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SA-1T | | ‘ Flle No. 1-0016

NATIONAL TRANSPORTATION SAFETY BOARD
DEPARTMENT OF TRANSPORTATION
AIRCRAFT ACCIDENT REPORT

Adopted: July 15, 1970

ALLEGHENY AYRLINES, INC., DC-9, N988vVT
AND A
FORTH CORPORATION, PIPER PA-28, N737hJ
L MILES NORTHWEST OF FAIRLAND, INCIANA
SEPFEMBER 9, 1969

SYNOPSIS

‘An Allegheny Airlines, Inc., DC-9, N988VJ, and a Forth Corporation,
Piper PA-28, N7374J, collided in flight approximately L miles northwest
of Fairland, Indiana, at approximately 1529 e.d.t,, September 9, 1969.
A1l 83 occupants, 78 passcngers and four crewmembers, aboard the DC-9
and the pilot of the PA-28 were fatally injured. Both aircraft were
destroyed by the collision and ground impact,

Allegheny 853 was under positive radar control of the Federal
Aviation Administration's Indianapolis Approach Control, descending
‘from 6,000 feet to an assigned altitude of 2,500 feet at the time of
the collision. N7374J was being flown by a student pilot on a solo
eross-country in accordance with a Visual Fiight Rules (VFR) flight
plan., The collision occurred at an altitude of approximately 3,550
feet,

The visibility in the area was at least 15 miles, but there was an
jntervening cloud condition which precluded the crew of either aireraft
from sighting the other until a few seconds prior to collision,

Based in part upon this investigation, the Board has submitted
recommendations to the FAA concerning establishment of minimum standards
for radar reflectivity of small aircraft, and mandatory eircrew training
progrens on effective scanning patterns and procedures.

The Bonrd also convened a public hearing on the Midair Collision
Problem in general, which was attended by all segments of the aviation
community, The material received at that hearing wil). be the subject
of & separete report.
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- The Board determines the probable cause of this accident to be
the deficiencies in the collision avoldance capability of the Air
Praffic Control (ATC) system of the Federal Aviation Administration
in a terminal area wherein there was mixed Instrument Plight Rules
(IFR) and Visuel Flight Rules (VFR) traffic. The deficiencies in-
cluded the inadequacy of the see-and-avoid concept under the circum-
stances of this case; the technical limitations of radar in detecting
all aircraft; and the sbsence of Federal Aviation Regulations which
would provide a system of adequate separation of mixed VFR and IFR
traffic in tarminal areas,
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Y.  INVESTIGATION

1.1 History of the Flight

Allegheny Airlines, Inc,, Flight 853 (Allegheny 8%3), is a
regularly scheduled flight from Boston, Massachusetts, to §t. Louis,
Missouri, with intermedieste stops at Baltimore, Maryland, Cincinnati,
Ohlo, and Indianapolis, Indiana. On September 9, 1969, the flignt
departed Boston a% 1200 )/ and proceeded routinely to Cinclinnati,
Deperture, at 1515, was In accordance with an Instrument Flight Rules
(IFR) clearance to Indianapolis via V-97 at an altitude of 10,000 feet,

' There were T8 passengers and four crewnembers sboart, At 1522:55, the
Indisnapolis Air Routs Traffic Control Center {ARICC) D-20 controller
advised, "Allegheny eight firty three is in radar contact, cross
Shelbyville (VOR) at and maintain six thtcusand and your position now
thirty-two miles (unintelligible) . . . southeast of Shelbyville."
Approximately 3 minutes later, the flight reported leaving 10,000

~ feet, and duriug its descent, was instructed to contact Indianapolis
Approach Control. At 1527:12, the approach control controller advised,
"Allegheny eight five three roger, squawk ident heading two eight zero
radar vector visuasl approach three one left.," Allegneny 853 acknowl-
edged the vector and was almost immediately instructed to descend to
2,500 feet, The flight acknowledged ut 1527:29, "Eight five three
cleared down two thousand five hundred and report reaching,” This was
the last recorded transmission from the flight,

Pipar PA-28, N7374J, Swmed and operated by the Forth Corporation,
was based at Brookside Airpark, approximately 20 milcs northeast of
Indianapolis., On September 9, 1969, the aircraft was leased to a
student pilot, wio was to complete a solo cross-country flight.

Although the pilot had intended to fly to Purdue University Aivpori,
deteriorating weather had prompted a change in plans, and ha selected
Bakular AFB, approximately 4O miles south of Brookside. The preparation
for the actual flight was checked by the generel manager of the airpark,
and & Visual Flight Rules (VFR) flight plan was filed indicating &
cruleirg altitude of 3,500 feet. The general manager reported that the
pilot was wearing glasses, had turned on the airceraft's rotating anti-
collision bencon, and in a call on Brookeside Unicoius, acknowledged by the
general manager, said that he would depart on Runwey 36, No witness
observed the actual takeoff, but che pilot advised the Indianapolis
Flight Service Station at 1521 that he had departed Brookside, and re-
quested activation of his flight plan, This was the laat known communi-
cation with NT374J.

The D-20 controller in the ARICC who handed off Allegheny 853 to
approach contrel stated that the target was approximately 10 miles south-
east of the Shelbyville VOR on V-97 at the t:me, Ho continued to observe

27' A1l times herein are eastern daylight, besed on the 2h-hour clock.




... target proceed to a point approximately 5 miles southeast of the
Sheibyville VOR, axecute a 45° left turn and proceed westbound for
approximately 5 miles., At this point, he shifted his attention to
other duties. He testified that he did not see any primary targets
that were coaflicting traffic for Allegheny 853,

The AR-1 controller, who assumed responsibility for Allegheny 853
in the approach conurol facility, was also assigned the functional
‘duties of the AR-2 position. 2/ He stated that he observed the target
of Allegheny 853 southeast of the Shelbyville VOR, heading approxi-
mately 300°. Following radar identification he, ". . . instructed him
to turn left heading two eight zeru degrees for radar vector for visual
approach to runway three one left, descend and maintain two thousand
five hundred feet and report ievel . . ." Tne flight acknowledged
these instructious, and then the controller's attention was diverted
te other duties, including a radar handoff on Allegheny 820 whick was
arriving from the southwest., At approximately the same time, 1531,
he noticed that the target of Allegheny 853 had disappeared. At no
time did he observe any conflicting traffic in the vicinity of the
flight. The recorded communications betwecen the AR-1 ¢ontroller and
other flights under his direction. revealed that he issued several
traffic advisories of primary radar targets in the vicinity of the
flights he wes controlling.

Staterents were obtained from 22 witnesses in the area, eight of
vhom saw the ccllision, The statements indicate that there was &
broken-to-scattered cloud cover in the area, but both aircraft were
below the clouds and could be seen clearly at the time of the collision.
Allegheny 853 was westbound and N737%4J was heading southeasterly, and
neither aireraft attempted a collision avoidance maneuver according to
the witnesses.

There were many flights in the vicinity of Indianapolis at the
approximate tire of the accident. They all revorted good visibility
below the clouds, but varied in their estimates of the cloud base from
3,000 to 4,000 feet m,s,1. There were thres aircraft utilizing the
expanded radar service of approach control between 1500 and 1600 that
reported operating VFR at 3,500 feet. One of these aircraft, N2666J,
reported in the vicinity of Shelbyville approximately 10 minutes before
the accident.

1.2 Injuries to Persons

Injuries Crew Passengers Others

Fatal 4 (pc-9) 78 0

1 (rr-28) o 0
Nonfatal 0 0 0
None 0O 0

3/ The AR-1 position is responsible for traffic arriving from the
east and AR-2 is responsible for traffic arriving from the west.




3 Damage to Aireraft

Both aireraft were destroyed by the collision and ground impact.

1.4 Other Demage

A few mobiie homes in the vicinity of the main crash site were

slightly camaged. The soybean crop, which was growing in the field
where the DC-9 impacted, was destroyed,

1.5 Crew Information

The crews of both aircraft were properly certificated and qualified
for the respective flights. (See Appendix B for details.)

1.6 Aircraft Information

Both aircraft were properly certificated and had been maintained
in accordance with existing regulations. The weight and center of
gravity of each were within the prescribed limits, The IC-9 Was
serviced with kerosene and the PA-28 with 80/87 aviation fuel. (See
Appendix € for details,)

1.7 MEteorological Infomation

There were no fronts or low-pressure system centers in the vicinity
of the a¢rident. The 1540 Special surface weather observation at
Indianapoiis was ceiling measured 3,400 feet broken, 5,000 feet over-
cact, visibility 15 niles, wind 330° 12 knots, altimeter setting 30.08
inches. The 1557 surface observation at Bakalar AFB was, in part,
ceiling estimated 2,800 feet broken, 8,000 feet broken, visibility
15 miles.

‘ ‘The aviation area forecast, issued by the Forecast Office at
Chicago at 0845, indicated that excluding the extreme northern sections,
the rest of Indiana would be c¢lear, becoming 3,000 to 4,000 feet
scattered variable to broken after 1200. For the northern half of
Indiana, the forecast issued at 1445 called for 1,800 to 3,000 feet

- scattered variable to oroken, ceiling 3,500 to 5,000 feet overcast
varisble to broken, tops 7,000 to 10,000 feet.

The aviation terminal forecast issued at 1245 for Indianapolis
included the following for the period 1500 to 2000: ceiling 2,500 feet
broken, 5,000 feet broken, wind 330° 12 knots, lower broken ¢louds vari-
able to scattered,

The Dayton 2000 radiosonde ascent (below 12,000 feet) showad condi-
tionally unstable air below approximately 6,800 feet stable air from
near 6, feet to 9,000 feet, and above 9,800 feet. The 800-foot band
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from 9,000 o 9,800 feet contained conditionally unstable air. The
freezing level was 6,%00 feet, but there was 8 L° C. inversion from
near 8,400 feet to 9,000 feet. The temperatures were sbove freezing
from near 8,60C feet to 9,000 feet,

1.8 Aids to Navigation

Indianapolis ARTCC utilizes an ARSR-1E radar system for control
of traffic. The entenna is located on the airport and rotates at
six revolutions per minute. The D-20 sector controller has an RBDE-5
(television presentation) radar display equipment. At the time of the
“accident, the ARICC radar was being operated on low pover.

Indianapolis Approach Control utilizes an ASR-6 radar system with
‘a maximum range of approximately 50 miles. The antenna site is also
on the sirport, approximately 1 mile from the ARSR-1E antenna. The
ASR-6 antenaa rotates at 15 revolutions per minute. The AR-1 con-
troller uses a PPI 9-inch radarscope, but there are 1lk-ineh TI-hLO
television displays at adjacent positions on either side of the AR-1
controller. The TI-ULO 4s normally set at a 40-mile range, 10 miles
greater than the PPI, and therefore is generally used to ljocate and
identify handoffs from the ARTCC.

1.9 Communications

There were no reported difficuities with communications between
either Allegheny 853 or N7374J and the respective ground stations con-
tacted by each. The flights were not on the same frequencies.

1.10 Aerodrome and Ground Faciliities

Not applicable,

1.11 Flight Recorders

Allegheny 853 was equipped with a United Control Data Livision
flight date recorder, Model PA-542, 8/N 1667. The recorder unit vas
crushed and had to be cut open to remove the magazif.e, which wus
moderately defommed., The foil medium had been torn in half in the
area of the last reiirded traces, and the upper aad lower edges were
torn and ciumpled in numercus places. The edges oF the severed foil
were matched, and & readout of the treces was made stithout difficulty.
mhe aircraft was {escending at approximately 2,400 feet per minute on a
heading of 292° when the airspced trace stopped at 13 minutes h8 seconds
after 1ift-off and 1 second later, the altitude and vertical accecleration
traces also became abe:rrant, The last values irdicated, prior to the
abnormalitizs, were f1,0 g, 282°, 255 knots, and 3,550 feet.
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Allegheny 853 was also equipped with a United Control Corporation
cockpit volce recorder {CVR), Model V557, S/N 2107. The recorder was
in operating condition throughout the flight, and although the protective
casing separated at impact, leaving the tape cartridge exposed, the com-
plete recording was satisfactory,

The CVR tape revealed that the crew had completed their "In Range"
checklist preparatory to landing at Indianapolis, and were in the process
of eacccmplishing other points of crew coordination when the following
sequence occurred; ’

1526:13 Out of thirty-five for twenty-five (1929:14.3)
cAM-(2) 3/

1529:1%.3 T'm Going Down {1929:15.9)
CAM-1 |

1529:15 Sound similar to oblects striking metal
CAM

CAM Landing gear warning horn.

1529:17 Sound of possible stall vibration
CAM

The recording ended at 1529:27T.1.

N7374J was not equipped with any flight recorders, and none was
required by regulation.

1.12 Wreckage

The wreckage of the two aireraft, which was scattered over an area
approximately 5,000 feet by 3,500 feet and oriented along a 107° to 287°
centerline, was concentrated in two basic areas.

The DC-9 impact site was approximately 1,300 feet long and 700 feet
wide, The aircraft struck the ground in an inverted, almost wings-level,
nosedown attitude. It was relatively intact except for the parts which
separated in the collision, The landing gear, flaps, and spoilers were
retracted at impact, but the leading edge slats were extended.

The PA-28 and IC~9 horizontal stabilizer assemblies were located
approximately 4,500 feet east of the DC-9. The PA-28 left wing, most of
the fuselage, and the horizontal stabilizers were intact about 150 feet

3/ Abbreviations Indicate source of intelligence, 1.e., (CAM-{Z]) denotes
_the comment was probably from the first officer, CAM-1 denotes the
captain, and CAM denotes the cockpit area microphone was the re-

cording instrument,
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east of the DC-9 horizontal stabilizer. The engine, vertical fin and
.~ rudder, part of the right wing, engine cowling, propeller, and metal

from both aircraft were found in an area TOO feet south of the DC-9
horizontal stabilizer.

The wreckage of both alrcraft was moved to Bakalar AFB where a
two-dimensional layout was made to study the scrateh and scuff uarks
and detemmine the principal points of impact and the impact geometry.
The initial contact between the two aircraft occurred at the forward
upper right side of the vertical fin, Jjust below the horizontal sta-
bilizer, of the IC-9, and the left forward side of the PA-28, just
forward of the left wing root, The representative scratech and scuff
marks on the DC-9 horizontal stabilizer (Attachment D), nearest tne
initisl point of contact, were sligned at an angle of 22° to the
longitudinal axis of the aircraft on the right stabilizer und 16° on
the left stebilizer. The scratch and scuff marks on the raight wing of
the PA-28 (Attachment E) were generally aligned 50° to 60° with the
longitudinal axis of the aircraft, A line of sight along the damage
through the PA-28 fuselage was approximately 60° to the longitudinal
axis of the aircraft. There was no indication of relative motion
batwezen the two aireraft in the vertical plane.

1.13 Fire

There was no evidence of in-flight or ground fire on any parts of

either aircrafi.

1.1h  Survival Aspects

This was & nonsurvivable accident,

1.15 Tes%s and Research

A cockpit visibility study wes conducted to determine the physical
limitations to visibility from the crewmember seats in each airecraft,
and what effect the flightpaths might have had. The flightpath of
Allegheny 853 was based on the flight recorder date and, since there
was no cther source, the data for N7374J at the moment of impact was
projected backward for 22,8 se:onds prior to collision. The reconstruc-
tion (Attachment A) revealed that, at that time, the aircraft were
12,130 feet apart and Allegheny 853 was approximately B850 feet above
N7374J. Allegheny 853 was 55° to the left of N7374J, and the relative
bearing of N7374J to Allegheny 853 was 19° to the right. As the air-
eraft closed to a range of 5,430 feet, 10.2 seconds prior to collision,
there was approximately 350 feet vertical separation. As Allegheny 853
descended through 3,800 feet altitude the range had decreased to 3,500
feet, 6.6 seconds before impact. At 2.4 seconds the range was 1,210
feet and Allegheny 853 was at 3,675 feet.
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In order to detemmine thé physical limitations to vision from
each cockpit, binocular photographs were taken in a PA-28 and a IC-9,
A dual lens csmera was used to record a panoramic photograph of the
window configuration as seen by the pilot when he turns his head from
the extreme left to the extreme right. The photographs were taken
using the desiga eys position for esch ci-wmember. Attachments B and C
portray the position of each alrcraft in che field of vision of each
crewmember, based on this fixed-eye r:ference. Naturally, any movement
or deviation from such a position would have effected the position of
the target in the window.

Flight tests of the ARTCC and approach control radar systems
following the accident were conducted to detemmine whether the, were
capable of detecting a PA-28 in the vicinity of the accident. 7Tn each
of the three flight checks, conducted on SGeptember 9, 10, and 15, both
systems were capable of detecting the PA-28 after the aircraft had
emerged from tangential blind speed effect, b/ about 8 miles north of
the asccident site. However, none of the tests were conducted under
meteorological conditions similar to those which existed at the time
of the accident, particularly in tems of temperature inversions aloft,

1.16 Other

‘The aforementioned visibility study does not consider the effect
of cloud cover or other conditions which reduce the pilot's ability to
see and avoid other sircraft. In this connection, the Board reviewed
‘the development of the "see and be seen" concept and a summary of that
study is provided in Appendix D. The involvement of the concept in
this acceident is discussed in the analysis portion of this report.

2. ANALYSIS AND CONCLUSIONS

2.1 Analzsis

This accident involved £n intemix of high-speed aircraft and
low-speed aircraft under the combined active and pascive control of
the air traffic control system within a teminal area. The complexity
of operating such a system, in this instance, was increased by mete-
orological circumstances which reduced the safety features below an
acceptable level,

Allegheny 853 was operating under the positive radar control of
Indianapolis Approach Control from approximately 1527 until the time
of the accident. The flight was being vectored along the same general

4/ The result of an aircraft's radial veloclity, with respect to the
antenna, decreasing to approximately 10 knots or less as the flight-
path becomes tangent. The "moving target" ecircuit senses such returns
as stationary targets and eliminates them from display on the radar-
scope, The aircrafn speed, heading, radar cross section, and dis:ances
from the antenna will determine the Juration of the effect.
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route as all arrival trarfic from the southeast for Runway 31L. The
flight segment from Cincinnati is very short, but preparations for the
landing at Indianapolis were smooth and efficlent. During the final

50 seconds, Allegheny 853 was descending at approximately 2,460 feet

per mirute, and at an indicated airspeed which was gradually increasing
from 236 to 256 knots. The descent to the 2,500-fcot assigned altitude
was probably made in part while the aircraft was in clouds, and in part
under VFR conditions. During this interval the pilot of N7374J wvas
proceeding in accordance with his previcusly filed VFR flight plan,
According to his instructor, he was very much aware of the nced to main-
tain a lockol t for landmarks as well as other traffic, Based on the data
available from the collision itself, he was doing an excellent job of con-
forming to his flight plan. It is impossible to determine the exact cloud
cover, depth, or degree of stratification, but the preponderance of evi-
dence indicates that there were two layers of clouds in the area. The
lover, broken cloud base would ‘ave becn at approximately 4,000 feet.
Accordingly, the crew of Allegheny 853 would be unable to initiete a

scan for unknown traffic until 1k seconds prior to reaching the collision
point. Conversely, the pilot of N7374J would also be limited to b sec-
onds 1in which to apply the "see and avoid" criterion of separation, since
re woild be unable to see Allegheny 853 until it emerged from the clouds.

In considering the amount of time to "see and be seen," in this
instance, the Board notes that there is no fixed value to the amount of
time that may be necessary for detectlon and avoidance of potentially

" conflicting traffic in VFR conditions. Furtner, the "fixity-of-hearing"
criterion 5/, that is the primary basis on which & collision potential

is assessed by visual means, may not be entirely adequate. In a study
report titled "The Role of Exterior Lights in Mid-Air Collision Prevention,”
prepared for the FAA by the Applied Psychology Corporation in 1962, the
problem is discussed as follows:

“One commonly used prenise underlying analysis of collision
probability is that there exists some required 'warning time,’
admittedly uncertain snd variously estimated by different
sources.” Laufer (1955), in emphasizing tne complexity of
determining warning time, said that in “some exceptional cases
a full minute or more may be reguired."” He carries out his
collision analysis for two warning times; 25 and 50 seconds.
Another source (Honeywell Aeronautical Division, 19561) s-ys,
"Depending upon maneuverability of the alrxcraft, the desired
minimws warning time generally accepted is 10 to 20 seconds.”
Stone {1954), thinking in terms of D(-7 aircraft, said ". . .
we are now down to 15 seconds to avoii collision." ProjJector &
Robinson {1958), reterring to Laufer (1955}, said that the

57 Fixity-of-bearing -- when two aircraft are flying straight, constant

=  apeed courses (not necessarily level) toward a collision, the bearing
to either aireraft remains constent in the field of view of the pilot
of the other.
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"required warning time probably lies between 25 and St seconds.”
Many i{llwaination engineers have pointed out (Laufer, 1,°5;
Frojector & Robinson, 1958, for example) that the light in-
tensities required to furnish the reouired warmipg times, as
estimates, under the full range of VFP couditions, were so high
s to be impracticable. It has thus bewa recognized that visual
collision avoidance, with presently available techniques and
equipment, has serious limitations when <losing spe>ds are high
or flight visibility is near the VFR minimun,

Calvert's {7.958) enalysis shows, however, that there are
ot” r» more profound limitations. His analysis, although limited
to vne fixity-of-bearing criterion, hae much broader implicavicns,
which apply generelly to all avoidance techniques currently in
use. Calvert bases his approach on how well a pilot can estimate
the probability of collision and, in the event le undertakes an
avoidance maneuver, how assured he can te that the maneuver he
seleets will eliminate or at least reduce the probability of col-
lision. The analysis shows that the uncertainties inherent in
the fixity-of-bearing criterion are so great that the pilouv often
cannot use it effectively. In many situations, including some with
moderate-speed aireraft, the information he needs to use the fixity
eriterion properly is unavaileble or ine =2quate. If he does under-
take an avoidance manceuver with inad:quat. infecwmation, he cannot
tell what effect it will have on the probability of collision.
Once he has begun the maneuver, he is committed, but he no longer
has the fixity criterion, nor can he know when to end the maneuver.
Since the uncertainties increase with distance, very early warning
is sometimes of little or no help to him.

Because of the limitations on wiien it may be applied at 8ll,
ard the inherent uncertainties when it is appliceble, the fixity-
of -bearing eriterion, it seems evident, will not suffice as a
visual collision-avoidarce technique. It is often useful for
roughly determining that an aircraft is not on a collision course;
in other cases it is not applicadble at all, or cannot be relied on.

These and several other studies have resulted in & consensus that
15 seconds 1s the absolute minimum time for detection, evalustion, and
‘evasive action if the collision is to be avoided. On this basis, neither
the pilot of N7374J or the crew of Allegheny 853 would have had sufficlent
time to "see and avoid" the other aircraft, even if they had devoted vir-
tually their entire attention outside the cockpit, scanning for other
aircraft,

In this connection, it should be borne in mind that Allegheny Air-
lines procedures require a call by the pilot not flying the aircraft
when the aircraft, during descent, passes through the altitude 1,000
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feet above the clearance altitude. In this instance, the call was
required at 3,500 feet and the first officer, who made the call about

2 seconds prior to the cullision, would have been required to monitor

- the altimeter for a few hurlred feet prior to reaching the altitude

in order to note passage. The captain's ability, meanwhile, to observe
- the other aircraft from his position in the left seat was virtually nil.
Accordingly, the Board believes that if the high rates of descent in the
approach area to civil sirports are to be continued, the airspace in-
volved must be protected by positive air traffic control procedures.

With respect to the application of the "see and be seen'" concept
t.o this accident, history has shown that restrieiivas to visibility
have had little to do with the cause of most midair collisions. Nearly
all c2curred in visibility conditions greater than 3 miles and most in
visibility conditions gireater than 5 miles. In the present case, the
visibility was 15 miles. Accordinglyv, there is little likelihood of
any significant improvement in safety by a simple requirement for in-
ecreasing the present visibility minimums -- unless it would be to the
extent ‘hat there wsuld be rewer VFR flights and more YFR operations.

Gpeed res.rictions, as currently imposed, offer a measure of col-
lision avoidance capability. However, the operating characteristics of
present and future Jet aircraft appear to precliude speed restrictions to
a level at which "see and avoid" can be relied upon, particularly where
high descent rates are also involved. Of more than passing interest 1is
the fact that in nearly all of the midair collisions, whether between
military and civil aircraft, or between general aviation and airline
aircraft, at least one of the aircraft was changing altitude. In many
in ‘ances, one or both aireraft wvere turning. Under these conditions
the pilot's sbility to locate other traffic is diminished, and some of
the nomal Prames of reference used to determine sight-line rates §/ are
reduced. Thic degrades the pilot's ability to sce and avoid other air-
craft.

If the situation is compounded by a circumstance in which cne air-
craft is descendiug in clouds at a high rate, and the other elircraft is
operating in VFR conditions only 500 feet below the clouds, the pilot of
the descending aircraft will not be able to search for conflicting traffic
until he is clear of the clouds. Conversely, the pilot of the VFR air-
craft will be unable to see the opposing traffic until it emerges from
the c¢louds.

With today's Jet ailrcraft, descent rates of 3,000 feet per minute
into teminal areas are common. Tiie total time avallabtle to search for,
find, and avoid another aircraft is thereby reduced to 10 seconds in
the mixed IFR/VFR operation, Jjust described. Depending upon (1) the
point in space that the pilot of the descending aircraft begins his

6/ Sight-1ine rate ic the observed anguler velocity or relative moton
of a target in a horizontal or vertical plane,
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scan for other traffic, and {2) the direction in which the VFR pilot

is looking at the moment the other aireraft emerges from the clouds,
neither pilot may have time to complete the search, and collision will

be: unavoidaeble, It is the Board's conclusion, therefore, that the

"see and be seen" concept of collision avoidance, which has been de-
monstrably deficient in the past, is now totally unacceptable in pro-
viding separation between aircraft during descents into teminal areas
where high- and low-speed traffic is intermixed under IFR and VFR control,

One additional meteorological factor, which had a bearing on the
anceident 1n a less obvicus way, was the temperature inversion with a
base at 7,000 feet in the area of the accldent. However, its detri-
mental effect on radar reception, because of anomalous propagation Z/,
is well known.

The D-20 controller's workload at the time of the handoff was
sufficiently light. that even though he had no continuing responsi-
bility for the aircraft, he continued watching it for several minutes,
His testimony indicates vhat he must have obes=rved Allegheny 853 until
it was within a few miles of the accidert site, and that at no time did
he see any primary targets that would conflict with that of the flight.

The AR-1 controller was responsible for the flight for approxi-
nately the last 2-1/2 minutes cnly. During most of this period, he
apparently spent most of the time attending to necessary duties other
than following the target of Allegheny 853. He did not detect any
traffic conflicting with the flight.

Radar has proven itself a safe and efficient tool for the positive
control of air traffic, However, ir this accident, it is belleved that
two indeperndent radar systems failed to detect the presence of N737WJ
and, as a result, no werning was given to the crew of Allegheny 853
regarding the specific direction and distance of the hazard. Had the
¢revw been provided with this information, their chances of seeing and

avoiding the other aircraft below the ¢loud layer would have been
enhanced,

The ARSR-1E radar at the Tndianapolis ARTCC, serving the D-20
controller's position, was being operated on low power &t the time of
the accident to counteract the effects of anomalous propagation. This
setting reduces the clutter from such atmospheric interference and im-
proves transponder target display, Unfortunately, the reception of

{/ A tem applied to the return of radar energy from targeis beyond

| the normal range of the radar station. These returns enter the
recejver in phase with the returns of suhsequent signals from closer
targets, and appear as close-in targets. ‘he target returns in this
sase were the result of "ducting” due to temperature inversion. The
use of low power, that is the radar pulse transmitted, minimize. the
effects of this phenomenon, but has an adverse effect on the con-
troller's ability to detect certain real targets with low radar
reflective properties,
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primary target, with the 3mall radar cr>ss sections is also reduced
proportionately. Expert testimuny at the public hearing coafirmed
that a primary target, with the radar cross section of a PA-28, might
not be detected at a distance of 20 miles from the antenra site under
low-power operation, The Board concludes that under the conditions
present at the time of the accident, the target of N7374J was not
visible on the D-20 controller's radarscope.

The ASR-6 radar at the Indianapolis Approach Control, serving th.
AR-1 controller's position, was operating at normal power, with the
Moving Target Indicator (MrT) §/ set at approximately 20 to 25 miles,

The various flight tests to determine the capability of the rada: to
detect N737ThJ #s it prcceeded along its intended flightpath have
demonstrated that, in all probability, there was no usabie target dis-
played from approximately 1l miles to 8 miles north of the crash site.
The lack of reception in this area is attributed to the tengentlal

blind speed effect, where the radisl velocity between the target and

the antenna falls below the detéctable threshold. N7374J should have
been emerging from this area at about the time the handoff of Allegheny 853
was effected. From this point to the crash site, the primary target of
N7374J would normall, have been visible for approximately 5 minates on
the AR-1 controller's radarscope. The controller stated he was scanning
an arca approximately 15 miles shead of Allegheny 853,and there wWere no
primary targets that represented conflicting traffie. However, no accurate
correlation can be made between the time that he scanned ard the specific
location or N7374J. It is possible that the tempersture inversior, which
wes affecting the ARICC radar, also decreased the effectiveness of the
ayproach control radar as well. Based on the conscientious attention
that the AR-1 controller gave to providing ~ader traffic information to
other aireraft under his control, the Board bellaves usable radar returns
from NT37hJ were not presented on the radar display, at least not during
the time that the controller was observing the radarscope.

The solution to the ineffectiveness of the radar in this instance
appears to be the establishment of scme minimum standard of reflective
_capability for all aireraft and the incorporation of soue form of signal
enhancement apparatus in all aireraft, as necessary, to meet the standard.
This would insure target presentaticn on radan and converging traffic
advisories could be given, Additionally, the present controller-pilot
relationship presumes sufficient time to transmit, acknowledge, detect,
and avoid conflicting traffic. In high-density teminal areas where
airspace and radio time are always at a premimum, it appears that a
saturation point has been reached during ak hours of operation. The
recent Notice of Proposed Rule Making 69-h1, Terminal Control Areas
General, published by the FAA, was endorsed in principle by the Board

as 8 first step in the direction of a safer and more efficient air traffic
control systen,

8/ An clectronie device designed to improve the radar display by mini-
mizing the presentation of stationary targets.
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This discussion of the circumstances relating to this accident has
established that each party 3involved was conforming to the requirements
of a system intended to provide safe and compatible operation for all
persons desiring to use the available airspcce. Nonetheless, the acei-
dert occurred, It was recognition of the vast scope and far-vreaching
effects of this conclusion that prompted the Eoad to conduct a public
hearing on the Midair Collision Problem. This hearing, before all five
Board Members, was unprecedented, and will be the subject of a separate
report and recommendations itself,

2.2 {onelusions

(a) Pindings
1. Both aircraft weve properly certificated and airworthy.

All flight crewmembers were properly certificated.

Thexre was no malfunction of either aireraft prior to
the collision.

Allegheny 853 was operating with an IFR clearanceé under
positive :zadar zontrol of Indianapolis Approach Control.

N7374J was opevating with a VFR clearance and was not
under positive control of any facllity.

The AR-1 controlier was properly certificated,

There were broken ¢leud layers in the vicinity of the
accident, with bases at 14,100 and 6,000 feet.

Visibility below the clouds was in excess of 15 miles.

There was a temperature inversion at approximately
7,000 feet in the area of the accident,

The ARTCC radar failed to detect N7374J because of
inadequate radar cross section of the airceraft and
the low power selected to offset the effects of
anomalous propagation from the inversion,

The approach control radar failed to detect N7374J
initially because of the tangential blind speed.
Subsequent lack of detection, within approximately

8 miles of the accident site or less, was due either
to the effect;s of the inversion on target strength, or
to the controller's attention to duties which precluded
monitoring the radarscope.
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The descent rate and uirspeed of Allegheny 853,
although generelly in zompliance with existing
regulations, are considered to be slightly high

in view of the present regulations which pemit
VIR aircraft operations only 500 feet below clouds
in airport approach areas,

13. There was insufficient opportunity for either crew to
reasonahly be expected to see and avoid the other's
aircreft.

(b) Protable Cause

The Board determines the probable cause of this accident
to be the deficiencies in the collision avoidaice capability of the
Alr Traffic Control {ATC) system ¢f the Federal Aviation Adminie-
tration in & terminal area wherein there was mixed Instrument ®light
Rules (IFR) and Visual Flight Rules (VFR) traffic., The deficiencles
included the inadequacy or the see-and-avoid concept under the circum-
stances of this case; the technical limitations of rader 171 deecting
all sircraft; and the absence of Federal Avistion Regulations which
would provide a system of adequate separation of mixed VFR and IFR
traffic in tenuinal areas.
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3. RECOMMENDATIONS

The Board issued 14 reccmsnendations to help prevent midair col-
1isions in its special accident prevention study "Midair Collisions
in U, S. Civil Aviation - 1968" which was relzased in July 1969. Two
months later, in a report on another midair collision between an TFR
air carrier circraft and a VFR light aircraft, the Board reiterated the
need for improvement in the separation of traffic in termins). areas, in-
areesed pilot vigilance, and the expeditious development of a low-cost
collision avoidance system or proximity warninz indicator.

As a result of infoimation daveloped in the investigation of both
this, and the previously menticned midair collision, the Board recom-
mended that FAR Parts 21 and 23 be modified to require all aireraft
weighing less than 12,500 pounds, manufactured after some appropriate
date, to have a minimum radar cross section, or reflectability, suitable
for detection as a primary radar return at distences of 125 to 150 miles
from the antenna site, Further, a minimum level of radar crocu section
should be established for present aircraft to be pemitted to operate in
certain expanded radar service environments,

BY THE NATIONAL TRANSPORTATION SAFETY BOARD:

/s/ JOHN H, EEED
Chairman

/s/ Q§CAR M., LAUREL
Member

/s/ FRANCIS H. McADAMS
- Membey

/s/ LOUIS M, ‘CHAYER
Member '

1SABEL A, BURCESS
Member

July 15, 1970.




INVESTIGATION AND HEARING

LI Investigation

The Board received notification of the accident at approximately
1550 on September 9, 1969, from tne Federal Aviation Administration.
An investigating team was immediately dispatched Lo the scene of the
accident. Working groups were established for Operations, Witnesses,
Air Traffic Cont:rol, Weather, Structures, Systems, Maintenance Records,
"~ Powverplants, and Flight Recorder, Interested parties included the
Federal Aviation Adaninistration, Allegheny Airlines, Forth Corporation,
Dowles Aircraft Division, Air Line Pilots Associstion, Aireraft Ow-2rs
and Pilots Assccilation, Airline Transport Association, and Professional
Air Traffic Controllers Organization. The on scene investigation was
completed on Sepiember 19, 1969,

2, Hearing

A public hearing was held at Indianapolis, Indiana, on October 8-10,
1969, Partles to the Investigation included Federal Aviaticn Adminis-
tration, Alleghenry Airlines, Inc., Forth Corporation, Air Transport
Arrociation, Afreraf't Qwners and Pllots Association, Air Line Pilots
Association, Air Treffic Control Association, National Association of
Government Baployees, and Professions’ Alr Traffic Cont rollers Organi-
zation,

3. Preliminary Reports

A summary of the testimony which was taken at the public tearing was
~ published by the Board on November 6, 1969.




APPENDIX B

Crev Information

Captain James M, Elrod, aged 47, held airliie transport pilot
certificate No. 92684-lil, with ratings in airplane single- and multi-
engine land, IC-3, CV aho/3ho/hho, Allison Conveir 340/h4C, and DC-9,

He uad accunulated 23,813 total flying hours, of which 900 were in the
'DC-9, His last proficiency check was coupleted February 21, .969, ard
his FAA first-class nmedical certificate was dated August 4, 1969, with
the limitation, "Holder shall possess correcting glasses for near vision
while exercising the privileges of his airman certificate.”

First Officer Willism E. Heckendorn, aged 26, held commercial
pilot certificate No. 160112L, with ratings for sirplane single- and
maltiengine land and instruments. He had accuritlated 2,980 total
flying hours, of which 651 were in the C-9. He completed his last
~ proficiency check on August 19, 1969, and his FAA first-cless medical
certificate was dated November 20, 1968, which was still currently valid
as a second-class medicel certificate at the time of the accident,

Hostess Barbara Petrucick, aged 31, was hired on April 1}, 1960,
and received her last recurrent training on April 9, 1969,

Hostess Patricia Perry, aged 29, was hired on August 22, 1961,
and received her last recurrent training on March 12, 1969,

Pilot Robert W. Cerey, aged 34; held a combination student pilot
and medical certificate, No. AA-0835466, datea March 13, 1969, He was
reporved to have accumulated approximately 12 to 15 flying hours prior
to commencing flight instrmiction at Brookside Airpark in March 1969.

Since that time he had accumulated 39 flying hours, all in the
PA-28. He had completed his written examination for a private pilot
certificate, and was preparing for the flight test. A limitation
placed on his medical certificate stated, "Holder shall wear core
recting glasses while exercising the privileges of his airman certifi-
cate,"

The flight crew of Allegheny 853 arrived in Boston at 2219 on
September 8, and were off duty until approximately 1100, 1 hour prior
to scheduled departure, on September 9. The pilot of N7374J had been
at home the evening of September 8; worked from 0800 until 1200 on
September 9; and following a lunch at home, had gone to the airporst
for his flight.




Aireraft Information

N988VJ, a McDonnell Douglas DG-9, S/N 47211, had accumulated
3,170 total hours at the time of the accident flight. An alrworthiness
certificate had been issued to Allegheny Airlines, Ine., on August 7,
1968, and naintenance records documented the accomplishment of all
necessary corrective action, inspection, and Afrworthiness Directives.
Pratt & Wnitney JT8D-7 engines were installed as follows:

Position -§g£}al No. Tire Since Overhaul Tot i Time

AT Jir—— Y

1 657339 -=- 3,169:58
2 657121 1,204:12 3,k62:23

‘The records reflect that the takeoff gross welght was 98,589.5 pounds,
which {8 less than the maximum allowable of 983,600 pounds. The center
of gravity was computed to be 14,6 percent MAC, within the allowmble
limits of 7.54 to 30.2 percent MAC,

N737iJ, a Piper Aircraft PA-28, S/N 28-24730, had accurmlated 803
total hours on Augusi 29, 1969, wnich vas the date of the last 100- hour
inspection, An airworthiness certificate had been issued to the Forth
Corporation on July 26, 1968, and maintenance recoxrds revealed that the
aircraft had becn maintained in accordance with approved procedures and
directives. The aircraft was equipped with a Lycoming 0-320-E2A engine,
S/N [23013-27A, and a Sensenich T4IM6-0-58 propeller, §/N K-26559. Both

the engine and propeller were original equipment and had never been over-
hauled.




The "See and Be Seen" Concept

In the early development of aviation, aircraft were of necessity
operated on a "see and be seen" basis., Federal regulations designed
specifically to augment the "sée and avoid" concept and minimize the
midair collision potential were first issued in 1926 by the Secretary
of Commerce. These were basically right-of-way rules, modeled after
marine reguleations, relating to movement of surface vessels on the
water. They were based entirely on the premise that pilots would
operate aircraf+t by visual reference to the ground end would be able
to sce and avoid other alrcreft. For the mosv part, aircraft ermidsing
speeds at that time were 100 miles per hour or less,

Early in 1930 1% was recognized that the aircraft's ability to
naneuver in three diuensions tended to present a collision potential
that was not completely solvable by "see and be seen” procedures or
the existing right-of-way rules., Accordingly, separation of daireraft
in cruising flight was accomplished by the adoption .” rules which
required the use of discrete altitudes, based upon the direction of
~ travel., By 1935 it waz further recognized that pilots operating air-
craft in restrictive meteorological conditions might not be able to
see and avoid other aircraft. The Secretary of Commerce, therefore,
authorized the airlines to establish a system of self-separation of
atrline aircraft .perations in the vicinity of Cle  land, Ohio,
Chicago, Illinois, and Newark, New Jersey.

In 1936, this was followed by Amendmert No. % to Chapter 7 of
Aeronautics Bulletin No. 7, which established Pederal regulations
- governing all eircraft operations conducted by reference to instru-
ments over designated airways., Aireraft e¢rulsing speeds had increased,
by this time, to about 150 miles per hour. However, becsuse passenger
cabins were not pressurized, sirline flights were operated at altitudes
below 10,000 feet. Rates of lescent were nomally limited to about
500 feet per minute for passenger comfort. In the years immediately
following passage of the Civil Aeronautics Act of 1938, considerable
regulatory attention was given to the problems of providing separation
between aircrafs

Rules relating to flight by visual means were expanded to prohibit
flight within certain distances from clouds, and to prescribe minimum
vizibility conditions for flight in both controlled and noncontrolled
airspace. However, the often expressed, fundamental basis of collision
avoidance in VFR flight remained the "see and be seen" concept.

Doubts about the adequacy of the rules relating to “see and be seen"
again appeared with the introduction into airline sevvice in 1947 of
such aireraft as the Lockheed Constellation, the Douglas DC-6, and




others with pressurized cabins. Pressurization pemitted high altitude
operations and high rates of descent, without passenger discomfort.
Operating speeds increased to approximately C50 miles per hour. These
factors, and the continally growing numbers of aircraft in the U. 8.
Civil fleet, prompted recommendations from the airlines, the military,
and the Civil Aeronautics Administration for increases in the VFR visi-
bility minimums to 5 miles in controlled airspace, and for the expansion
of positive air traffic control., Anti-collision lights were installed
on airline aircraft to provide increased safety in nighttime operations.

In June 1956, the adequacy of the "see and avoid" philoscphy was
brought into sharp focus by the catastrophic midair collision of two
airline aircraft, both operating in visual neteorological conditions,

'In an appearance before the Subcommittee on Transportation and
Communications of the House Committee on Interstate and Forelgn Commerce,
on September 11, 1956, the Duputy Director of the Bureau of Safety Regu-
lation of the CAB discussed the adequacy of "see and be seen" as follows:

"For many years it has become increasingly apparent that
conditions other than weather conditions are befng encountered
which directly affect alrcraft separation and of which account
must be taken in the continuci development of the air traffic
‘rules. For instance, it appears that under certain circunm-
stances the rate of cl sure of very high-speed aircraft is

suck that the total time in vhich an aircraft may be visible

to a pilot of another aireraft iIs so short that pilots cannot
be expected to insure separation between aireraft irrespective
of the weather conditions in which they are flying., It is also
appurent trat the density of air traffic, particularly in the
vicinity of certain major air terminals, has approached or is
approaching sericus proportions. Obviously, the greater (sic)
nunber of aireraft movements within a given airspace the more
diffifcult iv is for a pllet to separate himself adequately from
other aircraft regardless of the vigilance exercised.”

Subcequent to this testimony, on February 6, 1957, Amendment 60-2
to the Civil Air Regulations was adopted., This provided, among other
things, for the designation, at the diseretion of the Administrator,
of high-density air traffic zones around certain airports, Aircraft
were to be limited to indicated airspeeds not to exceed 180 miles
per hour (160 knots). Commnication with, or otherwise permission
from, the control tower was also required prior to entering the con-
trol zone. This amendment specified further that aireraft operating
in a control zone without an ATC clearance must not be flown VFR
beneath the cloud ceiling when the ceiling was less than 1,000 feet;
or closer than 500 feet vertically under, 1,0C0 feet vertically over,
or 2,000 feet horizontally from any cloud formation.
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On April 30, 1957, Amendment 60-5 to Part 60 became effective and
modified the cruising altitude 1ules to provide a better safety margin
between aircraft in eruising flight. This amerdment contained the
following caveat:

"Since the cruising rules in effect in Part &0 will not
provide fox separation between IFR aircraft at certain
assigned al%titudes and VFR aircraft operated in accordance
with VFR cruising altitude rules, it remains the responsi-
bility of all pilots operating in VFR weather conditions,
even while cruising at an assigned altitude authorized by
air traffic control, to maintair a vigilent watch so as to
observe and avoid conflicting traffic."”

Civil Air Regulation Draft Release Ho. 57-11, issued on May 23,
1657, contained an agenda for an air traffic conference to be held
in June 1957. This agenda contained, smong other things, proposals
relating to weather minimume for VFR flight, the expansion of con-
trolled airspace at high altitudes, and operations on, and within
the vieinity of, airports. The agenda stated that the Bureau of
Safety Regulations had received recommendations from the Civil Aero-
nautics Administration, the Army, Navy, Air Force, Air Transport
Association, Air Traffic Controllers Association, end the Air Iine
Pilots Assocliation advecating an increase in the minimum VFR criteria.
Thes2 groups contended that the existing, prescribed minimums vere
inadequate in light <f the high speeds of aircraft and the increasing
volume of air traffic. Iittle attention was directed to the problems
inherent in high descent rates, however, other than a recommendation
by the Aircraft Owners and Pilots Association rYor a maximum rate of
descent of 1,000 feet per minute at altitudes below 3,000 feet in all
control zones a-ound civil airports. This recommendation appears to
have been dismissed from serious consideration, and other than its
appearance as an sgenda item, was not again mentioned in any subse-
quent regulatory action. Also largely ignored was the potential
collisicn hazard inherent in a combination of high-speed descents for
IFR traffic and the operation of VFR flights only 500 feet below cloud
formations. :

The diminishing validity of the ''see and avoid" method of collisiocn
avoidance was recognized, as is evidenced by the several recommendavions
by the aviation industry and the aforementioned Deputy Director's state-
ment to the Congress. However, operational capability for positive con-
trol, as a solution to the problem, did not exist without severe re-
strictions on the amount of air traffic that could use the airspace.
This was not considered acceptable,

Subsequent to the June 1957 confurence, the CAB issued Civil Air
Regulations Draft Release No. 57-27 proposing changes to the regu-
lations btaced upon comments recelved in response to the conference
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notice, and the discussions at the conference. On September 11, 1958,
¢ivil Air Regulation Amendment 60-11 was adopted. This amendment in-
creased the visibility requirement to 5 miles only for those aircraft
operating above 24,000 feet m.s.l, The mininum distance below clouds
remained at 500 feet, In discussing the reasons for not adopting more
of the previously proposed regulation, the preamble to the amendment
stated:

"It wvas clear from the comment reczived on the draft release
that the lines were drawn sharply on this highly controversial
tssue of appropriate YFR weather minimums., Briefly stated,
the airmen from the professional segments of aviation concurred
with the proposal, although some thought that it did not go far
enough, while the non-professional segments vigorously opposed
any increuases in the VFR minimums. Reasons given in support of
the respective positions were essentially ac received in earlier
considerations of the problem, and vhich are detailed above.
Persuasive argurents were advanced by the general aviation seg-
ment that no case could be made for the proposition that accidents
would be reduced materially if VFR weather minimums vere increased
since aceident statistics clearly showed that mid-air collisions
were occurring in relatively clear weather. The Board has con-
firmed this through an extensive analysis of its cirsfil accident
and near collision statistics. One finding is particularly telling:
98 percent of all mid-air collisions in the past 10 years have oc-
~curred in weather conditions exceeding 3 miles in visibility - the
other 2 percent have occurred in visibility conditions of about
3 miles.

“The position of the proponents of increased minimums, and
the one pursued in the draft release, is, of course, valid. It
is indisputable that some safety advantage would eccrue were the
minimuwis to be raised since fewer aireraft would be authorized to
operate in given airspace and, accordingly, collision potential
would be reduced.

"The question whbich the Board must decide is how much safety
will be increased by raising the VFR weather minimums and at what
price to the users of the alrspace. Based on the evidence available,
the Board concludes and the Administrator agrees that the advantages
to be gained by adopting the VFR weather minimums rules as proposed
are not sufficient to justify the impairment to the public right of
freedom of transit in air commerce through the navigeble airspace
of the United States., Accordingly, with the exception of the one-
half-nile rule discussed below, established VFR weather minimums
will not be changed. This conclusion should be construed only as

'a finding that under existing ¢onditions raising the VFR minimums
for acrobatic flight and in hizh density areas will not materially
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assist in the separation of tr:ffic in VFR conditions under the
see and be se¢:n principle. It does rot mean that other neasures
should not be taken to give greater erfect to this principle.”

In early 1958,critical attention was again focused on the adequacy
‘of the "see and be seen” concept of air traffic separation by two cata-
strophic midair collisions, which occurred within 29 days of each
other, between two military and two airline aircraft. In both acci-
dents, all four aircraft involved were aperating in VFR weather con-
ditions. Subsequent to these accidents, Special Civil Air Regulation
sr-h2h was adopted. This regulation, on an experimentel basis, sauthor-
ized the establishment of positive air traffic control over designated
routes at altitudes between 17,000 and 35,000 feet m.s.1l. With this
exception, the regulations ccntinued to place the burden for collision
avoidarce in VFR weather conditions on the pilot, However, in a growing
recognition that the visibility criterion alone was insufficient, other
recommendations were received by the FAA., Among these recommendat’ons
was one by the Aircraft Owners and Pilots Association in March 1959
that n speed restriction of 180 miles per hour be applied to all air-
eraft oper-ting at altitudes of less than 2,000 feet gbove the ground,
and that a maximum safe "eee and be seen" speed be determined for
en route operations.,

The inadequacy of the "see and be seen" concept received further
recognition in the 10 years between 1060 and 1970. Studies were con-
ducted to detensine the feasibility of devices in the cockpit to warn
the pilots of potentially conflicting traffic. One such study 1/ ecn-
cluded that a betier chance of collision avoidance would be probable
if the pilot were aware that potentially cunflicting traffie wes present,
and knew approximately where to look for it. A distinction should be
made here between & device described as a Pilot Warning Indicator (P4I)
and a Collision Avoidance System (CAS). Early studies considered the
feasivility of a IWI which wouid serve to alert a pilot to potentielly
eonflictine traffic and identify the area in which he should look for
the traffic. Msost of the carly proposals considered a "conpalible”
system in which detection was based upon the prenise that £ll aircrajt
would be ecquipped with a receiver/transmitter. Later studles suggested
thet the detection capsbility should not be dependent upon transmitting
capability of ancther aircraft, and that detection capability should
be celf-contained in coch airerait. This premise was expanded %o in-
¢lude capability of the device o not only detect the presence of
conflicting traffic, dbut to provide the pilot with instructions for
the proper evasive maneuver, hence "Collision Avoidance System." This
subject, will be discussed in detell in the Board's fortheoming report on
the Midair Collision Problen,

I/ A Study of Requirements for a Pi1ot Warning Instrument for Visual Air-
borne Collision Avoldance - Sperry Gyroscope Company, December Lu63.
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Further regulatory consideration of the midair collision problem
in the past 10 years resulted in the lowering of the "floor" of the
Continental Control area g/ to 14,500 feet m,s5.1, Visibility minimums
have been increased to 5 miles for VFR flights above 10,000 feet m.s.l.
Above 10,000 feet, the minimum distance below clouds was increased to
1,000 feet, and the horizontal distance to 1 mile. Hovever, as of
September 19, 1969, with respect to VFR operations in controlled air-
space below 10,000 feet, the regulations remained essentially ar they
were in 1950, :

Speed restrictions since 1957 however, were increased from 160

- knots in the high-density airports to 200 knots for turbine-powered
aircraft. A 250-knot maximum speed has been established for operations
below 10,000 fect outside of airport air traffic areas, The Board be-
lieves that the original speed restriction of 160 knots was valid for
the purpose of minimiziig the collision potential at the busy terminals
in 1957. ‘the subsequent allownble increase to 200 knots in the airport
traffic area, and the 250-knot speed atlowiéd cutside these areas, can
be related only to the vperaetional characteristics of th~ Jet aircraft,
I the proce.s, the ability to achieve safety through the "see and be
seen" coneept has been diminished,

2/ An wrea in which all alroraft must be operated in accordance with
~  IWR procedures, regardless of the meteorological conditions.
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