Power Logs 

The Safety Board considered three aspects of possible power loss as 
msibly causal in this accident: (1) mechanical failure(s), (2) a subtle decrease in 
)ow= as a result of engine inlet or entry guide vane icing, and (3) 
.ess-than-optimum power because .of other engine-air bleeds that were on. 
Mechanical failures were eliminated for several reasons. Most importantly, the 
Right engineer, whose primary flight duties involve monitoring powerplants during 
night, stated that he observed no mechanical problems with the engines during the 
flight and that full power was available and used during the last portion of the 
flight. His statement is supported by the CVR. Further, the Safety Board's 
examination of the engines and propellers revealed that the engines were capable 
of, and were probably developing, full power at impact. 

* 

The second possibility, power loss involving a subtle decrease in power 
as a result of engine inlet or entry guide vane icing, was also discounted. The 
engine inlet (cowl) area and entry guide vanes are susceptible to ice buildup with 
subsequent power loss and possible failure. Further, the use of cowl heat depends a 
great deal on the outside air temperature gauge reading, which the investigation 
revealed was not totally accurate. However, the first indication of engine icing 
problems would be a drop in torque and then a rise in jet pipe temperature. The 
flight engineer stated that he observed neither indication during the flight, nor did 
the captain or first officer remark about abnormal engine indications during the 
flight. Therefore, although the conditions of the flight were conducive to  engine 
icing problems, if engine icing did occur, it was not sufficient to be noticed by the 
crew and certainly was not sufficient to cause the aircraft to descend and crash. 

Third and finally, there probably was some power loss from optimum- 
rated full power because other engine air bleeds were on. The entry guide vane 

IosSeS (about 3 to 5 and up to 20 Ib/in2, respectively) would decrease the power 
heat was on and the cabin pressurization bleeds probably were open. The torque 
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available slightly. The flight test data from previous performance tests on this 
aircraft illustrated that operation of entry guide vanes reduced power available for 
cllmb by 2 1/2 percent. The exact amount of loss for pressurization was not 
calculated, but it would have had further negative effects on available power. 
Nevertheless, these values are not sufficient to account for the poor climb 
performance of Flight 103 or for the eventual descent into the ground. Had wing 
and cowl anti-ice bleeds been on, the loss in power would have been significant. 

seconds on Nos. 1 and 2 engines and wing heat was not wed. Therefore, the Safety 
However, the investigation revealed that the cowl heat was only on for a few 

Board concludes that power degradation because of engine bleeds was not 
significant enough to cause this accident. This conclusion is substantiated by the 
flight engineer's statement that he observed "normal" torque indications which 
presumably were above the performance chart value of 760 lb/in2 entered on the 
takeoff data card. 

Airframe Q Flight Control Mnlfunctlcm or Failure 

The possibiiity of flight control problems was considered because of the 
flightcrew's remark just before impact about "controls frozen." Unfortunately, the 
breakup during the accident and the postcrash fire precluded a complete 
examination of the flight control system. 

It would have been possible under the weather conditions for the 
elevator or elevator tab surfaces to have frozen together. That is, the elevator 

frozen to the elevator. 
could have become frozen to the stabilizer or the elevator tabs coulq havegecome 

However, the Safety Board discounted these possibilities for several 
reasons. First, if the elevator became frozen to the stabilizer, the pilot could still 
have moved the control column and actuated the tabs. He would not feel '*frozen" 
controls. In this situation, the tab would be acting as a small elevator, but in the 

pulled back for ncseup, the nose would move down. This reversed response would 
direction opposite to the normal deflection of the elevator. Therefore, if the pilot 

have resulted in a nose-low attitude and impact. The observations of numerous 
witnesses and the nosehigh attitude a t  impact discount this possibility. 

Secondly, if the elevator tab had frozen to the elevator surface, the 
pilot would sense "frozen controls;" however, he would have no control over the 

input and the aerodynamic force of the "frozen" tab would maintain that attitude. 
pitch attitude of the aircraft. The aircraft would respond to the last selected pitch 

Since the elevator tab linear actuators and trim tab actuator were found in the fu l l  
noseup position in the wreckage, these controls were probably so positioned there 
a t  impact. Further, the pilot would not have been able to increase the angle of 
attack during the descent as demonstrated by the performance analysis. 

Therefore, the Safety Board eliminated mechanical and icing problems 
with the flight control surfaces as causal to this accident. Although t h e  
meteorological conditions, the preflight activities, and the design of the system 
were conducive to frozen controls, the facts in this case do not support such a 
finding. 

statements, and the examination of the wreckage eliminated airframe problems in 
The CVR transcript, the flight engineer's statement, witness 

this accident. 
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One airframe factor which could account for a small part of t h e  poor 
climb performance is the effect of age and deterioration of airframe surfaces. 
These could raise the profile drag beyond normal performance chart data. The 
previous testing of this aircraft in 1964 for poor climb performance illustrated that 
surface roughness caused as much as 4 1/2-percent excess drag. Although the tests 
conducted in 1978 did not demonstrate excess drag, about 2,823 hours of airframe 
time were accumulated following those tests. Nevertheless, in the accident case, 
had slight surface roughness existed, it could not account for the degraded climb 
performance evidenced. 

The susceptibility of the airframe to parasite drag was illustrated by 
the writeup and corrective action regarding drooping nose gear doors in June 1979. 
The fact that the crew noticed poor climb performance and the measured effects 
in the previous testing illustrate the importance of a "clean" profile and airframe 
surface. There was no evidence in this case to suggest gross external drag 
problems from airframe components or inherent skin roughness. 

Weight and Balance 

The length of the takeoff roll for Flight 103 and the degraded climb 
performance suggest the possibility of an overweight or improperly balanced load. 
The Safety Board expended considerable effort in attempting to verify the weight 
and balance aspects of this accident. However, the circumstances of the loading 
and the lack of adequate documentation by the shipper precluded a n  exact 
determination of the weight and balance. 

calculations place the aircraft slightly below its certificated maximum gross  
Although the aircraft dispatch papers and the Safety Board's 

weight, if these figures are correct, it was the result of the skill of the loadmaster 
in estimating the weight of unmarked cargo. The loadmaster apparently was aware 
of the overall gross weight of the cargo to be loaded and made a good estimate of 
individual items placed aboard the aircraft. If one assumes that the cargo gross 
weight was reasonably correct and that the aircraft prepared for service weight 
plus fuel was reasonably correct, then the takeoff weight was near, but not over, 
the certified maximum weight allowable for takeoff. 

' i  

Regarding the balance of the aircraft, the investigation failed to 
provide evidence of the accuracy of the calculations. The crude technique of 
balancing the aircraft based on the extension of the nose wheel strut is not prudent 
and should not be be condoned. There is no evidence on the CVR or from the flight 
engineer that the aircraft was noticeably out of balance at takeoff. Moreover, if 
weight and balance was a problem, the aircraft would not have climbed initially as 
i t  did. 

verified, the Safety Board believes that they were within limits, and therefore 
In summary, although the exact weight and balance could not be 

concludes that weight and balance was not causal to the accident. 

Meteorological Conditions and Crewmember Actions 

their effect on the aircraft and the crewmembers' actions to cope with those 
The remaining causal areas involve the meteorological conditions and 

conditions. 
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conditions existing at the time of the accident and the conditions preceding the 
All  available meteorological data were examined to determine the 

accident which may have had an influence on the flight of Flight 103. Snow and 
fog were reported at the airport throughout the morning period. Light rain was 
reported at South Weymouth. Three witnesses in  different locations, but close to 
the accident site, reported moderate to heavy, fine, powdery snow; large snow- 
flakes accumulating as wet, mushy snow; and freezing rain. From their reports, it 
is obvious that .the type of precipitation and temperatures aloft varied widely 
within a relatively small area. 

Based on the soundings and on pilot reports, the best estimate of the 
height of the frontal inversion in the vicinity of the flight track of Flight 103 was 
between 1,000 and 2,000 ft. The height would vary between those altitudes and 
would cause areas of above-freezing temperatures above the inversion at  some 

inversion and, given the height variation of the inversion, different aircraft would 
points. There would have been turbulence, sometimes severe, in the vicinity of the 

have encountered the turbulence at different altitudes and locations. 

vicinity of the flight track of Flight 103, both rime and clear icing conditions would 
Based on witness statements and on the condition of the air mass in the 

have been present intermittently. If the icing conditiohs were severe, indications 

the NWS radar at Chatham. Nevertheless, the Safety Board believes that pilot 
of heavier liquid precipitation probably would have been present north of Boston on 

reports, ground witness observations, and the variability of the inversion layer 
establish that intermittent areas of moderate to severe icing existed. ~ 

* 

Analysis of average and maximum winds shows that Flight 103 probably 
encountered wind shear in the range of 29 to 33 kns above 1,000 ft. This shear 
would have decreased performance of Flight 103 during the climb. Since the 
conditions were not conducive to convective turbulence, any downdrafts would 
have been the result of turbulence along the inversion and would have been limited 
to within a few hundred feet of the inversion. 

further analyzed fw their effect on the performance of Flicht 103 from the time it 
Takeoff Roll and Initial Climb.--The meteorological conditions were 

began its takeoff roll until impact. The Safety Board beseves that the extended 
takeoff roll could have been brought about by runway surface conditions. The 
investigation revealed that there was an accumulation of snow and slush on the 
runway surface. In fact, an Eastern Airlines pilot reported that his aircraft hi t  
snowdrifts on takeoff. The temperature, the precipitation, and the operation of jet 
aircraft on the snow- and ice-covered runway, all were conducive to slush 
formation. Although there are no flight manual performance data available on the 

revealed that as little as 1/4 in. of slush or water on the runway surface could 
effects of slush or water on the takeoff distance for this aircraft, the investigation 

account for the longer-than-normal takeoff roll. The flight engineer's statement 
that he heard slush striking the fuselage during the takeoff roll confirms the fact 
that slush was present on at least part-of the &way and in sufficient quantity to 
degrade acceleration. 

~~ ~ 

the aircraft. The Safety Board's investigation strongly suggests that snow and ice 
The late liftoff may also be attributed to the degraded lift capability of 

had accumulated on the lifting surfaces of the aircraft before the takeoff attempt. 
Although such accumulations would not produce appreciable parasite drag during 
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the takeoff roll, they could easily increase the airspeed required for liftoff and 
therefore require a longer takeoff roll. 

As a result of interviews with the witnesses and the flight engineer and 
recorded radio calls, i t  is evident that about 45 to 60 minutes elapsed from the 
time the aircraft was deiced and the time the takeoff was initiated. It was 
snowing intermittently during this period and the surface temperature was near 

activities and easily could have stuck to areas .of the wings. Furthermore, the 

Therefore, the wing sections adjacent to the fuel cells would be susceptible to ce- 
aircraft had been refueled the night before and sat in subfreezing temperatures. 

freezing of melted snow and ice following deicing. Evidence indicates that the 
deicing fluid would not necessarily prevent ice and snow from accumulating during 
the time period involved. In fact, one witness stated that he saw ice or frost 
adhering to the leading edge of the wings before the aircraft taxied from the ramp. 
Such formations could easily increase the airspeed and angle of attack required to 
achieve liftoff. 

- 
- 

~ freezing. Additionally, snow was blown about by the engines during ground 

The flight engineer stated that he checked the wings and saw no buildup 
before takeoff. However, he could not see the entire wing from his podtion or 
from any other part of the cockpit. Additionally, even if he couldhave seen the 
wing, refrozen water on the wing would be difficult to see. The wind tunnel test 
results reported in DC Approach Magazine and known aerodynamic facts illustrate 

can seriously degrade lift capability. 
- that even small amounts of wing surface roughness, including ice, snow, or frost, 

environment, the Safety Board concludes that ice and snow accumulations.on the 
In view of the facts regarding the ground operations and the operating 

aircraft's lifting surfaces combined with the effects of the slush-covered runway to 
produce the longer-than-normal takeoff roll of Flight 103. It is also concluded that 
the ice or snow accumulations were the major factor in the lower-than-predicted 
initial climb performance. 

The Safety Board's performance analysis reveal,ed that drag remained 

near the expected climb speed. The performance analysis reveals that the aircraft 
expected. Also, angle-of-attack remained fairly constant as airspeed increased to 

accomplishing their -after-takeoff checks routinely. The Safety Board cannot 
was climbing an average of about 400 fpm, and the CVR reveals that the crew was 

explain the crew's lack of verbalized concern about the poor climb rate. One would 
expect the crew, a t  least, to have sensed or recognized the poor performance and 

attempting to analyze the situation. The captain and the first officer may have, in 
commented on it. Possibly, the crew was performing its normal tasks while 

fact, recognized the reason for  the degraded climb capability but they made no 
overt comment. Assuming power was being attained as desired, the increased drag 

and would be so attributed by the crew. 
would most likely be accounted for by wing surface roughness from ice or snow, 

- fairly constant throughout the climb to 1,700 f t ,  although it w a s  higher than 

Othepmeteorological conditions which could have combined to degrade 
the initial climb capability were low-level wind shear and turbulence. There were 
several PIREP's for  the Boston terminal area reporting moderate to severe 

shortly after liftoff and for the remainder of the flight. The fight engineer's 
turbulence and wind shear. Also, the flight engineer reported "severe turbulence" 

\ 

.i 
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description of the turbulence immediately after liftoff as "high frequency 
buffeting" suggests that a t  least part of the "turbulence" he reported w a s  the result 
of aerodynamic buffet which could indicate that part of the aircraft's wing w a s  
stalled. Debris, such as ice, snow, or refrozen water, on the wing, especially in the 
root area, would cause airflow separation and buffet. In addition, the PDR traces 
for  the accident flight show that external forces were shaking the inadequately 
secured recorder more than on other recorded flights. During cruise, the traces 

especially when the landing gear and flap were extended. Aerodynamic buffet in 
were normal; however, they became erratic during takeoff, descent, and landing, 

the landing configuration is the most likely explanation for the divergence of the 
traces on previous flights, Since the condition suddenly worsened for  the recorded 
portion of the accident flight, theFe apparently existed strong external forces 
which were transmitted to the PDR. 

Further, the Safety Board's analysis of flightcrew statements and FDR's 
from other aircraft operating in the same airspace as Plight 103 Substantiates the 
presence of low-level wind shear and turbulence. These conditions would have 
decreased the climb capability of the aircraft, but were not sufficient to account 
f o r  the to td  loss of performance. The Safety Board believes that wind shear and 
turbulence c.mbined with the aerodynamic buffet, caused by airflow separation 
beaauee of wing surface roughness from ice or snow accumulations, accounted for 
the degraded initial climb performance. 

flight control manipulation or flight procedures during the initial climb were 
There w a s  no evidence that flightcrew actions were improper, gs far Its 

concerned. The only questionable crew involvement in the takeoff and initial climb 
phase pertains to preflight activities and the decision to depart following the delay 
after deicing. They should have been aware of the environmental conditions and Of 
their possible hazardous effect on aircraft performance. There is no way to 
predict what action the crew would have taken had they been aware of the SIGMET 
India 2's content. However, this lack of information about imminent hazardous 
weather must be considered a factor in the crew's decision to depart. The fact 
that the flightcrew was  apparently in a hurry during the weather briefing may 
account for their not having received the SIGMET. 

Additionally, the SIGMET for the Boston area was not contained in the 
ATIS broadcast f o r  Boston. This was the only other means by which the crew could 
have become aware of SIGMET India 2, since the transmissions required Of the 
Boston FSS over its airlground frequencies were not accomplished as required, and 
the flightcrew apparently did not monitor the Lyndy NDB weather information. 
The fact that the FSS failed to make the broadcast over its air/ground frequencies 
is not a factor in this case, because the crew was not aboard the aircraft when the 
SIGMET should have been broadcast. Although they did monitor the ATIS, Current 
procedures do not specify the inclusion of SIGMET notification on the ATIS. The 
Safety Board believes that the ATIS broadcast is an important means by which 
SIGMET notification can be made. Such a procedure would close an existing gap in 
the important communications process of real-time weather information 
transmission to pilots. 

- 

. - 
- 

crew probably would not have departed if they had been aware of SIGMET India 2. 
Since the flight manual does not approve flight into severe icing, the 

The Safety Board, therefore, concludes that the failure to receive SIGMET India 2 
WPS a factor in this agcident. The crew's hurried approach to  the weather briefing 
and the NWS briefer's oversight contributed to this aspect of the Cause. 
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Loss of Climb Capability and  Descent.-Factors analyzed thus far were 
not sufficient to cause the accident; they merely put the aircraft in a degraded 
performance condition. About the time the  controller issued the second 
low-altitude alert, the aircraft was climbing and the lack of high terrain ahead 

phase. However, numerous events occurred about the time the second low-altitude 
would have allowed f o r  an eventual safe climb and probably a successful en route 

- alert was issued and in the seconds thereafter. 
- - The performance analysis shows that the aircraft began to lose 

additional climb performance about the time of the second alert. The crew's only 
comment was 'I. .'.we're getting some chop here." The climb rate obviously had 
decreased to a point where the captain became concerned and told the first 
officer, "try it a t  V2 plus three, Jack," to which the first officer replied, "Okay, 
not climbing at the moment." Two reasons probably prompted this remark by the 

suspect that the aircraft was approaching higher terrain. Secondly, the captain 
captain. First, the second low-altitude alert probably caused ,the captain to 

officer to fly at an airspeed which would give the aircraft a better climb gradient. 
apparently suspected a severe downdraft or wind shear and instructed the first 

Therefore, the first officer probably pulled the nose up to hold 136 kns (V2 + 3 kns). 
This conclusion is substantiated by the performance study, which showed the speed 

speed would give a better climb gradient; however, with t k  airframe icing 
to be 136 kns shortly after the captain's statement. Under most conditions that 

provided the rate of climb that would normally be expected. In fact, with the 
condition that probably .existed, the increased angle of attack would not have 

performance and, in addition, i t  could have accelerated the accumulation of more 
ice, further depreciating performance. Thus, while the low-altitude alert may 
have prompted an overreaction on the part of the pilot in terms of increasing the 

' flight. Moreover, the Safety Board believes that regardless of the control inputs, 
pitch attitude, it  is understandable in terms of the overall situation facing the 

climb 'performance had already deteriorated to the point where recovery was  
impossible. 

- existence of airframe icing, this speed could be below the optimum climb 

118 kns. When the aircraft was slowed to 136 kns, i t  would be operating about 1.15 
The expected power-on stall speed for the configuration would be about 

x Vs. Normally that margin would be sufficient to achieve a better gradient of 
climb; however, it places the aircraft dangerously close to stall speed. Any bank 

stall. Also, the accompanying rapid increase in drag would serve to compound the 
angle, wind shear, or debris affecting the lifting surfaces could cause the onset of 

performance problem. 

- 

Additiondly, the actual stall speed of the aircraft w a s  probably in fact 

Douglas document, "The effects of small amounts of wing surface roughness may 
higher than 118 kns because of the wing surface roughness. As stated in the 

not be particularly noticeable to a flightcrew operating within the normal flight 

the actual smooth wing stall speeds, the roughness effects may have only decreased 
envelope. Since all transport aircraft operating speeds have some margin above 

that  margin. For example, a 1.3 x Vs approach speed may have had the margin 
reduced to 1.1 Vs, leaving little actual stall margin for maneuvering or gust 
tolerance." Therefore, the crew action of slowing to 136 kns (V2 3. 3) probably 
placed the aircraft at, or very near, the higher-than-normal stall speed for the 
contaminated lifting surfaces. This conclusion is substantiated by the fact that the 

to the normal stickshaker speed before the lifting surfaces began to Stall. 
. stall warning stickshaker did not activate. The airspeed did not actually decrease 

I 
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contributed to the  loss of climb and subsequent descent into t h e  ground. 
The Safety Board believes that multiple meteorological conditions 

Turbulence, wind shear, and downdrafts, even in combination, would not account 
for the entire descent over the distance involved. Also, the  weather and 
performance analyses of Flight 103's flightpath and analysis of the Aer Lingus 
B-707 flightpath did not show a prolonged severe downdraft or wind shear. 
Turbulence alone could not generate the loss of performance demonstrated over 
the extended period of time. Therefore, the Safety Board examined t h e  possibility 
that airframe icing degraded the lift capability to a point where flight was no 
longer possible. . 

shear, turbulence, and downdrafts, airframe ice also w a s  rapidly accumulating. 
The Safety Board believes that when the aircraft was encounterinq wind 

This accumulation, in addition to that incurred during ground operation, caused 
further loss of lift and added drag which the aircraft could not overcome. 

icing was accumulating on the  fuselage and undersurface of the aircraft, which 
Moreover, at the low airspeed, the angle-of-attack was increased to a point where 

would add weight rapidly and increase parasite drag. In the rapidly changing 
conditions, htnvy accumulations could occur in a very short time. The descent 
was, therefore, inevitable. 

The fact that the flightcrew did not select wing heat during the  fli h t  
mus t  be viewed in the context of the flight manual operational restrictioi? and 5 t e 
fact that the flightcrew apparently did not note any appreciable ice accumulation 
on the wings. Furthermore, the captain would have had to have in mind the  
considerable, torque loss (about 50 lbs/in2) per engine if wing heat were selected, 
which would have further degraded the climb performance. The possibility that 
early selection of wing heat might have melted sufficient ice to have improved the 

rejected. However, such an action would have involved departure from established 
aircraft performance to a point where it could have continued its climb cannot be 

operational procedures and the resultant loss of torque might easily have 
compounded the already deteriorating situation. Therefore, in view of the known 
factors accounting for degradation of aircraft performance and the numerous 
undeterminable variables, i t  w a s  not possible for the Safety Board to resolve the  

accident. 
effect of the use or non-use of wing heat during the flight as a factor in this 

In summary, the Safety Board concludes that the takeoff roll was longer 
than normal because of slush on the runway and decreased lift from ice or snow on 
the wings which accumulated during the ground operation. The initial climb rate 
was  less than expected because of wing surface roughness from ice and snow, 
turbulence, and wind shear. At about 1,600 ft, a possible downdraft with 
associated wind shear was encountered. A t  the same time, the airspeed Was 
reduced by the pilot in an effort to gain more altitude as a result of the 
low-altitude alert issued by the controller. Airframe icing was Occurring rapidly, 

nearly stalled condition from which it did not recover. The Safety Board believes 
which further degraded the lift capability and the aircraft entered a descent in a 

that the accident was not inevitable because of wind shear, turbulence, or 
downdrafts. These conditions were merely factors which had degraded the climb 
capability to a point where the low-altitude alerts were issued and airspeed was 
bled off to gain height. The overwhelming factor was the preexisting and rapidly 
accumulating airframe ice. Recovery could have been accomplished from any Of 
the other conditions; however, the icm effect w a s  more pervaslve and caused a 
considerable increase in drag and loss o d lift. 

> .  



-33- 

severe in-flight icing, i t  would have continued to climb safely. Conversely, if the 
It is very possible that if the aircraft had not encountered moderate to 

aircraft had not departed with preexisting ice or snow on the airframe, it might 
have been able to overcome the in-flight icing conditions. Therefore, these two 
factors in combination must be considered as the cause of the degraded 
aerodynamic performance of the aircraft. 

survival Aspects 

The potential for survival in this accident was affected by the extensive 
breakup of the cockpit area and the postcrash fire. All  of the occupants in t he  
cockpit area sustained severe impact-type injuries. The occupiable space of the 

The cockpit occup&nts' restraint systems were destroyed during the breakup 
cockpit was disrupted and destroyed during the ground slide and impact with trees. 

rendering them useless. The occupants were thrown free allowing them to contact 
the aircraft structure and the surrounding trees and terrain. These uncontrolled 
movements caused the multiple severe injuries. Only the flight engineer's injuries 

rescue and medical treatment. The other Sour cockpit occupants suffered fatal 
were not fatal. His postcrash survival was the result of expeditious and effective 

impact injuries which rendered rescue efforts useless. . * 
Although the general area of the aft fuselage, where the remaining 

three occupants were located, was virtually consumed by fire, the investigation 
revealed that it did not break up as extensively as did the forward portion. 

their tracheae and an elevated carbon monoxide level in one body, and showed that 
Examination of those three bodies included findings of products of combustion in 

the three occupants in the aft fuselage area died from the effects of fire. The lack 
of autopsy information precluded the determination of why the three were .unable 

that the postcrash fire propagated rapidly and prevented a successful rescue 
to escape.or if they were even capable of escaping after the crash. I t  is known 

attempt in that area of the wreckage. 

The multiple unknowns and'variables of the impact sequence and the 
extensive fire damage precluded an accurate determination.of decelerative forces 

(probably slightly above the stall speed of 118 KIAS) and the gradual deceleration 
during impact. However, the relatively low speed at impact with the trees 

human tolerance. Therefore, the Safety Board concludes that the breakup of the 
through the trees and over the ground most likely placed the forces well within 

structure and loss of restraint made the crash nonsurvivable for the forward 
occupants, and that the postcrash fire made the crash nonsurvivable for the aft 
occupants. 

3. CONCLUSIONS 

3.1 Findings 

1. The flightcrew was properly certificated and qualified to conduct 
the night. 

2. The aircraft was maintained according to approved procedures 
and regulations. 



3. 

4. 

5. 

6. 

7. 

5. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

-34- -. 
The flightcrew failed to adequately familiarize themselves yith 
the existing weather conditions because of their hurried approach 
to the weather briefing. 

The flightcrew of Flight 103 did not receive a SIGMET for 
moderate to severe icing during the preflight weather briefing. 

The aircraft was not certificated to be flown in severe icing 
conditions. 

The aircraft was certificated to be flown in moderate icing 
conditions although- no flight manual performance data wer,e 
provided for takeoff with engine or airframe deicing equipment 
operating. 

There were no airframe, flight control systems, or powerplant 
malfunctions before impact. 

The aircraft was probably at or slightly below it3 certificated 
maximum takeoff gross weight. 

The center of gravity location could not be verified, but probably 
was within limits. . * 
The aircraft was taxied in a snowfall for 45 to 60 minutes after 
airframe deicing. - 

The takeoff roll was  longer than normal bqcause of slush on the 

airframe. 
runway and degraded lift capability because of snow or ice on the 

Low-level wind shear and turbulence existed in the Boston area at 
the time of the takeoff. 

Moderate to severe icing conditions existed in clouds in the initial 
climb area of Flight 103. 

The flight encountered downdrafts, turbulence, wind shear, and 
icing during the climb. 

The climb rate was less than expected because of accumulated - 
frozen ice and snow on the wings and the effects of turbulence, 
wind shear, and downdrafts. 

The crew responded to an ATC low-altitude alert Warning by 
raising the aircraft's nose, which caused the speed to decrease to 
a value too slow for the degraded lift capability. 

Rapidly accumulated airframe ice overcame any excess lift 
capability and increased drag and weight to a point where 
recovery was no longer possible. 

The impact forces of the accident were, survivable; however, the 
cockpit structure was compromlsed causlng fatal impact wules. 

- - 
- 
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19. The three occupants in the aft cabin area survived the impact but 
succumbed to the effects of fire, 

3.2 Probable Cause 

cause of the accident was degraded aerodynamic performance beyond the flight 
The National Transportation Safety Board determines that. the probable 

capabilities of t he  aircraft resulting from an accumulation of ice and snow on the 
airframe before takeoff and a further accumulation of ice when the aircraft was 
flown into moderate to severe icing conditions following takeoff. Contributing to 
the cause of the accident were encounters with wind shear, downdrafts, and 
turbulence during the climb. The failure of the flightcrew to obtain an adequate 
preflight weather briefing and the failure of the  National Weather Service t o  
advise the flightcrew of a SIGMET for severe icing conditions were also 
contributing factors. 

4. SAFETY RECOMMENDATIONS 

recommended that the Federal Aviation Administration: 
As a result of this investigation, the Safety Board, on June 3, 1980, . 

Insure that the ATIS advisories contain all essential 
forecasted meteorological conditions, including SIGMET's, 
which are likely to affect aircraft operating in .terminal 
areas served by the ATIS. (Class 11, Priority Action) 
(A-80-46) 

On August 29, 1980, the Federal Aviation Administration responded: 

The FAA Facility Operation and Administration Handbook 
(7210.3E) is being revised to include notification of 
appropriate current SIGMETs and PIREPs in ATIS 
broadcasts. . . . 

November 14, 1980, recommended that the Federal Aviation Administration: 
Also, as a result of this investigation, the Safety Board, on 

Advise operators of the potential hazard of an accumulation 
of wet snow on airfoil surfaces after deicing with a diluted 
ethylene glycol solution. (Class I, Urgent Action) 
(A-80-112) 

Initiate a study of the effectiveness of ethylene 
glycol-based deicing fluid concentrations as an anti-icing 
agent under differing icing and snow conditions. (Class II, 
Priority Action) (A-60-1 13) 

Publish and distribute to operators detailcd information 
regarding the characteristics of deicing/anti-icing fluids and 
guidelines regarding their use. (Class 11, Priority Action) 
(A-80-114) 
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On February 11, 1981, the Federal Aviation Administration responded: 

The FAA concurs in.  . . safety recommendation [A-80-1121 
and we are preparing an operations bulletin to emphasize 
the dangers of snow accumulation on aircraft following 
deicing. Operators will be requested to review their deicing 
and anti-icing procedures in view of these accidents. A 
copy of the operations bulletin will be forwarded to the 
Board when it  is issued. 

April 1969' FAA Aircraft Ice Protection Symposium, it  was 
[Regarding safety recommendation A-80-113:l During the 

assure. a clean-surfaced wing. This requirement remains 
emphasized that prior to flight, the final inspection must 

valid regardless of the effectiveness of either fluid used; 
deicing or anti-icing. The FAA believes these criteria are 
adequate for release to taxi. 

The FAA does not concur in . . . safety recommendation [A- 
80-1141 because we believe the manufacturer, rather than 
the  FAA, should be charged with this action. Detailed 

deicing/anti-icing fluids and guidelines regarding their use * 
information regarding the characteristics of 

should be obtained from the  manufacturer of the product, 
since only this source has the test data to back up claims of 
t h e  effectiveness of its product. 

recommendation. Accordingly, we plan to issue an 
We do, however, appreciate the  intent of the 

holders to ensure that deicingJantiicing procedures are 
operations bulletin which will request air carrier certificate 

included in their manuals. 

We believe these actions will ful f i l l  the intent of Safety 
Recommendations A-80-il2 through A-80-114. 

. .  

L 
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Js /  JAMES B. KING - 
Chairman 

JsJ FRANCIS H. McADAMS 
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JsJ G.H. PATRICK BURSLEY 
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FRANCIS H. McADAMS, Member, filed the following concurring statement: 

agree with the following two statements of the majority. 
I agree generally with  the Board's conclusions and probable cause, but  I do not 

The Board states: (1) "Thus, while the low-altitude alert may have prompted 

is understandable in terms of the overall situation facing the flight," p. 31, and (2), 

to t h e  point where recovery was impossible," p. 31. 

-~ an overreaction on the part of the pilot in terms of increasing the pitch attitude, it 
. 'I. . . regardless of the control inputs, climb performance had already deteriorated 

Insofar as the first conclusion is concerned, I agree the pilot's reaction may 
have been understandable. However, the question the Board must answer is, was it 
the correct or best decision. The Board has a statutory responsibility to prevent 
similar accidents from occurring, and in carrying out this responsibility it  must 
evaluate the facts objectively. If an erroneous or not-the-best decision is made, 
the Board should focus upon this fact in the interest of accident prevention. 

upon the computer analysis and the CVR transcript, i t  appears the aircraft still had 
As to the second conclusion, I do not believe it is a valid statement. Based 

some climb capability, even at  178 kns. There was no immediate need tqreduce 
airspeed by 42 kns since the altitude at this  point was 1,700 ft. Therefore, the 
report should have contained a critical analysis of the captain's decision to reduce 
airspeed from approximately 178 kns, while the aircraft still had climb capability, - to \I2+ 3 (136 kns) by increasing the angle of attack from 9.5' to 16.4' 1/ - 

at 1412:48 when the aircraft was at an altitude of 1,400 f t  and an airspeed of 1 9 1  
The captain's decision was made following the low-altitude alert, transmitted 

kns. 2/ Following the low-altitude alert, the aircraft continued to climb 
approximately 300 ft, to 1,700 ft. As a result of the captain's decision a t  1413:12, 
the airspeed was decreased from 178 kns a t  1413:24 to 136 kns a t  141.3:48, and the 
angle of attack increased from 9.5' to 16.4'. The abrupt reduction in  airspeed and 
increased angle of attack was made within 24 secs and not accomplished 
incrementally. Further, the aircraft was at the minimum safe altitude of 1,700 f t  
when the reduction in airspeed was made. 

- 
Therefore, in the interest of preventing similar accidents from occurring, I 

believe the Board should have pointed out that the decision to  reduce airspeed to 
V2+ 3 may not have been the best decision under the circumstances. I agree that 
there probably should have been some increase in the angle of attack and a 
reduction in airspeed, but not the substantial and abrupt change that was ordered 
by the captain. The captain should have first determined if all climb capability 
was lost, and, if so, reduced airspeed to the flaps-in safety speed of approximately 
150 kns which should have produced climb capability despite ice accumulation, 
rather than abruptly sacrificing 42 kns of airspeed to maintain altitude. If there 
had not been the abrupt change in airspeed and continuous increase in angle of 
attack, the accident may have been avoided. 

- 
under all conditigns. V2 is the recommended speed for the best climb capability 
11 A speed of .V is not necessarily the best speed for maximum climb capability 

wi th  takeoff flaps when the critical engine is lost between 35 ft  and 400 ft  above 
\ the takeoff surface. 

- 2/ Computer analysis of Flight 103's performance. 

.I 

. ,  
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5. APPENDIXES 

APPENDIX A 

INVESPIGATION 
i 

- About 1500, on February 16, 1980, the National Transportation Safety 
~ Board was notified of the accident by the FAA Communications Center in 

Washington, D.C. An investigation team was dispatched immediately to Billerica, 
Massachusetts, and working groups were established for operations, human factors, 
st-uctures, systems, powerplants, air traffic control, weather and aircraft records. 
Working groups for  cockpit voice recorder, .flight data recorder, and performance 
were formed in t h e  Safety Boards headquarters. 

Professional Air Traffic Controllers Organization participated as parties to the 
The FAA; British Aerospace Industries; Rolls Royce, Ltd.; and the 

investigation. The United Kingdom Department of Trade, Accidents Investigation 
Branch sent an accredited representative with advisors, including representatives 
from Redcoat Air Cargo, Ltd. These persons also participated in the investigation. 

* . 
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APPENDIX B 

CREW INFORMATION 

Captain George William Coburn 

Captain Coburn, date of birth February 9, 1924, held an Airline 
Transport Pilot's license Aeroplanes No. 84423 which was valid until May 3, 1988. 
He was  typerated in the Bristol Britannia and the Hawker Sidley 125. His last 
airplane test was conducted on January 31, 1980, for pilot-in-command on the 
Bristol Britannia His last Class. I medical examination was conducted on 
January 18, 1980, with the limitation that "he wear spectacles which correct for 
near and distant vision, and shall have available a second pair whilst exercising the 
privilege of the license." The following expiration dates applied: Competency 
check -March 7, 1980; Instrument rating - August 8, 1980; Line check - 
December 26, 1980; Emergency check -- April 23, 1980. 

Captain Coburn had accumulated about 11,600 hrs total flying time of 
which 7,400 hrs were in the Bristol Britannia. He had been off duty for 9 days. 
before February 10, 1980. He flew 28 hrs 25 minutes from February 10 - 16, 1980. 
He had-flown 59 hrs 30 minutes during the, 28-day period prior to the accident. His 
rest period prior to the accident flight was 1 2  hrs 50 minutes. That rest period was 
interrupted a t  2200 on February 15, 1980, when the captain was callad to the 
airport to taxi G-BRAC from the cargo area to the overnight parking area. He 
flew 6 hrs 20 minutes from Belize to Boston on February 15, 1980. - 

Captain Coburn was the training officer of Redcoat Air Cargo, Ltd. 

First Officer Jack Kingston Jones 

license - Aeroplane No. 119409 which was valid until March 29, 1989. He w a s  t y p e  
Mr. Jones, date of birth May 10, 1925, held an Airline Transport Pilot 

rated in the Bristol Britannia. His last airplane flight test as pilot-in-command was 

October 30, 1979. His last Class I medical examination w a s  conducted on 
completed successfully on May 22, 1979, and as first officer was completed on 

November 28, 1979, with the limitation that the "holder have available spectacles 

following expiration dates applied: Competency Check - June 31, 1980; 
which correct for  near vision whilst exercising the privilege of the license." The 

Instrument rating - June 21, 1,980; Line Check - December 25, 1980; Emergency 
Check - July 4, 1980. 

- 
Mr. Jones had accumulated 7,600 hFS total flying time of which 4,760 

hrs were in the  Bristol Britannia. He had been off duty for 15 days prior t o  
February 12, 1980. He flew 24 hrs 5 minutes from F e h a r y  12  - 1.6, 1980. He had 
flown 59 hrs 30 minutes during the 28-day period prior to the accident. His rest 
period prior to the accident was 12  hrs 50 minutes and he had logged 6 hrs 20 
minutes from Belize to Boston on February 15, 1980. 

- 
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Flight Engineer Richard Alfred Creer 

Mr. Creer, date of birth July 22, 1920, holds a Flight Engineer's License 
No. 131. The license is valid until October 4, 1988. He is type-rated in the Bristol 
Britannia. His last airplane test was completed successfully on September 10, 
1979. His Class I[ medical examination was dated October 12, 1979, with no 
limitations. The following expiration dates applied: Competency check - March - 

- 22, 1980; Line check - November 14, 1980; Emergency check - July 28, 1980. 
- 

about 12,000 hrs in the Bristol Britannia. He had been off duty for 11 days before 
Mr. Creer had accumulated about 20,000 hrs total flying time with 

February 12, 1980. He.flew 24 hrs 5 minutes from February 12-16, 1980, and had 
flown 61 hrs 40 minutes in the previous 28 days. His rest period prior to the 
accident was 12 hrs and 50 minutes. 

Flight Navigator Anthony John Beckett 

license No. 4577 which was valid until June 28, 1988. His last Class II medical 
Mr. Beckett, date of birth January 21, 1931, held Flight Navigator's 

examination was conducted June 26, 1979. The following expiration dates applplied: 
Competency check - March 13, 1981; Line check - March 13, 4981; kmergency 
check - June 16, 1980. He had accumulated over 14,000 hrs total flight time with 
about 8,000 hrs in the Bristol Britannia. 

- 
- 

Boston. He flew to Boston on February 14, 1980, as a passenger to join Flight 103 
Mr. Beckett was not aboard G-BRAC on the flight from Belize to 

.' fo r  the trip to Shannon. - 

Loadmaster David Esmond Whike 

Mr. Whike was hired by Redcoat Air Cargo, Ltd., on July 1, 1978. He 
.. 

was not required to have a certificate to perform as loadmaster. 



-42- . 
APPENDIX C 

AIRCRAFT INFORMATION 

A Certificate of Registration (No. G-BRAC) w a s  issued by the  United 
Kingdom Civil Aviation Authority (CAA) on June 8, 1978, for Bristol Britannia 

the CAA on June 30, 1978; i t  was renewed on June 30, 1979, and was valid Until 
253p, serial No. 13448. A Certificate of Airworthiness for G-BRAC w a s  issued by 

June 29, 1980. . 

As of February 15, 1980, after G-BRAC landed at Boston, the airframe 
had accumulated 21,963.54 hours with a total of 8,310 landings. 

The powerplants were Rolls-Royce Proteus 790 series propeller turbine 
engines rated at 3,960 shaft horsepower plus 1,265 lbs jet thrust. The propellers 
were deHavilland model PD 208-466-2, four blade, constant speed, full feathering 
and reversible. Engine and propeller times were as follows: 

ENGINE. SERIAL OVERHAUL REMAINING 
POSITION NUMBER LIFE (HRS.) TIME (HRS.) 

79516 
79110 
79509 
75029 

10,000 

6,500 
6,800 146.05 

63.05 
10,000 lhl. 05 

868.05. 

- 

PROPELLER SERIAL OVERHAUL REMAINING 
POSIT10 N NUMBER LIFE (HRS.) TIME (HRS.) 

1 '  
2 
3 
4 

4A70706 4,000 
4A70693 4,000 
4A70827 4,205 
4A70875 5,554 

1799.05 
280.05 

1169.05 
1.33.05 

Cargo, Ltd. Examination of the records revealed that all periodic maintenance 
The CAA approved the maintenance schedule in use by Redcoat Air 

checks were being accomplished properly with the exception that the last check 
"A" (before each departure) w a s  not signed off in the captain's technical report log 
sheet. A review of the records revealed five items of deferred maintenance Still 

systems which could have affected the safety of this flight. 
open as of the date of the accident flight. None of the deferred items Were - 

- 

1 



1 
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APPENDIX D 

ADDITIONAL WEATHER INFORMATION 

General 
- A low-pressure area passed south of Boston on an east-northeasterly track 

Connecticut with a cold front extending southwest along the New Jersey coast 
through eastern Virginia and to the Gulf Coast along the Alabama coast. A warm 
front extended southeast into the Atlantic Ocean. 

~ during the afternoon of February 16, 1980. At 1300, the low was south of 

Between 0700 and 1900, a trough aloft had moved eastward into the Boston 
area. At the 5,000 f t  level (850 mb), the trough had moved from a position over 
the Appalachian ridge to a position running through New England and just east of 
the Atlantic coast south of Long Island. 

Precipitation 

The following are the hourly precipitation recwds f o r  Boston, Logan for the 
hour ending at the time specified. The precipitation records are in inahes ofwater 
equivalent. Included are the hourly observations of weather and restrictions to 
visibility observed a t  the same time. 

- 
Time - Hourly Precipitation Weather 

0551 
0650 
0752 
0853 
0954 
1054 
1153 
1256 -~ 1354 
1451 

trace 

0.03 
0.05 
0.07 
0.05. 
0.05' 
0.06 
0.08 
0.05 

a01 
light snow 
light snow 
light snow and fog 
light snow and fog 
light snow and fog 
light snow and fog 
light snow and fog 
light snow and fog 
light snow and fog 
light snow and fog 

water equivalent for Boston, Logan: 
The following are the synoptic observations of snow accumulation and the 

- Period Snow Accumulation (inches) Water Equivalent 

0000 to 0050 
0050 to 0650 
0650 to 1250 
1250 to 1850 

0 
0.1 
3.2 
2.0 

0.01 
0 

0.31 
0.24 

Maximum and Minimum Temperatures 

The following are the maximum and minimum temperatures recorded at \ 

Logan International Airport for February 16: 
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Period 

0000 to 0050 
0050 to 0650 
0650 to 1250 

- 

1250 to 1850 

Maximum 
(deqrees F) 

28 
28 
32 
31 

Minimum 
(degrees F) 

26 
26 
26 
23 

Soundings 

Chatham, Massachusetts, and Portland, Maine, to 18,000 feet (500 mb). Altitudes 
The following is a description of the 0700 and 1900 radiosonde soundings a t  

are Subject to ccfrection for density. 

. .  

, Chatham 0700 

layer up to &:,e base of a shallow inversion a t  3,000 feet. From the top of the 
There was a mixed, moist surface layer up to 2,000 feet, with a stable moist 

inversion a t  3,320 feet to 18,000 feet, the atmosphere was stable and saturated. 
The freezing level w a s  at 200 feet. 

Portland 0700 . 
There was a mixed surface layer with increasing moisture content up to 1,600 

feet. Above the surface layer, the column w a s  stable and saturated with inversions 
between 1,600 and 3,200, 5,600 and 6,300 feet, and 12,200 and 12,400 feet. 

z 

- 

Chatham 1900 

There w& a shallow, saturated surface inversion approximately 300 feet deep 
with a moist, stable layer above to 3,600 feet. Between 3,600 and 13,700 feet, the 
atmosphere was stable, saturated and homogeneous. Between 13,700 feet and 
18,000 feet, the atmosphere was stable with a rapidly decreasing moisture content. 

Portland 1900 

There was a mixed surface layer to 2,000 feet. Between 2,000 feet and 3,600 
feet there was a strong inversion. From 3,600 to 18,000 feet, the atmosphere was 
stable and homogeneous. The air was dry at the surface with an increasing 
moisture content to 2,800 feet where it became saturated. Between 2,800 feet and 
13,300 feet, the atmosphere was saturated and near saturated to 18,000 feet. 

- 
- 

Winds Aloft 

The following upper wind information was obtained on February 16, 1980: 

I 



(feet above 
Altitude Direction 

(degrees true) 
sea level) 

- 
- sfc 

1,000 
2,000 
3,300 
4,000 
5,000 
6,000 
7,000 
8,000 

10,000 
9,000 

sfc 
1,000 

- 2,000 
3,000 
4,000 
5,000 
6,000 
7,000 
8,000 

10,000 
9,000 

Chatham, MA 
0700 

180 
160 
175 
215 
240 
245 

250 
250 

245 
250 

240 

1900 

230 
255 
210 
210 
215 
215 
210 
210 

210 
210 

210 
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Speed 
(knots) 

7 
12 
15 
19 
25 
28 
34 
43 
46 
47 
48 

10 
22 
38 
40 
46 
46 
48 
49 
57 
53 
53 

(degrees true) 
Direction 

Portiand, ME 
0700 

030 
070 

165 
130 

210 
200 

230 
235 
235 
240 
245 

1900 

350 
005 
045 
080 
225 
245 
245 
225 
225 
225 
210 

(knots 

11 
6 

13 
15 
15 

25 
16 

28 
32 
39 
48 

26 
'1 4 

21 
15 

19 
17 

24 
18 

32 
36 
27 

Area Forecast 

Boston at 0740 on February 16, 1980, and valid from 0800 on February 16th through 
The area forecast for the Boston area issued by the NWS Forecast Office at 

0200 on February 17, 1980, was in part, as follows: 

Flight precautions: 

Forecast: Ceiling and visibility below 1,000 feet and 3 statute miles in 
stratus, snow, rain and freezing rain over all but southeast and 
northwest Maine, but will spread into this area between 0800 and 1300. 

Forecast: Occasional moderate turbulence below 16,000 feet and 
frequent moderate turbulence below 9,000 feet, over Lake Erie, Lake 
Ontario, Pennsylvania, New Jersey, New York, and adjacent coastal 
waters spreading northeast over eastern New England,. Maine, and 

\ adjacent coastal waters by 1300. 



F" 

Forecast: Occasional severe icing in clouds and in precipitation areas 
over eastern and central Pennsylvania, New Jersey, southeastern New 
York, southern New England, and adjacent coastal Waters. Icing will 
gradually diminish to moderate behind low. Otherwise fre'.lUent 
moderate icing in clouds and in precipitation over entire' forecast area. 

Significant Clouds and Weather: .. 

. . ., New England, and adjacent coastal waters: 10,OOb feet scattered 
over southeast and northwat Maine, otherwise ceilin,& a@ visibflities 
variable at or below 1,000 f e e t  and 3 miles in snow spreading northeast 
through Maine by 1300. Higher terrain obscured. T o p  layered to 
20,000 feet. Snow will occasionally mix with sleet or freezing rain over 
interior Maine, interior Connecticut, . . . . Snow will change to or mix 
with rain or freezing rain over coastal Maine, Rhode Island, C o a s t a l  
Nevr Y&, . . . and adjaceht coastal waters. 

Icing and Freezing Lev& 

...... ~~~ 

OccasiOqal severe icing in clouds and in precipitation areasaf  southern 
and northeastern Pennsylvania, New Jersey, south'eastern' New York, 
southern New England, and adjaceht coastal waters, padually 
diminishing to moderate about 100 luiutical milei behiind the low. 
Otherwise, frequent moderate rime icing in clouds and in precipitation 
over entire forecast area. Freezing level at surface in northern New . .  England, western New York, western Pennsylvania, . . . . 
Turbulence: 

Occasional moderate turbulence below 16,000 f e e t .  and frequent 
moderate with a chance of severe below 9,000 feet over Lake Erie, 
Lake Ontario, Pennsylvania, New Jersey, New York, and adjacent 
coastal waters spreading northeast over New England and adjacent 
coastal waters by~1300. 

Terminal Fopecast - - 

International Airport issued by the NWS a t  1000 and valid at the time of takeoff Of 
The following is the terminal forecast, in part, for the Boston Logan - - 

- Flight 103: 

Ceiling 500 feet, obscured, visibility-3/4 miles reduced by light snow, 
light ice pellets, and fog; wind-100 degrees 15 knots gusting to 25 
knots; chance of light rain, freezing rain, and low level wind shear after 
1300. 
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APPENDIX E 

WRECKAGE DISTRIBUTION CHART 

r ROAD 
6 2 '  
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