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Since December 3.992, t,here have been five accidenk and incidents i n  whicli 
a n  airplane 011 approach to landing encountel-ed the wake vortex of a preceding 
I3oeiiig 757 (B-757). Thirteen occupants died in  two of t,he accidents. The eiicounters, 
whicli occurred during visual conditions, were severe enough to c r e a k  a n  
unrecoverable loss of control For a Cessna ~it.at.ioii,  a Cessna 152, and a n  'Israel 
Aircraft Industries Westwind. Additionally, t.liere were significant, !,ut. recoveralile 
losses of contIo1 for a htcDonnel1 Doiiglas AID-SS and  a B-737 (both required 
immediate and  aggressive flight control deflections by their flight.crews). 

Safety Board data show tha t  between 1.953 and 1993, there were a t  least 
5 1  accidents and incidents in the United Slates, inclu.diiig the 5 mentioned alJove, 
t h a t  resulted fi-om probable encounters witli wake vort.ices. In these 51 encount.ers, 
27 occupants were killed, 8 were serionsly injured, and 40 airplanes were 
substantially dmlaged or destroyed. 

The Safety Board conducted a special investigatjon to examine in detail the 
cii-cunistances surrounding the five recent accidents and  incidents to determine what 
inipi-ove.nients maylbe needed in existing procedures to  reduce the likelihood of wake 
vox-tex encounters. A brief description of the five recent encounters follows. 

Notional Transportation Safcty Board. 1094. Safety issues rclalcd ta wake yo1 tex 
encounters during visual a p p ~  ooch to lai>ding. Special Investigation Report. NTSB/SIR-94/01 
Washinglo~i, DC. 
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Billings, Montaria.-On December 18, 1992, a Cessria Citation 550, 'NG887Y, 
operating under Par t  91, Title 14 of tlie Code of Federal Regulations (14 CFR 91), 
crashed while on  a visual approach to runway 27R a t  t he  Billings Logan 
1ntei.national Airport, Billings, Montana.' The two crewiiiembers and six passengers 
\yere killed. Witnesses 1,epotted that  the airplane suddenly and  rapidly rolled le& 
and then contacted the ground wlule in a near-vertical dive. Recorded a i r  traffic 
conti,ol (ATC) radar  data shoiv that  a t  the point of upset, t he  Citat.ion w a s  about 
2.78 nautical niiles (11111) (about 74 seconds) behind a B-757 and on a flight path tha t  
\\'as about 300 feet below the flight path of t he  B-757. The  flight path angle of tf ie 
Citation \vas 3", and the flight path angle of t he  B-.757 \vas 4.7". 

The B-757, at a takeofrweight of 255,000 pounds, and the  Citation, at a takeoff 
v eight of 13,000, are  both classified as large airplanes. Standard instrument flight 
i ules (IlzR) 1-adar separation ( p e a t e l  than 3 nin) \vas povided  t o  the pilot of the 
Citation unt,il the pilot iequcsled and was cleared for a visual approach behincl the 
B-757. 'l'he cleai,ance was issued t o  the pilot about 4 5 minutes prior to the accident 
while follo\ving the 13-757 a t  a distance of 4 2 nni. After the visual approach 
clearance  vas acknowledged, the speed of the Citation increased while the speed of 
the B-757 decreased in peparat ion for landing. Tlie controller informed t h e  pilot of 
the Citation that the B-757 was slowing and advised the pilot t h a t  a right t u rn  could 
be executed to iiiciease sepal ation. Althougli the pilot never asked the controller 
about his distance from tfie 8-757, a statement wcorded on t h e  cockpit voice recorder 
(CVR) indicates that the pilot wcognized the sepai.ation had  clecreased because he 
stated, "A1niost ran  over a seven fifty-seven," about 40 seconds prior to the upset. 

The Citation's i.apid and extreine depa~. ture  fioiri cont~rolled flight occurred 
when tlie airplane was about 2.78 nm (about 74 seconds) behind the B-757. 
Calculations indicate that an additional 0.22 nm (about 6 secoiids) would have 
pi.ovided tlie requii.ed 3 i i ~ i  of longituciinal IFR. separation had t h e  pilot not 1.equested 
the visual appi.oacI3 clearance. However, available data show t h a t  under. t he  existing 
atinospheric conditions, a vortex would not likely have iliminisl?ed an  appreciable 
amount in the next G seconds. Consequently, this accident indicates tha t  lighter 
weight airplanes in  the large category, such as the Cessna Citation, require a 
separation distance greater than 3 nin when following heavier airplanes in  the h g e  
category, siicli as a B-757. 

Nthough i a d a i  data indicate that, a t  any instant, the Citation was at least 
GO0 feet higher than the leading B-757 during the last 4 miles of the approach, th 
flight pat11 of t he  Citation was actually a t  least 300 feet below that of the B-757. 

The  o~l ly  cue ailailable to the Citation pilot to dctei-mine liis flight path relative 
to the flight path of the R-757 would have been the Citation pilot's visual alignineiif; 
of the B-757 and  objects on the pound .  For example, assuming tha t  the B-757 was 
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on a relatively constant flight path, the Citation flight path would have been similar 
to that of the B-757 if the Citation pilot had obseived t.hat the B-757 was aligned 
with (.lie runway touchdown zone. If the B-757 were aligned with the far end of the 
runway, the flight path of the Citation would have  been lower tlian the flight path 
of the €3-757, If the B-757 were aligned with the approach lights, the flight path o f  
tlie Cit.at.ion would have been above the flight pa th  of the B-757. 

The failure of the Citation pilot to prevent the decrease in  separation distance 
st.rongly suggests that  the pilot failed to realize t.hat he was placing the airplane in 
a daiigerous position relative to the wake o f  the 13.-757. Althougl~ the Aii-niaii's 
Inforination hlanual (AIM) suggests that  the pilot of tlie following airplane should 
remain above the flight path of the preceding airplane, the Safety Board is not aware 
of cxi s ti n g train i ii g 111 aterial t11 a t  discusses techniques for d etcrni ining the re1 ative 
flight pat,lis of a i r p l a n e ~  on approach to landing. 

Or.lari.cfo, FZorirlm:-On March 1, 1993, a Delta A i ,  lines McDonnell Douglas 
hlD-SS, operat,ing under 14 CFR 121, w a s  executhg a visual approach to runway 1SR 
a t  Orlando Intcrnat,ional Airport, O~lando,  Florida, while follo\ving a 13-757 to t.lie 

The crew of the MD-88 reported tha t  the airplane suddenly rolled right 
about 15', and  the pilot rapidly deflected both the wheel and rudder pedal to correct 
the unconiiiianded roll. Dat,a from the digital flight data  recorder (DFDR) indicak 
that a t  about  11.0 feet above ground level (AGL), the roll angle reached 13" right wing 
do\vn and  the ailerons and rudder were deflected about one-half of full txavel, 10" and 
23", respecti\~ely. The crew 1 egained cont,rol and  t.lie approach was continued to an  
unevent,ful landing. Recorded radar data show tliat a t  the iioint o f  upset, the hlD-88 
was about  2 5 nni (65 seconds) behind a Della €3-757 wliile the flight path of the 
MD-SS was sliglit,ly below that of the B-757. The flight pal.h angle of both airplanes 
\vas 3". 

The  htD.-SS flightcrew was issued a visual approach clearance when the 
airplane w a s  4.5 nni from the leading B-757. However, the separation quickly 
reduced t.o 2.5 iim. Had the MD-68 flightcrew not  accepted the visual approach, the 
required IFR separat,ion dist.ance o f  3 nni would have provided an  additional 
13 seconds of separat.ion. The h4D-SS flightcrew told investigalors that  they t.hought 
they had  a 4 iiin separation a t  the time of [.he encounter. 

Deli t:er, Colornrlo.--On Apiil 24, 1993, t,he flight.crew of a United AiIlines 
&737 reported a wake vortex encounfer ~ h i l c  executing a visual approach to runway 
261, at Stapleloii J n t e r i ~ a t ~ o i i a ~  Ailpoi t, l h v e r ,  Colorado4 The flightcrew reported 
that about  1,000 feet AGL tlie airplane rolled left viole.ntly with 110 yaw, the p i tch  
decreased 5", and the airplane lost 200 feet altitude. To correct the uncoiiiniairiled 

NTSB incident IICA 93-I-A021. 
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roll, the pilot rapiclly deflected the wheel arid rudder about GO" and 7", respectively, 
according to the DFDR. A go-around was initiated, arid the airplane landed without 
furtlier incident. The  DFDR data  also indicate tliat a t  the point of upset, t h e  B-737 
was about 900 feet AGL; in 2 seconds, its roll angle reached 23" IeR wing down. 
Recorded radar  da ta  show tha t  a t  the point of upset, the  flight path of the B-737 w a s  
about 100 feet below tlie flight path of a B-757 that was landing on runway 2GR. The 
13-737 was about 32 seconds and 1.35 nin behind the 13-757. The wind was from the 
iiorth a t  about 10 knots gusting to 16 knots. The flight path angle of both airplanes 
was about 3". 

Runway 2GL is parallel to and clisplaced 900 feet south of runway 2GR. The 
tl~i~esliold of l.uriway 26L is oKset about 1,300 feet to the east of tlie tliresliold of 
runway 2GR,, resulting in a flight path t.0 2GR that  is about 70 feet higher than the 
flight path to 2GL. Under the e.sisting wind conditions, a wake vortex from t h e  B-757 
would descend and  move t o  the south ,  toward a standard flight path t.o runway 2GL. 

Ai,, traffic controllers are i.equired to povicle staiiclald separation to IFR 
ailplanes tha t  a r e  approaching 26L and 2613 because the runways are  separated by 
less than 2,500 feet. If the flig1itci.e~ of the B-737 iiad not accepted a visual 
approach, the controller would have been required to provide 3 nm separation. 
During the early portions of the appr,oacl~, ATC pro.iided vectors to the 13-737, which 
resulted i n  S- turns  for spacing. SuBseque~itIy, the B-737 and B-757 were 011 

converging couises within 12 nrii of the runway. Upon completion of the S-tarns ,  the 
actual separation between the airplanes was about 4.6 nm. However, t he  sepa1,ation 
was  predoiuinately lateral, not i ~ ~ , - t ~ . a i l  or longitudinal. The lateral component of the 
separation was about 4.55 mi, and the longitudinal cornponent was only about 
0.65 nrn along the  intended approach path. The B-757 was 1.6 11111 to t he  riglit of i t s  
final appi.oac1i path, and the B-737 was 2.8 n u  to the left of its final approach path. 
The  final approach paths were sepai.ated by 0.15 nm. Radar data show khat the  
B-757 was on a 15" intercept from the riglit side to align for the appi.oach to runway 
2GR. The B-737 was on an  8" intercept frorn the left side l o  align with the approach 
to runway 2GL. Both aii.planes converged to t,heir respective runway alignments, 
which resulted i n  a 900-foot lateral (left-right) separation. The longitudinal 
cornponent of the sepai~ation increased from about 0.65 iini to  an  in-trail separ  a t' ion 
of about 1.35 m i .  The controller should have recognized that the relative spacing, 
in conjunction wit11 the converging courses, would result in  less than a 3-iim 
separation when the B-737 was in-trail behind tlie B-757. TO rnairitairi a 3-Iiin 
sepamtion afier the acceptance of a visual approach clearance, the pilot of t h e  B-737 
would have had  to continue to  execute S- tums.  

SuZt Lalre City, Uta.lz..--On November 10, 1993, the pilot of a Cessiia 182, 
N9G52X, operating under 14 CFR 91, was executi11g a visua1 flight rules (VFR) 
a p p o a c h  to  mnway  32 at Sa l t  Lake City Intei~natioiial Airport, Utah.' The  pilot 

- 
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reported that he was instructed by ATC to proceed "direct to tlie numbers" of 
runway 32 and pass behind a "Boeing" tha t  was on final approach to rtinway 35. 
There is no evidence to  suggest t ha t  t.lie pilot was advised that the airplane was a 
B-757.6 Tlie Cessna pilot reported that  while on final approach, the airplane 
experienced a "burble," and  then the nose pitched up and tlie a i rplane siiddeilly rolled 
9O0 to the right. Tlie pilot immediately put  in full-left deflection of rudder and 
aileron and full-down elevator in an  at,tenipt to level the airplane and t o  get the nose 
d o w n  As the airplane began to respond to the correct atlitude, tlie pilot realized that  
lie was near the ground and  i~ulled the yoke back into his lap.  The  airplane crashed 
short  of the tliresliold ofrunway 32, veered to  tlie northeast, and came to  rest on the 
approach end of runway 35. 'rile pilot and tlie two passeligers suffered minor 
iiijuries, and the airplane was destroyed. Tlie wind \vas 5 Irnots f rom the soutli. 

The approach ends ofrunways 32 and  35 ale about 560 feet apar t .  Radar data 
show that the Ccssna \vas a t  an al(.iCude of less than 100 feet AGI, When it crossed 
t.lie flight path of the B-757. The 13-757 had passed the crossing position aliout 
38 seconds p i o r  to  the Cessna 182. Trends in the recoi-ded r ada r  d a h  suggest that  
t.lie flight path of the Cessna was sliglltly above the flight path of tlie B-757 at the 
point of crossing. The esact position of the upset has not been det-,eriniiied. Ilo~vevei-, 
wake vortices teiid to remain above the ground wlule i l l  ground effect and translate 
outwai.'d a t  a speed of 3 to 5 knots  plus t.he wind component. In ground eEect, the 
left vortex flo1ii t,lie B-757 typically ~ o u l d  have translat.ed 200 to 300 feet to  tlie west. 
Tlie vortex core may have been located about 75 feet above tlie ground, although 
1-esearcliers have said tlie vortex has tlie potential t.o "bounce" twice as high as the 
s teady sts te height. In  addition, tlie diaiiieter of tlie vortex's flow field is usually 
about. equal t o  tlie wing span of the genwating ai~plaiie. Thus,  tlie Cessna 1S2 could 
have been affected by the vortex a t  any altitude l~etween ground level and 200 feet 
ARGJ.,. Althougli the Cessna's flight path \vas above t,liat o f the  13-757, the pilot did not 
adequately coinpensate for t.lie height of the vortex.  

S C I T Z ~ C ~  Am4 CcrLifornia-On December 15,1993, a n  Israel Aircraft Industries 
Westwind, operating under 14 CFR 135 at  night, crashed while on a visual approach 
to runway 19R at the John Wayne Airport, Santa Ana, C a l i f ~ r i i i a . ~  The two 
crewmembers and three passengers were killed, \Yitnesses reported t h a t  the aiIplane 
rolled, and  CVn data indicate that the onset of the event was sudden. 'l'lie airplane 
pitch ai;l,iitude \vas about 45" nose down a t  g~ ound contact. Recorded radar data show 
t.hat a t  the point of upset, the West\rind was about 1,200 keet mean sea level (MSL) 
and 3 5 nm from the end of iun\vay I9R. The West\vind \vas about 2 1 nni 



(60 seconds) behind a B-757 and on a flight pa th  t h a t  was about 400 feet below the 
flight path of the B-757. The flight path angle of t h e  Westwind was 3", and the flight 
pat11 angle of the B-757 was 5.6". CVR data  indicate that  the Westwind pilots were 
aware  they wei'e close to  a Boeing airplane a n d  t h a t  ttie airplane appeared high. 
They anticipated encountering a little wake and  intended to fly one dot high on the 
glide slope (about 3.1" instead of 3.0"). There i s  110 evidence tha t  the crew were 
advised specifically that  they were foIlowing a B-757. 

, 

While receiving radar vectors to tlie aiiyort,, the crews of both airplanes were 
flying genei~ally toward the east  and would have to make right turns to land to the 
south.  Radar data and ATC voice tmnscripts show that  the Westwind was 3.5 nm 
1101 theast  of tlie €3-757 when cleared for a visual approach. The Westwind s tar ted i t s  
right tu1 11 fioni a ground track of 120" wliile the 13-757 gi,ound track remained at 
about 90". The resultant c1osui.e angles stai.tecl a t  30" and became greater a s  t he  
M'estwind continued its turn. About 23 seconds later,  the  B-757 was cleared for t.he 
visual approach The avcrage giound speeds of t he  Westwind and B-757 were about  
200 and  150 linots, iespectively. The Westwind was  established 011 course 3'7 sec,onds 
prior to the B-757. Although the combination of the closu1.e angle and  the faster 
speed of the Westwind reduced the separation &stance fi.oin about 3.5 nni to about 
2.1 iiin in  46 seconds, the primary factor in  the decreased separation was  the 
convei.ging ground tracks. The only way the pilot of the Westwind could have 
inaintained adequate separation was to execute significant maneuvers. 

Based on radar data, a t  ttie time the visual approach clearance was issued, the 
separation distance was rapidly approaching the 3 nm required for IFR separation. 
To prevent coiiipioniise of the separation i.equir,einerlt, the controller would have had  
to take positive action to change the Westwind's track, or to issue the visual approach 
clear~ance and receive confii.niation that the pilot accepted the visual approach within 
29 seconds. 

The investigation disclosed tha t  the company for wliicli the  crew m"ere flying 
had  not provided specific training regarding wake vortex inovement and  avoidance 
techniques. According to Safety Board investigators, the  company's director of 
operations stated that  any such training would have been included in  the required 
windshear training. However, wake vox tex avoidance was not discussed in the 
company's windshear training. Further, the Safety Board is unaware of any  such 
training for Par t  121 and 135 pilots. 

Discussion 

The Safety Board's investigations of the pi-eceding cases initially focused on 
why the B-757 appealed to be involved in a dispiopoi.tionate number of wake vortex 
encouiitei,s. Seveial r'e1)oi t s  indicated that  tlie B-757 geneiated wake vortices tha t  
were more seveIe than would be expected for a n  airplane of its weight. I-Iowever, as 
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a result of a Lliorough study and analysis o f  the issue, t he  Safety Board found little 
~.echnical evidence to support the not.ion tha t  the wake vortex of a B-757 is 
significantly stroiiger than indicated by i t s  weight. The  calculated initial vortex 
strength is closely related to the weight of the airplane. Of note, !.he B-757 is tlie 
heaviest airplane in  its weight category, and  there a re  110 other airplanes of similar 
w eight . 

The SafeLy Board’s investigat,ions, therefore, raised conceii~s a b o u t  the 
adequacy of: (1) the current aircraft xveight classification sclienie to est,aIilisIi 
separat.ion criteria to avoid wake vortex encounters; (2) air t.raffic control procedures 
rclat.ed t o  visual approaches and VFR operations beliind heavier airplanes; and  (3) 
pilot kno\vledge I-elated t.o tlie avoidance of wake voi-tices. R.esolution of these 
concerns would adtfrcss any concems that were believed to have been specific t o  the 
B-757. 

Aircraft Separu.lion Crileria Based O I Z  \Ireig?i.t.-Tlie wake vort,ex 
characterist,ics of transport category ail-planes are not 1-eqiiired to be tletei-niiiied a t  
tlie time of airplane certification; ail-plane separation distances t.o avoid wake vortex 
encount.ers are based solely on weight. For eXaJllple, not until 1992 did the National 
Oceanic and Atmospheric Administration (NOAA) and FAA conduct tower fly-by tests 
t o  determine the c1iaract.eristics of wake vortices produced by the B-757; yet the 
ail-plane entered service in  1952, and there are 574 airplanes now in service. The  
testing has  showii t.liat the B-757 generat.ed the highest vortex t.angentjal velocity,* 
32F feet per  second, of any testcd airplane, including lieavy categoiy B-747, B-‘767, 
and C-5A  airplane^.^ The vortex core x a ~ u s  \\’as about 3 inclies. Various theories 
have been offered as to why t.he t.angentia1 velocity was higher than previously 
measured. Ntliougll not proven, a numlier of researchers and engineers believe that 
!.lie B-757 wing flap design is an important factor. Most of the larger traiisport 
category ail-plaiies hsve gaps between the trailing edge flaps that  disrupt the uniform 
clevelopineiit of t.lie vortex. The B-757 flaps are continuous from the fuselage to the 
ailerons, a design that is believed to be more conducive to uniforni devclopnient of t.he 
wake vortex. 

hlore iniportatitly, however, the high core velocity (within the small core 
radius) is  11ot coilsidered the primaiy factor in defining the risk associated with 
encou~ l t e~ - i~ ig  the vortex. Researchers and engineers generally believe that t.Iie vortex 

A vories, a mass of rotating air, consists of R cole asid a flow lield about  the core. Lift is 
clcated by a l>reeeure diCferenlial belirwn the i i p p ~ . r  and h e r  5111 lace of the wing. ‘Phis p,.cseuIe 
diKerenfial results in  a rollup of the airflow af t  or the wing, thus creating a ~ o ~ t c x ,  ‘Fhe t.angcntia1 
ve1ocitie.s or the core arc  proportiond to  thc distance Ti0111 the ccntcr of  the core \\,hereas the 
fangcn(ial  velocities i n  Llle flow field a rc  gcnerally inversely proportionnl l o  the sqoaTe of the 
distance from the cole. 

’ National Occa~lic and Ainiosiiliei~ic Adminislration Techi~ical Mrmoraiidum ERL Ni L-199, 
Janua ry  1993. 
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circulation" is  a more significant factor in the risk of a wake vortex encounter. The 
circulation theoiy has  been verified and accepted for many years. The initial s t rength 
of a voi.tex can be accurately calculated and the fly-by test  results have shown tha t  
the circiilatioi~ of t he  B-757's wake is typical for its weight. The  B-757's circulation 
was greater than tha t  of a B-727 arid less than that of a B-767. In  addition, the data 
to date suggest t ha t  the longevity of the B-757 vortices is consistent with its wing 
span. 

, 

The January 1993 NOAA report did not reconiiiiend an increase i n  t h e  
separation distances behind the B-757, citing insufEcient testing to determine the 
persistence o f  a B-751 vortex. The report did recominend additional testing to 
deteiniine t.he persistence of and  the effects of atmospheric conditions on B-757 
vortices. The Safety Board concurs in this recoluiiiendatiorl. I-Iowever, the Board also 
believes, as discussed in more detail, that the accident a t  Billings, Montana, provides 
sufficient evidence to ~ a x i  a n t  increasing tlie sepal-ation distance behind the 13-757. 

The Safety Boa1.d i s  concei,ned that the design of future aiq2lanes could result 
in wake vort.ices that  are unusually strong or persistent for the weight of the 
airplane. Flight testing would provide data about the vortex decay, transport, 
residual strength, effects of atmospheric conditions, arid unusual or unique 
cliaracteristics of the airplane's vortex. Accordingly, the Board believes tha t  the FAA 
should require manufacturers of turbojet, 1 ransport category airplanes to determine, 
by flight test  or other suitable means, the characteristics of tlie airplanes' wake 
vortices during certification. 

Until the FAA has  developed the kno~vleclge arid systeins tha t  will permit a 
signifimnt reduction in  the  probability of wake vortex encounters, there will be a 
need to visually determine adequate separation distances. Further ,  t.lie five vortex 
encounters described earlier and  data on wake vortex encounters from the Civil 
Aviation Authoiity of Great  Britain (CAA) demonstrate the need to increase t.he IPR 
separation distances for sinal1 and  Iar.ge airplanes on  approach and  in-t.rail bellind 
t h e  R-757 and  other airplanes of similar weight if they are introduced into service" 
The  accident a t  Billings and  tlie incident a t  Orlando sliow tha t  a n  encounter with a 
B-757 vortex a t  3 n m  can be dangerous to most large airplanes. I n  addition, greater 
ATC separation s tandards may  have reduced or prevented the excessive closures 
noted in the other three encounters. 

The FAA requires less radar  sepai.ation for. wake vortex considerations for IFR 
airplanes under positive a i r  traffic control than that reconiruended by t h e  
International Civil Aviation Organization (ICAO) and  required by tlie CAA. A 
Citation or Westwind following a n  airplane such as a B-757 would require a 5-mn 

lo Circulation is a measure of the angular mornenturn of the a i r  in the f l ow  field and defines 
the  strength of a vortex. The size and  strenglh of thc flow field determine the risk of upset posed 
to a following airplane,  
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separation based on ICAO recomniendations and a 6-nm separation based on CAA 
stantlaIds, ra ther  than the 3-nin separation required by tile 1.’k4. 

One niet.liod !,.a achieve iiicreased separatioI1 liehind a B-757 would be to 
reclassify t ~ i e  13-757 as a lieavy airplane.“ Large airplanes would ~ienefi t  kom a 
5-nni separation and small airplanes would benefit from a G-~im separation when 
executiiig an ins t ru~nen t  approach in-trail behind a 13-757. However, the 
i-eclassificat.ion would reduce the required radar separation of a B-757 in-trail behind 
a B-747 (maxii.iiuiii gross weight of 820,000 pounds) fi.0111 5 13.111 t o  4 JWI, increasing 
the risk of a wake vortex upset for tlie 13-757. The F M  and Boeing Iiave expressed 
concer11 about  increasing the risk of a wake vortex encount.er i f  a B-757 followed a 
heavy ai l - l~lane inore closely. 

The c11aracleIistics of cerlain airplane pail-s were examined t.o deteriiline tlie 
relative risks of upset by wake vort.ex encouiltcrs. The relative risk of wake vortex 
upsets i s  a ftuiction of the strength o f a  voi-lex generated by the leading airplane and 
tlie roll  ~ l ~ o m e n t  ineit.ia of the h i l i n g  airplai~e.  The voi-tex strengf.h is generally 
defined as a funct,ion of weight divided by velocity and span. Tlie roll niomc?nt.s of 
inertia are generally proportional to t.11e weiglit of tI3e ail-plane.” 

Safety Board st.aff used the maximum landing weig1it.s to represent the roll 
inertia of B-757s and Citations. The vortex strengths of B-747s and  B-757s were 
calculat,ed also using maximum landing weights. Tlie combinat,ion o f  t.he B-74.7 
vortex streiigtli and t.lie B-757 landing weight was  compared t o  the combination of 
the B-757 \ro~-tex strength and tlie Citat.ion landing \\,eight. The conlparisons show 
that,, at  equal separation distances, the risk of loss of control when a Citat.ion 
encoulit.ers the wake vort.ex o f  an  airplane similar in weight to  a B-757 is 8 times 
great.er than the risk associated with a B-757 encountering t.he wake vortex of a 
B-747. In pract.ice, however, tlie B-757m-747 pair would be separat.ed by 4 nni if I1oih 
were classified a s  heavy airplanes, t.lius lessening the i.isk for that pair (because 3 11111 
was used i n  the risk calciilalioiis). Therefore, t.he relat.ive risk of the hvo pairs is 
great,er than a factor of 8. In addition, the deterniination of tlie relative risk does not 
reflect the CAA data,  which suggest tha t  the wake vortex of a B-757 may last longer 
than would be expected for its ~ e i g l i t .  CleaIly, tliei-efore, if the 1-isk associated wiL1i 
reclassifying the B-757 as  a heavy category airplane is uriacceiitable, the cuirent risk 
to a Citation a t  3 nm behind a B-757 is also unaccept.able. 

The Safety Board shares tlie concern of the F M  and Boeiiig about I-eclassirying 
airplanes such a s  {lie B-757 as heavy airplanes. The Safel,,y Board believes it would 
be pi eferIable to  ii>aintain the cuirent separat,ion distance of 5 nm \vhen such  

’ I  Canada h a s  reclassified llio B.757 as R hcsvy a i iphnc  \vhe.n it  i s  the leadillg ailp1ane 

I?oskam, Jan.  1982. Aiiplanc flight dynamics and automat ic  flight conlrnls Ottawa, ICs: 
Roska in  Aviation and Enginecring Coiporation. (p. 19). 



10 

airplanes a re  following a heavy airplane and t o  increase the  separation distances for 
other air.planes wlien they are  following a B-757 or other airplanes of similar weight, 
The  accident in Billings, Montana, for esample, clearly demonstrates t h a t  lighter 

I 
! 

weight airplanes in the large airplane category require a separation distance greater 
than 3 nni when following a 8-757. Further, the CAA wake  vortex incident da t a  
raise concern about airplanes of the size of B-737s following only 3 Zini behind 
airplanes of the size of tlie B-757. Accordingly, the Board believes t h a t  the FAA 
should immediately establish the  following interim wake vortex separation 
reqiiir~ements for IF17 airplanes followirig a Boeing 757 arid other airplanes of similar 
weight: 4 nni for airplanes such a s  the B-737, MD-80, and  DC-9; 5 nni for airplanes 
such as the Westwind or Citation; and 6 niii for small airplanes. The  current 
separation reqiiircnient o f  5 11111 when a 0-757 or other airplane of a similar weight 
i s  following a heavy category airplane should be maintained. 

Tlie 1 elative risk comparisons also indicate that the lighter weight airplanes 
in  the 1a1,ge aiiplane category a r e  at high risk of upset from the voi.tices generated 
fi o m  airplanes i n  the heavy category. Consequently, the Safety Boa1.d is concerned 
tha t  the current separation requirements for IFR airplanes such as tlie Westwind and  
Citation when following heavy category airplanes are  also inadequate. 

The most significant problem i.elated to  estahlislling adequate separation 
standards is  tlie great range of weights (12,500 to 300,000 pouncls) i n  the h g e  
airplane category. Because of  tlie lai,ge weight differences between tlie high and low 
end of the large airplane category, lighter weight airplanes are a t  liigh risk of upset 
fi.o~n tlie vortices generated by t h e  heavier weight air-planes. One possible means to 
mini~nize the 1-isk of wake vortex encounters i s  simply to divide the large airplane 
categoiy into two separ,ate categolies (for example, 12,500 to  150,000 pounds and 
150,000 to 300,000 pounds), acconipanied with increased separations between the 
newly created catego1 ies. Ifowever., a prefeIrable approach would be to  create four 
weight categories i n  which the ratios of tlie Iiigh and low weights i n  each categoiy 
would be similar. Fot. exanlple: heavy (greater than 300,000 pounds), large (between 
100,000 and 300,000 pounds), niediuru (between 30,000 and  100,000 pounds), and  
small (less than  30,000 pounds). The maximum ratio of weights within each category 
is about 3. 

Appop1,iate separation distances, based on such a revised weight classification 
scheme, consistent with the sepamtion distances discussed above, could be the 
following: for airplanes foUowing a heavy category airplane, tlie separation distance 
should he 4 nin (heavy), 5 n m  (lwge), 6 nm (niediu~ri), and  '7 rim (sinall)" For 
airplanes following a ]ai.ge category a iq~lane ,  the separation distances should be 4 nin 
(large), 5 nm (medium), and 6 nln (small). Current data  suggest t ha t  a separation 
distance of 3 nni may be adequate for a niediuni category airplane following another 
incdiuni category airplane and  for all ail~planes followirig a small airplane. Such an 
approach would povicle nioi'e separation because of t he  iricizased number of 
categories and would also reduce the weight disparity of the liigli and low weights 
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within each category. Thcrefore, the Safety Board believes tha t  tlie FAA should 
revise the airplane weight classificalion schciiie to reduce the weight disparity ofhigh 
and low weigIit.s wit.liin each category and  t o  e.stablish separat,ion distances between 
the various weight categories, consist,cnt witli tlie separation distances discussed 
above (for airplanes trailing airplanes such as  the 13-757). 

Air. Tr-ufflc Control Procedui-es Relafed io V ~ S I L C L ~  Approcrclies un.d VFR 
Upei-ufiotzs B e l h d  Iienuier AirpZari.es.-The Safety Board believes h t  one 
coniiiion element to the five wake vortex encounters described earlier is tha t  a 
com~~ina t ion  ofATC procednres aiid pilot actions i,esulted in separation distances that 
wei-e too small for the airplane trailing I d i i n d  a B-757 while 011 a visual approach to 
landing. Cui.rent.ly, controllers are required t o  eiisure tliat airiilanes liave the proper 
radar  separation p ~ i o r  to the issuance of a \<sua1 approach clearance. However, the 
incident a t  Denver aiid llie accident a t  Sai1t.a Ana il1ustrat.e that controllers 
sonietin.ies issue visual approach clearances when the separat3on distance and closure 
r a t e  ilreclude the pilot from inaintaining a safe sepal-ation dis1.ance wit.llout excessive 
iiiaiieiiveriiig. During peak traiTc periods, controllers rely 011 the use of visual 
approac.Iies to inci-ease ti-affic capacity and t o  reduce delays. Pilots may try to 
acconiniodale the controller by accepting a visual approach even t,liougli they may be 
unable to maintain adequate separat.ion fi-om the preceding traffic without excessive 
niai~euvel-iiig, excessive reconfiguration of  tlie airplanes, or drastic reduction of their 
airspeed. \Vhen tllis sit.uat.ion occul-s, a compression effect can be created, increasing 
t.he exposure of each successive arrival to  a wake turbulence encounter. 

Tlie Safety Board believes that the FAA should amend handbook 7110,6511, Air 
Traffic Coli1.1-01, t o  proliibit controllers from issuing a visual approach clearance to  a n  
1Z;'R aii.plane opeiat.ing beliind a heavier airplane (in the large or heavy airplane 
c.ategoi,y) uiitil the  coiilroller has  deterinined tha t  the in-trail airplane shou1.d l iot  
have t,o execute S-thins,  make abi-upt configuration changes, or make excessive speed 
clinnges v;hile niaintaining a separation distance that would be required for 1FR 
approacl~cs.  If the airplane is in-tiail or o n  a converging course a t  the time t,he visual 
clearance is issued, c l o s u ~  rate s110~ld be consistent witli the required separation 
clistance. Tha t  is, if tlie separation distance is slightly greater than t.lie 1-equired 
separation distance, the closure rate should be minimal. However, if the separation 
distance is large, a greater closure rate may be tolerated. The conti-oller should se t  
u p  the in-ti-ail situation in  a manner in which both airplanes can continue the 
approach in  a reasonable maiiner. 

111 additioii, aItIiougIi co~it~-olIeIs receive initial 1.1-aining in  tlicse areas, the 
Snfety Board believes tha t  conti~nlle.rs slioulcl be provided annual refi-esher tiailling 
relntxti to wake tulbulence separation and advisory cl-iteria" Vie b-aining slionld 
empliasize (.lie need for controllers to  avoid using phrases or terminology tliat would 
encornage pilots of W R  or IF12 airplanes to  rcduc,e separation to  less than t.liat 
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I equired during IFR operation, thereby iricreasing the chance for a wake turbulence 
encounter when operating behind a turbojet ai1p1ane.l~ 1 

The Safety Board is especially concerned that the GENOT and pilot bulletin 
issued on December 22, 1993, by the FAA are not likely to be effective i n  reducing 
wake turbulence encounters of pilots who accept a visual approach clearance or who 
follow closely beliiiid a B-757 while o n  approach to the airpo1.t. The GENOT and pilot 
bulletin, in  essence, reiterate past practices. The only change, albeit a good one, i s  
the requirement that  wake turbulence cautionary advisories be issued to airplanes 
following a B-757. Pilots are not provided any additional guidance on how to adhere 
to the procetlui.es defined in the AIM. Specifically, pilots a r e  still not provided 
sufficient inforiiiation to  deteinzine that adequate sepai.ation distances are  being 
maintained or  to detcrniine that tlieir flight path remains above tlie flight path of the 
preceding ail plane. 

ICnowledge of the inanufacturer and model ivould help the  pilot determine a 
safe separation distance. For exaiiiple, in the Salt Lake City arid Sarita Ana 
accidents, the pilots knew they would be operating behind a tuibojct airplane. The 
controller, i n  each situat,ion, had ample opportuiiity to advise the pilot, specifically, 
tha t  he  would be operating behind a B-757. In  addition, a pilot, if provided with a 
wake turbulence cautionary advisory and other inforniation relevant to tlie avoidance 
of wake tuibulence, such as separation distance and the existence of a n  overtaking 
situation, would be better able to maintain an adequate sepai.atioii distance. Thus, 
the Safety Board believes that controllers should be required to provide this 
information, as a ininiiiiuin, t o  pilots prior to allowing visual operations behind or in- 
kail of heavier, turbojet airplanes. Several of the 46 accidents and  incidents from 
1933 to  1993 tha t  resulted fiorii probable encounters with wake vortices occurred 
dui.ing phases of operation other than the approach phase. Had the pilots involved 
in  these accidents and incidents known the ~narrufactui~er and model of the other 
aircraft, they might have been able to maintain adequate separation distances. 
Therefore, tlie Safety Bead believes that the FAA should amend handbook 7110.65EI, 
Air T r a f i c  Coiiti.01, to require that  controllers issue both L.he ~.nanufacturer and model 
of airplane when issuing infomatiori about air carrier traffic. 

The Safety Boaid recognizes that  the pioposed changes will be a n  additional 
buiden for a i r  traffic controllers. However, until more reliable systems are  in  place 
to  predict and  detect wake votices, these measures should fu i ther  reduce the 
likelihood of wake vortex encounters. 

l 3  A review o f  ATC transcripts from sonic of the accidents and i~icidents wliich resulted from 
pi.obabIe encountci~s with wake vortices rcvealcd terminology used by controllcis that would 
encourage pilots to violate sepal ation rcquire~nents, such "kccp a tight pattern and  follorv the large 
airplane." 111 one  instance, the  controller requested a short approach but also cautioned about 
wake turbiilence; in that  instance the pilot cncountcled tuIbulcnce a t  50 fect and crashed, 
sustaining serious injuries. 
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Pilot Knowledge Reluted Lo t.iie Avoidurtce of Woke Vortices.-The 
accident and incident data  suggest that a combination of pilots’ lack of understanding 
of the hazards of wake vortices and  the difficulty of knowing tlie movements of wake 
vortices are major contributors t o  wake vortex eiicounters. A pilot’s visual estimate 
of range is not sufiiciently accurate to ensure safe separation. It is especially d iEcul t  
to est.iiuate separat.ioii distances at night. In addition, Safely Board accident and  
incident data show khat student pilots and  pilot,s operating under 14 CFR 91 ru le s  
continue to eiicounter wake vortices a t  an unacceptal~le rate. The Safety Board notes 
t.liat many pilots involved in accidents and  incidents had iristrunient ratings, had 
been given wake vortex precaul.ions, and  yet  continued on, either ignoring the 
caution, or niistakenly believing that they were above t,lie vortex. To help pilots avoid 
wake voitcx encounters, the Board urges the FAA l o  develop con~pr~ehe~i.,sjve training 
programs related to walte turbulence avoidnrice and to pvl~lisli the infor111at.ion in the 
Alhl14 and ot.lier trainiiig iiiat.ei-ials. This i i i f o i - ~ i ~ a t i o ~ ~  ,sIiould iiiclude techniques for 
dctei~iiiining relative flight paths and sepai-a(ion dist,aiices. The accident a t  Billings, 
Montana, for example, clearly deliionstrated the need for t,ecliniques to  help pilots 
maintrain a fl ight path tha t  is liiglier Llian that of the leading aiiplane. In  t h a t  
accidciit, the flight path oit.lie Citation was a t  least 300 feel below t,liat of the B-757. 

Further, t.he iiiformalion should define the vert,ical nioveinent of wake vortices 
in groiiiid effect. I11 tlie accident a t  Sal t  Lake City, Ui.al~, t.lie Cessna 182 could have 
been affeckd by tlie vortex of the 0-757 a t  any altitucle between ground level and 
200 feet AGL. Although the Cessiia’s flight path was above that of the B-757, the 
pilot did not adequately compensate for the Iieiglit of the vortex. Iho\vledge of o r  
training specifically related to the 1ic:iglit of \\jake vortices in p o u n d  eKect, likely 
would have prompted the Cessna pilot involved in  the Salt Lake city accident to  
Iciiiain several hunducd feet above the B-757 flight path. However, t he  Safety Board 
is not aware of any  ti.aiiiing related t.o wake vortex avoidaim that is  provided t o  
pilots after they inilially receive their  pilot.'^ license. Consequently, 11ie Safety Board 
believes that the FAA should 1-qui re  14 CFR 121 and 14 CFR 135 operators to 
impleinent training specifically related t o  the niovement and avoidance of wake 
vortices and techniques to deteriniiie relative flight paths and separation distances. 
I n  addition, tlie FAA should revise the p~.actical test standards for commercial, air 
t.raiisport pilot, and  addit.iona1 tjrpe rat.ings t o  place emphasis 011 wake turbulence 
avoidance. 

Finally, llle 13-757 Iias t.lie capa11ilit.y t o  fly steeper approaclies at slower speeds 
than n3ost ot.licr t.urbojet transport category ail-planes a t  siiuilar \\:eigl?ts. The steeper 
approacl~es 111ay 1)e ro~iducted for fuel co~iservation, noise abatement policies, or 
.simply because the perforiliaiice o f  tlie 13-757 a l l o ~ r s  such approaches. As a result, 

I‘ The Ail-man’s Infoiriiation A‘lenoal provjdes ini im1ntion o n  wekc vortices end instructs 
pilots l o  maintain a flight pot11 1hat is higlicr t h a n  t h a t  of the leading airplane, The inanual, 
I~u~vcvcr,  docs not. pro\*idc guidance on how t.o c*void wakc vortices or (.o nmintain (.he p r o p c ~  flight. 
p at11 . 
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smaller airplanes, while conducting a normal approach, may be faster and  on lower 

of the B-757. The Safety Board believes that  the FAA should establish air  trafic 
control and operational procedures for the B-757 and other heavier  large category 
airplanes or heavy category airplanes that  would result in approaches being 
conducted in  accordance with flight path guidance, when available, or on a standard 
flight path angle of about 3" when such airplanes are  establislied o n  course to  the 
runway a i d  other airplaries are in-trail. 111 addition, t h e  FAA should inform 
operators of t he  B-757 arid other heavier large category airplanes or  heavy category 
airplanes to instruct  pilots of the impoxtance (because of tlie potential for a strong 
wake) on approach to landing of ~naintaining a flight pa th  in accordance with 
guidance, when available, or on a starldald flight path angle of about  3". 

flight paths t h a n  a B-757, thus increasing the risk of a n  encounter with the  vortex 
~ I 

Use of.TrafPc ColIision u i d  Auoi.dccrzce Systems.-As discussed above, the 
iiivestigatioris show that pilots typically do not possess the skills to accurately 
detciinine the  flight paths of airplanes they aie follo\ving no r  can  they accurately 
estimate the clistance to those airplaiies. The Safety Board believes that training can 
irnpove those skills but caiiriot eliininate the problem. One possible remedy would 
be to  develop technology to help the pilots determine their  position relative to a 
preceding air-plane. Currently, g~ound-based radar is  t he  o d y  operational tool 
designed for that  pui.pose. With radar, air traffic controllers can determine 
separat,ion b u t  cannot easily detei.inine relative flight paths.  However, radar  
separation requires the coristaiit attention of the conti.oller a n d  t h e  controller's 
coinmunication wi th  the following airplane. 

Another possibility \vould be to use TraIlic Collision arid Avoidance Systems 
(TCAS) to  p o v i d e  range infoinlation to a pilot following another airplane. Although 
TCAS was designed only for wal.ning of pending collisions, cer ta in  models provide 
position da ta  of other aiyplanes. The Sarety Board understands t h a t  some pilots a r e  
currently using the range iiifoi,n~ation provided by TCAS to corToborate range 
irlfommtion provided by A'I'C. In addition, tlie FhA and some airl ines a re  currently 
evaluating the  feasibility of using TCAS to provide separation information over the 
Atlantic Ocean when radar coverage is not available. According to the FAA, TCAS 
manufacturers have  determined that the systems are  sufficiently accu~ ,a t e  for use 
over the Atlantic when tlie range is within 10 to 15 miles. 

Ilowever, various concerns have been raised about t h e  use of TCAS for 
separation dui,ing a visual operation in  the terminal eriviroiirnent. Among these 
co~icerns are: t h a t  TCAS was riot designed to provide separation inforiliation; the 
pilot's at tention may be diverted into the cockpit; the pilot will l ~ a v e  more tasks to 
perfomi; tlie display of solile TCAS systerrls a1.e not adequate for use as a separation 
aid; and t,he systems have had pi.obleins with reliability and false alarms. Also, the  
smaller general  aviation and corporate a i q h n e s  that would benefit the most from 
accurate range  infor.n1ation are less likely to have TCAS installed. 



15 

TCAS 11 is required to he installed on Part 121 airplanes, and TCAS I will be 
required to be iiistalled on  Part 135 airplanes by Februaiy 1995, although the FAA 
estiimites that  the compliance date will be extended by 1 or 2 years. Currently, more 
t h a n  1,000 corporate airplanes have TCAS I1 installed. TCAS is now being installed 
diiring (;lie nianufact,ure of some corporate airplanes such as the Grumman 
Giilfstreani IV and tlie Cessna Citation. 

The Safety Board believes that TCAS may have the potential of providing 
useful range inforniation to the pilot w l ~ o  lias accepted a visual approach clearance 
while in  trail behind another airplane. Therefore, tlie Safety Board believes that the 
FAA, i n  conjunct.ion with industry, should deterniiiie whether TCAS is appropriate 
for pi.oviding pilots with t.he separation distance to  the preceding airplane during 
visual landing appronclies. If appropriate procedures can be developed, tlie iise of 
TCAS for establishing safe sepal-ation should be encouraged for the pilot of airplanes 
so equipped. 

Resect I-ch O I L  \\‘a I; e \'or-f e.x l)etec Lion ci It d Predictio?a.--~he Nation a1 
Aeronautics and  Space Adnlinistraliol~ (NASA), in  cori,junction with the FAA, i.s 
conducting an  aggressive wake vortex research pxog~ani related t.o t.he Terminal &-ea 
Productivity Program. According to the director of the NASA program, the pui-pose 
of tke prograni is to increase airport capacity by accurately predict,ing safe separation 
distances using real-time data of at.mospher~c conditions and data specific to  the 
airplane model. NASA envisions that the system would be backed up by real-time 
monitoring of wake vortex movements. The stmetiire of [.he program is to  parallel 
t.he highly successful windshear research program conducted by NASA seveIal years 
ago. The  inul tidisciplined pi-ogram will address training, risk cliaracterizatioii (of 
airpl.aiie pairs), defining atmospheric effects of wake transport and decay, and  
airbori-ie or ground-based wake vortex detection systems. Once the positions of wake 
voi-tices can be accurately predicted and detected, NASA researell reportedly \vi11 
focus on developing systems for controllers tha t  will enable airplanes to  be safely 
spaced a t  snialler separation distances. 

NASA lias tiad recent success using a ground-based LIDAR radar to  track, 
wake vortices at Stapleton International Airport.; NASA plans to cont.inue the pro,ject, 
tes t ing LIDAR radar  a t  Aternphis this suninier. I11 addition, NASA plans to install 
LIDAR radar on i ts  B-737 t o  study the feasibility of using the radar for airborne 
detection ofwake vortices. A lu’ghly instrumented OV.-10,15 \villi variable roll inei-tia, 
will be  flown in the tvalie of other aiIpIanes, NASA has conducted wind tunnel tests 
using a inode1 t o  create wake vortices and used another remote control model t o  fly 
in  t h e  test wake. NASA plans addit,ional t.e.sts in the NASA hmes  80-foot by 120-foot 
wind  tunncl, using a ] a g e  size 13-747 wind t.unne1 model. The Safety Board is 
encouraged that iiew ~.eclinology being developed may find application in fut.ure 

l 5  The Rock\r~cll OV-10 is a twin-cngine turbopiup airplane with a 40-fool wing span and a 
9,900 pound gloss weight. 
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airborne and  ground-based systems to monitor wake vortex movements and  believes 
that the FAA should continue funding research in  these areas. I , 

Dcitrr o n  Walze Vortex Encounter-5.--Data a1.e not available to analyze the  
wake vortex incident history in the United States  because the FAA does no t  require 
pilots to report wake vortex encounters, The only existi.ng U.S. data  on wake vortex 
encounters of which the Safety Board is aware are  the Board's own accident and  
incident reports and reports filed through the Aviation Safety Reporting System 
(ASRS). Despite the limitations of the ASRS data,16 the report narratives provide 
insight into specific safety issues, such as wake voi.tcx encounters. Although the 
airplaiie models are not identified in the ASRS data base, on the basis of ASRS 
reporting categories, i t  can be inferred that most pilot repoi~ts defining a large (LRG) 
airplane (150,000 t o  300,000 pounds) were referring to a B-757. 

Unlike the FAA, the CAA, i n  1972, established a voluntary mporting system 
to gather da ta  on wake vortex encounters. I n  1952, using data from the  reporting 
system, the CAA changed from a three-group ail plane weight category to a four-gi,oup 
weight category. 

The CAA continues to gather data on wake vortex encounters. An analysis of 
CAA wake vortex incidents reported between 1972 and 1990 found: 

... t he  13-747 and B-757 airplanes appear to produce significantly higher 
incident ra tes  t han  tlie other airplanes comside2ed, indicating pr ima 
facie that, they produce stronger and more persistent vortices t h a n  the 
other aiuxaft in their respective weight categories .... The fact t ha t  the B- 
747 is by far the heaviest in the 'heavy' wake vortex class (max imu~n  
take-off weight 371,000 I<g) is a likely explanation for its higher incident 
rates. Ilowever, the cause of tlie higher B-757 incident ra tes  is  
uncert .a i i~ '~ 

The B-737 was cited as being most involved as the  following airplane. Of note, t h e  
CAA mquires a 3-nm separation when a B-737 i s  following a B-757, and  the  B-757 
is the largest air~plane in its category. 

l6 Because all ASRS reports arc voluntarily submitted, they cannot be considered a iriensured 
random saniplc of t h e  full population of like events 
carriers, or otlier participants in the aviation system are  equally aware of the ASRS or equally 
\viIliiig to report Consequently, the data rcflect reporting biases. 

Moreover, not all pilots, controllers, air 

'' Proceedings of the Aircraft Wake Vorticcs Conference, October 29, 1991, DOTmMSD- 
92/11, p 8 2 
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The CAA Wake Vort.ex Reporting Pro 1 aiiinie was transferred to the Air Traffic 
Coiit,rol Evaluation Unit  (ATCEU) in 1989.'' The ATCEU collects data  from various 
parties 011 each wake vort,ex encounter and enters the data into the  wake vortex d a h  
base. The notification ~isiially comes from Ilie affected airplane crew or  ATC, Fornial 
procedures for the reporting of wake vortex incidents by ATC are in operation only 
a t  London City and I-Ieatlixow airports. Additional data a r e  collected fi-on1 the pilot 
of the airplane causing t.he vortices, the Meteorological Office, London Air Trafilc 
Control Center (for recorded radar data provided to ATCEU by data  link), and from 
the ail-lilies (flight d a b  recorder data). One airline has agreed to extract E'DR dat.a 
for all reported wake vortex incidents. '.?lie data are aiialyzed t o  determine if the 
cause of the reported incident is, in fact, a n  encounter wi th  a wake vortex. A total 
of 813 incidents were report.ed in 1990, and 87 jncidents were reported in 1991." 

TIE Safety Board believes that the FAA should also require rcpoxting of \~aI ie  
voi-tex encounters and establish a system to collect and  analyze ~iertineli t  
inforiiiation, such a s  recoxded radar c1at.a (including \vind and t.emperat.ure da t a  
recorded 011 many of t.he ne\ver airplanes), alinospl~eric data ,  and operat,ional 
inforniation, including select,ed flight data recorder data .  The Safety Board 
ackno\vledges the difficulty i n  developing clearly usable definitions and suggests t h a t  
the C M  prograin could be a n  escellent source in developing this reporting system. 
Because pilots may be re111ctant to  report wake vortex encounters as a result of 
concerns of enforcement actions, the FM will need t.o address the issue of 
enforcement when developing tlie report.ing procedures. 

Therefore, a s  a result oEt.his special investigation, the National Ti-ansportation 
Sa&ty Board reco11lniencls that  the Federal Aviation Adiiiinistration: 

Establish t,he follo~ving interim wake vort.ex separation requireinents for 
i ~ i s t r u ~ ~ i e i i t  flight rules airplanes following a Eoeiiig 757 and 0t.Iier 
aiIp1anes of similar weight 4 nautical miles (nm) for airplanes such as 
the B-737, MD-SO, and DC-9; 5 inn for ailplanes such a s  the Westwind 
and  Cit,ation; and  G nin for small airplanes. Maintain the current 
separation requirement of 5 11111 when a B-757 or other airplaiie of a 
silnilar weight is  following a heavy category ai~-plane. (Class I, Urgent 
Action) (A-94-42) 

Relrise the airplane weight classificat.ion sclienie t o  reduce the weight 
disparity of high and low \veiglits within each category and t.o cst~ablish 
separation distances bet.ween the various weight categories, consist.ent 
with the iliterim separation dist.ances oiitliited i n  Safety Recoin- 
mendation A-94-42. (Class 11, P1iorit.y Action) (&94-43) 
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Establish air  traffic control and  operational procedures for the 
Roeing 757 (B-757) and other heavier large category airplanes or  heavy 
category airplanes tha t  would result in approaches being conducted in  
accordance with flight path guidance, when available, or on a s tandard 
flight path angle of about 3" when such airplanes a re  established on 
course to the runway and other airplanes are  in-trail. (Class 11, Priority 
Action) (A-94-44) 

Inform operators of the Roeing 757 (B-757) and  other heavier large 
categor.y airplanes  or^ heavy category aii,planes to instl uct pilots of t he  
importance (because o f  the potential for a strong wake) on approach to  
landing of maintaining a flight path in  accordance with guidance, when 
available, or on a standard flight path angle of about 3". (Class IT, 
Priority Action) (A-94-45) 

Amend FAA Ilandbook 711,0.65H, Air Traific Control, to prohibit the 
issuance of a visual appi,oach cleaiance to a n  instrument flight rules 
airplane operating behind a heavier airplane (in the large or  heavy 
airplane category) until the airplane i s  in-trail and  the closure r a t e  i s  
such that the pilot can maintain tlie niininiun~ IFR separation without 
excessive maneuvering. (Class 11, Pi.ioiity Action) (A-94-46) 

Amend FAA Ilandbook 7110.6513, Air TrafXc Cont,roI, to require tha t  
instruinent flight rules airplanes cleared for a visual approach behind 
a heavier turbojet airplane be advised of the airplane manufacturer and  
model, be povidcd a wake tu~~bulence  cautionary advisory, and  be 
provided other inforiuation relevant to tlie avoidance of wake 
tui.bulence, such as  sepal ation distance and the existence of an 
ovei.taking situation. (Class 11, Priority Action) (A-94-47) 

Amend FAA Handbook 7110.65W, Air Traffic Control, to require tha t  
ai.riving visual flight rules airplanes tha t  have been sequenced for 
approach behind a heavier turbojet aii.piane be advised of t he  airplane 
manufacturer and model, be provided a wake turbulence cau t ionay  
advisory, and be provided other inforn1atio11 relevant to the avoidance 
of wake tul.bulence, such as separation distance and  the existence of an 
overtaking situation. (Class 11, Priority Action) (A-94-48) 

Amend FAA Ilandbook 7110.651-1, Air Traffic Control, to require tha t  
contr~ollers issue both the manufacturer and model of airplane when 
issuing information about air cariier traffic. (Class 11, Priority Action) 

j_ 

(A-94-49) 
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Develop annual refresher training for air traffic controllers regarding 
wake turbulence separation and advisory criteria. The training should 
cnipI ias i~e the nccd for controllers to avoid using phrases or terminology 
that  woiild encourage pilots of visual flight rules or instrument flight 
i-ules (IFR) airplanes to  reduce sepal-ation to less than tha t  rcquired 
during IFR operation, thereby increasing t.he chance for a wake 
t.uJl~uleiice encounter when operating behind a turbojet airplane. 
(Class 11, Pi-iorily Action) (A-94-50) 

Expand the  current guidance in the Ailman's Inforniation h/lanual and 
develop other training material t.0 hclp pilots to cletei niine that their 
flight path reniains above tlie flight path of the leading airplane and 
tha t  their separation distance reniains consistent with tha t  required for 
instxuiiieiit flight rules operations (Class 11, PI-iority Act.ion) (A-94-51) 

I3spand tlie ii-iforination in the Airman's Inforniat~ion Alaiiual aiid other 
t.i-aiiiing inaterial to  define the vel tical movement of wake vorlices in 
ground effect, such as vortex core height, upper aiid lower liniits of the 
vortex flow field, and the potential to "bounce" t.wice as  high as the 
steady s la te  height. (Class 11, Prioiity Action) (A-91-52) 

Require 14 CFR 121 and 14 CFR 135 operators to provide training 
spec.ifically related t.o the movement aiid avoidance of wake vort.ices and  
techniqiies t.o determine relative flight pa1,lis and separation distances. 
(Class 11, Priority Action) (A-94-53) 

R.evise the  practic,al test standards for coniuiercial, ail- transport pilot, 
and addit.ioiia1 type ratings to place eniplia.sis on wake tiirl~uleiice 
avoidance. (Class 11, Priority Action) (A-94-54) 

Conduct additional tests of the Boeing '757 to deteimjne the persistence 
and strength of its wake vortex mid the effects of aC~nospIieric conditions 
on B-757 vortices. (Class 11, Priority Action) (A-94.-55) 

Requii e manufacturers of t.urbojet, t.ransport category ail-planes to 
cleterrnine, by ff iglit t.est or other suitable means, t he  characteristics of 
the ai, planes' walte vortices duJiiig certification. (Class 111, Longer 
Tei-m Action) (&94-5G) 

Require repol ting of walie vortex encount,ers and estalilisli a system t.o 
coilcct and analyze pertinent inforniation, such as recorded radar data, 
at.mosplieric data, and operational inforniation, includi~ig selected flight 
da ta  recorder c1ai.a. (Class JII, Longer Term Aet.ioii) (A-94-57) 
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Continue to sponsor research and development projects tha t  ntay lead 
to technological or procedural solutions to reduce the hazaids posed by 
wake vortices. (Class 111, Longer Term Action) (A-94-58) 

Determine if the Traffic Collision and Avoidance System (TCAS) is 
appropriate for providing pilots with the separation distance t o  the 
preceding airplane during visual nppi,oaches to  lancling. If appropriate, 
develop procedures to allow the use of TCAS for t h a t  pui'pose. (Class TI, 
Priority Action) (A-94-59) 

Encourage operato1.s of smaller g e n e d  aviation and  corporate airplanes 
to  install and  use the Traf ic  Collision and Avoidance System (TCAS), 
if procedui es to allow the use of TCAS to confirm separation distances 
during visual approaches are deveioped. (Class 11, Pt,iority Actiori) 
(A-94-60) 

Cliaiiman VOGT, Vice Chairman COUGIILIN, and  Members LAUBER, 
I-IAMMERSCHMIDT. and HALL concurred in these iecoiiiiiienclntions. 

Chairman 


