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I. EXECUTIVE SUMMARY

USAIr Flight 1016 crashed in Charlotte due to a failure to detect the hazard. The
personnel, the equipment and the procedures; each failed in some measure. The safety
net designed to prevent the windshear accident, and predicated upon layers of
redundancy, was compromised. It was not a single event, or even two, which caused
this accident. Rather, this accident was the tangible manifestation of a series of failures
and deficiencies. And it was predictable.

At approximately 18:42 local time (22:42 UTC) on July 2, 1994, a DC-9-31 operating
as USAIr flight 1016 crashed while executing a go-around from the ILS approach to
18R at Charlotte-Douglas Airpert (CLT) in Charlotte, North Carolina. At the time of the
accident, the aircraft was embedded in an extremely heavy localized rainshower.

-~

Twenty two seconds after the initiation of the go-around, the aircraft touched down hard
in a field, which immediately failed the main landing gear. The aircraft slid across the
field for 300 feet, and was then destroyed as it traveied through about 500 to 600 feet
of wooded area. The cockpit came to rest on a road, while the tail section continued
further until impacting a private residence. Thirty seven of the fifty saven persons on
board (five crew, 50 adults, two lap chiidren) received fatal injuries. All crewmembers
survived.

The investigation of this accident revealed that the aircraft encountered a severe
microburst close to the runway threshold, and was unable to escape the resultant
windshear. The misleading and incomplete weather information which was relayed to
the aircraft seriously biased the flight crew's decision-making process, and encouraged
them to proceed unknowingly into a grossly deteriorating situation.

Like all accidents, this accident was the culmination of a series of events and
circumstances. An examination of the whys and hows of this accident chain reveals a
series of deficiencies, irregularities, and oversights within the National Airspace

System. Many of these items are directly attributable to the known weak link, the
human element.

After at ieast twenty years of known windshear accidents, the existing system is still
incapable of providing adeguate microburst protection. Industry must embrace a fresh
approach in order to resaolve this situation. For this reason, the solution to prevent other
windshear accidents will not be easily attained.



II. FACTUAL INFORMATION and ANALYSIS

LESSONS LEARNED?

Through the investigation of a number of windshear accidents spanning a period of at
least twenty years, many National Airspace System deficiencies have been identified.
To its credit, following each accident, the NTSB has made numercus comprehensive
recommendations aimed at preventing a recurrence. Despite these facts, the existing
System is still incapable of providing adequate microburst protection. Unfortunately,
industry has not embraced these recommendations either swiftly enough or

comprehensively enough. The crash of USAir Flight 1016 irrefutably demonstrates this
situation. .

The reader is urged to consider the following previously-issued NTSB statements and
recommendations while reading this report of the circumstances and ®vents which led
to the crash of USAIr Flight 1016. In fact, a reexamination of these recommendations
upon completion of this report will undoubtedly convince the reader of a major
contention of both the NTSB and ALPA: In the arena of windshear accident prevention,
progress has been alarmingly sfow.

Eastern €6, June 24,1975 (NTSB-AAR-76-8)

Regarding the flight crews’ assessment of the conditions on the approach, this
accident: "discloses the hazards of a reliance on the success of pilots of preceding
flights when dynamic and severe weather conditions exist.”

Regarding flight crews' knowledge of the weather conditions, and relay of that
information to the aircraft by ground personnel: “workioads... and ...frequency

congestion can lead to omissions and assumptions, and confusion about who is aware
of what.”

Regarding the failure of ATC personnel to relay critical weather information to the
aircraft: “The Safety Board...believes that no useful purpose would be served by
dwelling critically on individual actions or judgments within the system...A better means
of providing pilots with more timely weather information must be designed.”

On a similar subject: “...little progress has been made in...the dissemination of radar-
detected severe weather information to the air traffic control system”

Recommendation #6: “Develop and institute procedures whereby approach controliers,
tower controllers and pilots are provided timely information regarding the existence of
thunderstorm activity near...approach flightpaths.”



Allegheny 121, June 23,1976 (NTSB-AAR-78-2)

Regarding the provision of real time, definitive precipitation information, the system
shouid “include a multiple intensity classification scheme.” Relay guidance stated:
“Transmit this information to pilots either via controller as a safety advisory or via an
electronic data link." (NTSB Recommendation A-77-63)

Regarding classification and notification of weather activity based on the NWS' six-level
scale: “promote its widespread use as a common language” and “indoctrinate pilots and
air traffic control personnel in the use of this system”. (A-77-64)

Member P. A. Hogue wrote a dissenting probable cause which stated: “...the probable
cause of the accident was severe wind shear... Contributing was the controller's failure
to provide all available weather information in a timely manner.”

Eastern 693 Incident, August 22,1979 (NTSB-AAR-80-6)

—

The NTSB conclusion: “...the probable cause of this incident was the unavailability to
the flightcrew of timely information concerning a rapidly changing weather environment
along the...final approach course.”

Pan Am 759, July 9, 1982 (NTSB-AAR-83-02)
Recommendations included:

"Review all Low Level Wind Shear Alert System to identify possible deficiencies...and
correct such deficiencies without delay.” (A-83-13)

“Expedite the developing, testing and installation of advanced Doppler Weather Radar
to detect hazardous wind shears...and expedite the installation of more immediately
available equipment such as add-on Doppler to provide for detection and quantification
of wind shear in high risk airport terminal areas.” (A-83-23)

USAIir 183, June 13, 1984 (NTSB-AAR-85-01)
Findings included:

“19. The air traffic controllers did not note the...special weather abservation which
contained important weather information about thunderstorm activity.”

"20. The local controller failed to provide runway visual range information after the
prevailing visibility dropped to 1 mile.”



The Probable Cause statement included: “.. the airplane encountered severe wind
shear. The tfailure of air traffic control personnel at the airport to provide additionat
available weather information deprived the flightcrew of information which may have
enhanced their decisionmaking process.”

Delta 191, August 2, 1985 (NTSB-AAR-86-05)

After at ieast ten years of windshear accidents and muitiple recommendations aimed at
preventing them, Delta Flight 191 was lost to a windshear accident. In its repon, the
NTSB reviewed and reemphasized many of these recommendations. Nine years later,

industry has not made significant progress, and many of the previously noted
deficiencies still exist today.

These examples and quotes clearly illustrate that for twenty years, industry has
unsuccessfully attempted to modify the existing hardware and procedures in order to
relegate windshear accidents to the past. History has proven that flight crews cannot
rely on ground based personnel for the timely relay of critical weather information. The
role of these ground-based personnel in this information interpretation and transfer
process must be reduced significantly or eliminated aitogether.

The time has come to initiate a fundamental change in the approach to solving this

problem. The solution is to provide flight crews with direct access to real time weather
information,



SUMMARY of EVENTS

This accident occurred on the fourth leg of the first day of a three da¢ trip. The day
originated in Pittsburgh (PIT), and was planned to consist of the following routing: PIT-

LaGuardia (LGA) - Charlotte (CLT) - Columbia, South Carolina (CAE) - CLT - Memphis
(MEM).

The crew had departed CLT at approximately 2050 Universal Coordinated Time (all
times herein are UTC uniess otherwise noted) and arrived without incident in CAE at
approximately 2130. The flight departed CAE on schedule at 2210 as US1016 for the
return leg to CLT, and it was during this approach into CLT that the accident occurred.
Figure 1 presents an overview of the approach events.

USAir Flight 1016 was a Douglas DC-8-31 equipped with JTBD-7 engines and
registered as N954VJ. The flight release indicated a takeoff weight of 86325 Ibs,
including 8000 Ibs for passengers, 1575 Ibs of cargo and 14000 Ibs of fuel. The
planned trip fuel burn was 4100 lbs. This resulted in an estimated landing weight of
82225 Ibs at a CG of approximately 25.3% MAC.

The First Officer (F/O) was the pilot flying (PF) the CAE-CLT leg. The cruise segment of
this flight was planned for and flown at 12000’ (all altitudes MSL unless noted), with a
planned total time enroute of 23 minutes. The enroute forecast was the same as it had
been for the flight from CLT to CAE; no significant weather, with the exception of some
scattered thunderstorms. Approximately 30 miles from CLT, at 22283, the Captain
obtained CLT ATIS information 'Yankee', which was in part as follows:

" Five thousand scattered. Visibility six miles haze. Temperature eight eight, dew

point six seven. Altimeter three zero zero one. ILS approaches 1BL, 18R.....in
use..."

There was convective activity in the area, but as the flight was vectored onto a
downwind for 1BR, the airport visually appeared clear to the crew, with a cell located
approximately one mile south of the field. The flight was told to expect a visual

approach, but at 2237 (about 5-1/2 minutes prior to the expected landing time) this was
amended to the ILS.

At 2235, the Tower Supervisor remarked within the Tower cab that it was "raining like
hell" on the south end of the airport. About the same time, the Final West controlier
noted a ViP Level 3 cell "pop-up" over or very close to the field on his ASR-9 radar
scope. The Columbia (CAE) NEXRAD (WSR-88D) indicated a VIP Level 5 cell over the
airport. By 2240, the tower visibility had decreased to one mile, a Special Observation
noted thunderstorms and the visibility deterioration, and a new ATIS reflecting these
conditions had been issued. RVR decreased rapidly, reaching a minimum of
approximately 500 feet. Though required by the Air Traffic Controllers handbook (FAA

Order 7110.65, Air Traffic Control), none of this pertinent information was relayed to
USAIr 1016.



CVR and ATC transcripts revealed that the crew was aware of the potential for
windshear. However, the limited information received by the crew indicated benign
conditions. The onboard radar did not indicate any significant precipitation between the
aircraft and the airport. The crew solicited Pireps and received "smooth ride" reports
from the two preceding aircraft. Approximately 40 seconds prior to landing, the aircraft
entered light rain. Shortly thereatter, rain intensity increased dramatically, and the
Captain lost sight of the runway. Deteriorated cockpit visibility, the wet runway and the
crosswind reports (100/19, 110/21) prompted the Captain to call for a go-around. At this
point the aircraft was approximately 200' AGL and over the Middle Marker (MM).

The initial segment of the published missed approach for CLT 18R calls for a straight
out ciimb. Since this route would take the aircraft under or into the convective cell they
had observed south of the field, the crew had previously discussed a plan to deviate to
the right should a missed approach become necessary. Although it had no bearing on
the accident, the crew neglected to obtain prior approval from ATC for this potential
deviation. The aircraft began a climbing turn to the right as the crew advanced the
power and retracted the flaps to the 15 degree go-around setting. —-

Approximately 200 feet of altitude was gained before the airspeed and vertical
acceleration started decreasing rapidly. The airspeed decay was on the order of 2-1/2
knots/second, while the vertical acceleration went from 1.2g to less than 0.5g in about

10 seconds. The crew attempted to maintain an appropriate airspeed, and the throttles
were advanced to firewall power. | '

Twenty two seconds after the initiation of the go-around, the aircraft touched down hard
in a field, which immediately failed the main ianding gear. The aircraft slid across the
field for 300 feet, and was then destroyed as it traveled through about 500 to 600 feet
of wooded area. The cockpit came to rest on a road, while the tail section continued
further until impacting a private residence. Thirty seven of the fifty seven persons on

board (five crew, 50 adults, two lap children) received fatal injuries. The five
crewmembers survived.

Analysis of the FDR and CVR revealed that the aircraft encountered a severe
microburst and resultant windshear. Analysis indicates that, at the time the go-around
was initiated, the aircraft was already 15 seconds into the minroburst encounter. The
shear consisted of a headwind to tailwind difference of 70 knots, with a peak gradient of
approximately 10 knots/second. Only a few seconds before impact did the flight crew
recognize that they were experiencing a windshear encounter. The northwest LLWAS
sensor did not go into alarm, nor did the on-board Honeywell windshear detection
system (reactive, with no guidance capability) produce an alert.

Based on the limited weather information presented to them and the absence of
specific windshear warnings, the crew initiated a normal go-around, not a windshear
escape maneuver. The misleading and incomplete weather information which was
relayed to the aircraft seriously biased the flight crew's decision-making process, and
thereby encouraged them to proceed unknowingly into a rapidly deteriorating situation.



Like all accidents, this accident was the culmination of a series of events and
circumstances. An examination of the whys and hows of this accident chain reveals a
series of deficiencies, irregularities, and oversights within the National Airspace
System. Many of these items are directly attributable to the known weak link, the
human element.

After at least twenty years of windshear accidents, the existing system is still incapable
of providing adequate microburst protection. For this reason, the solution to prevent
other windshear accidents will not be easily attained.

The following pages examine the various aspects of this accident on an individual
basis. This examination will include roles of the personnel, the equipment and the
procedures involved in the accident chain, and present recommended solutions which
the Air Line Pilots Association believes will significantly reduce the likelihood of another
windshear accident.
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WEATHER EQUIPMENT & INFORMATION

The following sections discuss the various equipment, systems and organizations which
are used to detect, quantity and disseminate weather information. For the sake of
clarity, thess items are addressed separately. However, it must be recognized that
these items are all individual elements whose function cannot only be considered
independently; they must also be examined within the context of the overall weather
information detection and dissemination scheme.

AUTOMATIC TERMINAL INFORMATION SERVICE

This section will show that:

1) Weather conditions were deteriorating rapidiy at CLT. '
2) The recorded nature of ATIS limits the timeliness of the information

3) ATC procedures have been prescribed to accommodate this limitation.
4) CLT ATC personne! did not adhere to these procedures. B

At 2223, when US1016 was approximately thirty miles from CLT, the flight crew
obtained CLT arrival ATIS information 'Yankee'. Information Yankee was current for
2151 and specified in pan:

"...5000 scattered, visibility 6 miles haze, temperature 88, dewpoint 67, wind 150/8,
altimeter 30.01, ILS approaches runway 18L, 18R, localizer back course runway 23
approach in use...”

Seventeen minutes later, at 2240, ATIS 'Zulu' was initially broadcast. It was current for
2236 and was based on a Special weather observation. information Zulu specified in
part:

"...measured ceiling 4500 broken, visibility 6 miles, thunderstorm, light rainshower,
haze, temperature 88, dewpoint 67, wind 110/16..."

The crew of US1016 did not obtain ATIS Zulu, nor would they be expected to, since it
was not broadcast until after they had checked in on the Arrival Radar West (ARW)
frequency with information Yankee. At the time of the initial broadcast of Zulu, US1016
was just inside the outer marker SOPHE, in radic contact with Local Control West
(LCW), and approximately 2 -1/2 minutes from touchdown.

Weather conditions at CLT were deteriorating rapidly, and by the time ATIS Zulu was
broadcast, another Special weather observation was being recorded. By this time
(2240), the tower visibility had decreased to less than one mile and "heavy" rain was
falling on the fieid.



The recorded nature of ATIS inherently limits the timeliness of the data being
broadcast. In rapidly changing weather, this 'lag' can result in a significant difference
between the broadcast and actual conditions. For this reason the Controller's handbook
(FAA Order 7110.65, Air Traffic Control) requires the following:

- Rapidly changing conditions will be issued by ATC, and the ATIS will contain the
following: “Latest ceiling/visibility/attimeter/wind/{other conditions) will be issued by
appreach control/tower”

- Controllers shall broadcast on all appropriate frequencies to advise aircraft of a

change in the ATIS code/message.

- Controtlers shall ensure that pilots receive all operationally pertinent information.

The TRACON Flight Data Controller (FDC) is the individual responsible for the

preparation of the arrival ATIS, and the TRACON supervisor is required to review and
approve each ATIS message prior to broadcast. The TRACON and ATCT supervisors
are responsible for ensuring that the positions in their respective charges are aware of
and issuing changes in ATIS information.

ATIS equipment functioned as designed. However, ATC personnel did not adhere to

the prescribed procedures, and not one of the noted requirements was accomplished
for US1016.

The remedy for this particular aspect of the accident must be shouldered by ATC. ATC
personnel must be strongly reminded of the role and limitations of ATIS, and the
applicable procedures designed to accommodate these limitations. Adherence to the
procedures is not discretionary conduct. in fact, there is perhaps no better way to
emphasize this point than to use this accident as the example.



AIRPORT VISIBILITY AND BVE

This section will show that:

1) CLT has two independent means to determine visibility conditions.

2) CLT visibility conditions deteriorated to well below the mandatory reporting levels
just prior to the accident.

3) This information was available to and known by CLT ATC and Weather personnel.

4) Aithough required by ATC procedures, this information was not made available to
US1016.

Two independent methods are available to ATC and WEATHER personnel to
determine visibility conditions at CLT. The first method involves the use of visibility
charts, and is used to determine prevailing visibifity and/or the visibility in a particular
direction. The second method is through the use of Runway Visual Range (RVR)
equipment, which provides a measure of the 'seeing-conditions' at various points along
the runway.

i

Two visibility charts (one and five miles) are available for CLT. Each chart consists of a
series of concentric circles overiaid on a planview of prominent local landmarks and
features, and graduated in nautical miles. Certified ATC personnel (including the ATCT
controllers on duty at the time of the accident) correlate their observations with the
information on these charts to determine the visibility.

CLT is equipped with three RVR measuring devices referred to as transmissometers.
These three transmissometers are formally identified as the 26L Rollout (RO), 05
Touchdown (TD) and 36L TD units. Positionally, they equate respectively to the TD,
Midfield (MID) and RO zones of runway 18R. These instruments provide a measure of
the conspicuity of the runway edge, touchdown zone and centerline lights. Although this
conspicuity is directly related to the 'seeing-conditions' and values are reported in feet,
RVR is not @ measure of surface or tower visibility.

The CLT transmissometers operate continuously, and the raw data is continuously
recorded by a strip chart system located in the National Weather Service (NWS) office.
Figure 2 presents the three RVR time histories for the twenty minute period surrounding

“ the accident. These values were derived from the NWS strip chart data. These plots
ciearly illustrate the magnitude and rapidity of the RVR deterioration, including the
decay of the 18R MID RVR to less than 500 feet.

The TD, MID and RO RVR values themselves are relayed to repeater displays in the
radar room and tower cab of the ATCT. The repeater displays present the RVR values
on several LED panels, including one at the LCW position. The Controllers handbook
(7110.85) procedures require that RVR values be reported to flight crews whenever
prevailing visibility is one mile or less or the RVR is 6000 feet or less. Since the LED

panels do not operate continuously, they must be selected 'ON' by a controller in order
for him to report the RVR.

10



CLT procedures dictate that whenever visibility falls to less than four miles, the
observer (ATCT or NWS) noting it first will notify the other of that condition. The lower
of the two values (ATCT or NWS) will be used in reporting visibilities to aircraft.

Between 2236 and 2240, the CLT prevailing visibility decreased from six miles to less
than four, but there is no record of exactly when this occurred. At 2236 and again at
2238, the ATCT Supervisory Controller (SC) noted to the Radar Coordinator Arrival
(RCA) that CLT was going to go IMC very quickly. At 2240, the SC announced that
tower visibility had decreased to one mile. By 2241, the 18R 7D zone RVA had
decreased to approximately 3000".

Despite the noted requirements and conditions, at no time during the approach of
US1016 did ATC personnel inform the flight crew that the visibility was deteriorating
rapidly and significantly. Not once was US1016 informed that visibility had decreased to
one mile or less, and not once were the required RVR values ever relayed to the flight.

Controllers have access to a considerable amount of information, much of it literally at
their fingertips. Flight crews need this information so that correct decisions may be
made. ATC awareness of the significance and value of this information, and the
consequent need to disseminate it as rapidly and accurately as possible, is paramount.
We must ensure that this message, this concept, permeates ATC.

11
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LLWAS

This section will show that:

1) CLT LLWAS has several known deficiencies, some of which were known fo the
FAA over a one year pseriod prior to this accident.

2) The CLT NW LLWAS sensor alerted after US1016 had transited the area.

3) These known deficiencies likely prevented an earlier NW quadrant alarm.

CLT is equipped with a Phase Il Low Level Windshear Alert System (LLWAS). This
system consists of six wind speed and direction sensors linked to a central computing
and warning mechanism. This mechanism compares the vector differences of the
winds at the various sensors, and uses a predetermined algorithm tc issue alarms
which warn of the likeiy presence of windshear.

The Phase Il designation for the CLT LLWAS denotes that the system software has
been upgraded from the original Phase | system in order to reduce false alerts (down to
7% probability of false alert} and to provide modest (62% probability of detection)
microburst protection. Phase Il systems are considered to be interim measures,
bridging the gap between the original system (which was not designed for microburst
detection) and a dedicated microburst detection system.

As currently planned, a dedicated microburst detection system would consist of either a
Phase Il LLWAS system (15 or more sensors), Terminal Doppler Weather Radar

(TDWRY), or both. Phase Il LLWAS has a 97% probability of detecting microbursts, and
reduces the false alarm probability to 4%.

As is the case with any system, LLWAS is subject to certain limitations and deficiencies.
During the period from April to June 1893, more than a year prior to this accident,
several written communications within the FAA noted problems with the CLT LLWAS .
The specific issue was "inaccurate reporting of wind conditions” and requests for
funding to rectify these deficiencies. As of the date of the accident, no modifications had
been made to the CLT LLWAS.

Although siting criteria for LLWAS sensors have been established, real-word limitations
can sometimes preclude satisfying all the criteria for ali the sensors. When siting criteria
are not met, the effects will typically take two forms; sheltering and channeling. Both are
differences between the sensed wind and the actual wind. Sheltering refers to a
reduced measured wind speed, while channeling refers to a distorted or faise wind
direction. The net result of these effects, either separate or in combination, is that the
system accuracy will be adversely affected. In other words, the system will be more
likely to issue false alerts and/or fail to detect actual microburst/windshear events.

The CLT Centerfield (CF) sensor was the first to go into alarm; this sensor alerted at

2240:37. The Northeast (NE) and Southeast (SE) sensors went into alarm next at
2241:07. Within approximately ten seconds, Local Contro!l West (LCW) transmitted a
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NE (only) sensor alert to US1016, and within another ten seconds relayed it to a

second aircraft on approach to 18R. US1016 was approximately ninety seconds from
impact. :

At 2242:02, with the same three sensors in aiert, the FRW controller issued an “all
quadrant alert", but US1016 had aiready changed over to the LCW frequency. The
LCW made no such "alt quadrant” broadcast, despite the fact that he possessed the
same information as the FRW. Just as US1016 passed over the NW sensor, and for
reasons unrelated to windshear, the flight crew initiated their go-around. Approximately

twenty to thirty seconds fater, the NW sensor went into alarm, but US1016 had already
crashed.

In 2 memo (Exhibit 5-E, pp 17-18) dated August 4, 1994, the FAA responded to an
NTSB inquiry concerning performance of the CLT LLWAS. Of significant note are the
following excerpts:

1) "...at the time of the installation of the CLT LLWAS, the concern was to detect
gust fronts, not microbursts" and that the siting "...standards were less
stringent than those now currently utilized.”

2) An FAA Site Performance Evaluation Study (SPES) determined that sensors
2 (Northeast) and 6 (Northwest) were sheltered to a degree "...significant
enough to degrade the system." However, this memo does note that "sensor
6 was not sheltered in the direction of the prevailing winds on July 2, thus it is
not likely that it contributed to further degradation of the system”.

Also as a result of this accident, Massachusetts Institute of Technology's Lincoin
Laboratory (MIT LL) conducted a study of the CLT LLWAS to determine the system's
performance. The obvious questions for this study are: 1) Did the system detect the
microburst? and 2) if so, did it detect the event within a reasonable time period? The

conclusion drawn by the MIT LL study was that "the system performed according to
design".

The following paragraphs will show that although the conclusions of the MIT LL study
and the FAA SPES are essentially accurate, the CLT LLWAS Northwest sensor did
exhibit a delay in alerting to the presence of the microburst. This delay was within the
system operating parameters, but had it not been present, US1016 likely would have
had sufficient time to either avoid the microburst altogether, or knowingly transit it at a
higher altitude while conducting the windshear escape maneuver,

Page 13 of Exhibit 5-J presents Speed Ratio (sensed speed divided by average
network speed) data for the six sensors as a function of wind direction. These data are
essentially ‘calibrations’ of the speed sensors. Ratios greater than 1.0 denote that the

sensor is indicating a wind speed higher than average; the reverse is true for ratios
below 1.0.
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The data for Station 1 (Center Field) shows that this sensor indicates a mean wind
speed 40% higher than network average. The data for Station 6, the Northwest (NW)
sensor located near the Middle Marker (MM ) for CLT runway 18R, shows that this
sensor indicates a mean wind speed 20% lower than network average.

During the last minute of US1016's approach, Center Field (CF) was indicating a wind
from 100°, while the NW sensor indicated winds from 180°. According to the MIT LL
data, the CF sensor would likely have been indicating a wind speed 50 to 60% higher
than actual, while the NW indication would have been approximately 15 to 20% high.

Figure 3 presents the wind speeds as measured by the CF(1) , NE (2) and NW(6)
sensors. This plot shows that the biased sensor readings, discussed above, would
result in an artificiaily smaller speed difference between the two sensors.

In his testimony, Dr. Wes Wilson of MIT Lincoln Lab noted that approximately one
minute prior to the accident, the NW sensor missed the alarm threshold by seven
tenths (0.7) of a knot. He further stated that, in order to reduce the number of false
alarms, there was a certain amount of conservatism built into the algorithm, and that
"the system didn't give alerts as early as we would have liked them”.

An independent post-accident study of the CLT LLWAS was also conducted by
Dr. Theodore Fujita. Dr. Fujita's study (Appendix A) presents essentiaily the same facts
as the MIT study, and reaches similar conclusions, including:

- The original CLT LLWAS installation does not meet current siting criteria.

- This condition is exacerbated by the subsequent growth of the surrounding trees.

- The Phase | software was too prone to false alerts; Phase |l software seems to
have had the opposite effect of desensitizing the system to actual events.

- These limitations prevented the system from issuing timely alerts on July 2, 1994.

Typically, when LLWAS sensors are installed, they meet the existing siting criteria.
However, as the surrounding trees grow, their presence begins to impact the sensors in
the form of sheltering and channeling, driving the sensor out of compliance with the
installation criteria and yielding sub-standard performance. As the study results
demonstrate, this situation applies to CLT.

This raises the question of how many other LLWAS installations are affected by this
same phenomencn, and to what extent. It is unconscicnable to consider that an aircraft
accident is required to reverify LLWAS compliance with its design and installation

criteria, particularly if the 'fix' is something as straightforward as trimming the
surrounding trees.

14



CLT LLWAS's performance was documented prior to this accident, but it seems that the
accident had to occur before the system was examined in detail. The CLT LLWAS was

in place. The system to identify and correct problems with it was in place. Yet both
failed

These details demonstrate limitations which can be associated with any Phase Il
LLWAS instailations, not just CLT. Some appear to be readily correctable, while others
do not. The catastrophic implications of these deficiencies dictate that, as a minimum,
the current performance of all LLWAS installations be evaluated, and that flight crews
be educated as to the limitations. The broader reaching solution requires a thorough
assessment of the current system elements (personnel, procedures and hardware),
and an expedited transition to dedicated microburst detectior systems.
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ASR-Q

This section will show that:

1) The Final Radar West (FRW) ASR-9 radar detected a region of VIP Level 3
precipitation which 'popped up" along the approach path of US1016.

2) This Level 3 activity was mast likely the descending high refiectivity core which
manifested itself as the microburst which LUS1016 encountsred.

3) The existence and/or Level of this activity was not relayed to US1016.

4) This lack of controller information transfer to the flight crews is not an isolated
problem.,

The CLT Airport Surveillance Radar (ASR-8) was commissioned in May 1991, and is
considered to be a 'next generation’ system. Although the primary purpose of the
ASR-9 is aircraft tracking, the system was also designed to provide ATC personnel with
quantitative precipitation reflectivity data. The National Weather Service (NWS)
categorizes precipitation into six groups as a function of radar reflectivity, and which are
referred to as VIP (Video Integrator Processor) levels. These correspond to the
following degrees of precipitation intensity:

Level 1 = Light Level 4 = Very Heavy
Level 2 = Moderate Level 5 = Intense
Level 3 = Heavy Level 6 = Extreme

The system allows the controller to seiect and display any two of the six VIP levels on
his screen. The existence of precipitation levels higher than those selected is
annunciated on a panel above the primary display. Since precipitation information is a
secondary task of this system, a study was conducted to determine the fidelity of the
ASR-8 VIP level depiction. This study determined that the ASR-8 indicated the correct
level 79% of the time, and within one level of the correct value 87% of the time.

Terminal radar antennae are designed to "provide a uniform high gain fan beam
pattern” which results in a cone shaped loss of coverage region over the antenna site.
This region is known as the ‘cone of silence'. In addition, according to the FAA National
Data Communications Systems Engineering Division, the system software contains
inhibits which define a cylinder, centered around the antennz, oriented vertically and
with a radius of 1/8 to 3/16 mile, as an area from which returns are not processed. In
contrast, however, Dr. Mark Weber, of MIT Lincoin Lab, indicated that the ASR-9 will

detect rain reaching the ground "right up to the radar” antenna. This discrepancy has
not been resolved.

Using the conservative approach, this report will consider that precipitation above the
antenna site will generally not be detected unless it extends beyond the boundaries of
these two zones. In addition, the ATC factual report notes that a storm of sufficient

intensity {Level 5 or 6) would overcome the software inhibits and exhibit a return within
the cylinder.
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The Final Radar West (FRW) controller's display was set for Levels 1 and 3, and for the
altitude block from the surface to 6000' MSL. This controller stated that, when US1016
made initial voice contact with him, he saw "weather" on his display on or around the
approach end of 23, but that he did not note any "weather" in his airspace or on final to
18R. However, not long thereafter, the FRW saw "weather” developing on the airport or
just north of 18R. He noted that this "just popped up as a Level 3"; he did not see it as a
Level 1 or 2. The FRW controller stated in testimony that this occurred when US1016
was "approximately on mid field down wind" and that this Level 3 region remained
present for at least thirty minutes. Experience has shown that most flight crews will
deviate around areas which controllers report to contain Level 3 or higher activity.

Just prior to the accident, the Local Control West (LCW) controller observed three cells
on his display. Two were to the south of the airport, and one appeared to be situated
between the approach ends of runways 23 and 18L, northeast of the field. The
controlier could not distinguish the Level of the northeast cell due to the fact that it was
directly over the radar antenna. In interviews and testimony, the controller stated that
he could not recall either the VIP Level or the altitude limit settings on"his ASR-9 display
at the time of the accident.

There are two possibie explanations for the 'sudden' appearance of the Level 3 activity
on the FRW's display. It was sither a rapidly developing precipitation field, or it was
moving beyond the boundaries of the two zones previously described.

MIT Lincoln Laboratory conducted a study to determine what the ASR-9 display would
likely have been showing during the period in question. This study utilized Columbia,
South Carclina (CAE) WSR-88D data to define precipitation field locations and
intensities, which was then used as input data to an ASR-9 simulation model. This
study showed that a high reflectivity core (Level 5) was initially situated above the ASR-
9 radar beam, within the cone of silence, and therefore went undetected.

This high-altitude, high refiectivity core was the beginning of the downburst which
eventually struck US1016. As this core descended, it moved into the area of coverage
of the ASR-9, and the study indicates that it probably would have appeared as a Level
3 or 4 on the ASR-9 display. In terms of both timing and appearance, these simulation
results correlate well with the controllers' recollections.

It is well documented that very heavy rain was falling on the first third of runway 18R,
and to the north of this as well. The CLT ASR-9 antenna is located approximately one
mile SSE of the 18R threshold. Therefore, even applying the conservatism of the 3/16
mile radius within which no returns are processed, the ASR-9 should have displayed
the rain quite prominently on the controllers’ screens.

Neither the FRW or the LCW relayed any specifics of their ASR-9 indications to the
crew of US1016. The only reference to any precipitation activity at ali was made by the
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FRW at 2237 when he stated: "Tell you what, USAir 1016, they got some rain south of
the field, might be a littie bit coming off north just expect the ILS now™.

In view of the fact that the Federal Government has invested substantial monies and
effort to bring the ASR-9 on line, it is significant to note that an October 1989 General
Accounting Office (GAO) report concluded that the:

"FAA has not established formal procedure for sending ASR-9 weather data from air
traffic controllers to pilots...." and that the FAA wanted to wait until it learned more
about "precipitation effects on aircraft and the work load effects on controliers.”

Dr. Weber stated that, to his knowledge, nothing further had been done in this area
since the GAO study. The events and circumstances surrounding this accident seem to
substantiate that observation, and demonstrate its catastrophic implications.

ASR-9 equipment has been operational for several years; its capabilities must be
utilized to the fullest. Flight crews understand and use VIP levels; so should ATC.
Aggressive formuiation and promulgation of ATC procedures which accomplish this is
the recommended near term solution. A preferred long term solution is one which would
eliminate the ATC human element from this loop, either by uplinking ground based
weather data directly to the aircraft or installing more capable onboard systems. This
issue will be discussed further in the section entitled ‘Additional Near-Term Microburst
Detection Equipment'.
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WSR-88D

This section will show that:

1) CAE WSR-88D is not a dedicated aviation facility.

2) CAE WSR-88D detected significant atmospheric activity over CLT.

3) WSR-88D resuits were not readily available to Atlanta or CLT weather personnel,
and were not provided to CLT ATC or weather personnei.

4) Inexpensive, readily available interim means exist to provide such results to these
facilities.

5) WSR-88D indications were neither available to nor provided to US1016.

The new Doppler-equipped Weather Surveillance Radar (WSR-88D) is also referred to
as NEXRAD (NEXt generation RADar). This equipment is an outgrowth of the WSR-57
radar, with several significant improvements: Doppler technology, increased resolution
and sensitivity, and the highly automated generation of end-user products. The purpose
of the WSR-88D network is to "support public weather forecasts and warnings". These
are not dedicated aviation facilities, nor do they yet have products specmcally oriented
towards the detection of microbursts or their precursors.

The principal improvement is the incorporation of Doppler technology, which

enables the WSR-88D to detect and quantify air and precipitation motion. This radar
has a much narrower beam width (0.85° vs 2.2°), which provides greater resolution and
results in finer scale structure of the displayed information. This higher resolution allows
the detection of smali, high-reflectivity cores which are associated with microbursts. The
WSR-8BD's higher system sensitivity enables the detection of smalier strength
signatures associated with gust fronts, outfiow boundaries and very light precipitation.

The WSR-88D system is also highly automated. It utilizes sophisticated computer
algorithms and processing capabilities to provide the users with meteorological and
hydrological products, as opposed to raw data. One of these products, Vertically
Integrated Liquid content (VIL), is a radar parameter which enables the establishment
ef thunderstorm updraft strength. This is an aid in determining which storms will be
severe. Another product is the relative velocity map, which quantifies the internal
motion of fast moving thunderstorms. Again, this permits ready assessment of the
strength or severity of the storm. Additionally, efforts are underway to incorporate
microburst/windshear recognition algorithms into this system.

Each full volume (azimuth and altitude) scan requires six minutes to compiete. Some of
the data products are available while that scan is still underway, while others reguire

the full set of scan data. Consequently, some products are near real-time, while others
can be several minutes old.

Pians call for the installation of 162 WSR-88D units throughout the US As of August

1994, approximately 90 systems had been implemented. This is continuing at a rate of
four per month, and complete implementation is planned for early 1996.
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'Implementation’ denotes that the system is installed and functioning (data being
utilized). Full checkout of the system, along with ensuring the existence of a spares
pipeline, results in the commissioning of the individual units. As of August 1994,
approximately ten units had been commissioned. This is slightly behind schedule,
primarily due to spares difficulties.

WSR-88D data can be accessed via several means. In descending-capability order,
these include Principal User Processor (PUP), Meteorological Weather Processor
(MWP), NEXRAD Information Dissemination Service (NIDS), and telephone inquiries to
the individual WSR-88D facility. The PUP and the MWP are the two principal means
employed by the NWS.

The PUP is a highly sophisticated workstation which provides the user full access to the
system's capabilities and data. A PUP is linked directly to one and only one radar
faciiity, but can accommodate up to three other facilities via dial-up. This dial-up access
is restricted, both in terms of which radar facilities can be linked, and which data can be
accessed. Lacking PUP access to a specific facility, users can run their MWP in a dial-
up mode to obtain limited interaction with the WSR-88D data.

NIDS is an approach devised to permit private sector access to NEXRAD information.
This is accomplished by allotting contracts tc commercial vendors, who in turn sell
software and access to private users. Estimated user cost, once equipped with a PC, is
$150 plus modest on-line charges.

The Columbia, South Carolina (CAE) and Raleigh, North Carolina (RDU) WSR-88D
facilities are the only ones which currently provide coverage of the CLT region. Lacking
a PUP ar a MWP, the only means for the CLT NWS office to obtain WSR-88D
observations is via telephone communication with NEXRAD facility personnel.

Although Atlanta Center Weather Service Unit (ZTL CWSU) has PUP dial-up access to
RDU, the RDU system was not operating on the night of the accident. As of the date of
this accident, the ZTL CWSU did not have direct or diai-up PUP access to the CAE

facility, despite two previous written requests by the ZTL CWSU Meteorologist-in-
Charge.

On September 13, 1994, seventy three days after this accident, ZTL CWSU was
provided with dial-up access to CAE.

The following summarize the CAE WSR-88D indications from July 2, 1994. Figure 4 of
Appendix A presents a graphic illustration of some of these WSR-88D results.

At 2223, the storm over CLT was still in the growth phase.
At 2229, growth was continuing at the higher elevations. The data show Level 5

reflectivity at the mid elevations, indicating the probability of heavy rain on the
ground within & to 10 minutes.
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At 2235, VIP Level 5 activity was showing at 8000 ft, indicating heavy rain was most
likely beginning on the ground. This agrees with ground observations. The strongest
internal gradients of the storm were over the Northwest comer of the airport, and
tops were at 30000 feet. The storm is beginning its ‘rainout’ or decay phase, which
is the period associated with downdrafts and microbursts.

By 2241, upper elevations were displaying significantly lower refiectivities. This is
characteristic of a descended reflectivity core, which can produce outflow,
downdrafts and microbursts, US1016 was down by 2243.

According to the meteorologist from the NWS Advanced Development and
Demonstration Lab, neither the VIL nor the relative velocity maps showed activity
sufficient to warrant concern about 'severe weather'. However, as this accident clearly
demonstrates, weather conditions which pose a hazard to aviation can be well below
the NWS general public 'severe weather' threshold. -
This meteorologist also noted that a WSR-88D facility located within approximately 20
miles of CLT {compared to 77 miles for CAE) would provide the resolution and low
altitude coverage necessary to enable better assessment of local airport conditions.

This would be particularly useful in detecting certain weather threats to arriving and
departing aircratt.

Despite the obvious significance of some of these data, none of the CAE WSR-88D
indications discussed above were observed in real time by either ZTL CWSU or CLT

NWS personnel. Consequently, this information was not relayed to either CLT ATC or
the crew of US10186.

Although it is not a dedicated aviation weather facility, the WSR-88D is clearly a useful
ool in the detection of conditions hazardous to aviation. The fact that ZTL CWSU was

given access to the CAE facility soon after the accident demonstrates recognition of this
assertion.

The technology and hardware are available; what seems to be lagging (or lacking
altogether) are the networks, links and procedures which will best utilize these valuable
resources. This issue will be addressed further in the discussions concerning the NWS.
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IEBMINAL DOPPLER WEATHER RADAR

This section will show that:

1) Proven, operational hardware for ground-based microburst detection ex:sts
2) CLT is at least two years behind schedule in acquiring this capability.

3) It occasionally requires an Act of Congress to induce FAA progress.

Terminal Doppler Weather Radar (TDWR) is one of the next microburst detection
devices scheduled to come on line. This weather radar utilizes a highly focused beam
and Doppler technology to map out the winds and precipitation reflectivity of the
surrounding atmosphere. This system will update the near-surface winds once per
minute, and will take another two and one half minutes to perform the full vertical scan.

The TDWR uses a microburst detection algorithm which automatically recognizes,
quantifies and geographically locates microburst activity for the controllers.
Development testing of the system has shown the detection reliability to be extremely

high, approaching nearly 100 percent. The probability of false aiarms is propomonately
low.

Current plans call for the installation of approximately 47 TDWR units throughout the
United States, including Charlotte Douglas {CLT). Originally, ail 47 were scheduled to
be delivered by the end of 1995, but land acquisition problems have slipped this
schedule by approximately a year and a half.

CLT was to be the fifth US airport to get TDWR, and this was originally supposed to
occur in early 1993. Several problems, primarily land acquisition difficulties, stalled this
particular effort. At the time of the US1016 accident, CLT had slipped to number 38 in
the sequence to acquire an operational TDWR.

Subsequent to this accident, Congress mandated that CLT TDWR be brought on line
by the end of 1995.

In December 1894, ALPA received word that the FAA is attempting to expedite the
implementation of TDWR. Indications are that complete network deployment is now
targeted for the end of 1996, which is closer to the schedule originally planned. The Air
Line Pilots Association commends this renewed focus on TDWR implementation.
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ADDITIONAL NEAR-TERM MICROBURST DETECTION EQUIPMENT

This section will show that: :

1) Additional technology and hardware for ground-based microburst detection are
under development.

2) These methods should enable extensive US coverage when implemented.

3) The preferred solution is airborne predictive windshear detection equipment, which is
Jjust entering the implementation phase.

in addition to LLWAS and TDWR, another ground-based microburst detection
technology slated to become operational in five to six years is actually an upgrade to
the existing ASR-9 system. This plan calls for the piggybacking of Doppler hardware
and software onto the existing ASR-8 equipment. This will enable the automatic
detection and location of microbursts and gust fronts, and present this information
directly to the controllers on their screens. Detection and false alarm probabilities are
worse than TDWR, but this system is much less expensive than TDWR. It will provide
good microburst protection at many smaller airports which otherwise would not have
any coverage. Current pians call for the procurement of 35 of these units.

Still another ground-based microburst (and other hazardous weather) alerting
mechanism expected to become operational towards the end of this century involves
the provisioning of TDWR units with predictive capabilities. TOWR data will be
combined with ASR-9 and LLWAS data (when and where available), and concise,
readily interpretable results will be data linked to the cockpit. This system is known as
the Integrated Terminal Weather System (ITWS). ITWS demonstration evaluations
were conducted with five domestic operators at Orlando and Memphis during the spring

and summer of 1994. This system is expected to provide a two to three minute advance
prediction of a microburst.

The most encouraging technology in this arena is the development of onboard
predictive windshear detection equipment. ALPA has been a strong advocate of this
approach for many years. Bendix and Westinghouse were recently granted FAA
Certification for onboard predictive windshear detection systems. The detection
capability and display symbology of these and similar systems have the potential to
significantly assist aircraft so equipped in avoiding areas of windshear hazard.

These approaches are promising indications of the progress being made in the
establishment of microburst detection and avoidance. Currently, all ground-based
systems rely on some means to transfer the information from its source to those who
need it most, the cockpit crew. Today, that means is the Air Traffic Controller. Twenty
years of known windshear accidents conclusively demonstrate that the human element
is prone to failure. This recognized weak link must be eliminated whenever and
wherever possible. ALPA strongly encourages industry to vigorously pursue these
enabling technologies, and urges the FAA to expedite their implementation.
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CHARLOTTE NATIONAL WEATHER SERVICE

This section will show that:

1} The function of the CLT NWS is to gather, record and disseminate weather
information.

2) CLT NWS is not a dedicated aviation weather facility, nor does it provide aviation
advisories.

3) The role of the NWS and the interaction between the NWS and ATC must be
examined and revised.

The CLT NWS office is located about one mile southeast of the ATCT. The primary
function of this office is to make and disseminate surface weather observations. Only
the issuance of 'public warnings' (severe thunderstorms, tornadoes, etc.) takes
precedence over these duties. The NWS does not issue aviation advisories.

Severe thunderstorms are defined as those with tops above 50000’ or with Level 5
cores above 26000'. Rainfall rate is not a criteria for severe weather.

The CLT NWS is equipped with a standard array of weather instruments. The only on-
site weather radar this office has is the WSR-74C unit, which is used as a backup
whenever the network radar (from Bristol, Tennessee) is down. However, due to
ground clutter, the CLT WSR-74C cannot detect weather in the region above the
airport. The CLT NWS does have the option of telephoning other radar facilities for
observations. The CLT NWS rarely receives verbalftelephone briefings from the
Atlanta Center Weather Service Unit, and did not receive one the night of the accident.

The CLT NWS office principally disseminates its observations via two methods; the
Automation of Field Operations and Services (AFOS) 'long line' to the central NWS
computer, and the Automatic Weather information System (AWIS) local network to ATC
and some airline users. CLT NWS policy is to first enter the data on the AFQOS system
as a means of quality control, and subsequently retransmit this information on AWIS. It

typically takes three to five minutes between the compietion of an observation and its
transmittal on AWIS.

The CLT NWS makes regular Surface observations (SA) at 50 minutes past each hour,
and Special observations (SP) as conditions warrant. Since the SA's are issued at
predetermined times, it would be cbvious to ATCT personnel if an SA record had not
been received. However, since SP's are issued at irregular intervals, and the NWS
does not have a procedure in place to verify receipt of their SP's, ATCT personnel
have no automatic means to either ensure that they are recsiving all the records being
sent to them, or to alert them to the fact that an SP has been issued.
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In Public Hearing testimony, the CLT NWS Weather Service Specialist revealed a
disturbing irony. The CLT NWS had virtually no specific information, particularly the VIP
level, about the thunderstorm which was directly overhead. The CAE WSR-88D facility,
located 77 miles away, did. Atlanta ARTCC, located approximately 200 miles away,
also did. This particular storm was a VIP Level 5, and the hazard it posed is now well
documented.

It is incumbent upon all parties involved to develop and promote the networks and
procedures required to ensure accurate and timely transfer of critical weather
information. Clearly, there are no major technical challenges. There is a necessity to
improve aviation safety, and this is a needed step towards that improvement.
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ATLANTA ARTCC CENTER WEATHER SERVICE UNIT

This section will show that:

1) The function of the Atlanta ARTCC CWSU is to pravide macro scale weather
information for air traffic planning purpases.

2) An assessment of the NWS and its role in aviation is required.

The Atlanta ARTCC Center Weather Service Unit (ZTL CWSU) is responsible for
providing meteorological consultation and advice to the Atlanta ARTCC, approximately
fiteen ATCTs (including CLT) in the Southeast US, and occasionally to various Flight
Service Stations. Its purpose is to keep these facilities advised of the weather
conditions in order to maintain the safe and efficient flow of tratfic. In essence, this
facility provides macro scale coverage for planning purposes.

ZTL CWSU obtains its data from a variety of sources, including several ATC and
weather radar facilities. (Recall the WSR-88D access discussions in a previous section)
Aside from verbal/telephone briefings to customer ATC facilities, prineipal products
include Weather Bulletins (map, synopsis and generalized forecast), Meteorological

Impact Statements (MIS), and Center Weather Advisories (CWA). CWA's can be
Airmets and Sigmets.

The Weather Bulletin and MIS sent to CLT the evening of the accident called for widely
scattered thunderstorms in the region. The CWSU Meteorologist-In-Charge (MIC)
testified that it is his discretion as to whether VIP Level information is disseminated to
the various remote ATC facilities.

This meteorologist stated that the workload that evening was "light". He further stated
that prior to the accident, he was preoccupied with other regions of his airspace, and
was not paying close attention to the CLT area. Upon reviewing various data after the
accident, including the CAE WSR-88D indications, he stated that there was nothing in
the data which would have caused him concern or to issue a CWA for the CLT arsa.

When the CWSU MIC was asked if he had a "wish list" for his facility, his response
included the following:
- Switchable (instead of dial-up) access to other WSR-88D facilities.
- improvements to the 'user-friendliness' of the MWP workstations.
- Manpower was generally adequate, but during widespread thunderstorm activity,
the staff's capabilities are taxed.

With respect to {he detection and dissemination of pertinent weather information, one
perception that this accident imparts is that the necessary individual components exist,
but they have not quite been assembled into a smoothly functioning system. A system
approach is needed, or needs to be revitalized. Particular attention must be paid to the
humans' roles in these systems. The roles of the NWS remote offices (such as CLT)
and the CWSUs must be considered individually and as elements of the overall system.
Their capabilities must be brought into alignment with the needs of aviation, and any
deficiencies must be addressed.
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GROUND BASED WEATHER OBSERVATIONS AND RELATED ACTIVITY

This section will show that:

1) Significant, rapidly deteriorating weather conditions existed at CLT.
2) This situation was apparent to most CLT ATC and weather personnel.
3) This information was not made available to US1016.

Details gathered during the initial stages of this investigation, and later at the Public
Hearing, make it clear that various ground personnel possessed a significant guantity of
information concerning the severity of the weather, but that virtually none of this
information was relayed to US1016. This situation reinforces the fact that a workable
system to detect significant meteorological conditions and relay that information as
rapidly and efficiently as possible to the end user, the flight crew, does not yet exist.

The following items are primarily excerpts from the ATC transcripts, and in conjunction
with the preceding several pages, should help the reader to form a more complete
picture of the storm’s timing and intensity. -

For reference purposes, US1016 first contacted Arrival Radar West (AHW) with ATIS
information 'Yankee' at 2227, and crashed at approximately 2242.

At 2234 the Tower Supervisory Controller (SC) noted to the Radar Coordinator
Arrival (RCA) that it was "raining like hell" at the cargo ramp area of the airport.

At 2236, a Special Observation noting thunderstorms, and which was eventually
- broadcast as ATIS 'Zulu', was completed.

At 2236 and again at 2238, the Local Controller East (LCE) transmitted to
Piedmont 3211 that the airport was experiencing "heavy rain”.

Also at 2238, the SC requested that the airport standby generators be turned on
because he expected that CLT was "going to go IMC very quickly " and that it
was "raining very hard".

At 2239, USB06 reported the storm to Local Control West (LCW) and delayed its
departure from 18R.

At 2240, the SC announced to the tower controllers that tower visibility had
decreased to one mile.

Also at 2240, US1655 questioned Ground Control East (GCE) as to whether
anyone had "brought the airport to a halt for the thunderstorm?" .
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At 2241, due to the intensity of the rain, GCE could no longer see US983. US983
had just landed on 18R and was located on taxiway Bravo, apprommately 3000
feet from the ATCT.

Also at 2241, US797 delayed its takeoff from 18R due to weather.
At 2242, approximately 30 seconds before US1016 crashed, the SC announced
"windshear alerts in muitiple quadrants” to the RCA.

None of this information was relayed to USAir Flight 1016.

The above events demonstrate that, despite all the communication and activity
prompted by the deteriorating weather, those who would be affected most, the flight
crew, were not included in the information loop.
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AIRBORNE WEATHER OBSERVATIONS AND RELATED ACTIVITY

This section will show that:

1) Visual, airborne radar and ATC reports led the flight crew to believe that weather
conditions were much less severe than they actually were.

2) The resulting inaccurate perception adversely biased the crew's decision making
process.

3) US1016 was not unigue in its perception of or reaction to the conditions at CLT.

At 2223, US1016 obtained ATIS 'Yankee', and shortly thereafter contacted CLT
Approach (Arrivai Radar West, ARW). US1016 was heading northeast toward CLT, and
the only weather which caused the crew any concern was a cell situated approximately
over CLT VOR, about two miles south of the airport. This cell showed on the airborne
radar as a yellow region with a red core. The aircraft was descending from 10000 ft to
6000 ft, and the airporn was in sight.

At 2235, US1016 contacted the Final Radar West (FRW) corticller, who issued them
vectors for the visual approach and cleared them to 2300 f, the finai approach altitude
for visual approaches. Three minutes later, the FRW amended the altitude and
clearance and told US1016 to expect the ILS, due to a "little bit" of rain. As the flight
progressed from downwind to final, the crew completed their landing preparations.
These included discussion of the possibility of windshear, and a plan to turn to the west
to avoid the cell over the VOR if a missed approach became necessary. As noted
previously, the crew neglected to inform ATC of this possible deviation.

As the aircraft turned onto final, the crew reacquired visual contact with the airport.
However, a thin veil of rain was now falling between the aircraft and runway 18R. The
Captain was still satisfied that he would be able to see the runway throughout the
approach. After crossing the outer marker, the Captain solicited Pireps from ATC, who
responded with two "smooth ride" reports. What the controiler did not relay, however,
was that one report was several minutes old, and conditions had changed dramatically
since then. During this period, the tower visibility had dropped to one mile, but no
mention of this or its cause, the heavy rain, was forthcoming from ATC.

US1016's perception now was that the final approach would be a smooth ride through
light rain, with a commensurate decrease in visibility. The Captain testified that his
radar did not indicate anything to the contrary regarding precipitation on the final
approach path.

The failure of the heavy rain on final to show on the airborne radar is easily understood.
An unintentional effect of aircraft radar attenuation circuitry causes the system to
display close range precipitation at a lower reflectivity level than it actually is. The
Collins WXR-700X system installed on the DC-9 was originaiiy equipped with a means
to alert the pilots when severe attenuation occurs; a yellow arc, the 'PAC Alert Bar',
appears at the outermost range mark. At levels below this threshold, attenuation still
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occurs. This results in the reduced return levels, but without any annunciation. This

feature has been deactivated on the USAir DC-9 fleet, apparently to standardize the
radar with that on the B-737 fleet.

One crewmember of US392, a flight preparing for departure from CLT, experienced
the same effect on the ground. His written statement noted that the radar "painted

nothing despite very heavy precipitation". His efforts included using the various range
scales of his radar.

When US1016 was approximately midway between the outer marker and the runway,
winds of 100/19 and a NE sensor windshear advisory were broadcast. Shortly after
entering the light rain, US1016 unexpectedly encountered very heavy rain. This was the
crew's first indication that conditions were substantially different from those that they
had been led to expect. This rain, combined with the nearly direct crosswind, prompted
the Captain to initiate a normal go-around. By this time, however, the aircraft was well
entrenched in the undetected microburst.

In accordance with the normal go-around procedures, the crew began fetracting the
flaps to the 15° position. This action placed the onboard windshear detection computer
into a standby mode, which prevented the system from providing a warning for
approximately seven seconds. The Honeywell windshear computer software
incorporates this delay feature in order to prevent nuisance warnings when the flaps
are in transition. Honeywell's analysis indicates that the system still should have
provided a warning, albeit only 3 to 4 seconds prior to impact. This will be discussed
further in the AIRCRAFT PERFORMANCE section.

US1016 was not the only aircraft on approach to CLT 18R at that time. US983 had
landed on 18R just prior, having circled from runway 23. They did not fly through any
significant rain. They did not experience any turbulence or airspeed deviations, but did
encounter the heavy rain on their rollout and subsequent taxi.

Carolina 5211 was close in trail to US1016. The FRW had iniormed this flight that the
tower visibility was one mile. The Captain of 5211 did notice a localized area of rain,
with the heaviest portion over the center of the field, and did recall at least two LLWAS
warnings. As they entered the rain, they experienced "moderate turbulence”, "10to 15
kt A/S fluctuations” and "heavy rain" which reduced "forward visibility to near zero".

The Captain further stated that "the rain and turbulence... was heavier than | had
expected from my visual observation”. At this point (approximately 600" AGL), due to
the ioss of contact with US1016, CLT ATCT instructed 5211 to go around.

US332 was a B-727 following Carolina 5211. US332 "encountered heavy precipitation
and noticed ‘down drafting’ trend on the G/S", but made a "normal recovery". They
continued down to about "500' AGL in heavy rain, nil visibility, but smooth ride", when
they were instructed by CLT ATCT to go around.
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These events clearly demonstrate that what may be obvious on the ground is not
necessarily obvious from the air. As discussed previously and will be further amplified
in other sections of this report, the controllers relayed virtually no useful weather
information to US1016. Airborne radar failed to reveal the hazard to US1016. And at
least two other flights in close trail to US1016 were proceeding into and through the
same conditions which brought down US1016, only to be waived off by ATC due to the
ioss of US1016. The crew of US1016 was unable to predict the conditions that awaited
them, as were other flight crews following behind.

The importance of flight crews’ need for critical information cannot be overstated.
However, information alone is not the panacea. In a high workload, dynamic situation,
too much information can be just as counterproductive as insufficient information. The
type, content, form and quantity of information all contribute towards its utility to the
flight crew. It is these aspects which must be addressed in the determination of a
solution to this problem. '
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THE MICROBURST

This section will show that :

1) A strong microburst enveloped the approach and threshold area of CLT 18R.

2) NASA classified it as the “most intense” they have simulated to date.

3) The timing of US1016’s arrival coincided with the peak intensity of this microburst.

The NASA Langley Research Center performed an analysis of the CLT microburst to
determine its characteristics, including size, intensity and duration. This analysis was
conducted with the NASA 'TASS' computer program, which uses meteorological and
aircratt flight recorder data as the inputs. This program is used by the FAA in the

certification of look-ahead windshear sensors. The NASA study produced the following
results:

- This microburst exhibited a peak wind shear of approxiniately 70 knots.
- This velocity change occurred over a distance of approximately 1/2 nm (1 km).
- The vertical wind component was approximately 14 knots (1400 fpm)
- The microburst exhibited a 1 km average F-factor of 0.3. -
- The rainshaft was approximately 1 to 3 nm in diameter.
- The estimated rain content was 4.5 to 8 grams/cubic meter.
- The rainshaft preceded the downburst.
- This microburst ramped up 1o its peak and down again in within § minutes.
- - This microburst reached its peak intensity within 2 minutes of starting.
- US1016 encountered the microburst at or near its peak intensity.

F-tactor is a non-dimensional value used to quantify the effect of a microburst on
aircraft performance, and is a function of horizontal shear, vertical velocity and aircraft
velocity. F-factors are presented as 1 km averages; peak values can be significantly
higher. The FAA considers an F-factor of 0.1 to be hazardous; the microburst which
Delta 191 encountered in Dallas was quantified as having a 0.25 F-factor.

A positive F-factor is a decrement to the flight path gradient. Flight path gradient is the
change in height divided by the horizontal distance traversed. Therefore, the 1km
F-factor seen here equates to a 17° decrease in the flight path angle for a horizontal
distance of approximately 3200 feet. This is an average value; localized effects were
much more severe.

This NASA study indicates that this particuiar event differs from the generally accepted
image of a microburst in two respects. First, Dr. Wilson noted that there “is strong
evidence that (it was) a complex microburst event” (multiple surges). Second, this
microburst was relatively small yet very intense. In addition, the reader must be
reminded that a ‘supercell’ is not required to generate a severe microburst. The cell
which spawned the DFW event was no higher than 23000 feet, and this CLT cell
topped out at approximately 30000 feet.

This NASA study details the rapidity and intensity with which these phenomena can
occur, and highlights the need for reliable microburst detection capability.
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ATC PERFORMANCE

THE CONTROLLERS

This section will show that:

1) CLT ATC personnel were fully qualified, and their equipment was fully operable the
evening of the accident.

2) CLT ATC personnel failed to adhere to prescribed procedures concerning the relay
of pertinent weather information to US1016.

The approach into CLT required US1016 to be in communication with three separate
controllers; Arrival, Final and Local West (ARW, FRW and LCW, respectively). The
ARW and FRW positions are physically located in a windowless room referred to as
TRACON or the radar room. The LCW position is in the ATCT cab. All three individuals
at these positions at the time of the accident were Full Performance Lgyel (FPL)
personnel. All equipment was reported to be in good operating condition. US1016 spent
fifteen minutes, nearly half its total flight time, in contact with these three positions.
Figures 4a-4d present a timeline transcript of these ATC communications.

US1016 contacted ARW at 2227 with ATIS 'Yankee', and remained on frequency for
eight minutes. During that period, ARW was handling only two other aircraft. This
controller did not issue any weather information. The announcement of heavy rain on
the field by the ATCT to the TRACON was made approximately fifteen seconds before
US1016 left the ARW frequency.

US1016 then contacted FRW, and remained on frequency for four minutes. During this
period, the FRW was handling three other aircraft. The FRW is responsible for the
airspace to the west of CLT below 6000 feet. His principal function is to turn aircraft
onto final, clear them for the approach and pass them to LCW. This controlier can
obtain weather information from his supervisor, Pireps, ATIS and his ASR-9 radar.

In statements and testimony, this controller stated that his workload was "light" and the
complexity was "light to none". When questioned whether this situation allowed him to
"perform additional duties", including "issuing weather information" this controller
responded in the affirmative and added "l issued the weather to the pilot. That's why |
changed him from the visual to the instrument approach”. This controller also
accurately stated that he has "a legal ... obligation to issue an aircraft any pertinent
weather that would be adverse to his flight."

In fact, the only weather information that this controller passed to US1016 was (in its

antirety): "Tell you what, USAir 1016, they got some rain south of the field might be a
little bit coming off north just expect the ILS now"
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This was despite the fact that the ATCT supervisor (SC) had informed the Arrival Radar
Coordinator (RCA) of heavy rain on the field, and that the FRW had noted the 'Level 3
pop-up' discussed previously in this report.

The Controller's Handbook presents examples of phraseology to be used when relaying
weather information, and these examples specifically cite VIP Levels. In his testimony,
the FRW controller noted that as an OJT instructor at CLT, he would not tolerate any
student deviation from the phraseology examples in the Handbook. Furthermore, this
controller stated that his supervisor expected him to follow the Handbook phraseology
guidance whenever he was controlling aircraft. A review of the ATC transcripts for this
accident indicates that this controlier did not utilize the recommended phraseology
while he was in contact with US1016.

At 2240, US1016 was handed off to LCW, and remained on this frequency for the final
three minutes of its existence. During this period, the LCW was handling two departures

and four arrivals, not including the accident flight. This position is responsible for aircraft
landing on and departing 18R. :

The Local West controller categorized his workload as "moderate" with "routine”

complexity. His testimony included the following particulars concerning conditions and
events at CLT just prior to the accident:

- This controller stated that "weather was not impacting 18R".

- He had no recollection of the VIP Leveis set or indicated on his radar screen.

- He had no recollection of lightning.

- He did see a "general rain shower".

- He did notice that the threshold of 18R was "obscured”, but couid not tell whether
the obscuring phenomenon was rain or cloud. (Note: 18R threshoid is
approximately 3000 from the ATCT).

-Tower visibility decreased to one mile approximately ten seconds after US1016
joined the LCW frequency.

- This controller had no recollection of the SC announcing that tower visibility was

one mile.

- In spite of the fact that this controller is certified to make visibility observations, he
stated that he was not aware that visibility had decreased to one mile.

- He has no recollection of any written documentation concerning the activation of
the RVR display panel.

- When asked whether he thought US1016 "knew about the weather", he replied in
the affirmative. He based this presumption on the fact that US1016 was

reguesting Pireps.

- Despite communications with USB06 and US797 regarding the weather, this
controller, when questioned if he knew why these aircraft had delayed their
departures, responded "No, | don't".
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- ATIS Zulu was first broadcast when US1016 was on this frequency.
- This controfler never relayed this information or any other pertinent weather
information to US1016.

While the above details are critical of the performance of the individual manning the
LCW position at the time of the accident, criticizing individual performance will not
improve safety. As noted previously, adherence to procedures is not discretionary
conduct. But we must look beyond these individua! failures, to the underlying causes, if
any progress towards improving safety is to be made.

The accident history has conclusively demonstrated that the human is the weak link,
and that we should not be surprised when the human does fail. ATC is a system, and
as such, no position or individual functions in a vacuum. Attention to human failures
must be addressed using a system approach; the known weaknesses of the human
eiement must be considered in the revamping of the ATC system and its procedures.
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THE SUPERVISORY CONTROLLER

This section will show that: ‘
1) The CLT ATCT Supervisory Controller was not aware of certain aspects of the
duty requirements and the activities of his personnel the evening of the accident.

2) The CLT ATCT Supervisory Controller did not adequately ensure the performance
of some personnel in his charge.

The ATCT Supervisory Controlier (SC) is responsible for the overall operation of the
tower cab. Part of the SC’s oversight is accomplished by monitoring, via headset, the
various controllers' communications. Muitiple positions can be monitored
simultaneously. This link also enables the SC to communicate with the TRACON
supervisor in the radar room. However, the SC cannot simulianeously communicate
with the TRACON supervisor and the tower cab controllers, nor can these controllers
hear the conversations between the SC and the TRACON supervisor. The SC gualified

the workioad as "light to....moderate”, and was monitoring LCE at the ime of the
accident.

During the course of the SC's testimony, the following facts were noted:

- The SC announced to his controllers in a 'community voice' that visibility had
decreased to one mile.

- He did not receive any acknowledging feedback from the controllers.

- These two items were in accordance with CLT ATCT operating procedures in
effect at the time.

- The SC engaged in discussions concerning the lightning activity at CLT.

- The SC did not see any lightning.

- The ATCT does not have the authority to suspend operations due to weather.

- The ATCT does have a responsibility "to forward the weather information to the
aircraft."

- The SC turned on the runway and taxiway lights.

- He does not recall who turned on the RVR displays.

- He does not recall whether any controller issued RVR values.

- He was not aware of any previous problems with the LLWAS.

- Despite being trained and qualified to operate the ASR-9 radar, the SC was not
aware of the meaning or significance of a VIP Level 3 indication on the display.
- Regarding the relay of weather information to pilots by controllers, the SC stated
that the controller is not required to use VIP Levels, but that he (the SC) "would

expect (the controller) to describe it in a way that can best be used by the pilot.”
- As of September 1994, no procedural changes had been made at CLT ATCT.

All individuals involved were Full Performance Level (FPL) personnel. This denctes

that, due to their training and experience, they are expected to provide the level of
service required to ensure the safe operation of aircraft in their jurisdiction. The ATCT
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Supervisor failed to adhere to the ATC procedures, failed to ensure that his personnel
adhered to those procedures, and failed to demonstrate good operating practice.

There are two categories of errors, those of commission and those of omission. The
details above attest to the fact that in the case of US1016, the latter condition prevailed.

ATC failed to adhere to procedures and relay pertinent weather information 1o the flight
crew.

Together, ATC and the flight crews comprise the backbone of a safe air transportation
system. Their mutual dependence requires that each meet their respective
responsibilities continuously and to the highest standards. Just as important, however,
is the requirement to design a system which minimizes dependence on the weakest
link, the human element.

The events of this accident bear striking similarities to the events of the Delta DFW
windshear accident in 1885. The errors of omission which occurred at CLT on July 2,
1994 are indicative of symptomatic weaknesses in the system. It is this aspect which
must be addressed if we are to reduce the likelihood of future weather-related
accidents. -
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USAIR 1016

ATC ACTIVITY
ATC TIME ARRIVAL WEST FINAL WEST LOCAL WEST OTHER
222706 US1016reportson . ATIS: 'Yankee' -21:561Z
'frequency wsth ATIS 5000 scattered, visibility
'Yankee' - , 6, winds 150/8.
2230:09 Us1016 swmgs 5 deg ta
avoid buildup ,
2233:15 uUsioié requests 5 deg
left in about 15 nm.-
Ctller notes 1016 will be
turned prior to that.

2234:34 S ST LCE: "rain...midfield in
sight"

2234:37 CAB/SC: "rain on S side
of airpon...cargo
ramp....raining like hell"

2234:42 CAB/RCA: "OK, heavy
rain to the SE"

2235.06 Usto1s last

transmission
;ﬂéQUénCY L

2235:16

2235:44 LCE: sights lightning
ESE or SSE

2235:49 1

i

2236:00 ATIS: 'Zulu' -22:36Z
special observation,
M4500 broken, visibifity
6, thunderstorms, light
rain showers, winds
110/16

2236:13 US677 reports "good

| ride ail the way down"

FIGURE 4a




ATC TIME ARRIVAL WEST FINAL WEST LOCAL WEST OTHER

2236:21 CAB/SC: "probably
going to go IMC ...pretty
quickly”

2236:53 LCE: (lo PDT 3211)
“raining heavy rain on

R T the airport, wind 150/13"

2236:55 "Tellyouwhat ... =

USAirt016, they got

some rain south of the - -
field might be a little bit -
coming off north just -
expect the LS now" .

2237:33 Lo e LCE: (to PDT 3211)
"heavy rain on airport,
wind 150/14"

2238:02 CAB/SC: "generators
on....going to go IMC
very quickly raining very
hard"

2238:24

2238:25 "rain on airport, expect

ILS" to CDL5233

2238:38 LCE: PDT 3211 reports
smooth ride on 23 final .

2238:47-59 CAB/SC/USARC:
lightning discussion

2239:12-20 USB806 reports CLT

storm, delays T/0
| from18R
2239:18 LCE: US52 rgsts hold

on rwy 18L to check
radar

SHADING DENOTES WHEN US1016 ON FREQUENCY

FIGURE 4b




ATC TIME ARRIVAL WEST FINAL WEST LOCAL WEST OTHER
2239:25 UsiDilast
transmissionon -
 frequency
2239:38 US1016 reports on freq:
2239:40 Controller relays USBT?
“smooth ride" report
2239:47 US1016 requests plrep
,from AIC ahead {U8983)

2239.58 CAB/SC: "Tower vis is
one mile"

2239:59 CAB/RCA: "Tower
visibility is one mile"

2240:00 Special Weather
Observation:
Thunderstorms, heavy
rain, visibility one mile.

2240:01 "Attn all A/C, tower

visibility 1 mile"

2240:11 ATIS Zulu broadcast

2240:26 GND/US1655: "Have
you brought the airport
to a halt for the Tstrm?"

2240:29 GCE: "no, tower vis is
one mile, ...some wind
shear alerts...”

2240:33

2240:40

2240:44 Y

2240:50 “Winds 100/19"

2240:56 "Winds 110721

2240:59 o .| GND/US983: "clear of

“11BRto C-11"

SHADING DENOTES WHEN US1016 ON FREQUENCY

FIGURE 4c




ATC TIME ARRIVAL WEST FINAL WEST LOCAL WEST OTHER
2241:04 ' ’ . GCE: requests US983
taxi exit usage (due to
L T loss of visual contact).
2241:05 "Wind shear alert. NE (Center,NE, & SE
boundary wind 190/ sensors in alarm)
2241.08 R LCE: "Attn all A/C, shear
| alert, surface 100/20,
.1 NE 190/16"
2241:09 ~{ GND/US983: "reverse
high speed Echa"
2241:13 GND/US983: "coming
i T on Bravo now"
2241:17 Clears CC5211 to land,
adds "wind 100/20, wind_
shear alort NE.., 19017"
2241:41 JS797 delays T/0 from.
18R dus to weather
2241:56 B | CAB/SC: "windshear
: alerts muitiple
quadrants”
2242:02 "Attn all A/C, wind shear | :
alerts all quadrants”
2242:10 LCE: US52 reports
o "heavy rain" on 18L roll
224213 016"
2242:22 1016 -
trangmission = .
RCA - Radar Coordinator - Arrival

ATIS - Automatic Terminal Information Service

CAB - Tower cab
GCE - Ground Contral East
LCE - Local Control East

SC - Supervisory Gontroller
USARC -- USAir Ramp Control

SHADING DENOTES WHEN US1016 ON FREQUENCY

FIGURE 4d




AIRCRAFT PERFORMANCE

AIRCRAFT SYSTEMS and FDR DATA

This section will show that:

1) With one exception, all aircraft systems functioned normally.

2) The on-board windshear detection computer was ‘useless” to the flight crew.
3) FDR data details some of the performance parameters of this flight.

Examination of the wreckage and FDR data, combined with post-accident interviews
with the flight crew, revealed that, with one exception, the aircraft and all its systems
appeared to have functicned normally throughout the flight. The exception was the on-
board windshear detection computer.

This aircraft was equipped with a reactive windshear detection computer manufactured
by Honeywell. As noted in Exhibit 9B, Honeywell's analysis indicated that the unit (with
the current logic) shouid have produced an alarm approximately three to four seconds
prior to impact, but did not. The reason for this failure has not been determined, and it
is doubtful that it will be.

One finding which did result from this event was that, as currently configured and
certified, the windshear detection algorithm goes into a standby mode when the fiaps
are in transit. This was designed into the logic to prevent nuisance warnings. In the
case of US10186, this feature delayed the warning timing (the earliest that the device
could have produced an alarm) by at least seven seconds. In the NTSB’s opinion, with
which ALPA concurs, this feature rendered the system “useless” to the flight crew. As a
result of this finding, on November 28, 1994, the NTSB issued Safety
Recommendations A-84-208 through -210.

USAir 1016 was equipped with an eleven parameter FDR. Figure 5 presents time
history data for five of these parameters and two derived parameters (True Air Speed
and Ground Speed) for the 45 seconds prior to the accident. Initially, the two traces
follow one another with a constant offset (the headwind). At T=533, the TAS trace
shows a 12 knot rise which indicates initial contact with the microburst outflow. Soon
after this, the shear manifests itself as the ground speed begins to diverge from the air
speed. Within 20 seconds the aircraft ground speed decreased by 40 knots. The
airspeed decreased 30 knots in less than 15 seconds.

At T=548, approximately 22 seconds before impact, the crew initiated a standard go-
around as evidenced by increases in the pitch attitude and the Engine Prassure Ratios
(EPR). Pitch attitude increased to a peak of approximately +15° (nose up), but then

decreased to a minimum of approximately -5° (nose down) before rising again to +5°
just prior to impact.
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Target go-around EPR was approximately 1.9. In accordance with standard go-around
procedure, the throttles were moved to their approximate required position, yielding an
EPR of approximately 1.8. Time and events prevented the crew from the normal ‘fine
tuning’ of the power. At T=566 the throtties were advanced to firewall power, Douglas

Aircraft has of yet failed to provide definitive performance data which quantifies the
effect of this reduced EPR.

At T=552, the Vertical Acceleration trace began to decrease, reaching a minimum of
approximately 0.5g. Approximately three seconds after initiaticn of the go-around, the
aircraft began to climb. it gained about 150 feet before the effects of the microburst
caused it to descend into the terrain.

As of December 22, 1994, the Douglas Aircraft Company (DAC) had not yet provided
certain data required to fully analyze the aircraft performance. DAC is scheduled to
provide simulated flight path data using several scenarios which incorporate the NASA
3-D wind field of the microburst.

To date, DAC has not provided the control force and control authority data required to
fully address the guestions concerning the aircraft pitch attitude throughout this
encounter. Without this information, it is unknown what control forces the crew
experienced or were required to exert in order to maintain the desired airspeed and/or
flight path. These control forces could have been well beyond the normal values
expected, and could have been extremely difficult or impossible to achieve.
Furthermore, without control authority data, it is unknown whether the aircraft was even
capable of being flown out of this shear, as DAC contends in its simulation data (Exhibit
13C). It is imperative that contro! force and control authority data be provided in order to
correctly and accurately analyze the crew's and aircraft's performance. Any
performance analyses conducted without these data will be speculative.
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DERIVED WINDS

This section will show that:

1) FDR and Radar data enabled the derivation of the microburst honzontal winds.

2) This microburst exhibited a horizontal shear of approximately 70 knots.

3) The aircraft encountered this microburst at approximately 400 feet AGL, but did
not experience the strongest shear until it was approximately 200 feet AGL.

CLT radar data and FDR data from the accident aircraft were used to derive the
horizontal components of the atmospheric winds during the last 2-1/2 minutes of flight.
This technique involves the comparison of the aircraft’s ground-relative motion to its air-
relative motion; any differences between the two are attributed to the effects of the
horizontal components of the atmospheric winds.

Two separate but similar methods were employed to derive the winds. The first method
used the CLT radar data to calculate aircraft ground speed. Radar X (east-west) and Y
(north-south} position data was differentiated to generate X and Y velocities. These X
and Y velocity components were smoothed using a tenth order fit, and were then
combined to yield aircraft ground speed.

FDR longitudinal and normal (vertical) acceleration data was used to derive the vehicle
inertial velocity components {ground speed) in the second method. Both the first and
second methods utilized FDR airspeed, heading, and altitude, and assumed zero
sideslip (beta), to determine the air-relative motion. The resuits from the two methods
compared well, which increases the confidence in these values.

Figure 6 presents a comparison of the inertially derived flight path with the raw
(unsmoothed) and smoothed ASR-9 radar data. The differences are primarily attributed

to the lack of lateral acceleration data due to the fact that the FDR does not record, this
parameter.

The derived winds are presented in Figure 7 as time history data. These data show the
onset of the microburst outflow at T= 534. Headwinds peak around T= 550, and the
strongest shear is experienced within the next 15 seconds. The radar based
calculations indicate a total shear magnitude of close to 80 knots, while the inertially
derived values indicate a total shear magnitude of approximately 60 knots.

Figure 8 presents the microburst horizontal winds in vector format.

Three other parties (NTSB, Douglas Aircraft and Honeywell) derived microburst wind
values, and there was generally good agreement among the four sets of wind data.
These computations are complex, and the minor differences are attributed to variations
in such factors as accelerometer biases, timing correlation, assumptions, and other
specifics.
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These results clearly show that US1016 encountered a severe microburst
approximately 400 feet above ground level (AGL), and that the full effect of this
microburst does not manifest itself until approximately fifteen seconds later, when the
aircraft is only 200 feet AGL. impact occurred after the aircraft had penetrated the core

of the microburst, while it was still in the decreasing performance (increasing tailwind
component) region of the microburst.
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EEFECT of HEAVY RAIN

This saction will show that: '
1) Heavy rain can impose significant performance penalties nri transport aircraft.
2) Available data suggests that this was not the case for USAir Fiight 1016.

3) The possibility exists that minor, rain-induced perfarmance degradation could have
affected the outcome of this flight.

Numerous studies (both wind tunnel and full scale) have been conducted in an effort to
qualify and quantify the effects of heavy rain on airfoil and aircraft performance.
Principal conclusions derived from these studies indicate that heavy rain will affect
performance in several ways. For a given angle of attack (alpha), the drag will increase
and the lift will decrease. The maximum alpha capability of the airfoil (and
consequently, the maximum lift) will also decrease.

The etffects of heavy rain are considered to be negligible when an aircraft is in the clean
configuration and at a low alpha. These effects increase with increases in alpha and the
extension of leading- and trailing-edge devices (slats, flaps) and the landing gear. This
was the configuration of US1016 at the time it encountered the heavy rain at CLT.

Douglas Aircraft (DAC) and Honeywell generated angle of attack time history data for
the accident flight. Correlation of these alpha values with the estimated effects of heavy
rain tend to indicate that US1016 was not in a flight regime where heavy rain wouid be
expected to significantly affect aircraft performance. in Public Hearing testimony, a
NASA Langley researcher stated that, based on estimated rainfall rates, exposure time

and the calculated alpha vaiues, “there was probably not a performance decrement
effect due to rain”.

The rainfall rates at CLT will never be known with a high degige of accuracy.
Comparison of DAC and Honeywell alpha values reveal differences of up to five
degrees. In light of these facts, it is possible that these values could have been such
that the rain did result in small performance decrements. A review of the final seconds
of the altitude trace of US1016 shows that the aircraft was close to leveling out when it
impacted the ground. Therefore, even a small rain induced performance decrement
could have contributed to the inability of the aircraft to fly out of this shear.
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ENGINE PERFORMANCE

This section wilt show that:

1) According to the engine manufacturer, engine performance was unaffected by the
heavy rain.

The effects of water ingestion by turbine engines have been studied thoroughly, and is

in fact part of the FAA Certification testing requirements. Pratt & Whitney provided

- analysis of the engine spool-up characteristics (see Exhibit 13A) by comparing the
US1016 FDR engine data to theoretical engine performance. The P&W analysis

indicates that the engines performed satisfactorily.

USAIr procedures for severe precipitation encounters call for the selection of engine
ignition to the ‘OVRD’ (override) position. Although the flight crew did not select this
position, the P&W analysis indicates that this did not seem to be a factor in the
operating performance of these engines.
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ROUGLAS AIRCRAFT COMPANY SIMULATIONS

This section will show that:

1) Douglas Aircraft has modeled two scenarios in connection with this accident.

2) The model used to generate these results has several limitations which restrict
the applicability of the resuits.

3) Douglas is stilf working to complete several additional scenarias, and these will be
subject to analysis by the participating parties to the investigation.

Exhibit 13C presents the DAC simulations of aircraft flight paths which result from
application of the normal go-around procedure and the wind shear escape maneuver.
The simulator used to generate these flight paths is a mathematical model of the
aircraft performance data, and as such has several limitations associated with it
Although these studies are useful, the limitations seriously limit the conclusions which
can be drawn from the data.

As noted previously, these data do not account for control forces or for control
authority. Aircraft pitch attitudes and thrust levels are two input parameters which do
not accurately replicate pilot response capabilities. In light of these facts, the DAC
results must viewed for what they are, engineering study data. These data are useful to
examine various 'what-if’ scenarios, but in their current form, they must not be used to
draw definitive conclusions regarding the survivability of this windshear.

As of December 22, 1994, DAC was still engaged in the 3-D modeling of the wind field
in preparation o run several scenarios. Once this is accomplished, DAC will run the
scenalrios to provide flight path data, and the results will be scrutinized by the aircraft
performance group (NTSB, ALPA, USAir, and Honeywell). Once those efforts are
completed, it is highly likely that ALPA will issue an addendum to this performance
section.



FLIGHT CREW PERFORMANCE

CREW WINDSHEAR EXPECTATIONS AND INFORMATION

This section will show that:

1) Windshear probability determination criteria have been established for flight crews
at USAIr.

2) Information provided to the crew of US1016 concerning weather conditions at CLT
was incomplete and misleading.

3) This information adversely biased the crew's decision making process regarding the
probability of windshear.

ATC has the responsibility to keep aircraft apprised of any weather conditions which
would affect the safety of the operation. Accordingly, flight crews have the legitimate
expectation that they will be kept so informed.

———

Cockpit Voice Recorder and ATC transcripts reveal that during the approach, the crew
was aware of the possibility of windshear at CLT. Their state can be qualified as alert
but not alarmed. This attitude is demonstrated by the “chance of shear” comment by
the Captain and his querying of ATC. This crew actively solicited information in an
attempt to quantify the probability of windshear, but their efforts were stymied by a

variety of miscues, including a lack of timely, accurate and cumplete information from
ATC.

The March-June 1824 edition of the USAir flight crew information publication "Flight
Crew View" contains a checklist-type method to quantify the probability of windshear.
This checklist consists of 13 accepted industry standard conditions or observations and
the respective associated windshear probability. Figure 9 recreates this list and
annotates it with two additional data items: whether the conditions were present at CLT,
and whether the crew of US1016 was afforded that information.

Examination of this chart reveals the misleading and incomplete nature of the input that
the flight crew was receiving.
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MICROBURST WINDSHEAR PROBABILITY GUIDELINES

PROBABILITY EXISTED KNOWN TO
OBSERVATION OF WINDSHEAR ATCLT US1016
FORECAST OF CONVECTIVE WEATHER..... Low Yes Yes
PRESENCE OF CONVECTIVE WEATHER NEAR INTENDED
FLIGHT PATH:
- With localized strong winds (Tower reports or observed High No No
blowing dust rings of dust, tornado-like features, etc.).....
- With heavy precipitation (observed or radar indications of High Yes Yes*
contour, red or attenuation shadow).....
- With rain shower..... Medium Yes Yes
- With lightning..... Medium Yes No
- With virga..... Medium No No
- With moderate or greater turbulence (reported or radar Medium No No
indications).....
- With temperature/dew point spread between 30 and 50 Medium No No
degrees Fahrenheit.....
LLWAS ALERT / WIND VELOCITY CHANGE
- 20 knots or greater..... High No No
- Less than 20 knots..... Medium Yes** Yes**
PIREP OF AIRSPEED LOSS OR GAIN:
- 15 knots or greater..... High, No No
- Less than 15 knots..... Medium No No
ONBOARD WINDSHEAR DETECTION SYSTEM ALERT
- Reported or observed..... High N/A No

NOTES:

** LLWAS alert was for another quadrant.

FIGURE 9

* US1016 unaware of existence of heavy rain until they encountered it.




RECISION MAKING

This section will show that:
1) The in-cockpit decision making process regarding the weather conditions was
procedurally valid.
2) Given the inputs this crew had, the outcome of this process was predictable.

Two primary weather related decisions were made by the crew during the approach
and go around of this flight. First, should the approach be initiated? Second, should the
approach be discontinued? We know what answers the crew arrived at, and with
hindsight, know what answers would have served them better. The underlying specifics
(the hows, whys and whens) which contributed to each decision are the key to
understanding this issue. It is these aspects of the second question (should the
appreach be discontinued?) which require careful examination.

The products and results of cockpit decision making are usually readily apparent, even
to the novice. However, the process itself is not always so evident or well defined. Dr.
Judith Orasanu’s published works and Public Hearing testimony providéd substantial
insight into the machinations of this process. Significant points from these sources,
which must be considered in the analysis of this accident, inciude the following:

Ihe process

- Reduced to its primary components, decision making consists of two
elements: situation assessment and option identification.

- Sub-tasks of this process include pre-planning, contingency planning and task &
workload managemsent.

- Additional, normal cockpit activities must continue to be accomplished
while the crew makes decisions. It is these ‘parallel tasks' which necessitate
workload management.

- Most cockpit decision making is supported by guidance, in the form of regulations,
procedures and guidelines.

Decisi

- The missed approach decision is considered to be ‘recognition-primed’, in the
sense that it involves ‘condition-action’ pairings. Stated another way, this can be
considered an ‘if-then’ situation.

- Accurate cue interpretation is paramount in determining the ‘conditions’ required
to elicit the respectively paired ‘actions' and resolve the problem. in other words,
the ‘ifs' must be accurately known in order to initiate the ‘thens’ required to provide
a satistactory solution.

- Dr Orasanu notes that “the cognitive work..." in these decisions requires

...Situation recognition, response generation and response evaluation.” The flight
crew must accurately assess the situation (define the ‘ifs’), select and initiate the
appropriate response {choose and conduct the ‘thens’) and subsequently
re-assess the situation to determine the results of their actions. This process is
iterative and continuous, and is carried out in parallel with other cockpit tasks.
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Cues

- Cues are the information elements used to develop the situation assessment.

- Individual cues can conflict with other cues, negating one or both.

- Clear, readily interpretable cues can induce ambiguity and confusion when they
conflict with an ctherwise consistent set of information.

- The absence of information is information.

- Once an interpretation of existing cue indications has been formed, a considerable
amount of contradicting cues are required to ‘undo’ this conclusion.

One additional factor which must be considered is the influence that operating to a
schedule has upon decision making. Operators, passengers, ATC and the flight crews
all expect that the flights will proceed with a minimum of deviation and delay. These
operational pressures are always present. Regardless of their nature, strong, clear
cues are generally easily interpreted and incorporated into the decision making
process. However, the sometimes subtle operational pressures are not so readily
assessed, or even consciously considered. Cockpit crews must be taught to recognize
and address this occasionally insidious influence on their decision making processes.

Dr. Orasanu stated that the crews’ activities possessed all the elements of good
decision making. They conducted an active, continual situation assessment. They
formed a contingency plan. Their "task management was clearly very good.”
Windshear avoidance and recovery guidance was available. So where did the crew’s
decision making process falter?

The strongest indication derives from the fact that the crew conducted a normat go-
around instead of a windshear escape maneuver. Until very {ate in the sequence, this
crew never realized that they were experiencing a windshear encounter. They had a
low expectation of an encounter on the approach, and even when experiencing one, it
took them nearly thirty seconds to recognize that fact. In short, the crew had failed to
assess the situation accurately. .

Simulator windshear training imbues pilots with a programmed response to the
unambiguous cue provided by this system. During this go-around, the Honeywell
onboard windshear detection computer did not issue a warning to the crew. Although it
is speculation, it seems highly likely that if this system had issued the warning, the crew
would have responded immediately and correctly with the applicable windshear escape
procedures. Conversely, it seems equally likely that they interpreted this lack of warning
as a lack of windshear, at least until evidence to the contrary hecame overwheiming.

An analysis of NTSB accident reports found that “in most cases, crews exhibited poor
situation assessments rather than faulty decision making”. Accurate and reasonably
complete information is required to produce a valid situation assessment, and the
dearth of useful information at this crew's disposal has been weli documented. This
crew’s inaccurate situation assessment was the predictable result of misleading and
missing weather cues.
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JRAINING

This section will show that:

1) Windshear training consists of avoidance and recognition & escape techniques.

2) The avoidance and escape techniques appear valid, but the recognition training
requires re-avaluation.

The role of training in this accident must be examined. Specifically, does the training
adequately and realistically prepare the flight crews for windshear? The Principal
Operations Inspector (PC1) for USAIir noted that the ground school material is dedicated
to windshear avoidance, while the simulator training focuses on reinforcing the escape
maneuver procedures.

In this accident, the role that operational (schedule) pressures played in the crew’s
decision to initiate the approach was minor. Since the crew anticipated only a small
probability of windshear, the need to ‘avoid’ was iow, and the decision to proceed was
straightforward. However, as noted earlier, these pressures do exist, and will become
more significant as weather conditions deteriorate. Judgment and experience, not
training, are the primary factors which enable flight crews to weigh these pressures in
their decision making process. Training can be used o educate the crews on the role of
operational pressures, but it cannot be a substitute for judgment and experience.

Avoidance of a windshear encounter requires prior knowledge of its existence or likely
existence. Until this point, all discussions regarding the contribution ot cues and
miscues to the ‘poor situation assessment’ have been predicated upon the premise that
the current ‘cue set' for the presence of windshear is valid

Comparison of the details of this accident with the ground-school information indicates
that the predictive cues (those related to the potential for windshear) appear to be valid.
in the case of US1016, the flight crew just did not receive sufficient or pertinent
information. However, when the mare reactive cues (those which signal shear

encounter) are compared, discrepancies appear between the training cues and the
actual cues.

A fifteen knot airspeed rise is the industry standard threshold value used to signal
recognition of a windshear encounter. Ten knot deviations are not uncommon on
normal approaches. The FDR on US1016 recorded a twelve knot deviation, the pilots
called it “ten” on the CVR. In either case, the ‘trigger valua’' was not reached.

Turbulence, another sensory trigger’, is an integral part of simulator windshear models.
In post accident interviews, both US1016 crew members commented on the lack of
turbulence prior to or during the encounter. The majority of the USAir simulator
windshear scenarios incorporate noticeable turbulence, and to this crew, the lack of
turbulence in this encounter was another contra-indication of windshear.
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When undergoing simulator training or checking, crews are typically predisposed to
expect a windshear encounter, and are consequently more attuned to the trigger cues.
Due to the nature and lack of the information coming from ATC, the crew's expected
probability of windshear became increasingly diminished as the approach progressed.
Their predisposition towards windshear was decreased, and consequently, in spite of
their efforts, they may have been desensitized to the significance of certain cues. The

fact that the cues were more subtle served to exacerbate their difficuity in recognizing
the encounter.

These results pose the following dilemma: Was the crew overly desensitized to trigger
cues, or doses simulator training introduce very specific, unambiguous recognition
triggers which are not necessarily representative of actual encounters? Whatever the
cause, this situation indicates that re-evaluation of windshear training premises and
methods is needed. Areas of examination should include trairing scenario dynamics
{shear magnitude, aircraft response, etc.), frequency of training and the amount of
emphasis placed on this phenomena.

Corrective actions would likely inciude changes to the both the classréom- and
simulator-based training, and would target recognition criteria and the simulator
models. Flight crews must be educated to the fact that severe microbursts can be
spawned from relatively small convective cells with tops as low as 20000-25000 feet.
Industry must examine its windshear training syllabus to ensure that some of the subtle
cues of this event do not mislead other crews into believing that they are in benign
conditions.
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THE ENCOUNTER

This section will show that: ,
1) US1016 was embedded in the microburst a total of appreximately thirty seconds.
2) The crew initiated a normal go-around procedure.
3) Criticisms of certain crew actions have been made, and possible explanations for
these actions are offered.

4) Specific aircraft performance data is required to definitively address certain issues.

Analysis of the FDR data indicates that US1016 was embedded in the microburst for a
total of approximately thirty seconds. Much has been said regarding the crew’s go-
around activities and procedures, and their bearing on this accident. It will never be
known with absolute certainty why this crew performed as it did, but the following
discussions are offered as insights and possible explanations.

The microburst first manifested itself as an approximate twelve knot rise in the
airspeed, which occurred essentially simultaneously with the onset of the heavy rain.
Within several seconds the airspeed returned to its previous value. By this time, the
Captain's attention was focusing on discontinuing the approach. The Captain cited loss
of visibility, wet runway and crosswind as the basis for initiating the go-around.

A normal go-around was initiated. The crew proceeded to advance the throttles, pitch
the aircraft up, and retract the fiaps. The crew stated that at this point, the attitude,
altitude and airspeed trends appeared normal, and the FDR confirms their assessment.
Just after this, the airspeed and vertical acceleration began to decay severely. The

crew attempted to maintain adequate airspeed, and the throttles were advanced to
firewall power.

One issue of discussion is the manner in which the throttles were advanced, specifically
that the target EPR was not achieved until late in the go-around. Recall that this crew
was conducting a normal go-around, and did not initially perceive a significant threat.
Standard procedure on aircraft without autothrotties is to bring the power levers to their
approximate required position, allow the engines to spool up, and then ‘fine tune’ the
power settings. In accordance with this procedurs, this crew had accomplished the first
two steps. Time and events prevented the orderly accomplishment of the third step; the
throttles were firewalled when the crew recognized that the aircraft was not responding

as required. Some effects of these actions are addressed in the AIRCRAFT
PERFORMANCE section.

A second topic of discussion is the Captain's “push it down” remark on the CVR, and its
relationship to the fact that the pitch attitude decreased to nearly 5° nose down during
the go-around. Both crewmembers testified that, prior to listening to the CVR, they had
no recoliection of this statement. When questioned about this, the Captain offered a
possible explanation. The Captain stated that he had likely made similar remarks at
other times in his career. He noted that a lightly loaded DC-9 (as US1016 was) will
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climb very rapidly, and that he might make this remark to command a lowering of the
pitch attitude in order to prevent climbing through the assigned altitude.

The First Officer, who was flying the aircraft, noted that since he had not heard the
remark, he did not respond to it. However, he did note that the airspeed was decaying

very rapidly, and that, at least to some extent, he was attempting to use pitch to slow or
stop this decay.

Another question which is raised in the analysis of this accident is why it took the crew
twenty or more seconds to recognize and react to the shear encounter and the aircraft's
deteriorating performance. Again, this answer will never be known with certainty, but
several possible factors could have individually or jointly influenced the crew'’s
performance. Again, it must be recalied that at the time of the go-around, the crew did
not perceive a significant threat, and they were essentially of the mindset that a
windshear was not present. As Dr. Orasanu noted, once an interpretation of cues has
been formed, a considerable amount of contradicting information is required to ‘undo’
this conclusion. -

Some possible contributing factors which may have slowed the crew’s response are
(in no particular order):

- 1) Unfamiliar cue set - The various cues which the crew needed to assimilate did not
form a coherent cue set. These included decreasing airspeed, moderate pitch
attitude, high power, light weight, but no significant airspeed fluctuations or
turbulence.

2) 'Startle effect’ - The unexpected encounter with extremely heavy rain, and/or
fixations or diversions could have impeded the crew's performance.

3) Somatogravic iflusion - Longitudinal acceleration can cause the sensation of a
change in the gravity vector. This would be interpreted as an increase in pitch
attitude, and can introduce contradictory cues.

4) Fatigue or other physiological impairment - These can adversely affect the
individual's cognitive skills.

As noted in the AIRCRAFT PERFORMANCE section, the Douglas Aircraft Company
(DAC) has not yet provided the control force and control authority data required to fully
address the questions concerning the aircraft pitch attitude throughout this encounter. It
is imperative that control force and control authority data be provided in order to
correctly and accurately analyze the crew's and aircraft's performance. Any analyses
conducted without these data will be speculative.
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SURVIVAL FACTORS

CHILD RESTRAINTS

This section will show that:

1) Two ‘lap chiidren' were aboard US1016; only one survived.

2) The NTSB has made recommendations regarding child restraints, and the industry is
active on this subject.

In compliance with FAA regulations and USAIr policy, two infants traveling as 'lap
children' were aboard US1016. Lap children are those under two years old who are
permitted to travel on their parent’s lap without a separate seat or ticket. Only one of
these children (nine months old, seat 21C) survived the accident. The seating location
of the mother and child was the deciding factor in this infant's survival.

A portion of the aft fuselage remained intact and essentially upright after the accident,
and the cabin area was relatively free of fire damage. Row 21 is the last row of cabin
seats, and the seats in both this row and row 20 remained attached to the cabin floor.
During the crash, this mother was unable to hoid onto her child, but the child and
mother were both removed from the aircraft by other individuals.

The NTSB has issued a recommendation that the FAA mandate improved child

restraints capable of tolerating the crash loads defined by FAR 25.560 & 25.561. ALPA
supports the required use of child restraints.
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BESCUE and FIRE FIGHTING

This section will show that:

1) Operational difficuities were noted during the analysis of the RFF response.

2) These included determining and accessing the accident site location, and
maintaining an adequate airport protection index level.

For many aircraft accidents, the response time of the Rescue and Fire Fighting (RFF)
personnel is crucial to the survival of the aircraft occupants. US1016 touched down in a
field on airport property, but came to rest in a residential neighborhood. It is estimated
that the first public (city, county) RFF vehicles reached the scene approximately eight
minutes after the accident, while the CLT airport units required an additional minute.

The initial response to the accident was impeded by the lack of specific knowledge as
to exactly whare the crash site was located. Communications transcripts show that the
ATC personnei could only suggest a location in general terms, as evidenced by the
transmission “proceed across runway 18L in a southwesterly direction toward the
approach end of runway 5."

The 911 telephone calls began approximately one minute after the accident, and most
callers were very specific as to the location of the wreckage. The difficulty encountered
here was the inability to convey this information readily to the Airport RFF vehicles. A
pre-plan should be established to ensure coordination between public RFF dispatchers
and their airport counterparts. In addition, on-scene activities revealed the need to
ensure close coordination of all personnel (fire fighting and madical) with the incident
commander.

The fact that the accident was off-airport also created another problem for the ARFF
vehicles. The existing plan called for the vehicles to exit airport property through gates
activated by magnetic-swipe cards. The gate was initially opened, and then began to
close again before all the vehicles could pass through. Repeated attempts to keep the
gate open failed, and the ARFF personnel believe that this was caused by the swiping
speed and the gate logic being incompatible. These personnel finally ‘crashed’ the gate
by driving through it. Break-away gates, differant gate logic, or ATCT operated gates
are some suggested solutions to this problem.

The majority of the CLT ARFF vehicles and personnel were dispatched to this accident,
and did not return for several hours. The CLT ACM Emergency Plan states that “When
Chariotte/Douglas International Airport’s total equipment and manpower falls below the
requirements of Index D, the Aviation Director wili issue a NOTAM for re-classification
of index, and will notify all air carriers cperating at Charlotte/Douglas International
Airport.” In spite of the fact that these conditions were met, no such NOTAM was
issued, and takeoff and landing operations continued. Therefore, ALPA recommends
that the airport authorities review the procedures to ensure that all responsible
personnel understand their duties as defineg in the Airport Emergency Plan.
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THE ENCOUNTER

This section will show that: _
1) US1016 was embedded in the microburst a total of appreximately thirty seconds.
2) The crew initiated a normal go-around procedure.
3) Criticisms of centain crew actions have besn made, and possible explanations for
these actions are offered.
4) Specific aircraft performance data is required to definitively address certain issues.

Analysis of the FDR data indicates that US1016 was embedded in the microburst for a
total of approximately thirty seconds. Much has been said regarding the crew’s go-
around activities and procedures, and their bearing on this accident. It will never be
known with absolute certainty why this crew performed as it did, but the following
discussions are offered as insights and possible explanations.

The microburst first manifested itself as an approximate twelve knot rise in the
airspeed, which occurred essentially simultaneously with the onset of the heavy rain.
Within several seconds the airspeed returned to its previous value. By this time, the
Captain's attention was focusing on discontinuing the approach. The Captain cited loss
of visibility, wet runway and crosswind as the basis for initiating the go-around.

A normal go-around was initiated. The crew proceeded to advance the throttles, pitch
the aircraft up, and retract the flaps. The crew stated that at this point, the attitude,
altitude and airspeed trends appeared normal, and the FDR confirms their assessment.
Just after this, the airspeed and vertical acceleration began to decay severely. The
crew attempted to maintain adequate airspeed, and the throtties were advanced to
firewall power.

One issue of discussion is the manner in which the throttles were advanced, specifically
that the target EPR was not achieved until late in the go-around. Recall that this crew
was conducting a normal go-around, and did not initially perceive a significant threat.
Standard procedure on aircraft without autothrottles is to bring the power levers to their
approximate required position, allow the engines to spool up, and then ‘fine tune’ the
power settings. In accordance with this procedure, this crew had accomplished the first
two steps. Time and events prevented the orderly accomplishment of the third step; the
throtties were firewalled when the crew recognized that the aircraft was not responding
as required. Some effects of these actions are addressed in the AIRCRAFT
PERFORMANCE section.

A second topic of discussion is the Captain’s “push it down” remark on the CVR, and its
relationship to the fact that the pitch attitude decreased to nearly 5° nose down during
the go-around. Both crewmembers testified that, prior to listening to the CVR, they had
no recollection of this statement. When questioned about this, the Captain offered a
possible explanation. The Captain stated that he had likely made similar remarks at
other times in his career. He noted that a lightly loaded DC-9 (as US1016 was) will
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climb very rapidly, and that he might make this remark to command a lowering of the
pitch attitude in order to prevent climbing through the assigned altitude.

The First Officer, who was flying the aircraft, noted that since he had not heard the
remark, he did not respond to it. However, he did note that the airspeed was decaying
very rapidly, and that, at least to some extent, he was attempting to use pitch to siow or
stop this decay.

Another question which is raised in the analysis of this accident is why it took the crew
twenty or more seconds to recognize and react to the shear encounter and the aircraft's
deteriorating performance. Again, this answer will never be known with certainty, but
several possible factors could have individually or jointly influenced the crew's
performance. Again, it must be recalled that at the time of the go-around, the crew did
not perceive a significant threat, and they were essentially of the mindset that a
windshear was not present. As Dr. Orasanu noted, once an interpretation of cues has

been formed, a considerable amount of contradicting mformatlon is required to ‘undo’
this conclusion.

Some possible contributing factors which may have slowed the crew's response are
(in no particular order):

1) Unfamiliar cue set - The various cues which the crew needed to assimilate did not
form a coherent cue set. These included decreasing airspeed, moderate pitch
attitude, high power, light weight, but no significant airspeed fluctuations or
turbulence.

2) ‘Startle effect’ - The unexpected encounter with extremely heavy rain, and/or
fixations or diversions could have impeded the crew's performance.

3) Somatogravic itiusion - Longitudinal acceleration can cause the sensation of a
change in the gravity vector. This would be interpreted as an increase in pitch
attitude, and can introduce contradictory cues.

4) Fatigue or other physiological impairment - These can adversely affect the

individual's cognitive skills.

As noted in the AIRCRAFT PERFORMANCE section, the Douglas Aircraft Company
(DAC) has not yet provided the control force and control authority data required to fuily
address the questions concerning the aircratft pitch attitude throughout this encounter. it
is imperative that control force and control authority data be provided in order to

correctly and accurately analyze the crew’s and aircraft's performance. Any analyses
conducted without these data will be speculative.
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SURVIVAL FACTORS

CHILD RESTRAINTS

This section will show that:

1) Two ‘lap children’ were aboard US1016; only one survived.

2) The NTSB has made recommendations regarding child restraints, and the industry is
active on this subject.

In compliance with FAA regulations and USAIr policy, two infants traveling as 'lap
children' were aboard US1016. Lap children are those under two years old who are
permitted to travel on their parent's lap without a separate seat or ticket. Only one of
these children (nine months old, seat 21C) survived the accident. The seating location
of the mother and child was the deciding factor in this infant's survival.

A portion of the aft fuselage remained intact and essentially upright after the accident,
and the cabin area was relatively free of fire damage. Row 21 is the last row of cabin
seats, and the seats in both this row and row 20 remained attached te the cabin floor.
During the crash, this mother was unable to hold onto her child, but the child and
mother were both removed from the aircraft by other individuals.

The NTSB has issued a recommendation that the FAA mandate improved child

restraints capable of tolerating the crash loads defined by FAR 25.560 & 25.561. ALPA
supports the required use of child restraints.
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BESCUE and FIRE FIGHTING

This section will show that.

1) Operational difficulties were noted during the analysis of the RFF response.

2) These included determining and accessing the accident site location, and
maintaining an adequate airport protection index level.

For many aircraft accidents, the response time of the Rescue and Fire Fighting (RFF)
personnel is crucial to the survival of the aircraft occupants. US1016 touched down in a
field on airport property, but came to rest in a residential neighborhood. It is estimated
that the first public (city, county) RFF vehicles reached the scene approximately eight
minutes after the accident, while the CLT airport units required an additional minute.

The initial response to the accident was impeded by the lack of specific knowledge as
to exactly where the crash site was located. Communications transcripts show that the
ATC personnel could only suggest a location in general terms, as evidenced by the
transmission “proceed across runway 18L in a southwesterly directiop toward the
approach end of runway 5.”

The 911 telephone calls began approximately one minute after the accident, and most
callers were very specific as to the location of the wreckage. The difficuity encountered
here was the inability to convey this information readily to the Airport RFF vehicles. A
pre-plan should be established to ensure coordination between public RFF dispatchers
and their airport counterparts. In addition, on-scene activities revealed the need to

ensure close coordination of all personnel (fire fighting and medical) with the incident
commander.

The fact that the accident was off-airport aiso created another problem for the ARFF
vehicles. The existing plan called for the vehicles to exit airport property through gates
activated by magnetic-swipe cards. The gate was initially opened, and then began to
close again before all the vehicles could pass through. Repeated attempts to keep the
gate open failed, and the ARFF personnei believe that this was caused by the swiping
speed and the gate logic being incompatible. These personnel finally ‘crashed’ the gate
by driving through it. Break-away gates, different gate logic, or ATCT operated gates
are some suggested solutions to this problem.

The majority of the CLT ARFF vehicles and personnel were dispatched to this accident,
and did not return for several hours. The CLT ACM Emergency Plan states that “When
Charlotte/Douglas International Airport's total equipment and manpower falls below the
requirements of Index D, the Aviation Director will issue a NOTAM for re-classification
of index, and will notify all air carriers operating at Charlotte/Douglas International
Airport.” In spite of the fact that these conditions were met, no such NOTAM was
issued, and takeoff and landing operations continued. Therefore, ALPA recommends
that the airport authorities review the procedures to ensure that afl responsible
personnel understand their duties as defined in the Airport Emergency Plan.
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III. RECOMMENDATIONS

For at least twenty years, NTSB recommendations have emphasized the necessity of
providing timely and accurate hazardous weather reports to flight crews. Despite this
continued emphasis, the situation has not improved to the point where flight crews can
be confident that critical weather information will make it to their cockpits in time to
enable prudent go/no-go decisions. Twenty years of windshear accident history make it
very clear that at least one fundamental change to the National Airspace System is
required. Pertinent weather information must be provided to the flight crews accurately,
directly and in near real-time.

Therefore, in response to this situation and additional deficiencies which were revealed
by this investigation, the Air Line Pilots Association offers the following safety
recommendations:

1) Require the instaliation of airborne predictive wind shear detection equipment on all
aircraft operating under Part 121 or providing scheduled service under Part 135.

-~

2) Expedite the installation of microburst detection systems. As a minimum, these
systems should be comprised of a Phase Il LLWAS coupled with a Terminal
Doppler Weather Radar (TDWR) or other technologies (such as piggy-backing
Doppler capabilities on ASR-9 systems) where appropriate.

3) Expedite the development and implementation of uplinking and/or communication of
composite ground-based microburst sensor array data directly to aircraft. (Some

examples include those systems currently installed or under evaluation at Denver,
Orlando and Memphis.)

4) Conduct performance evaluations of all existing LLWAS installations, and correct any
noted deficiencies. Promulgate findings to ATC and Airline personnel until
deficiencies are corrected.

5) Provide WSR-88D Doppler Weather Radar data products directly to Terminal ATC
facilities.

6) Expand and integrate the meteorological data collected by the FAA and NWS such
that the timely dissemination of this information to flight crews is enhanced.

7) Improve the adherence of ATC personnel to prescribed procedures. Particular
attention should be focused on the dissemination of hazardous weather information
to aircraft which are on initial departure or final approach.

8) Devise and implement methods to reinforce air traffic controllers’ understanding and

support of the flight crews' need for timely, accurate reporting of hazardous weather
information.
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8) Modify subparagraph ‘a.' of paragraph 2-116 of FAA Order 7110.65H, "Air Traffic
Control’ so that the phrase “Rapidly deteriorating weather conditions (convective
activity, lightning, heavy rain, etc.) which could affect the safety of flight operations,
and” precedes the existing text.

10) Modify subparagraph ‘a.’ of paragraph 2-121 of the FAA Order 7210.3K, ‘Facility
Operation and Administration’ to add the sentence “Procedures should also be
established to ensure the timely dissemination, to all aircraft operating in the
terminal area, of information regarding rapidly deteriorating weather conditions
(convective activity, lightning, heavy rain, etc.) which could affect the safety of flight
operations.” This sentence would be inserted after the first sentence.

11) Refine existing industry windshear training standards. Ensure that ground school
curricula incorporate the most current microburst/windshear knowledge available.
Ensure that simulater models provide high fidelity representations of actual
microburst/windshear characteristics, particularly with respect to recognition cues.

12) immediately conduct a Certification review of all airborne reactive windshear

detection systems. Any system characteristics which affect the ability to provide
timely warnings should be disseminated throughout the industry.

13) Continue efforts to design and certify child restraint devices.
14) Encourage airport authorities and surrounding municipalities to develop methods

and procedures to ensure better coordination between airport and public rescue
and firefighting units with respect to response time and on-scene activities.
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PREFACE

At the request of the Air Line Pilot Association, ALPA, an investigation was made of the
effectiveness of the LLWAS (Low Level Wind [Shear] Alert System) at Charlotte, North
Carolina in detecting and warning of the small, but strong microburst associated with the
crash of USAir 1016 on the evening of July 2, 1994.

After assembling and reviewing operational weather data, Air Traffic Control (ATC)
Transcripts and related data, the investigators visited the Charlotte Douglas Airport on
August 1, 2, and 3, 1994 where they viewed and photographed the LLWAS sensors,
National Weather Service Office, meteorological equipment and pertinent terrain
features.

Key data from the non-commissioned National Weather Service Weather Surveillance
Doppler Radar (WSR-88D) at Columbia, South Carolina and recordings of detailed data
from all sensors of the LLWAS at Charlotte were obtained from the National
Transportation Safety Board and made available by ALPA,

The investigation of the full dynamics of the Charlotte Microburst event is only partially
completed at the time of drafting this report, and is continuing.

The abjectives of this report are to review the development and use of the LLWAS
system in general; at Charlotte, North Carolina in particular; and to assess the
effectiveness of the system at Charlotte to detect and warn of the smal!, but strong
microburst encountered by the accident aircraft.



10.

11.

These inherent limitations of the LLWAS Il were further aggravated by a number
of defects in the installation, maintenance and operation of the system at
Charlotte, North Carolina. The most serious of these was the non-
representativeness of the winds sensed by several of the perimeter sensors due to
the effects of complex terrain and the presence of tall trees in close proximity to
the sensors.

The system at Charlotte, North Carolina was first instailed in 1981 as an LLWAS |,
which had a greater wind shear alerting capability and a higher "false alarm rate,”
but virtually no microburst alerting capability.

Conversion of the system (by changes in computer software without sensor
changes) in 1988 lowered the false alarm rate, lessened the system responsiveness
to localized shears, and did not materially enhance its microburst alerting
capability.

Despite an "unsatisfactory condition report” of the failure of the system at
Charlotte to alert during intense convective activity over the field, made in 1993,
no corrective action was taken prior to the July 2, 1994 accident,

Ongoing research - confirmed by the circumstances of the USAir 1016 crash at
Charlotte - indicate the need for more sophisticated systems involving
combinations of volume scanning radar coupled with augmented LLWAS and
expanded educational programs to reduce the risk of future terminal area
microburst related air crashes.

These new systems are not likely to be developed and extensively implemented
for many years, leaving a high risk of future crashes in this decade.
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Why LLWAS?

The most significant operational hazard to aviation is wind shear that is the

product of convective activity in the vicinity of airports (McCarthy and
Cline, 1987).

From 1964 to 1986 at {east 32 wind shear accidents and incidents occurred.
They resulted in over 600 fatalities and 250 injuries (FAA, 1988).

As early as 1975, the concept of "downburst cells" in connection with
thunderstorm activity at JFK Airport in New York - leading to the crash of Eastern
Air Lines Flight 66, a Boeing 727, on the approach to Runway 22-L - was
introduced (Fujita, 1976). The author stated: "At the present time, there is no
way of predicting the occurrence of these phenomena... in time and space.
Additional anemometers at and around the major airports and better real time
assessment of wind and radar data, coupled with knowledge of these small but

violent downbursts, will be of great help in the future for minimizing accidents
of this nature."

The FAA responded to the recognized threat of wind shear at airports by the Low
Level Wind Shear Alert System (LLWSAS) - now simply LLWAS - the early
development of which was undertaken at the National Aviation Facilities
Experimental Center (NAFEC) in Atlantic City, New Jersey (Goff, 1980).

The system as originally developed and installed at some major airports was soon
found inadequate and underwent considerable evolution - described in a later
section of this report fabeled "Evolution of LLWAS."

Wind Shear and Microbursts

in meteorology, wind shear is the local variation of wind velocity in a given
direction. In aviation, wind shear is the time variation of wind velocity along the
path of a given aircraft. A rather full discussion of the effects of wind shear upon
lift force (of aircraft) is contained in the book The Downburst (Fujita, 1985).

Many meteorologists believed the wind shears affecting aircraft came from "gust
fronts" associated with larger scale, less concentrated thunderstorm outflow, the
leading edge of onshore movement of sea breezes, and similar phenomena (Fujita,
1992).
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History of Microbursts in Aviation

The National Academy of Sciences tabulated 27 aircraft accidents and incidents
between 1964 and 1982 in the U.S. (NRC-NAS, 1983). These included 24
accidents and 3 incidents. Of the 27 occurrences, 24 were during landings and 3
were during take-offs. Since the list ended in 1982, it did not include such
subsequent notable accidents as: Delta 191 at DFW on 8/2/85 during

landing - with 134 deaths and 29 survivors; USAir 183 at Detroit on 6/13/84
during landing - with no deaths; and United 663 at Denver, CO on 5/31/84
during departure - with no deaths.

Microbursts are not confined to the U.S. Locations of pre-1985 microburst related
accidents are shown in Figure 1, on page 21 (taken from Fujita, 1985).

Evolution of LLWAS

Following several airline crashes during the mid-1970’s, the FAA developed the
Low Level Wind Shear Alert System (LLWSAS) (Goff, 1980). Initiated by NOAA’s
National Severe Storms Laboratory (NSSL), the initial system consisted of an array

of wind-velocity measuring instruments located on poles or towers on the ground
at or near airports.

The initial LLWSAS installation typically consisted of a Centerfield sensor and four
or five outlying sensors, normally about two miles from the center site. The
sensor locations were selected by the FAA on the basis of meteorological factors,

terrain considerations, logistical constraints and to favor the Instrument Landing
System (ILS).

The sensors have propeller vanes on standards that rose about 10 to 60 feet above

the ground as necessary to obtain ciear airflow above terrain or other obstructions.
(NRC-NAS, 1983).

This system has, subsequently, become known as LLWAS |I.

Each site was polled once every 10 seconds. The Centerfield site was considered
a reference site, for which a running 2-minute average of wind velocity was
maintained.

LLWAS | was controlied by a central mini processor (usually located in the Airport
Control Tower) which maintained the 2-minute running average of the Centerfield
wind. That information was continuously displayed in the Tower; used by
controllers; and relayed to pilots.



These limitations were a direct result of the initial design assumptions. LLWAS 1
was designed for the detection of frontal shears under the assumption that
hazardous wind shear is associated with large scale meteorological features. (Goff
and Gramzow, 1989)

LLWAS I was deployed at 110 airports between 1977 and 1987.

LLWAS | had no microburst detection capability and had excessive false alerts.
(Wilson and Cole, 1993). The initial LLWAS | installation at Charlotte, North
Carolina was made in 1981.

LLWAS 1l was developed to reduce the false alert rate of LLWAS | and was
intended to provide "a modest microburst detection capability." (Wilson and
Cole, 1993).

The hardware was not altered. The difference between LLWAS | and Il was
primarily a software change.

Whereas LLWAS | alerted on a 15 knot vector difference between the Centerfield
2-minute wind and any perimeter sensor 10-second wind, LLWAS Il uses a
complex algorithm relating system mean winds with each sensor (including 10-
second values at the Centerfield - not previously considered) and computes values
of divergence and convergence over the system, utilizing a complex of sensor
combinaticons in triangles and lines.

The anemometer readings are telemetered every 10 seconds to a central point,
where the data are processed. A wind shear advisory is issued (by the computer
to a display in the Control Tower) if one of the anemometers records winds that
differ from the network mean by at least 15 knots, or if the network detects
divergence in the wind field. (NRC-NAS, 1994).

This new complex algorithm applied to the sensors of LLWAS | converted the
LLWAS | system into LLWAS II. It was a direct response to recommendations of
the NRC-NAS, 1983 following the 1982 microburst crash in New Orleans. It
avoided the time delays and costs that would be involved in procuring and
installing an expanded, modernized and upgraded system. These "upgrades" to
convert LLWAS [ to LLWAS Il were made between 1988 and 1991 at the 110
airports having LLWAS | systems. (Wilson and Cole, 1993).



3 Alerts shall be runway-specific and contain the following

information:
i the type of shear: MBA or W5A,
ii. the location of the shear integer nautical miles from
the end of the runway,
iif. the intensity of the shear magnitude of headwind
lost or gain to the nearest 5 knots.
4. The system shall have few false alerts (not quantified).

The primary quantitative measures of the performance of LLWAS are the
probability of detection (POD) and the probability of false alert (PFA). The
probability of detection is the probability that the system will issue a wind shear
or a microburst alert whenever a microburst occurs within the hazard region, the
runway corridors extending to 3 miles beyond the ends of the runways. The
probability of false alert is the probability that an issued alert is false, there is no
evidence of wind shear. The NAS requirements are that POD shall be greater
than .90 and PFA shall be less than .10.

The LLWAS 1ll WSMB algorithm is designed to satisfy all of these requirements.
The output is an alert message for Air Traffic Control of the form:

RUNWAY ALERT LOSS/IGAIN  LOCATION
17D MBA -40k IMD

where "17D" indicates the runway affected, in this case departure Runway 17,
"MBA" indicates that a shear of microburst strength was detected, "-40k" indicates
that a headwind loss of 40 knots will be encountered, and "IMD" indicates that
an aircraft departing on Runway 17 may encounter wind shear within 1 mile of
the departure-end of the runway. The other alert possibility is WSA for wind
shear alert. An MBA is issued if the estimated headwind loss exceeds 30 knots
and a WSA is issued for a headwind loss between 15 and 25 knots or for a
headwind gain.

In the WSMB algorithm, all wind shear and microburst alerts are based on the
detection of a significant convergence or divergence of the horizontal wind field.
The algorithm measures the divergence of the wind field on edges and triangles
formed by pairs and triples of sensors. Edges must have lengths between 1 km
and 5 km. Triangles must have sides that are acceptable edges and must have no
angles of less that 25 degrees. It is permissible for the triangles to overlap one
another. The redundant coverage provides better detection than would be
afforded by a strict triangulation. Since the size of these divergence-detecting
elements is limited, the detection analysis is unaffected by the size of the senor
network.



VI,

The aircraft overflew the east sensor before the ground level starburst outflow
reached that sensor.

Figure 2 shows the relationship of the microburst outflow to the airport and the
sensors. At the time of the crash, the microburst outflow was less that 3

kilometers (2 miies) in diameter [less than one mile in radius] and less than one
minute old.

Delta 191 crashed on approach to Runway 17L at DFW at 1806 CDT on 8/2/85
during an encounter with a descending microburst head and the stretching roll
vortices of the starburst outflow. The LLWAS installed at DFW failed to detect
and warn of the microburst until after the crash, because the outflow did not
reach the Northeast sensor until after the plane (an L-1011) had failed 1o gain
altitude in its "go-around" atternpt.

Again the microburst was about one minute old and its outflow - at the surface -
was only 6.5 kilometer (3.3 miles) in diameter [1.6 miles in radius]. It occurred
off the field, in the airport wind shear hazard zones, undetected by ground
Sensors. '

Figure 3 shows the relationship of the microburst to the airport and the sensors.

Yhe Microburst at Charlotte, North Carolina On july 2, 1994

A small, but strong wet microburst descended from a parent thunderstorm cloud
to the ground near the north end of Runway 18R (36L) at Charlotte Douglas
International Airport on July 2, 1994. Ground impact of the descending core of
high radar reflectivity was at approximately 1840 UTC (6:40 pm EST), when the
outflow microburst winds at the ground began.

The core of high (above 50 DBZ) reflectivity was recorded at descending heights
on six successive volume scans of the non-commissioned WSR-88D radar at the
National Weather Service at Columbia, South Carolina, the nearest radar operating
in Doppler Mode. The volume scans were at six minute intervals, giving only six
"fixes" over thirty minutes of the core of high reflectivity on its descent.

These three successive vertical profiles of reflectivity are shown in Figure 4.

Only one LLWAS sensor (No. 6, at the middle marker north of Runway 18L) was
affected by the microburst outflow. Under the algorithm of LLWAS |, it would
have alerted at 2239:57 UTC (1839:57 EDT), [see Figure 5], but it was operating
on the algorithm of LLWAS Il and did not alert until 2242:57 UTC (1842:57 EDT),
which was after the microburst encounter and crash of USAir 1016 (which
occurred at 2242:25 UTC or 1842:25 EDT).



The Monrovia, Louisiana Microburst of July 20, 1986 did not impact an airport or
relate to an aviation accident, but was extensively and continually monitored by
sophisticated multiple radars and simultaneous photography. The combination of
dual Dopplar Radar winds, Range Height Indicators (RHI) continuous analysis,
photography and airborne observations permitted a more detailed analysis of the
dynamics of the cloud and microburst than ever before was possible.

The Monrovia Microburst is described in detail on page 119-125 and 276-278 of
Fujita, 1992a. Pages 123-125 are replicated in Appendix 1 to this Report. Of
special note (because of the similarity to events at Charlotte on 7/2/94) are Figures

4.3-7 on page 123, 4.3-10 on page 124, and 4.3-11 on page 125 of that
publication.

The Mayaguez Microburst of June 7, 1992 (Fujita, Haggard, and Bohan, 1992b)
provides another example of a microburst associated with the collapse of a high

level core of high radar reflectivity and the descent of the microburst "head" to
the ground.

Figure 7 is a replica of Figure 21 from that report, showing the track of the
diminishing radar echo (as indicated in the radar images as the falling high
reflectivity passed through the beam height of the San Juan, PR Radar), the
mesoscale outflow, and the microburst outflow which was, unfortunately,

encountered by a landing commuter aircraft during approach to the Mayaguez
Atrport.

The strong similarities in the four microbursts of August 1,1983, July 20, 1986,
June 7, 1992, and July 2, 1994, may offer knowledge of importance to future
aviation safety when they are fully analyzed. :

VIH. LLWAS at Charlotte, North Carolina

Initially installed in Charlotte in 1981, the LLWAS System there contained six
sensors - as shown in Figure 8. All were mounted on telephone poles at various

heights of:
1. Centerfield 20 feet
2. Northeast 56 feet
3. Southeast 68 feet
4, Southwest 55 feet
5. West 58 feet
6. Northwest 60 feet.
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These guidelines on heights and sites were not followed at Charlotte, and the
problems have worsened through the years as the woods surrounding the airport
have grown taller, reaching and exceeding the heights of some sensors.

Specific quotes and their applicability to the sensors include:

"The wind direction is affected by ridges, troughs and embankments.
This effect is most pronounced if the wind is blowing at an angle to
the ridge, trough, or escapement."

[This is applicable to the "tree canyon” of sensor 6 - the

northwest senser north of Runway 18L.

"For sensor locations in an area that is heavily forested with

trees of fairly uniform heights, the anemometer should be 20 feet
higher than the tallest trees and the sensor position shouid not be
closer than 500 feet from the forest edge...a very tall mast may be
required" (emphasis added).

[This is applicable to all the perimeter sensors at Charlotte,
but is especially pertinent to sensor 6, the northwest sensor, which
is below the tops of trees within 500 feet].

"With irregular tree tops, the sensors should be 30 feet or more
above the tops.... Large clearings in a dense forest should be
avoided for sensor locations, since these produce extremely irregular
(turbulent) and virtually undefinable wind conditions.”

[This is applicable to the NE, SE, SW and W sensors at Charlotte.]

"If an obstruction to the wind exists at a preferred sensor location...,
it is preferable to locate the sensor further away from the runway
threshold, rather than closer. This should be done to increase rather
than decrease the warning capability of LLWAS. The closer a
critical anemometer is to a runway threshold, the less time there is
available for shear detection and distribution of data to pilots."

[This is true for large scale, frontal wind shear, but not so for
microbursts].

When the LLWAS | at Charlotte, which had a high incidence of "false alarms" was
converted to LLWAS Il (by software modifications only), in 1988, it is evident that
these siting criteria were not re-checked, despite the steady growth of the pine
forests (with probably as much as two feet per year height increase of the trees).
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The algorithm in use for LLWAS 1l is complex, and no longer simply compares the
perimeter sensors 10-second winds to the Centerfield 2-minute average.

In addition to the perimeter sensor values and Centerfield 2-minute average, the
Centerfield 10-second values are considered, as well as complex computations of
convergence and divergence within and between triangles and lines.

These are:

Triangle 1 with vertices at sensors 1, 2 and 3
Triangle 2 with vertices at sensors 1, 3 and 4
Triangle 3 with vertices at sensors 1, 3 and 5
Triangle 4 with vertices at sensors 1, 4 and 5
Triangle 5 with vertices at sensors 1, 6 and 2
Triangle 6 with vertices at sensors 2, 3 and 5
Triangle 7 with vertices at sensors 3, 5 and 6.

Edge 1 with end points at sensors 1 and 2
Edge 2 with end points at sensors 1 and 3
Edge 3 with end points at sensors 1 and 4
Edge 4 with end points at sensors 1 and 5
Edge 5 with end points at sensors 1 and 6
Edge 6 with end points at sensors 2 and 3
Edge 7 with end points at sensors 2 and 4
Edge 8 with end points at sensors 2 and 5
Edge 9 with end points at sensors 2 and 6
Edge 10 with end points at sensors 3 and 4.
Edge 11 with end points at sensors 3 and 5
Edge 12 with end points at sensors 3 and 6
Edge 13 with end points at sensors 4 and 5
Edge 14 with end points at sensors 4 and 6
Edge 15 with end points at sensors 5 and 6.

A wind shear advisory is issued when the computer finds that:
a) one of the anemometers records winds that differ from the network
mean wind [different from the Centerfield

2-minute average] by at least 15 knots; or

b) the network data, when processed, indicate significant divergence in
the wind field, (NRC-NAS, 1994).
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The failure of the system to provide timely alerts on July 2, 1994 is inherent in all
LLWAS |l limited area coverage systems and in all solely ground based systems to
detect the falling head of a microburst until it has reached the ground and the
stretching roll vortices create the starburst pattern damaging winds.

Potential for Detection and Warning of Terminal Area Microbursts

Wark which has been done at Denver Stapleton Airport, largely in cooperation
with the National Center for Atmospheric Research (Coruman and Mahoney, 1991
and RAP, 1990 and 1991) and work underway at Orlando International Airport
(Wilson and Cole, 1993) - especially discussion of LLWAS 1ll and LLWAS IV - is
in agreement with the published comments of Fujita (Fujita, 1992a) that detection
and early warning of Terminal Area Microbursts requires integrated systems of
volume scanning radar and greatly expanded surface sensing systems.

That these systems are not to be deployed until very late in this decade or even
into the next century, leaves the continuing potential for future Terminal Area
Microburst related accidents until the implementation of combined volume scan
radar/expanded - denser network LLWAS systems on a large scale.

Even with the eventual installation of systems with a potential for earlier (1 to a
few minutes) alert time potential, there will be a great need for education and
training on the utilization of these systems and understanding of capabilities and
limitations (McCarthy, 1987 and McCarthy and Sand, 1990).
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® indicates potential LLWAS alerts using the "old" LLWAS | algorithm.

TABLE 2

LLWAS Centerfield Data and Vector Difference Winds

Centerfield winds are in degrees magnetic and knots. Vector differences are in

degrees and knots. Time is minutes and seconds past 18:00:00 EDT (mmss:
mm = minutes, s5=seconds).

Time

3427
3437
3447
3457
3507
sy
3527
3537
3547
3557
807
817
827
07
3847
ags7
3707
ant
27
nz
3747
3757
3807
3847
agar
Y7
847
ass7
3907
17
agz7
637
947
3gs?
4007
4017
4027
4037
4047
4057
4107
4117
4127

Ot

150
181
151
150
148
148
147
148
140
149
148
147
148
146
148
147
148
148
148
148
143
140
137
132
128
124
120
118
112
108

104
103
102
!
102
102
102
102
103
o
103
103

89
88
8.7
a5
88
8.8
91
93

10.5
11.3
17
121
124
128
13.2
134
1389
14.5
15.0
152
15.2
15.1
15.3
158.2
15.3
15.8
15.8
15.9
158
15.8
15.9
16.4
18.2
168
17.3
181
18.5
188
19.3
9.7
20.0
203

212
186

1)
91
105
48
21
15¢
158
147
152
150
199
185
M
a7
133
8z
53
45

40
30
14
27
27
20
1%
351

113

150
108
100
108

83

138
108
202
%68

239

242

15,30

14.0

14.2

18.40
17.5¢
1940
2070
2050
227®
24,00
8.0

19

5

18
a7

338
318

38

5

300
240

07

270

6
5
e7
90

Mo
272

258

258
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Fig. 4.1-7 The PAA 759 microburst an 9 July 1982
at Moisant Airport, New Orleans, Louisiana. This,
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Figure 2. The New Orleans Microburst of
July 9, 1982 [from Fujita (1992a]

Fig. 4.1-9 The Delta 191 microburst which escaped
detection by the six anemometers encircling the runway \
area. The microburst touched down outside the airport
and expanded quickly into the runway area. \

Figure 3. The DFW Microburst of
August 2, 1985 [from Fujita
(1992a)]
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SCHEMATIC STAGES OF THE
ANDREWS AFB MICROBURST
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Figure 5.  Four stages of the Andrews Air Force Base Microburst of August 1, 1983
[from Fujita (1983b)]
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Figure 8. Placement of

LLWAS sensors
at Charlotte

Figure 9.  Centerfield LLWAS and ASR at Charlotte
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NE LLWAS at Chariotte

Figure 10.
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Figure 12.  SW LLWAS at Charlotte
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Figure 13, W LLWAS at Charlotte
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Figure 14.  NW LLWAS at Charlotte seen from the south

-4

Figure 15.  NW LLWAS at Charlotte seen from the north
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LLWAS "tall tower" at Asheville, NC

Figure 16.

30



1€

22:25 UTC 30 50 55
2 ~-C Vector Difference

6 - C Vector Difference

- v L4 v v

C Instantaneous Wind

6 - C Vector Difference

) - T T T T T Y

4 ~-C Vector Difference

L3 v v T g L]

3 -C Vector Difference

Gl

15 kts

15 kts

ISkts

ISkts

Figure 17.  Vector Differences (knots) of each sensor (from Centerfield) 2220 UTC to 2300 UTC
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Fig. 4.3-1 A triangular path of NOAA P-3 at 500

mb pressure altitude. A rare view of the Monrovia
cloud in growing, microburst, and decaying stages
was witnessed by Mr. Sabure Onocdera, a metecralogist
of Japan Air Lines on board the P-3,
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Fig. 4.3+2
microburst. A circle of 4 km in diameter shows the
upper limit of the microburst dimension.

Damage directions of the Monrovia
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Monrovia Microburst

The Monrovia microburst occurred on
20 July 1986 during the Microburst and
Severe Thunderstorm (MIST) Experiment
(June and July 1986). Unusual data of
the microburst cloud was obtained by NCAR's
CP-2, CP-3, and CP-4 and a NOAA P-3.
The aircraft was made available by Dr.
C. B. (Gus) Emmanuel to support my
microburst research. Gus, then the Director
of NOAA/OAO in Miami, was convinced
that my research will contribute to the
safety of NOAA's hurricane flights over
the Atlantic Ocean.

During the MIST experiment, [ directed
the P-3 in search of microburst clouds.
On 20 July, while holding over northwest
of Birmingham, | saw a towering cumulus
near Huntsville.  Simultaneously, Roger
Wakimoto detected a fast-growing echo
on the CP-4 display. We agreed immediately
to work on the cioud. While approaching
the cloud in northeast heading, I took the
first picture at 140646 CDT from 93 km
away (Fig. 4.3-1).

Thereafter, 1 completed three flight legs
in a triangle with the cloud at the center.
Next day, Greg Forbes and 1 surveyed the
area beneath the cloud, cbtaining & beautiful
starburst pattern (Fig. 4.3~2) which resembles
my laboretory model of microburst (Fig.
4.3-2).

Fig. #.3-3 A laboratory model of a microburst which
resembles the Monrovia microburst.



140934 141248 141539

Max wind 3 m/s 4 m/s 6 m/s 7T m/s

Radar 140809 CDT 141034 141322 141542

Flg. 4.3-% The Monrovia cloud on 20 July 1986 in its pre-anvil stage. At 140646 and 140934 CDT, the cloud was in towering-cumulus stage
and Doppler velocities were characterized by a yellow-colored flare, Indicationg that arge particles near the echo top were being carried upward.
At 181322 CDT, the cclor of the flare velocity changed into red, suggesting that particles began falling.
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Cloud 142014 CDT 142230 142533 : 142820
8 m/s 22 m/s 26 m/» 22 m/»
142808

Radar 141905 CDYT 142139 1428522

At

Fig. 4.3-5 The Monrovia cloud at the peak microburst stage. The cloud shape, however, does not imply a strong microburst in progress.
1419505 CDT when the high-reflectivity, flare~causing echo descended, the area of the apparent flare velocity became very small.
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Shown in Figs. 4.3-4 and 5 are a
chronological sequence of Roger's RHI
scans showing reflectivity (middle) and

Doppler velocity (bottom) and my cloud
pictures taken within 3 sec to 105 sec of
the radar scan time. My dual Doppler

winds revealed that microburst winds began
shortly after 1420 CDT when the P-3 was
flying toward the northwest on the second
leg. The peak wind occurring at 1423 was
31 m/s (Fig. 4.3-6).

Descending Head
Monrovig Cloud

140809 141034 41322

141542

20 Juty 1986 1

142522 COTY °

141905

142139

Fig. 4.3-7 Time sequence of reflectivity showing a rapid fall of the high-reflectivity
(60+ dB2Z) core which started 10 min before the onset of the microburst.

s

Cloud 141054 COT s ™

Fig. 4.3-8 CP-4 reflectivity at 131034 CDT
superimposed upon the cloud picture taken at 141054
from the P-3. Highreflectivity particles were rising
at 2 to 9 m/s.

Descent of Reflectivity Core

When vertical distributions of the reflec-
tivity of each RHI scan were arranged
into a time sequence (Fig. 4.3-7) & rapid
fall of the 60 4BZ core became evident.
The falling core, somewhat like the head
of microburst (pl12), began falling from
about 8 km MSL and reached the ground
at 1421 when microburst winds began.

The position of the core at 141034 CDT

relative to the cloud picture at 141054
CDT suggests an accumulation of large
particles near the 50-dBZ echo top (Fig.
4,3-8). It is likely that the downflow
descended along with the head of
high-reflectivity core, because microburst
winds started when the core reached the
ground.
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Use of Apparent Flare Velocity

Jim Wilson and I called the Doppler radar
signatures of both reflectivity and velocity
fields in clear air behind the Monrovia
cloud the flare. In 1988, Jim published
a peper on flare, emphasizing the reflectivity
and 1 worked on the application of the
flare velocity, publishing a paper by Fujita
ang Black (1988a),

Computation of W from Figre Velocity

Vg = Uctosa+ Wsina, Radial Velogity

Va = Vg + Wcosn, Apporent Flore Velocity
VF ¢ Wcosm, True Fiare velocity
W = Vrsecw, Verlicol Vetogity
W = Vi when 5:=0

g ----E{evation Angie

N ----Nodir Angle of Scaiter
M ----Height of Echo

{0)
THHIHIIINEH.. )I"’lllIIIIIII"IIIIﬂilllIlllllIllllillllﬂlllllllIIIIIIII!l!l“!l"llllll"l HAnsuRinnn|

Fig. 4.3-9 A diagram showing the flare echo appearing
in the clear area behind a highreflectivity cloud.
Doppler velocity of flare echo {apparent flare velocity)
can be used in computing the vertical motion of the
flare-causing particles.

" cloud tower (Fig. 4.3-11).

A set of simple equations indicates that
the velocity displayed by the flare echo,
the apparent flare velocity is the sum of
the radial velocity and the true flare
velocity. The true fiare velocity begins
at the R+H range from radar and extends
outward (Fig. 4.3-9).

Due to the cosine effect of the nadir
angle of scatter, the true flare velocity
decreases from the edge of the flare outward
as the nadir angle increases from 0° to
90°, Because the function of the velocity
decrease is known, the true flare velocity
at H+R can be computed mathematically.

After computing these vertical velocities,
the Monrovia cloud was lined up into =&
time sequence (Fig. 4.3-10), finding that
high-reflectivity particles were transported
upward at 3 to 9 m/s by a strong updraft
inside the Monrovie cloud in its towering
cumulus stage. Upon reaching just beneath
the echo top at 141034 EDT, the
high-reflectivity core began falling fast.

At 141539 CDT, my cloud photograph
showed a significant constriction of the
This constriction
phenomenon suggests a large-scale entry
of dry air into the tower. The 1300 CDT
sounding at Redstone Arsenal indicates
layers of dry air above the 5.2-km MSL.

. . . L}
. Vertical Motion of Particles 41542 L:
r Monrovia Cloud o |4I905 ]'\L’l_i?“;‘ ]
- 141033,5’ \( N
- c} / /o
140809 °- ! ) - ~io
| @ / E
T ri
A VS
- 2=~ / )
_ )" ] , ]
— / —5
: " ) ]
- m/s -|° 1
i \ "‘ & heac | X ]
1 X 1 | i 1 " h-m]l_l-‘_ l“"t:{t'_‘“'""d " -D
210 320 MICROBURS T

Fig. 4.3-10 Vertical velocity of the flare—causing particles. During the towering-
cumulus stage, 140809-141034, particles were rising fast. Suddenly, particles began
falling fast, reaching the ground with heavy rain, small hail, and microburst winds (see

also Fig. 4.3-7).
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Constriction Stage

141539 COT. ¢

TEL

0 1 2 3 4 5 % 78 Tg=okm

Fig. 4.3-11 The constriction stage of the Monrovia
cloud depicted by combining the cloud photo at 14153%
CDT and CP-4 echoes at 141542, Vertical velocities
of flare-causing particles were computed from apparent
flare velocities in Fig. 4.3-9,

Recommendation of

Convection Termination Studies

Convection initiation is important in
the short-range forecast (0 to 6 hrs) of
storms. For warning aircraft on microburst
hazards, on the other hand, the usual lead
time is extremely short (0 to 10 min). This
research on the Monrovia microburst, along
with my study on the Hickory Ridge (Fig.
4.3-11) and Dogwood Road microbursts

on 26 June 1985 in the FLOWS Memphis -

Network, evidenced that a high-reflectivity
core began falling about 10 min in advance
of each microburst.

125

HICKORY RIDGE MICROBURST (FL-2)
HES - 1250 CST, ¢6/26/8% 4

Fig 4.3-12 Time cross section of the Hickory Ridge
microburst of 26 June 1985 inside the FLOWS Memphis,
Tennessee network.

In view of my assessment that not & single
detection system by itself can be used
in warning microburst hazards without
cry wolf or giving a false sense of security,
I wish to propose an experiment to establish
a physical relationship between the falling
core and microburst intensity. Results
of the proposed experiment on Convection
Termination will lead us to the design of
a Falling Core Detection Radar (FCDR),
a 5-cm radar placed 10 to 20 km from
an airport.

The following three systems will be used
for a microburst watch followed by warning,
similar to tornado watch and warning:

Watch by FCDR 3-10 min leadtime
Warningby TDWR 0-3 min leadtime
Warming by LLWAS 0-1 min leadtime

1 expect that the accuracy of FCDR can
be improved for issuing warnings instead
of just watches.
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The Monrovia cloud at 142505 CDT when the 30 m/s peak winds (p122) were in progress.
The reflectivity core was already on the ground, giving an impression of little wind shear
at low altitudes beneath the cloud.
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NATIONAL AIR TRAFFIC CONTROLLERS ASSOCIATION
MEBA/AFL-CIO
Suite 701 ¢ 1150 17th Street, NW., Washington, DC. 20036  202/223-2900 e Fax 202/659-3991

January 6, 1985

Mr. Gregory Feith

Office of Aviation Safety

National Transportation Safety Board
Major Investigation Division

450 L’'Enfant Plaza East, SW

Room 5321

Washington, DC 20594

Re: USAir 1016, July 2, 1994
Charlotte Douglas Internatlonal
Airport, North Carolina

Dear Mr. Feith:

In accordance with 49 CFR 845.27 enclosed please find the
Submission of the National Air Traffic Controllers Association
(NATCA) in the above referenced accident investigation. Copies
of the submission are also being provided to all party
cocordinators in this investigation.

Thank you for the coopertion and assistance from your office
in allowing NATCA to participate in this investigation process.
If you have any comments or questions pertaining to air traffic
control, please feel free to contact Mr. Gary Parham at (404)954-
1960, or myself for assistance.

Sincerely,
o NgE L L e

James C. Morin
Director of Accident Investigation

Enclosure

JCM/ss



NMr Greoorv A Feith

An Saleiy Ineshgawr

Oftice of Avianon Satety

Agjor Imeestigations Division, AS-10

4901 'Fnfant Plaza Fast. S.W .. Koom 3265
W S\aiug no DO 20504

Dear N T
cordance with the Pnard's Rule ®45 77 the National Air Traflic Controllers Association

a.
{ONATC A submidis the Tollowing comments and recommendations regarding the accident involving
Ui AR Fhieht 1014 at Douglac Airport. Charlotte. North Carolina. which occurred on July 2. 1994

In

1 VIR CTRAFEFIOC CONTRON

itopae hooome evident that air trattic controllers are bemng called on more and more to
Jivsotiiiiaie voadios bdormation. J\s was the case in Charletic fur USAL016. there was a lot of
1’11rvv‘*~mvw thm voas p; mm 10 the thoht crew. and there was also some mtormannn that was nm

poeods D T TO s opdny o thot this situation can be anrtbuted to two main problems:

ool R e et B3 e dotemdne the tovegr veabitines air trafhic controllers ave nit
Cortonnt vt oiselvers A absernvaions that they mahe are mereh that, observabons, ana
e b st offieint woathor o A air traffic controBer can adhise that it "appears” 1o be
Branse b o b bk can vailes qualify the precipitation as ramn nor quanidy st as rane heavs
mrieonp Beloesis The comis s true Tor sdormes 4 controllor can o advase a il that he can e
e a bear Ditkndei, Gl calinoi casstv a o stonn as a thundeistorm, This prescnis the
Jontrorter s an interestne dilemma does he pacontormation tooa pilot that mav be of somye
.t |

bt et Liouadi b s Lol ..L,luqﬂ} cottidicd o make these Uha;—l\.ﬁudlb, of dues hic eloct not w
pase v oantarmaton and mstead wait tor an ofticial observation to come trom the Nahona

;’:‘ :}_ =L Ak. ! -’:’\E- }1” “: I-\l\-rrv.“: AE]. uﬁ;xx.. \.UIluUH ) ev ].,u) \r’!’.l’l‘ﬂ‘.{ “b-ulnbx
wsoaheon on o theht crews and allows other intormanon 1o be passed on a workload bawis
T T T e vhear advicories tewor visibility, runwoav visual wvalues, and braking avtion

AvisoTius aiv ab boyullcd o De ssbod by contollers. ver information such as thunderstorm
activite firhilonce inflicht jeine ar areas of precipitation are not Beeause most controllers take
i doe 1 gaili9L dlind dissciiiibane b weatha indormation that s available. pilots have become
Jeneecdoet o thie and have a tendency to rely on the air traffic controller as the primary source
Los s bdormation, fu most cascs tiw conitulici can pass enough information 1o allow for a
wrts thaht pul separation of arcraft ic hic poimary dutv. and the dissemination of weather 1<
Severiives oo Shil controllors dooaven good job of getting most weather mformation to the flicht
crewe oot be undersiood by c‘\’C!’_\‘nn": thm not omh dogs the volume ot mrattic and frequoncy

ooy ot elioey B odbe o pass ifimoten, but the ool of informaticn {
MILSIEITE S B 2iNe {0 acten L Rers are imes when the mtonmation s avalabie. but 1t does o ecl
poth e M e o et Canat B Pemvarded to the it Dingtovone o the rada e 10

Catlr A e s Tau g Y1) previahv esefub inforinaiton o ihe cockmi



control ssstem. The FAA must also establish guidelines for the levels of weather air trafhic
voniicolers shall monitor and disseiminate to pilots.

3. DOPPLER RADAR

Thisx equipment will allow controflers to advise pilots in a more timely manner of developing
wind shears, This fact was proven by tesimony of experts on the improved capability of the
Doppler radar compared 1o the LLWAS system and the limitation of the ASR-9 radar--both now
bewno used at the Douelas Awrport in Charlotte, North Carobina.

RECOMMENDATION: The FAA should put the installation of Doppler radar al the Douglas
Adrpowt on a fast track course A realistic date for on-line operation of the Doppler radar should be
emtablishead aid it This can begin by imunediately purchasing the land needed for this project
whicy von o bl od at the peblic hearing 2 the reason the Doppler radar swac not available on

Jais P R
4. UG LI LATHER SERVICL

1

Poecauny o the side G e Gfca & echied macicorolugist s responsible for, 1t is not reasonable o

pesreme amie e arep of haaardous wepther aall develon at anv emen nme dunng peniods of
st et e et el come i s aciain

U ITR IR TEANT Lt e 3 the capebility of the Center Weathor Servicy
eeoerber e b e §Reppier radar site at one me

S E e Al ey COORDINATION

Conwevibes dcadhie Bo B Glash i USATOLO idicaiv that the Tack ol spevilic procedures tor
St i W cnatior of woeather information mav exist. Standard eperating procedures af the
Chduiie an Drndie vomrol fower allowed for cnieal indormaiion o be passed Via a genaral
tomveaeen heradead” e ot a procedurs that wonltd encure that each and every controller #
feohoisivid s ab upedebiilicd position recddved that nformation. The natre and complesiiy of
bapee o eatis comrol tacilies requires sectorization. This allows a controlier to concentrate on
Ui uel o b osector and the immediatc arca around him, but does not facilitate an casy
evchomors of miormation The stze of the Operational working area. the workload at the sector,
aind oceboapieniz! Liotore such as background neise all mfluence the abilin to effectively
dissermitne andormabion. The onlv way o ensure that pilots receive critical mformation 18 1w

1

cov e b cach and eveny controller hae that information avatlable.

PUOONTVITADATHON: The FAA mudt esabhich a natienal order that requires air iraflic
facies s e cnsury that oriidead mformaton be disseminated o individual control posidons.  Thas
coenrt s ontahe Tt b laded e cach fociin's standard operating procedures

‘ad



6. PROCEDURAL  AND OPERATIONAL  INFORMATION, PLANNING, AND
DISSEMINATION AT THE CHARLOTTE APPROACH CONTROL TOWER

This became evident in the special air traffic conuol public hearing which took place in
Charlotte duning Oxctober 1994, which focused on how a clencal mistake could allow three
different orders addressing the same operational procedure to be followed concerning visibility
changes at the Douglas Arrport in Charlotte. North Carobna.

KiECOMMENDATION.  fhe FAA a1t Charlone Approach Control Tower should follow
procedures for Impact and Implementation of new procedures and operational changes to allow
more controlier input as a chech-and-balance procedure on these changes.  They should also
rmediathe move forward to adopt the Qualitv Through Partnership (QTP) process to expand the
Pase ob conuodlian and drst-line supenvisor mput nto the rapidly changing procedwses trom
reimventine the T4 and nparadine aw traffic control equipment through the vear 2000

NATOY v the reeponsthihty for cach invoheed parhe and probable cansel in their simpled
[ AJ:) ..... 5.

Viladk. fhe Capuain did not maintain o wotally profossional cockpit and did not follow
Es v oereredoree onnoine e reguired comcermime checkhst 1S approach procedures. and
Popyron g e
BANEEAEE The conteadloe hed no caosal respornsthility for the acerlent and
oo e g preveditves reoted B B AN rules and orders given all the informabion avastiabis
O T IR YS

T CHE AR The prohable cause of the T'SATOTA accident wae due to the presence of
arad aaa iy on b wind shear ancounicrad. given the fact that no warmning was avalabic to
o ssuire e atheenee o ot the time of encounter and also given the fact thar the encounter

Goontiod al thie thne o Nlssed approach was Lidtiated (flaps o tiansit from 400 down to 157
IR

We apprzoae this oppornimsiv 1o offer our comments on thie mvestigation.

Smeerelhy,

Joay Fatnaiin ATl

RNATEA Dnardinntor



AsSsOCIATION OF FLIGHT ATTENDAITS AFL-cio

1625 MASSACHUSETTS AVENUE, NW, WASHINGTON, DC. 20036 202-328-5400 mLx-004007

December 7, 1994

Mr. Gregory A, Feith

Office of Aviation Safety

Major Investigations Division
National Transportation Safety Board
490 L'Enfant Plaza East, S.W.
Washington, DC 20594

Dear Greg:

The Association of Flight Attendants (AFA), which represents
8,477 flight attendants at USAir, Inc. welcomes the opportunity
to submit safety recommendations to the National Transportation
Safety Board (NTSB) for c¢onsideration. Our recommendations
are based on proposed findings gleaned from the accident
investigation of USAir Flight #1016.

1./ FLIGHT ATTENDANT RESTRAINT TESTING

Mr. Richard DeMary, the "A" flight attendant, stated in his
interview with the Survival Factors Group that he had difficulty
releasing his seatbelt because he had to search for the buckle.
He believed this was due to the fact that this forward jumpseat
harness was the one continuous loop restraint type.

After he had initially taken his jumpseat, tightened his seatbelt
and had taken his brace position, he tightened the seatbelt
again just before impact. He was not certain whether the action
of the second tug on the seatbelt or the jolt of the impact
caused the buckle to move a couple inches to the left of center.

Flight attendants are trained to fasten their seatbelts with
the buckle centered at their waist to ensure a quick release,.
A flight attendant should not have to search for a buckle.
Every second counts in an emergency evacuation.

AFA advises the NTSB to recommend that the Federal Aviation
Administration (FAA) Civil Aeromedical Institute (CAMI) initiate
testing of this type seat belt to determine if it is as effective
and reliable as other type flight attendant seatbelt harnesses.

e
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2./ CHILD RESTRAINT USE

How many more lap children have to needlessly die or suffer
injury in aircraft accidents before the government and the
industry provide rules to protect them? Federal rules require
that nearly all loose items in the aircraft cabin are restrained
for ground movement, takeoff, and landing. Incredibly, this
does not apply to children under the age of two.

Once again, a lap child has perished in an aircraft accident.
Will the NTSB's final analysis reveal that this child would
have survived had it been in an FAA-approved child restraint?
The need for child safety seat use does not end with aircraft
accidents. According to an FaA study, turbulence related
injuries are the most frequent serious injuries to flight
attendants and passengers in scheduled Part 121 air carrier
ncn-fatal accidents.

The Board has enthusiastically advocated the wuse of child
restraints based on its accident investigations for years.
What will it take to convince the FAA and the industry that
these children are entitled to the same degree of safety as
other members of the traveling public?

AFA submits that the NTSB recommend that the FAA require
infants under the age of two years to be seated in FAA-approved
child restraint devices when transported aboard U.S. commercial
aircraft. ‘

3./ ENSURE TIMELY AND ACCURATE ACCOUNTING OF ALL PASSENGERS

During the rescue effort of Flight #1016 there was much confusion
and delay in determining the number of passengers on board.
The NTSB should recommend that the FAA ensure that carriers
are in compliance with FAR 121.693(e}) which reguires that a
load manifest contain the names of all passengers on board,
including lap-held children.

FAA Action Notice No. 8430.29 states that "the word 'passenger,'
as used throughout the Federal Aviation Regulations, means any
passenger regardless of age..."

Furthermore, the FAA should ensure that carriers are in
compliance with Air Carrier Operations Bulletin No. 8-91-2,
Accident Notification and Manifest Accounting Procedures. This
bulletin reguires that carriers provide airport rescue and fire
fighting personnel with accurate and timely numbers of all
passengers on board the accident aircraft.
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Interestingly, both of the afore noted FAA documents were issued
as a direct result of NTSB accident investigation
recommendations.

4,/ SEAT LOCATION LABELING

Finally, AFA recommends that all crew jumpseats and passenger
seats be labeled as to their location on the aircraft to assist
in the post-accident investigation of crash dynamics. This
simple action of 1labeling the seats would aid in expediting
the Survival Factors Groups' task of documenting the crash site.

In summary, AFA submits the following safety recommendations
to the NTSB for consideration:

1./ FAA CAMI should evaluate the one continuous loop
restraint harness to determine its effectiveness and
reliability.

2./ The FAA should require that all infants under the
age of two are transported on board U.S. carriers in FAA-approved
child restraint devices.

3./ The FAA should ensure that carriers are in compliance
with FAR 121.693(e), Action Notice No. 8430.29 and Air Carrier
Operations Bulletin No. 8-91-2,

4.,/ All crew and passenger seats should be 1labeled to
indicate their location in the aircraft cabin.

We would like to thank you and your staff for the professional
manner in which the investigation was conducted.

Respectfully, .

of Mt

Nancy L. Gilmer
Master Executive Council
Safety & Health Chairperson

Enclosures



#121.693 Losad manifest: Alr carriers and
commercial operators.

The load manifest must contain the
following information concerning the
losding of the alrplane at takeoff
time:

(a) The weight of the alreraft, fuel
and oll, cargo and baggage, passengers
and crewmembers.

(b) The maximum allowable weight
for that flight that must not exceed
the least of the following weights:

(1) Maximum allowable takeoff
welght for the runway intended to be
used (Including corrections for alti-
tude and gradient. and wind and tem-
persture conditions existing at the
takeoff time).

{2) Maximum takecff weight consid-
ering anticipated fue] and oill con-
sumption that allows complisnce with
applicable en route performance limi.
tations.

(3) Maximum takeoff weight conaid-
ering anticipated fuel and oll con-
sumption that allows compliance with
the maximum suthorized design land-
ing weight limitations on arrival at the
destination airport. :

(4) Maximum takeoff weight consid-

ering anticipated -fuel and ofl con-.

sumption that allows compliance with
landing distance limitations on arrival
at the destination and alternats air-
ports.

(¢) The total weight computad under
approved procedurea.

(d) Evidence that the alrcraft is
loaded according to an approved
" schedule that insures that the center
of gravity is within approved limits.

(e) Numes of passengers, unless such
information is maintained by other
means by the alr carrier or commercial
operatar,

{Doc. No. 8258, 290 PR 19138, Dec. 31, 1984,
& amended by Amdt. 121-188, 46 PR §1508,
June 18, 1980]

§121.701 Malntsnance log Alreraft

(a) Each person who takes action.in
the case of a reported or observed fail-
ure or malfunction of an l.lrn\m;
engine, propeller, or appliance that
critical to the mfety of flight shall
mske, or have mads, & record of that
sction in the alirplane’s maintenance
log

(b} Each certificats holder ahall
have an approved procedure for keep-
ing sdequate coples of the record re-
Quired in paragraph {(a) of this section
in the alrplanie In & place readily acces-
sible to esch flight crewmember and
shall put that procedure in the certifi-
cate holder’s manual

$121.703 Mechanieal relinbility reports.

(s) Each ocertificate holder shall
report the occurrence or detection of

each failure, malfunction, or defect
concerning—

(1) Fires during Night and whether
the related fire.warning system funec-
tioned properly:

(2) Fires during flight not protected
by a related fire-warning system;

{3) False fire warning during flight;

(4) An engine exhaust system that
causes damage during flight to the
engine, adjacent structure, equipment,
or components:

(3) An alreraft component that
causes accumulation or circulation of
smoke, vapor, or toxic or noxicus
fumes In the ¢rew compartment or
passenger cabin during flight.;

(8) Engine shutdown during flight
because of flameout;

(7) Engine shutdown during flight
when external damage to the engine
or alrplane structure occurs;

(8) Engine shutdown during flight
due to foreign object ingestion or
teing;

(9} Engine shutdown during flight of
more than one engine;

(10) A propeller {esthering system
or abllity of the system to control
overspeed during flight;

(11) A fuel or fuel-dumping system
that affects fuel flow or causes hazard-
ous leakage during flight;

(12) A landing gear extension or re-
traction or opening or closing of land-
ing gear docrs during Night;

(13) Brake system components that
result in loss of brake actusting force
when the airplane is in motion on the
ground;

(14) Alrcraft structure that requires
major repair;

(15) Cracks, permanent deformation,
or corrosion of aircraft structures, if
more than the maximum acceptable to
the manufacturer or the PAA:

(16) Alrcraft components or systems
that result in taking emergency ac-
tions during flight (except action to
shut down an engine); and

(17) Emergency evacuation systems
or components including all exit doors,
passenger emergency evacuation light-
fng systems, or evacuation equipment
that are found defective, or that fail
Guring an sctual emerpency of dures

uring an emergency or

testing, maintenance, demon.

tralning,
. strations, or inadvertent deployments.



US DEPARTMENT OF TRANSPORTATION

ACT‘UN NOT'CE FEDERAL AVIATION ADMINISTRATION A

8430, 29

Suowct ACTION ACTION NOTICE- Federal Aviation Approwel Dot December 30, 1988
Hegulations (FAR) Section 121.693(e)

Expirpon Dot December 30, 1989

From . . . - .
Acting Director, Tlight Standards Service, AFS-1

Repiy 10
’°A.11 Regional and Aeronautical Center Directors Aﬂ:ﬂ Cremer:257-80%4
Cirecter, Durope, Africe, and 1dclle East Qffice _
Attention: Flight Standards Division Managers
Superintendent, FAA Academy, AAC-900
tenager, Flight Standards Staff, AFU-290

All GADO's, ACX's, amd FS0O's

Recently, during the course of an accident investigation, it was leamed

that scre air carriers mey mot be recording the names of certain passengers
as reguirec oy Saction 121.653 () of the FAR. Specifically, these zir _
carriers appear to be excluding, frar the locad manifest,certain non-revenue
passenger3 such as children under the age of 2 who are being held on the °
lap of .an adult,. dead-heading crewmzoers, &nd other non-ticketed persons.

Section 121.623 (e) of the FAR requires that air carriers include as part of
the load manifest, the "Names of passengers, unless such information is
reintained by oithsr means by the air carrier,” Other mezns could e ticket
stubs, a coputer source, etc. The principel reason for this regulation is
to facilitate the rapid and accurate determination of how many passengers
are on D0ard an aircreft and who they are in the event of an erergency
situstion such as an accident or hijacking. ot having an accurate record
of all passengers could, for example, harper the efforts of rescue workers
during & pact-ccsident rescue operation,

A legal interpretation, concerning the "manifest accounting for all non-
crewmenbers, " was issved by the FAA's Office of the Chief Counsel, It

states that "The word 'passenger, ' as used throughout the Federal Aviation
Reguiations, means ary passenger regardless of age...." That interpretation
also states that "The word passenger, as used in Section 121.693, is not
qualified and means any passenger." A crewmerber as defined in Section 1.1
of the FAR means " a person assigned to perform duty in an aircraft during
flight time."

NOTE: THE CONTENTS OF THIS ACTION NOTICE, IF APPROPRIATE, SHALL BE INCORPORATED INTO THE
DIRECTIVES SYSTEM WITHIN 12 MONTHS AFTER THE DATE OF APPAOVAL.

DOtrbution.  A-XY-1; A-X(FS)-2; A-Y(AY)-2; AEU-1/200(5 cys); A-Frs-1, PONALSY  ars-220
Infor AAC-950 (B0 cys); AMs-420 (1 cy)
FALPorm 132018 1744 Suorwoon fad Fom 1 W0 Tt



Amy person prw;ded transportation on an air carrier aircraft, who is not a
cramenber with assigned duties, rust be recorded as a passenger and listed
as required oy Section 121.693(e). Crewmembers include the pilot in
caTans, second in cammand, other required flight crewmembers such as flight
engineers, navigators, relief pilots, required and non-required flight
attendants {who are assigned duties by the air carrier), and any other
persons (e.g,, pursers, a custamer service agent, etc.) assigned duties
during flight time, All other persors are passengers (e.g., non-revenue
passengets, chnildren (regardless of their age and whether they cccupy a
seat), deacdheading crewmembers Or Other canparn, e€ployees not assigned
duties during flight time, FAA or NTSB safety inspectors, law enforcement
officials, etc),

Principal operations inspectors are requested to review his/her certificate
holder's procedures to ensure that those procedures ave in campliance with
Section 121.653 (e) of the FAR and that all passengers and their names are
recorded by an accepracle means and, if approprizte, attached to the load
ranifest,

Work must pe accaplished using available FAA rescurces,

&\"—Laae t L. Soodrich
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MABTFEST ACCC CEDURES (FTSR_SAFETY RRCONMENDATION A-90-108).

2. Tbhe problems avsociated with the reacovery effoerts involving a recent
air carrier aceident, ia which & night takeoff was aborted and the sirpleac
suded wp Tunning off the mnd of a rurway snd into a body of water, waze
ccmpounded because Treacne perscmnel did not kbow axsetly how many persons were
on besrd the airplane. This ¢ituation was detrinental to tha rescus sffarc
since it ercated an unceTTainsty as to bow many persvns hud been on board
versus how many ‘had been sccounted for during the rescue operstion. The
Batiozal Trassportation §efecy Zeard (NISE) recoumended to the Federal
Aviation Adminietrarion (FAA) that air carTiers ba reaquirsd to provide atrpore
Tescus perscnnel acourate and timely mabers of a1l persons sboard an dirverafe
iovelved in aa sccident ¢z inetdent gnd thet they assist in determining the
wheresbouts of persons who hsve been recovered from the scens of in accident.

b, The FAL agreas with the BISB that air carriers should be able to
provide accuratd and timely inforwstion to &u sppropriats airport and/er
Govermmant suthoritry with respect To the total suaber of peTscas on an -
sircraft and thit air carriors sbould assist the appropriate awthoritiss im
deteraining the wheresbouts of pezscus whe have baen Tecovered from tha scena-
of & mccidest. The sum of the persons on board am sircraft includes, e.g2.,
eTewmenbera, TeURAne Pa3IEngETs, NSG-TEVEDUS passwugers, children being beld
in the lap of ag adult, and parsoms occupying cabin or cockpit Juspsests.

€. Fedsral Avistiocn Regulxtions (FAR) Sectfom 121.6%8 Teguirss that all
cervificaca holders prepare s losd mamifest that includes, at the time of
takectf, the nazmes of pussengers (u0less.ths passanger names are maistaised by
scoe other meang). PAR fection [35.63(c) requires, for emiciengine ajrcraft,
n load manifest thav includes, &t the time of takwoff, ths nunber of
passengers. Oa December 30, 1988, the PAL Lssved Action Botize 8430.2%, the
primery purpose of which was to prowide guidance concerning & recent legal
interpratation of FAR Section 121.693(m) regarding the “manifest accomnting
for sll non~gremzambers® snd the recording of passengsr names. That guidence
is 3ti]] valid smd states, in paxtt

’ {1) : "Seetion ]121.693(e) of the FAR raguires that air carrievs
include se part of the load msnifest, the "Hammes of passemgers, unless suck
inforpation 1s maintained by other peans by the air catrier.” Other means
eould ba ricket stubs, & camputer socurca, ¢fc. The priucipal ressom for thie
repaulation fs to facilizate the Tapid and accurate dezermination ¢f how many .
fassengers are om board an sircraft end who they =mre ia the event of an
emesgeacy situation such as am sceident or hijacking. Not having an sccurxte
recard of all passengers ¢oold, for exampla, hampar the efforts of fescue
workers during & post-accident rescus opersticn.

(2} *Tha wozd 'w-n;ex:,' ss used throughout the Federal

) Aviaticu Regulations, mmaus acy passengar regardless of age...." That

interpretation also states that "The word passenger, as used in Secticm
121,683, {» oot qualified and weans any passanger.” A crevmember a8 defined
in Section 1.1 of the FAR means "a persom assigned to parform duty 4im an

atrcrafr during flisht rime.” ”

-

Chap ¢
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“ - (3) any persom providad treasportation on a3 air carrier
N/ sircraft, who is ior & czevmeober assigned by the certificate holder te

parform duties dwrlng figghr tide, must be recorded as » pu:ugor and listed
as required by Secticn 121.693(s). Crmmemfers include the pilor fa compand,
second in command| other required flight crsumenbers such ss flight engineers,
savigators, velie{ pilots, required and nop-vequired flight atcendancs (vho
are ssoigned duties by the air carrier), .and azy other persons (s.g., pursers,
customer service agénts, etc.) sasigned Auripy duriog flighc time. All other
perscas aTe pasxengers (e.8., nOR-TEvemus passengers, children’ (regsrdless of
their age snd vhether they occupy = sest), dsadhseding crewcexbers or other
company esployess not assigned duties durisg flight time, TAA or ETSB safety
iacpactors, law ceforcmt afficizls, ete).

. 4, In nddutcn to the load manifest veguirad by :hau n;u.hu.m.
\ which requires, as applicable, the nimes or numbars of pasaengers on board at’

' the tize of takeoff, cha certificate bolder should also have 8 procedure which
‘ensures that the toul ouber of persons on bosrd say alverafey including the ~.
torsl mmber of et ers, is svailable at the time of takeoff., The )
procedures should, 28\ s parr of the manusil reguirecsuts of FAR Sections
121.133(b) (22) l.nd 138.23(4) (accident notiffcation procedures) coutaih,
guvidsuce, instructions) and procedurss regarding the local sutborivies (n.g.,
airpezt police, managewent, sud/er fira depercxent) which sheald ba comtasted
by the certificate holder's persocmel in the event of ap zecident or incident
and what informatiem shauld be included in tbe notlficaticn, iscluding the
total mmber of parsons em basrd the asircraft. The certificate holder should,
1f appropriste, alse have a procedure which provides sseistanca to those
authorities in determinirg the whersabouzs of persons that the certificate

N holder kncws bave Loen recoversd from tha scese of the sccident. .

e, If an airporr 18 certificared in aceovdance with PAR Pazrt 139 4r
guat have, in sccardagce with FAR Sesriem 139,325, an sirport smergency plan.
Air carriers and commercial operators shomld, s necessary and to the extent
possibls, review the plans of those certificated airports to wvhich they
éperate to enwurs that the procedures thay bave developed 4ir accordance with
FAR Ssetiom 121.138(b}(22) and/oxr FAR Section 135.23(d) are consistent with
the airport ewargancy plan thar has baen devaloped by the airport certificste
holder. Additional inforcatics comceraing airpart emerrency plans .
containmd in FAA Advisory Circulars in the 150 series {e.g., 150/52
Airpert Emergeacy Plmnx),

£, Prim:ipal cpetations luspectors chall bﬂng this bullstin to Ttha

attaction of thelir sssigned certificate holders snd skall request that their
cextificate houn: devslop and impiwment tle pnudurn described abova.

993, - 1000. RESERVED. -

_/' . ll —
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1. FACTUAL INFORMATION

11 HISTORY OF FLIGHT 1016

Before departing Columbia (South Carolina) for Charlotte, the crew of Flight 1016
checked the weather conditions. The weather enroute and at Charlotte was visual
meteorological conditions, and forecast to remain so. [Ex. 2-A, "Statement of Captain
Michael Reese Greenlee," || 21]

The 1810 departure from Columbia was uneventful, and Flight 1016 flew into the
Chariotte area in primarily visual conditions. Transcript of Proceedings Before the United
States National Transportation Safety Board, testimony of Captain Michael Greeniee, p.
277 [hereinafter "Greenlee, Tr. 277"]. Approximately 40 to 45 miles from Charlotte,
Captain Greenlee obtained ATIS information Yankee, which centained the following

information:

"Charlotte International Airport arrival information Yankee Charlotte
two one five one zulu weather five thousand scattered visibility six miles
haze temperature eight eight dew point six seven wind one five zero at
eight aitimeter three zero zero one ILS approaches runways one eight left
one eight right localizer back course two three approach in use if unable
to comply with speed restrictions advise read back all hold short
instructions advise you have information Yankee."

At approximately 1827 local time, Flight 10186, fiying inbound on the 232° radial
of the Charlotte VOR, checked in on Charlotte Arrival West (ARW) frequency at 12,000
feet. [Ex. 12-A] At that time, Captain Greeniee noticed a smalil cell south of the
Charlotte VOR, which is located south of the end of Runway 18R. [Greenlee, Tr. 278]

At 1828:20, ARW cleared Flight 1016 to descend and maintain 10,000 feet, and
at 1830:15, Flight 1016 advised that it was turning five degrees to the right to avoid
some cumulus clouds present on the radial. At 1833:1 9, Flight 1016 informed ARW that

they could see a cell building on the radial approximately 15 miles in front of them, and



ARW indicated he would be turning the aircraft before they reached the cell. At 1834:00,
ARW turned 1016 left downwind to a heading of 360°. [Ex. 12-A]

As Flight 1016 was on downwind, the crew could see a cell located one to two
miles south of the airport, directly off the departure end of 18R. Captain Greeniee was
using the on-board weather radar, which painted two cells; one south of Runway 18R
and a smaller cell east of the field. [Ex. 2A, "Statement of Captain Michael Reese
Greenlee," § 25] Captain Greenlee recalled that the cell which was south of Runway
18R was extremely small >and round, with "some red" returns in it. [Greeniee, Tr. 291]

At 1835.08, ARW instructed Flight 1016 to contact Approach (Final Radar West),
and at 1835:18, Flight 1016 checked in on Final Radar West ("FRW") frequency. FRW
cleared Flight 1016 down to 4,000 feet, and told the crew to expect a visual approach
to Runway 18R. At 1836:59, FRW informed Flight 1016 of "some rain just south of the
field might be little bit coming off north just expect the ILS amend your altitude maintain
3,000." [Ex. 12-A} At that point, Flight 1016 was located west of the airport and north
of the threshold of Rwy 18R, and was still in visual conditions. [Greenlee, Tr. 279]

At 1837:44, FRW instructed Fiight 1016 to turn right to a heading of 090°, the
base leg of Flight 1016's approach. At 1838:27, FRW turned 1016 right to a heading of
170°; at that time, FRW told the 1016 crew it was 4 miles from SOPHE, the outer marker
for an ILS approach to Runway 18R. [Ex. 12-A] Throughout the base leg, and as they
turned on finai, Captain Greenlee could see the airport. [Greenlee, Tr. 280] Once on
final, Captain Greenlee again used the onboard weather radar to scan the airport area;
he set the radar to optimize the pictui'e of Flight 1016's intended ftight path, and of the

cell off the departure end of Runway 18R, the only weather cell the crew observed.
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[{Greenlee, Tr. 280] At that time, the cell did not appear to have moved since the crew
first observed it while approaching the Charlotte terminal area. [Greenlee, Tr. 300]

At 1839.02, Captain Greenlee told First Officer Hayes that, in the event of a
missed approach, they would fly the aircraft to the right away from Charlotte Airport. [Ex.
12-A] At 1839:20, Captain Greeniee reminded First Officer Hayes that there was a
chance of windshear. [Ex. 12-A] Captain Greenlee decided to fly to the right in the
event of a missed approach, and mentioned windshear, because of the weather cell off
the south end of the runway. [Greenlee, Tr. 279, 280]

At 1839:24, FRW instructed 1016 to contact Charlotte Tower (Local Control West).
[Ex. 12-A] At 1839:38, 1016 checked in on Local Control West ("LCW") frequency. [Ex.
12-A] At 1839:42, Flight 1016 was cleared to land on runway 18R following a FK 100
on short final. The crew was told that the previous arrival reported a smooth ride all the
way down, but Captain Greenlee requested another PIREP from the aircraft in front of
Flight 1016 which was about to land. [Ex. 12-A] At 1840:10, First Officer Hayes
remarked that the edge of a small rain shower appeared to be just on the north side of
the airport. [Ex. 12-A] First Officer Hayes testified that this was a thin veil of rain
through which he could see the runway. [Hayes, Tr. 415]

At 1840:42, in response 1o Flight 1016's request for a pilot report, LCW told the
crew that the FK 100 also experienced a smocth ride. Flight 1016 then requested and
received a report on the winds on the airport, which were given as one one zero at
twenty-one knots. [Ex. 12-A}] Captain Greenlee then reminded First Officer Hayes to
stay heads up. [Ex. 12-A] At this point, because the preceding aircraft had reported

smooth rides, and because the weather cell remained several miles south of the field,



Captain Greenlee saw no reason to abort the approach. [Greeniee, Tr. 302] Neither
Captain Greeniee nor First Officer Hayes saw any lightning in the area. [Greenlee, Tr.
324; Hayes, Tr. 390]

At 1841.06, LCW issued a windshear alert for the northeast boundary of the
airport, with winds of one nine zero at thirteen knots. [Ex. 12-A] First Officer Hayes felt
it was not unusual to receive a windshear alert when surface winds are gusty. [Hayes,
Tr. 424] The approach continued to be smooth and stable, according to Captain
Greenlee. [Greenlee, Tr. 282, 302]

At 1841:54, Captain Greenlee turned on the wipers as the aircraft was
encountering light rain; approximately 5 seconds later, the crew noticed an increase in
airspeed of 10 knots. [Ex. 12-A; Greenlee, Tr. 331] Shortly after the wipers were turned
on,»the rain intensified, and Captain Greenlee realized they would not be able to see the
runway at decision height. [Greenlee, Tr. 281] Prior to encountering the heavy rain, the
weather conditions experienced by the crew conformed to their expectations. [Greenlee,
Tr. 320] The crew of Flight 1016 had no indication that heavy rain was falling on the
airport, and in their flight path, prior to actually flying into it. [Greenlee, Tr. 359] First
Officer Hayes testified that the aircraft handled very well in the rain, and the approach
remained stable and smooth. [Hayes, Tr. 404)

At 1842:14, Captain Greenlee instructed First Officer Hayes to execute a go-
around to the right (west) side of the runway. [Ex. 12-A] At 1842:17, Captain Greenlee
began calling out the missed approach procedures; the first items on the checklist were
max power and fifteen degrees of flaps. [Ex. 12-A] Captain Greenlee saw the engine

power coming up, and the nose of the aircraft rising. [Greenlee, Tr. 283]



Just a few seconds after the crew brought the flaps to fifteen degrees, the aircraft
dropped. [Greenlee, Tr. 283] At that point, Captain Greenlee felt the aircraft had
entered a severe windshear. [Greenlee, Tr. 310] Captain Greenlee cailed for firewall
power at 1842:28. [Ex. 12-A] The aircraft continued to sink, however, and the first

sound of impact came at 1842:35. [Ex. 12-A]

1.7 METEOROLOGICAL INFORMATION

1.7.1 NATIONAL WEATHER SERVICE

According to the National Weather Service (NWS) surface weather observations
at Charlotte Airpont, a rapidly changing weather picture presented itself in the minutes
preceding and immediately following the crash of Flight 1016. A record observation at
1751 (local time) indicated a scattered ceiling at 5,000 feet with 6 miles of visibility. [Ex.
5-A, p.2] At 1836, a special observation noted a ceiling of 4,500 feet with broken clouds,
6 miles visibility, thunderstorms and light rain showers. [Ex. 5-A, p.3]

Four minutes later, at 1840, another special observation was made with a
measured ceiiing of 4,500 feet overcast, 1 mile visibility, thunderstorms and heavy rain
showers. [Ex. 5-A, p.3] By 1850, a record observation noted a measured ceiling of 4,500
feet overcast, and a return to 6 miles visibility, with thunderstorms and heavy rain
showers. [Ex. 5-A, p.3]

Surface weather observation forms at Charlotte indicate that the thunderstorm

over the airport area began at 1833 and ended at 1900. [Ex. 5-A, p.3] Light rain



showers began at 1834, and ended at 1837. [Ex. 5-A, p.3] Heavy rain showers started

at 1837 and ended at 1901. [Ex. 5-A, p.3]

1.7.2 AUTOMATED TERMINAL INFORMATION SERVICE

The Charlotte Automated Terminal Information Service (ATIS) broadcasts relevant
to the Flight 1016 incident are broadcasts Yankee, effective at 1751, and Zulu, effective
at 1836. Pertinent weather information related by ATIS Yankee to aircraft operating in
the vicinity of Charlotte was that the ceiling was 5,000 feet scattered with 6 miles
visibility. [Ex. 3-A, p.4] The ATIS Zulu broadcast for the Chariotte Airport reiated a
ceiting of 4,500 broken clouds with 6 miles visibility, and a thunderstorm and light rain,
but this message was not placed on the radio tape for transmission until after 1843 and

was not heard by the crew of Flight 1016. [Ex. 3-A, p.4]

1.7.3 LOW LEVEL WINDSHEAR ALERT SYSTEM (LLWAS)

The Charlotte Airport is equipped with a Phase Il Low Level Windshear Alert
System (LLWAS). [Wilson, T. 656] It is a windshear detection system that cperates
through the use of five wind-measuring devices plus one back-up device. [Wilson, Tr.
656) The Phase Il LLWAS was created as an interim measure while the Phase Il
LLWAS was being developed.

The Phase lll system has a network of fifteen or more anemometers, nominally
spaced 1.2 miles apart for a full three miles beyond each runway end. The placement
is designed for full coverage of the potential hazard area, and a Phase I} system has

the ability to detect microbursts detection with a high reliability. Phase Il systems
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involve the installation of sensors on property that is remote from the airport property.
[Wilson, Tr. 658] As a resuit aimost all LLWAS systems are Phase II.

The Phase || LLWAS, such as the one in use at Chariotte on July 2, 1994,
operates with a significantly lower number of anemometers (5) than does the Phase |l
system, and it has a windshear detection probability of 40%. [Wilson, Tr. 659] However,
the false alert probability of only 7% is comparable to the Phase il system. [Wiison, Tr.
660] The sensor system is small in a Phase | and Il system. Thus, the algorithm written
for the cornputer monitoring unit is written to detect a very strong or anomalous wind at
a single sensor. [Wilson, Tr. 663] This is unlike the Phase lll system, which has a
greater number of sensors, thus allowing the algorithm which drives the alert system to
interpolate data from the very strong signal received when a microburst lands in a dense
sensor network. [Wilson, Tr. 662)

Phase Il LLWAS also requires four separate and consecutive anomalous winds
to be detected before an alert will issue. A forty second delay then resuits from
detection to alert because the LLWAS Phase Il unit samples winds every ten seconds.
[Wilson, Tr. 664] This protective sampling method was incorporated in the Phase il
LLWAS to minimize false alarms. [Wilson, Tr. 669] With respect to the Phase Il LLWAS
at Charlotte, and the events of July 2, 1994, sensors one (center field), two (northeast
sector), and six (northwest sector) are critical, and it was a sensor two alert (northeast
sector) that was given to Flight 1016. [Wilson, Tr. 670]

In the few minutes preceding the crash, the system detected winds at center field
which were a bit stronger than those in other areas. The wind was generally from the

southeast at a nominal speed. One minute later, however, the wind had shifted to 110°
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and increased in velocity. [Wilson, Tr. 677] The system first detectgd windshear at the
center field sensor, and it was based on the fact that the senscr was detecting winds
from a differing direction and higher velocity. [Wilson, Tr. 677] A windshear alert was
also detected in the southeast sector, and the sensor triangle of the Northeast, South
and Center Field Sensors exhibit a diverse wind feature which resulted in difficulty in
determination whether the windshear was to the north or the south. [Wilson, Tr. 679]

The LLWAS is designed to make a distinction beiween shear winds and
operational winds. The system has a threshold of 15 knots of wind in arder to trigger
the alert mechanism. The particular wind in question only surged to approximately 13
knots. [Wilson, Tr. 680] Immediately after the last communication between ATC and
Flight 1016, the northwest sector of the Charlotte Airport experienced a wind surge to
14.3 knots; just below the alert trigger threshoid. [Wilson, Tr. 685] Further, the LLWAS
Phase |l system is not capable of detecting microbursts, and the controller receiving a
windshear alert from a Phase Il LLWAS can only issue a windshear alert. [Wilson, Tr.
683]

Analysis of the winds detected at the various sensors suggests the event that
claimed Flight 1016 was a form of microburst event that was undersampled by the
LLWAS network at Charlotte. (Wilson, Tr. 689]

Dr. Wilson attributed his assessment of a complex microburst event to the fact
that there were two distinct wind pulses and because of the special cell discovery
uncovered by the NEXRAD scan. [Wilson, Tr. 689-680]. He believes that the
inadequacies of the Charlotte LLWAS are attributable to its sparse sensor network, but

that the system operated as intended and designed on July 2, 1994. [Wilson, Tr. 690]
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He also believes that the evidence is strong that this compiex microburst event occurred

just as Flight 1016 was trying to fly in the area. [Wilson, Tr. 691].

1.7.4 ASR-9 AIRPORT SURVEILLANCE RADAR

The ASR-9 radar system is primarily used to detect and track aircraft, but it is aiso
capable of giving a controller nearly "real-time" qualitative information on precipitation
reflectivity. [Weber, Tr. 725] Controllers are able to select, at any one time, two of six
weather channels in two separate display modes. The ASR-9 operates by processing
data from a high beam out to a range of nearly 30 kilometers (15 nautical miles), and
then switching to a low beam beyond 30 kilometers. [Weber, Tr. 726-728] As a function
of altitude there is a "cone of silence" above the antenna at altitudes above 5,000 feet.
[Weber, Tr. 743-744]

An analysis based on NEXRAD scans done of the Charlotte area from the
Colombia, South Carolina doppler weather radar was conducted by Dr. Mark Weber of
MIT’s Lincoln Laboratory to evaiuate the weather being depicted on the ASR-9 at and
before the time of the accident.

At 1835, the controllers could have seen a "pop-up” level three cell. [Weber, Tr.
743] A "pop-up" cell confirms the existence of a microburst situation. [Weber, Tr. 744]

The volume scan at 1841, just prior to the accident, indicates heavy precipitation falling
into the lowest NEXRAD beam.! The ASR-9 should have been painting a level four cell

centered on the west side of the airport at this time. {Weber, Tr. 740]. When the rain is

' The lowest level of the NEXRAD beam is at approximately 3,000 feet above ground
level. [Saffle, Tr. 624}
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reaching the ground, the radar should reflect it regardless of the rain’s location relative
to the antenna. [Weber, Tr. 745] When it was raining heavily at the Charlotte airport, the
ASR-9 should have been painting an accurate picture of the intensity of the rain right up
to the radar antenna. [Weber, Tr. 759]

The overall trend in the area of the Charlotte Airport in the minutes before the
crash indicate the maximum weather level on the ASR-9 increased from level two to
level four. The cell drifted northward from a position of about 3 kilometers south of the
airport to the airpert’s center at an average drift of 8 knots, with a descending reflectivity
core consistent with the development of a fairly classic microburst scenario directly on
top of the airport. {Weber, Tr. 751]

Dr. Weber also has surmised, based on the simulation and reports from the flight
crew. that Flight 1016 entered the area of microburst activity at the very beginning of its

existence. [Weber, Tr. 761]

1.7.5 WSR-88D NEXRAD RADAR

The WSR-88D (NEXRAD) system is used primarily to support public weather
forecasts and warnings. [Saffle, Tr. 635] Itis a form of Doppler radar technology which
operates with a much higher power than conventional radars and has a very fine
resolution beam. [Saffle, Tr. 597] The chief difference is that NEXRAD combines basic
radar with sophisticated computer processing capabilities. The National Weather Service
has 90+ NEXRAD systems operational, and it is implementing them at a rate of about

four per month. Only eight or ten of the systems are, however, commissioned because
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of a problem with spare parts shortages. [Saffie, Tr. 598] Even though formally
uncommissioned, the radars are in use. [Saffle, Tr. 589)

The closest NEXRAD system to Charlotte is located 77 nauticai miles to the south
at Columbia, South Carolina. The system is accurate, however, to within 800 feet.
[Saffle, Tr. 599] The map background accuracy at the range of 77 nautical miles would
be 3 kilometers, and it is accurate to within 1% miles of geographic boundaries and
landmarks. [Saffle, Tr. 600]

The methods employed and the data used in the simulation for Charlotte came
from the WSR-88D at Columbia. [Saffle, Tr. 601] The model used reflectivity for hail,
and an attempt was made to reduce that to an appropriate rainfall rate, although no hail
was reported. The rainfall rate is capped at 4.08 inches per hour. [Saffle, Tr. 602]
However, the rainfall rate can reach extreme values over small periods of time -- up to
an order of magnitude greater than the average reported value. [Ex. 5G, p. 1] The
rainfall rate for a very short period of time could exceed 40" per hour.

The NEXRAD display allows a four-panel view of the weather, and the center of
the beam in the Charlotte area would be between 7,000 and 8,000 feet. [Saffle, Tr. 608]
The lower left panel in each display identifies vertically integrated liquid: the estimate of
a total mass of water in a column over a given unit area on the ground. [Saffle, Tr. 613]
The NEXRAD scans indicate that at 1829 (local time), reflectivity in the storm near the
Charlotte Airport had increased to 40 dBZ. [Saffle, Tr. 619] The storm had grown to a
a VIP Level 3 to the south-southeast of the center of the airport. In the mid-levels of the

cell, reflectivity was around 50 dBZ which approximates a VIP Level 5 cell. [Saffle, Tr.
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620] The 1829 scan also shows an outflow away from the radar at the lowest elevation
angle. [Saffle, Tr. 621]

At 1835, the NEXRAD showed reflectivity of 50 dBZ at the .5 degree angle, or
approximately VIP Level 5. it is highly likely that heavy rain was then falling to the
surface at Charlotte, and the strongest gradient of the storm was toward the north-
northwest part of the storm. [Saffle, Tr. 622] The storm was off to the northwest edge
of the runway, and the initial impact point was in the center of the 50 dBZ echo area on
the .5 degree NEXRAD display. [Saffle, Tr. 623]

At 1841, the storm had begun to decay. [Saffle, Tr. 626] Reflectivities had
decreased in the higher altitudes, and the reﬂecfivity core was descending. This would
create an outflow boundary or gust front on the surface that could be classified as a
microburst or downburst. [Saffle, Tr. 627] The clouds tops were at 30,000 feet just east

of the impact site, and at 1847, NEXRAD showed the storm decreasing in intensity.

[Saffle, Tr. 630]

1.7.6 TERMINAL AREA SIMULATION SYSTEM (TASS)

The Terminal Area Simuilation System (TASS) was used to model the suspected
microburst event at Charlotte on July 2, 1994. In summary, the event exhibited a large
wind velocity change on the order of 70 knots, or 35 meters per second. This velocity
change occurred over an area of only one kilometer, and in that area was an F-factor
of 0.3. [Proctor, Tr. 785] The event was also associated with moderate to heavy rainfall.

[Proctor, Tr. 786] It was generated from a thunderstorm with a cloud top of about

12
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30,000 feet, and it is one of the most intense microbursts ever numerically simulated.
[Proctor, Tr. 786]

The TASS system has been accepted by the FAA and has been used to examine
other windshear events, such as the 1985 DFW Delta crash. [Proctor, Tr. 787] Perhaps
the most unusual element of the Charlotte event was that there was a very steep lapse
rate of approximately 80 from the surface to a height of 3 kilometers. There was a
stable layer around 7 kilometers which limited cloud tops to 30,000 feet, and the
moisture in the atmosphere was fairly deep. [Proctor, Tr. 787)

The F-factor is a unit of measurement to describe the degree of hazard from a
windshear. The FAA considers 0.1 F-factor to be hazardous. The flight data recorded
from Flight 1016 indicates an F-factor of 0.3. Even the 1985 DFW crash measured only
0.25 F-factor. [Proctor, Tr. 789]

As Flight 1016 approached for landing at Charlotte, it encountered a very strong
headwind of about 40 knots. Then, over the distance of only 1 kilometer, it encountered
a strong tailwind of approximately 40 knots. [Proctor, Tr. 792] This evidences a very
strong windshear encounter over a very small distance. [Proctor, Tr. 783] The aircraft
entered a performance-enhancing area due to the increase in headwind, but as it passed
into the microburst, the F-factor rapidly increased to 0.265 in the TASS model, and to
0.3 on the flight data recorder. [Proctor, Tr. 794] The TASS model also indicates that
Flight 1016 was encountering mild updraft values of 2 meters per second in the area of
headwind, but suddenly shifted into a severe downdraft on the order of 1400 feet per
minute. [Proctor, Tr. 794] The TASS model can calculate values to areas as low as 100

to 100 feet above ground levetl. [Proctor, Tr. 795]
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Additional characteristics of this storm indicate its multi-cellular composition. The
storm formed new cells as it grew. [Proctor, Tr. 799] The storm also developed
embedded microbursts within the original outflow. When matched with time clocks, the
accident time correlates with the time of peak rainfall rate and peak F-factor values.
[Proctor, Tr. 800]

Rainfall rates one minute prior to impact were significantly greater than one
minute after the accident. This indicates that the encounter with the microburst occurred
at the time when rainfall rate was rapidly increasing. The F-factor was also rapidly
increasing at this time, and it was three times the FAA hazard threshold. [Proctor, Tr.
800] Because the microburst contained several divergent centers, it wasn't an
"idealized” single downdraft with a symmetric flow field. The microburst was driven by
a very smali diameter rainshaft with radar reflectivities of about 52 dBZ near the surface.
[Proctor, Tr. 802] The F-féctor values are in the top one percent of microburst
intensities, and Flight 1016 entered the microburst early in its existence and at its

moment of peak intensity. [Proctor, Tr. 803]

2, ANALYSIS
2.1 GENERAL
2.2 FLIGHT 1016 CREW

2.2.1 CREW DECISION MAKING

Dr. Judith Orasanu, an investigator at NASA Ames Research Center, testified
there are four factors characteristic of good decision-making: situation assessment,

contingency planning, task/workload management, and communications. [Orasanu, Tr.
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442] Dr. Orasanu saw all of the elements of effective decision-making in the actions of
Flight 1016’s crew. [Orasanu, Tr. 444]

The crew of Flight 1016 continually reassessed their situation throughout the
approach, and aggressively sought information to assist in their assessment. The crew
first saw a small cell while approaching the terminal area, and monitored the cell
throughout the base and final legs of the flight. At 1839:20, Captain Greenlee noted
there was a chance of windshear, and shared that information with First Officer Hayes.
[Ex. 12-A] At 1839:49, after learning that a previous aircraft landing on Runway 18R
reported a smooth ride, Captain Greenlee immediately requested another ride report
from the aircraft landing directly in front of Flight 1016. [Ex. 12-A} That aircraft also
reported a smooth ride. After receiving the second ride report at 1840.42, Captain
Greenlee requested information on the wind conditions on the airport. At 1841:05,
Captain Greenlee reminded First Officer Hayes to stay heads up. At 1841:086, the crew
received a windshear alert in a quadrant which was not in their flight path. [Ex. 12-A]

Dr. Orasanu testified that the Flight 1016 crew faced a very difficult situation, in
light of the ambiguous clues they were receiving. [Orasanu, Tr. 447] Dr. Orasanu
testified that it is much more difficult to assess a given situation, and to make
appropriate decisions, when the crew is faced with ambiguous cues. [Orasanu, Tr. 437}
Dr. Orasanu also testified that she would expect an experienced decision-maker to solicit
information in an attempt to clarify an ambiguous situation. [Orasanu, Tr. 440] The
ongoing requests for additional information by the flight crew exemplified the appropriate

response to an ambiguous weather situation. [Orasanu, Tr. 439]
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In addition, Dr. Orasanu noted the presence of the other three elements of
effective decision-making by the crew of Flight 1016. In discussi'ng the missed approach
procedure, the crew was engaged in contingency planning. [Orasanu, Tr. 444] The
crew’s task and workload management was clearly very good, as evidenced by their
performance of their assigned tasks. [Orasanu, Tr. 444] Lastly, the crew communicated
with each other regarding the weather as it was known to them, the chance of
windshear, and the appropriate flight path in the event of a missed approach. [Ex. 12-A]
The crew's actions, therefore, encompassed all of the elements of effective decision-
making. [Orasanu, Tr. 444]

Based upon the information they had, Flight 1016's crew made appropriate
decisions, initiating a missed approach when the weather cues dictated that was the
prdper action. The crew knew of only one small weather cell off the south end of the
runway. They were aware of the possibility of light rain in their approach path, but were
not aware of any lightning over the airport or in their approach path. They received two
pilot reports which indicated the approach was smooth and non-turbulent. Lastly, the
windshear alert they received did not affect their intended approach path or the active
runway they were using. Visually, the crew could see the landing environment until the

heavy rain began; the missed approach was initiated shortly thereafter.

2.2.2 FLIGHT 1016 CREW'S DETECTION OF WINDSHEAR

The crew of Flight 1016 had no cues which would indicate that they were about

to encounter an extremely severe windshear/ microburst event.
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During the NTSB Public Hearing regarding the "Microburst Windshear Probability
Guidelines" contained at page 84 of the March-June 1994 Flight Crew View [Ex. 2-F]
were discussed. The Probability Guidelines state they "apply to operations in the airport
vicinity (within 3 miles of the point of takeoff or landing along the intended flight path and
below 1000 feet agl)." During this approach, the only convective activity of which the
Flight 1016 crew was aware was south of the Chariotte VOR, approximately 2.2 miles
from the approach end of Runway 18R. [Ex. 2-B] Captain Greenlee testified that while
on downwind, the Flight 1016 crew saw the cell located one to two miles south of the
airport and that it appeared to be in approximately the same position while on final.
Runway 18R is 10,000’ long [Ex. 15-B], so a cell located one to two miles south of the
runway was three to four miles south of Flight 1016's intended touchdown point. In
addition, the cell was not along Flight 1016's intended flight path. In fact, the 1016 crew
planned a flight path away from that convective activity in the event a go-around was
necessary. These guidelines are therefore not directly applicable in this situation.

The crew was not aware of, and did not expect to encounter, heavy rainfall or
severe winds in their intended flight path. They were told there might be "a little bit" of
rain on the north side of the airport, and the crew noticed a thin vell of rain when the
aircraft was on short final. The crew was also not aware of any lightning in the terminai
area, First Officer Hayes testified he would have alerted Captain Greenlee if he saw any,
and Captain Greenlee testified he would have discontinued the approach if he saw
lightning. There were no reports of turbulence in the terminal area, nor did Flight 1016
encounter any turbulence on approach. The temperature/dew point spread was 21

degrees Fahrenheit, well below the 30 to 50 degrees which indicates a medium
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probability of microburst windshear activity. The crew received successive pilot reports
of smooth rides. Lastly, the LLWAS alert they received indicated only an 8 kt. difference
between the centerfield wind, reported at 21 kts., and the northeast boundary wind,
reported at 13 kis. Further, the shear was performance enhancing, and not along their
route of flight.

In addition, it would have been extremely difficult to detect the event prior to flying
into it, because it appears to have occurred simultaneously with Flight 1016's flight
through the area. Dr. Wes Wilson noted strong evidence that this microburst occurred
at the time Flight 1016 was trying to fly through that airspace. [Wilson, Tr. 691] In
addition, Dr. Fred Proctor testified that Flight 1018’s penetration of the microbursts
occurred when the surface rainfall was rapidly increasing [Proctor, Tr. 800], and that the
encounter was early in the microburst's lifetime and during its period of highest intensity.
[Proctor, Tr. 803, 811] It appears that the microburst was developing above Flight 1016,
rather than in front of them, and the airborne weather radar therefore provided no

assistance to the crew in assessing the weather.

223 FLIGHT CREW RESPONSE

Having initiated a normal go-around consistent with their training, First Officer
Hayes increased the power toward go-around power and pitched the aircraft toward 15
degrees. Captain Greenlee reset the flaps to 15 degrees from 40 degrees, thus initiating
a configuration change in the aircraft. The change in pitch in a normal environment
produces a loss of airspeed initially, and properly requires the flight crew to be sensitive

to not over-pitching the aircraft in a low speed, low altitude environment, and may have

18



properly caused Captain Greenlee to caution First Officer Hayes not to over rotate. The
effect of pitching the aircraft up as part of the missed approach effectively masked the
actual cause of the airspeed loss as the aircraft began to penetrate into the microburst.

Since the existence of the severe shear was masked until the aircraft penetrated
the downdraft, First Officer Hayes quite properly did not try to force the nose up in the
face of the decreasing airspeed.

As the aircraft suddenly penetrated the downdraft, the flight crew experienced a
complete reversal of aerodynamic response. With their minds on the problem of not
getting the nose too high, in order to preserve airspeed and not exceed their assigned
altitude, the nose suddenly dropped due to the combined force of the change in flaps,
the loss of airspeed and a 1400 foot/minute downdraft. In a moment's time the flight
crew had to change their mind set from trying to preserve airspeed, to trying to trade
airspeed for altitude. In fact, within a few seconds the flight crew did realize the problem
and began the proper corrective action, but there was neither sufficient altitude nor time

in the face of a .3 F-factor microburst.

2.3 USAIR'S TRAINING PROGRAM

USAIr provides training for nearly 15,000 pilots, flight attendants, and dispatchers
in approximately 130 separate training programs. [Bowden, Tr. 5§72] Within this group,
USAIr trains over 5,000 pilots. [Ex. 2-A, p. 6] The FAA’s Principal Operations Inspector

("POI") approves all USAir training programs and oversees the FAA's surveillance of

USAIr's operations. [Bowden, Tr. 528}
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Under USAir's FAA-approved recurrent training program, each Captain is required
to take a proficiency check in the simulator each 12 months. [Ex. 2-A, p. 9] However,
each Captain also must have completed either a proficiency check or proficiency training
within any preceding six month period. [Ex. 2-A, p. 9] First Officers must complete a

proficiency check each 24 months. However, each First Officer also must have

~completed either a proficiency check or proficiency training within any preceding 12

month period. [Ex. 2-A, p. 8] In each of these check and training sessions, both a
Captain and a First Officer participate. [Johnseon, Tr. 502-03] First Officers, therefore,
participate in simuiator training more frequently than the requirements dictate. [Ex. 2-A,
p. 9] In fact, each First Officer participates in an extra training period each year; that is,
one every six months. [Johnson, Tr. 474] Despite the increased expense to the
company, USAIr voluntarily conducts this training in order to emphasize the crew concept
during each and every training session. [Johnson, Tr. 481] No other airline has such
a requirement. [Johnson, Tr. 507-08])

USAIr has voluntarily instituted several programs through which it monitors the
effectiveness of the training it provides for its pilots. In 1989, USAIr voluntarily
implemented FAA advisory circular AC-120-59, "Air Carrier Internal Evaluation Program.”
[Ex. 2-A, p. 6] Under that program, USAir conducts periodic audits of the performance
of its operations programs. [Johnson, Tr. 487] The Director of Flight Safety and Quality
Assurance, who initiates the audits, reports the resuits directly to the Vice President of
Flight Operations. [Johnson, Tr. 486] Since 1991, USAIr has conducted five evaluations.

[Ex. 2-A, p. 6-7] Agencies external to USAir conducted four of these audits. [Ex. 2-A,
p. 6-7)
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in close cooperation with the POI, USAir also participates in a unique voluntary
program further designed to evaluate and improve its operations. Under the
"Compliance Through Partnership” program, the POl analyzes data gathered from
enroute flight checks conducted by FAA inspectors. [Bowden, Tr. 537] These flight
checks, over 3,000 of which were conducted in 1993, assess the performance of crews
during actual line operations. [Bowden, Tr. 535] The purpose of the inspections is
three-fold. First, inspectors look for compliance with Federal Aviation Regulations.
[Bowden, Tr. 534] Noncompliance in this area has not been a problem at USAir.
[Bowden, Tr. 535] Second, inspectors evaluate USAIr’s training program. There have
been no adverse trends in this area. [Bowden, Tr. 535] Third, inspectors evaluate
comptiance with USAir's own procedures. This broad area produces trend data which
is useful in designing emphasis areas for USAir's training programs.

The POl evaluates data from these enroute checks and identifies trends which
may be present. Bowden, Tr. 537. If unfavorable trends develop, the POl and USAir's
Director of Safety and their staffs conduct a two week assessment of the applicable
training programs. [Bowden, Tr. 536] At the end of the assessment, USAir and the POl
develop programs to provide the proper training emphasis to reverse the trend. USAir's
Altitude Awareness Program was such a program. [Bowden, Tr. 537] Three years ago,
an unfavorable trend developed in altitude deviations, resulting in three to four deviations
per month. [Bowden, Tr. 537] Since implementation of the program, the number of
deviations has dropped dramatically, now averaging less than one-half a deviation per

month. [Bowden, Tr. 537] In May 1994, USAir and the PO! implemented a similar
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program designed to emphasize standardization and compliance with USAIir's

procedures. [Bowden, Tr. 537]

2.3.1 MISSED APPRCACH TRAINING

USAir pilots execute a missed approach during every simulator flight, whether it
is a proficiency check or recurrent training. Each USAIr pilot participates in a simulator
flight each six months. [Johnson, Tr. 474] A missed approach event is a part of the DC-
9 recurrent LOFT scenario. [Ex. 2-Q, pp. 10-11] Further, the USAir Check Airman’s
Handbook directs accomplishment of missed approach events during proficiency training.
[Ex. 2-P, p. 11] The Check Airman Handbook also directs accomplishment of missed

approaches during proficiency checks, in accordance with 14 C.F.R. § 121, Appendix F.

[Ex. 2-P, p. 9]

2.3.2 WINDSHEAR TRAINING

In response to an FAA Advisory Circular containing a windshear training aid
issued in October, 1989, USAIr revised its existing windshear training program.
[Johnson, Tr. 482] By November of that year, USAIr had its simulator programs qualified
and approved. In September 1990, USAir again revised and improved its program,
based on POl input. [Bowden, Tr. 554]

Windshear training must be accomplished during each proficiency training period
and each proficiency check given in lieu of proficiency training. 14 C.F.R. §§ 121.409(d),

121.433(e). [Ex. 2-O, p. 6; Ex. 2-P, p. 4] USAir's DC-9 recurrent training LOFT contains
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a windshear event [Ex. 2-Q, p. 10-11), and USAir's Check Airman Handbook mandates
windshear training during each proficiency training session. [Ex. 2-O, p. 4]

USAIr conducts windshear training for its pilots during recurrent training, through
both ground and simulator flight training. [Ex. 2-O, p. 8] The ground training focuses
on the meteorology of windshear and stresses avoidance as USAir's standard operating
procedure. [Ex. 2-O, p. 8] Ground training includes a video emphasizing avoidance,
recognition, and recovery. [Ex. 2-O, p. 7; Johnson, Tr. 483] USAir's ground school
program also emphasizes avoidance of windshear through test questions on proper
avoidance techniques. [Bowden, Tr. 555] Pilots are taught in this phase that not all
windshear is survivable, and they also receive test questions on that concept. [Johnson,
Tr. 484)

Before accomplishing windshear training in the simulator, there must be a briefing
period during which recognition, avoidance, and proper recovery procedures are
stressed. [Ex. 2-P, p. 4] Following the flight training, a debriefing session is required.
It must inciude a discussion of avoidance as the best defense against windshear. [Ex.
2-P, p. 5]

Although only reguired to train to three windshear scenarios during flight training
in the simulator, USAIr trains instead tc six, all approved by the FAA. [Ex. 2-P, p. 4]
Some of the scenarios introduce turbulence as a lead-in to the situation, but not all.
[Johnson, Tr. 482] The scenarios present windshear in visibility conditions ranging from
VFR down to 1-1/2 miles. [Johnson, Tr. 483] The DC-8 simulator incorporates the

Honeywell windshear detection system, as does the aircraft itself. [Johnson, Tr. 507-08)
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USAIr assigns a different windshear scenario for training each 12 months in order
to insure pilots experience a different scenario during each required training session.
[Johnson, Tr. 507-08] One purpose of the training is to illustrate the difficuity of
maintaining flight path control in windshear conditions, thereby reinforcing avoidance as

the best defense. [Johnson, Tr. 507-08]

Finally, USAIr uses its pilot-oriented safety publication, Flight Crew View, to

supplement other training on various topics, particularly seasonal ones like windshear.

[Bowden, Tr. 555] The edition of Flight Crew View which was current at the time of the

accident contained a 51-page article on windshear recognition, avoidance, and recovery,

which was at least the second time the article had been published in Flight Crew View

since 1990. [Johnson, Tr. 485] Captain Greeniee had picked up his current copy of

Flight Crew View the morning of the accident, but had not yet had the opportunity to read

it. [Greenlee, Tr. 356] He had, however, read similar articles in the publication before.
[Greenlee, Tr. 356]

In his four years overseeing USAIr's training, the FAA's POl has never received
any criticism of the substance of USAir's windshear training program from any of his
inspectors. [Bowden, Tr. 565] In the only instance where implementation of the program
was criticized, a check airman incorrectly administered windshear training in a recurrent
simulator, then mistakenly iogged the event as complete. [Ex. 2-K, p. 8] Instead of
having each pilot experience the windshear event in both the flying and non-flying role
as required, only one event was flown. [Bowden, Tr. 551] Consequently, one of the
pilots had not "flown" the event. [Bowden, Tr. 551] Immediately upon learning of the

incident through the POI, USAir decertified the check airman and removed the pilot from
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the line schedule. [Bowden, Tr. §51] The pilot was not allowed to return to the flying
schedule until successfully completing the event. [Bowden, Tr. 551]

Both pilots aboard USAir Flight 1016 reported having received windshear training
during every recurrent simulator training session or proficiency check. [Greenlee, Tr.
317, 354-55; Hayes, Tr. 383] Both pilots’ training and proficiency check requirements
were current at the time of the accident. [Ex. 2-A, pp. 25-26] Captain Greenlee
described a "substantial block of time" being devoted to windshear training during
recurrent ground school. [Greenlee, Tr. 313] The ground school training included a
multiple choice quiz, and if any student missed a question, the topic was repeated to
make sure the class understood the answer. [Greenlee, Tr. 313] As for the flight
training in the simulator, Captain Greeniee described the windshear cues as consisting
not only of turbulence, but also audio cues from simulated air traffic control and other
aircraft. [Greenlee, Tr. 314] During training, Captain Greenlee recalied, each pilot had
the opportunity to be the pilot flying the aircraft during a windshear encounter.
[Greeniee. Tr. 315]

First Officer Hayes also described receiving windshear training with each simulator
session. [Hayes, Tr. 383] He, too. confirmed that each pilot in each simulator session
had the opportunity to experience a windshear event from both the flying and non-flying
pilot positions. [Hayes, Tr. 404-05] First Officer Hayes also related that the cues to the
onset of a windshear situation during simulator training were not limited to those
provided by the onboard warning system or turbutence, but also included recognition

through other cues, notably, airspeed fluctuations. [Hayes, Tr. 413-14]
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2.3.3 CREW RESOQURCE MANAGEMENT TRAINING (CRM)

In 1990, USAIr redeveloped its existing Crew Resource Management program
following the FAA's issuance of advisory circular 120-51. [Johnson, Tr. 480] USAir
enlisted the advice and assistance of NASA/UT and the Airline Pilots’ Association in
developing the program. [Johnson, Tr. 489, 494] Although not required to do so, USAir
consulted NASA/UT because of that agency's acknowledged expertise in the field.
[Johnson, Tr. 489] During development of USAir's CRM program, Dr. Judith Orasanu,
the principal investigator in NASA’s Ames Research Center’s Human Factors Research
Group, attended a developmental session. [Orasanu, Tr. 426, 430] Although the
program she observed was still in the developmental stage, she was "impressed" that
the program included all the critical elements and used class exercises to illustrate
points, rather than mere discussions. [Orasanu, Tr. 426, 430] She felt the program
inciuded the latest in contemporary thinking in crew resource management principles.
[Orasanu, Tr. 430-31] In fact, other organizations have visited USAir to observe the
CRM program, among them the Aircraft Owners and Pilots Association, the Department
of Defense, Conrail, nuciear power plant operators, and major air carriers. [Johnson, Tr.
493-94] USAIr has even included flight attendants, dispatchers, and representatives from
the FAA Flight Standards District Office in its CRM training sessions. {Johnson, Tr. 498-
99] The FAA POI stated he is very pleased with USAir's efforts in its CRM program,
particularly with the fact that First Officers participate at twice the required rate, despite
the additional expense. [Bowden, Tr. 563-64]

Under the program, each pilot attends a one-day seminar designed as an

introduction to the concepts of CRM. [Ex. 2-O, p. 1] After attending the initial training,
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each pilot must attend a yearly recurrent ground training session designed to reinforce
the principles of CRM introduced in the initial seminar. [Ex. 2-O, p. 1] In addition, each
pilot participates in CRM training in conjunction with recurrent flight training. [Ex. 2-0,
p. 11 In each proficiency check or proficiency training simulator, the check airman must
stress the importance of CRM to the successful and safe operation of the aircraft. [Ex.
2-P, p. 2]

USAir's recurrent training program, inciuding windshear training, exceeds FAA
requirements both in frequency and in content. In at least the past four years, there has
been no substantive criticism by FAA inspectors of USAir's windshear training program.
The program stresses recognition and avoidance as the best defenses to windshear.
Each pilot experiences a windshear encounter in the simulator each six months, from the
perspective of both the flying and non-flying pilot positions. The varied scenarios, twice
the number required. allow USAIr to present its pilots with fresh and challenging
windshear training during each semi-annual simulator training or check session. Each
of the pilots aboard USAIir Flight 1016 had participated fully and successfully in these
training programs and benefitted from them.

Further, USAir has voluntarily implemented programs to enhance the effectiveness
of its training programs. in developing and implementing its CRM program, for example,
USAIr sought the assistance of the best minds in the field, who now have high praise for
USAIr's approach to CRM. Further, USAir voluntarily initiated a system of internai and
external audits of its operations to enhance overall compliance and safety. USAIr
has in place an enviable training program which provides its pilots with comprehensive

and effective training far exceeding the FAA's minimum requirements.
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2.4 EFFECTS OF HEAVY RAIN ON AERODYNAMIC PERFORMANCE

Studies have shown that aerodynamic performance is decreased during periods
of high intensity rain. Heavy rain causes a reduction in maximum lift capability and a
corresponding increase in drag. This effect, which can generate a loss of lift of up to 15
to 20 percent in rainfall equaling a rate of 40 inches per hour, also causes an associated
decrease in the angle of attack at which maximum lift occurs. [Ex. 13D, figs. 20, 21]
In general, this performance decrease is attributable to the uneven distribution of
waterfilm aver the airfoil and the accumulation of water near the trailing edge of the
airfoil, thereby effectively changing the airfoil's shape. [Tang, Experimental Investigation
of Heavy Rainfall Effect, AGARD Conference, Tolouse, France, April 29-May 1, 1994,
attached as Appendix A]

| Aerodynamic performance is most affected by heavy rain when an aircraft is in

a high-lift configuration and performing at maximum angle of attack. [Ex. 13D, p. 1] As
a result, the effects of high intensity rain are particularly acute when encountered during
severe low-altitude windshear. During such windshear, piloting procedures require the
aircraft to perform at maximum angle of attack. Studies have shown that heavy rain can
have a significant negative effect on the ability of an aircraft to recover from a microburst
encounter.? [Vicroy, Aerodynamic Effect of Heavy Rain on Airplane Performance, AlAA
Flight Simulation Conference, September 17-19, 1990, attached as Appendix B]

On the evening of July 2, 1994, the area near runway 18R at Charlotte Douglas

International Airport experienced one or more severe microbursts, Doppler radar

* Heavy rain may contribute, through a miscompare in the angle of attack vanes, to
a failure of on-board windshear detection systems to activate under conditions such as
those at Charlotte on July 2, 1894. [Exh. 9A, p.8]
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indicated that rainfall in the area reached rates of 4 to 11 inches per hour. [Ex. 5G, p.2]
Rainfall of this magnitude can cause up to a 5 percent loss in lift capability and 1.5 to
2 degree reduction in maximum angle of attack. [Dunham, Tr. 828] However, rainfall
rates can reach extreme values over short periods of time up to an order of magnitude
greater than the average reported rainfall. [Ex. 5G, p. 1] This suggests rainfall rates
exceeding 40 inches per hour could be experienced, with a corresponding 15 to 20
percent loss in lift and a 5 degree decrease in maximum angle of attack. The evidence
is consistent with an extremely high localized rainfall failing in the vicinity of USAir Flight
1016 in its final moments of flight. The Runway 36 "Rollout" transmissometer registered
a drop in visibility beginning at 1840 and culminating in a drop to 29% transmittance at
1845, indicating visibility had dropped to 800 feet. [Ex. 5A, p. 4] Such a spike of
reduced visibility for a short period is not a common occurrence. [Ex. 5A, p. 14]
Witnesses reported that parts of the airfield were covered by a "virtual wall of water,"
[Proctor, Tr. 786], and the Charlotte Tower Local East controller reported that it was the
heaviest rain he had ever seen. [Ex. 3A, p. 20] This heavy rainfall also was described
as "a sheet or granite wall of water, solid, and very white looking" by a pilot approaching
Charlotte at the time. [Ex. 5A, p. 4] A witness on the ground near the crash site stated
that when the heavy rain began he entered the cab of his truck, and from there he could
not see the hood. [Ex. 5A, p. 22]

The TASS computer model simulating the microburst event compared to the
accident aircraft's flight path shows that it encountered this severe microburst at the
precise time the rainfall reached its peak rate. [Proctor, Tr. 800] Due to the heavy rain

and loss of visibility, the crew of Flight 1016 executed the go-around maneuver and
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increased the aircraft's pitch angle to 15 degrees. With the pitch angle in this position,
the aircraft was most susceptible to the performance decreasing effects of severe rain.
This fact, coupled with the sudden downdraft and performance decreasing windshear,

likely made the microburst encounter unrecoverable.

3. CONCLUSIONS

3.1 FINDINGS

(1) The crew of Flight 1016 exhibited good decision-making abilities,
engaging in situation assessment, contingency planning, task/workload management,
and communications throughout the approach to Charlotte/Douglas airport.

(2) USAIr's recurrent training program, including windshear training,
exceeds FAA requirements both in frequency and in content.

(3) The windshear/microburst event which caused this accident was, at
.3 F-factor, in the top one percent of such events based on severity and intensity.

(4) Initiaticn of the missed approach procedure masked the initial onset

of the decreasing performance shear.
3.2 PROBABLE CAUSE

The probable cause of this accident was Flight 1016's inadvertent entry into a .3

F-factor microburst and subsequent collision with the ground.
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Foreword

In recent *zars. a mimber of weather related accudents. long with the introduction of aew types of anu-icng fluids and
JPparent uncenaintics 10 ceruficanon ard operanon procedures. liave stumulated renewed research activities. Asrcraft
speraton. the arcraft industry. as well as research insnrutes and cernfication authonoes, are paracipanng in such acTivities.

Thix wituanion has led the Fiuid Dvnamics Panel to orgamize a speviaiists” meenng on the “Effects of Advene Weather on
Avrodvaamucs

Since the effects of adverse weather on aerodvnamics 1nvolve a broad range of weather-related phenomena and devices —
diterent forms of precipitation. wind shear. anti-icing fluids and devices. etc. = an in-depth coverage of these effects withun the
confines of a mectne reguired vime focussing To this end, the scope of thes FDP Spucialists’ Meeting focussed on the
dearadanon of actods namics performance due to ditferemt forms of precipitation. such as ice accrenon. and due to ann-icing
flurds and desices. This degradston of performance continues 10 be a concerran aircrafi operations and is also a sigmficunt
tactor n aireran design.

\ complementan coverage of weather-related effects — wind shear, fog. ete. ~on aircraft performance is provided in AGARD
CP-470, "Flight n Adserse Environmental Condiions” (AGARD FMP Sympoxium held in Norwayan May 1989),

The purpeose of the present specialists’ meening was. in pameular:

1 T proside un upsdate of the state-of-the-an with respect 1o the prediction. vmulanion, and measurement of the eftects of
wing. anti-wang Nuids. and sanous forms of precipitadon on the aerodyramic characlenstics of flight vehicles;
1 Tocommunicate research resalts vbtamed 1n recent vears on the foliowing 10pics:
—  theoretical and empincal modelling of ice sceretion on atrfoils. wings, control surfaces. propellen. rotors. ass intakes,
viv.
- cxpenmental and computational smalation. and fight test venfication of the effects of 1ang on aerodynamic
charactensngs,

~  oypenmental and computational wmulatons of the efects of de-icing and anu-icing fluids. and devices on
achadynamies.

—  eftects of (heavy tran and other torms of precipitation on aetodvhamic charactensngs.
—  ¢ffects of the tvpe of e 1nme, glaze) on aerodvnamie charactensucs.

- faalites and eapenmental techmygues (inciuding flight tests) for simulating and measunrg the effects of icing. anti-
wing Nuids, and heavy rain on the wersuynamaes of flight velscles and their components.

= yervfication and aperanon procedures and reguianons,

For ‘ac sake of satisties it~ mentoned that of the 24 papen offered to the Programme Commntee. 19 (ncluding invited
papetyi could be secommendaied within the tme frame avaiable.

These 19 papers were ordered into 3 sessuons:

= lang | Introduction and survey papers. cernification issues.

- fong 2 Predicvon and smuianon of ice consammaton and ifs effect on aerndynamtics.
—  FHeuts of heavy rain and de anuaang fluids.

In alphabeucal order af country of ongin there was wete
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EXPERIMENTAL INVESTIGATION OF HEAVY
RAINFALL EFFECT ON A 2-D HIGH LIFT AIRFOIL

F.C.Tang
Insnrute for Aerospace Research
Natonal Research Council
Onawa. Ontano
Canada K1A OR6

The effects of simulated heavy
rainfall on a 2-D high lift airfoil have
been studied in & wind tinnel experimental
progranme. The sxperiment was carried out
in the 2-dimensional tedt sacticn of the
1.5 X 1.5a blowdown wind tunnel of the
tigh Speed Aerodynamics Laborato—y. The
acdel used in the investigation was a
modified NACA 65,215 multi-element airfoil
with a basic chord of 254 =m. The Mach
number was fixed at m=d.., typical of the
landing speed of transport type aircraft.
The chgrd Reynolds number range was 1.7 to
B.B=10°%,

Measurements included l1ift, drag and
pitching moment of the airfoil obtained by
side wall balances and the flow rate from a
water spray manifcld,

The effects of the simulated rainfall
to the airfoil pertormances are very
significant. The loss in maximum lift
coetfficient ranged from 6% to & high of
167, The drag levels at constant lift are
up to 43% higher under wet conditions. A
smaller performance degradation was noted
when the model was stripped of the smooth
epaoxy paint with which it wvas originally
finished.

Symbols

Cy drag coefficient

C. lift coefficient

pitching moment coefficient about
quarter cheord

liquid water content, gm/m’
freestream Mach number

equivalent rainfall rate at R, =
8.8=10%, (%0 mm/hr)

equivalent raintfall rate, mm/hr
Reynolds number based on basic modal

chord (254 =m)

drag coefficient increment between wet
and dry conditions at constant lift
lift coefficient increment between wet
and dry conditions at constant lift
pitching moment coefficient increment
between wet and dry conditions at
constant lift

"normalized” drag coefficient
increment between wet and dry
conditions at constant 1lift,

ACL/RR, ‘RR’

“normalized” 1lift coefficient
incremant between wet and

conditions at constant lift,

AC, /AR, " RR”

pitching mamant coefficient increment
between wet and dry conditions at
constant lift, AC,/RR,'RR’

a angle of attack

¢ o
(2]

;.:l

B pF B 7B

B

]

INTRODUCTION

1n recent years there have been a
numbar of spectacular and often fatrl
waathar related aircraft accidents which
received a lot of attention from the navs
media and the concern of scientific
comaunity. The most likely cause of these
veather related accidents is &
meteorological phencmenon called the
microburat. Severe low altitude wind shear
has besn note. as the major facter in a
miercburst, however, heavy rainfall is also
observed most of the time during a
miczroburat Bighting (Reference l}. An
inicial study by Luers and Haines
(Reference 2) on the effects of rain on
aireraft asrodynamic characteristics
gensrated substantial intersst in this
arsa. A number of experimental and
theoretical studies (Refersnce 2-7) have
since been published. Most of the
experimental works ware carried out in
relatively low Reynelds number, arcund R, =
Ix10*, with the exception of Refermi.ce 5,
which went up to R, = 3.3 million.
Reference 7 gives a succinct account of the
results obtained in various investigations.
In general, most rasults show a substantial
reduction in maximum lift coefficient under
simulated heavy rain conditions. The
airfoil psrformance degradation has been
attributed to the uneven water film
distribution over the model surfaces, early
flow separaticn dus to the iatroduction of
atnute droplets as & result of rain impact
on the airfoil and surface roughness
effects. Water alsc tends to accumulate
towards the airfoil trailing edge,
effectively changing the camber.

This paper describes the measursoents
carried out in the 2-D test section of the
IAR blowdown wind tunnel. Data are
presented for the force and momant
cosfficients on the model under simulated
rainfsll rates of 50 mm/hr to 300 ma/hr. It
should be noted that a rainfall rate of !
mm/hr is classified as iight rain) whereas
heavy rain i3 usually referred to a rate of
about 15 sm/hr. The term 'cloudburst’ ias
reserved for the descriptioa of rainfall
rates in the range of 100 mm/hr to 1000
mm/hr. Although the occurrence is very
rars, rainfall rates of up to 1828 ma/hr
have baen recorded.

_ TEST FACILITY

The experiments were conducted in the
Institute for Aercspace Research l.3m
blowndown wind tunnel. The l-dimensional
test section (38 cax1352 cam) of tha wind
tunnel as shown in Pigure ] vas used. The
model was located approximately 240 cm
downstrean of the start of tha parallel
section. It vas mounted on two external
side wall balances for measursment of axial
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Reynolds number the water film that formed
on the model was probably very uneven and
is belisved tc De the main cause for the
none-uniform lift curves. The mean lift
curve slopes are significantly lowar for
the water spray on (dC /da = 0.052) than
for the off conditions (dC,/da = 0.064).

Figqure 7 shows the drag polars
cbtained under the same test conditions.
For a lift coetficisnt of 1.8, the drag
coefficient was increased dy 30V for the
wet cases. At the higher lift cosfficient
of 2.3, the drag penalty was up to 43%
higher under wet conditions.

Figure 8 shows the variation of
pitching moment coefficient with angle of
attack. The changes due to increcasing angle
of attack is more gradual under wet
conditions., At higher angles of attack, the
curves tend to converge tc the same value
under wvet or dry conditions. Pitching
ooment is significantly increased by the
presence of water,

Case 2 (Moderate Reynolds number)

Figure 9 shows the lift curves
obtained at a chord Reynclds number of
4.6»10*. The wet condition results were
obtained at lower rain rates, 75 ma/hr and
100 mm/hr than the first case. The effect
of the change in rain rate results in
clearly measurable differences in .. It
will be noted that the lift curves are now
much seoother as compared with the lower
Reynolds number case. A maximum lift
coefficisnt of about 2.6% is obtained at an
angle of attack of about 15* under wet
conditicna, while a saximum life
coefficient of 2.9 is obtained under dry
condition at an angle of attack of about
1§*. The increase in maximum lift under dry
conditions at this higher Reynolds number
i3 to be expected. The reduction of about
9% 1n maximum lift coefficient under wet
conditinn 13 observed. It should bs noted
that the decrease in lift under wvet
conditions i3 CONBtANt Cver the entire
angle of attack range which is not the same
48 in Case }.

Pigure 10 shows the drag polars
obtained at R, ® 4.6x10'. The drag penalty
under wet condition at low lift is
Telatively low, about 9% at a ¢, of 1.8B.
This was increased to 19V at a €, of 2.).
At their respective saximum C, vaiuves, the
drag level is almost identical under wet or
dry conditions.

The variation of pitching moment
coefficients with angle of attack are shown
in riqure 11. The discusaion for the lowver
Reynolds number case applies here as well.

Case 3 (Bigh Raynolds awmber)

rigure 12 ghows the lift curve

obtained at a chord Reynolds numbar of
§.8x10%, wvhich is a more tealistic value
for s transport type aircraft at landing
configuration, and at a rain rate of %0
mm/hr. Also shown on the same figure are
lift curves from the previocus two cases for
comparison. Note that the rain rates are
not the same for all cases. Mith this
difference in mind, it can be seen that
under wet conditions, the lift curve slopes
are getting steseper as the Reynolds number
increanes from 1.7210* to 8.8x210°, which is

17-2

the usual Reynclds number effect, while it
the same time the stall anyle decrsases
from 16° to 14°. The latter is believe. to
be the sffect of increases in effectiv/e
rain rate. In the low angle of attark range
(=5 to 0°), the combined effect ot
Reynclds number and rain rate are very
small among the wet casss. However, at -5°
the lift coefficient of the wet cases is
about 19% lower than that of the dry
condition. The large variatiens in 1lift
among the wet cases show up much more at
higher angles of attack. The pesalty due to
wet condition to maximum ¢ for the R, *
§.9=10" case is about B8.6%,

figure 1) compares the drag polars of
the wet and dry conditions obtained at R, =
9.8x10° At low lift coefficient, the
differsnces betwveen the dry and wvet cases
are small. For the R, = §.8710° case, at a
1ift coefficient of 1.8, the drag penalty
dus to the vet condition is about 6.7V and
that increases to 9.5V at C, of 2.3. The
drag level at maximum lift is about the
same for the wet and dry condition.

The pitching moment coefficient curves
are shown in Figure 4. At 0°, there is a
17% diffarence in the pitching moment
coefficient bDetween ‘wet’ and ‘dry’, The
difference is reduced to a 7V differsnce at
19°.

The foregoing camparisons in sach case
have all besn with respect to differing
rainfall rates. In order to separate the
sffects of rainfall rate from Reynolds
number, lift, drag and pitching mcaent
coafficients incressnt from dry to wet
conditions have been “normalized” by the
ratic of the effective rainfall rate to the
sffective rainfall rate obtained at the R,
= §.8=10* condition (AR,/RR', whers RR’ = 50
an/hr). The results are shown in Figures
15, 16 and 17 which plot ac.’, 4C,” and aC,
versus C.. They clearly show that the more
serious effects occur at the higher
Reynolds number cases.

Case 4 (Burface Effect)

The epoxy paint was stripped off the
modal to investigate the effect of
diffarent surfacs finish vhen subjectsd to
heavy rainfall. Although the bare matal
model finish is very fine, it is however
not as smooth as the painted surface. Water
tends to bead more resadily on the painted
surface than on the bare metal surface.

Pigure 18 shows the € -a curves with
the two diffsrent model purface finishes
nbtained under the same rain rate (50
mm/hr) and at the same Raynolds number of
§.0x1C*. When compared to the results
obtained from the dry condicion, the
painted surface data show a larger (08.6%)
degradation in lift than that from the
metal surface data (5.9%). The decreaae in
1ift is almost constant in sagnitude
through-out the sntire angle of incidence
range.

CONCLUSIORS
The following conclusicns are drawn

based on the limited amount of data
obtained from the wind tunnel measurement:
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THE AERODYNAMIC EFFECT OF HEAVY RAIN ON AIRPLANE PERFORMANCE

Dan D. Vicroy”
NASA Langley Research Center, Hampton, Virginia

Abstract

The Nauonal Aeronautics and Space Administration has
been conducting & series of 1ests 1o determine the effect of
heavy rain on airfeil acrodynamics. The results of these
tests have shown that heavy rain can significantly increase
drag as well as decrease lift and siall angle of artack. This
paper describes a recent effort to use the heavy rain airfoil
data to det=rmine the azrodynamic effect on a conventional
twin-jet transpor. The paper reports on the method used to
mode!} the heavy rain acrodynamic effect and the resulting
performance degradation. The heavy rain performance
effect is presented in terms of the diminished climb
performance associated with increasing rain rates. The
effect of heavy rain on the airplane's ability 10 escape 8
performance-lLimiting wind shear is illustrated through a
numerical simulation of a wet microburs: encounter, The
results of this paper accentuaie the need for further 1esting
to determine scaling relationships and flow mechanics, and
m; full configuraton three-dimensional effects of heavy
rain.

Symbaols
b wing span
[4 chord
I3 mean aerodynamic chord
cd section drag coefficient
¢l . secuon lift coefficient

(0F5] 1o1al drag coefficient

CL otal [ift coefficient

F wind shear hazard index
g gravitational accelerauon

st span load coefﬁcicm(.—.‘-‘-"-

cCL
4 true airspeed
H_’a veruical wind component, updraft positive
W, rate of change of horizontal wind component,
tailwind positive
a angle of anack

Intreduction
Wind shear is considered by many in the aviation industry

o be one of their major safety issues. Numerous accidents
and incidents have occurred which were anribuied 10 Jow-

* Aerospace Research Engineer
Vehicle Operations Research Branch
Senior Member AIAA

altitude wind shear. Many of these were accompanied by
rain, some of which was classified as intense or heavy rain.
The effects of rain on airplane performance under normal
operating conditions, are generally not considered to be
significant. However, in a performance limiting wind
shear, the airplane may require large angles of atack 1o
maintain a safe aliitude. The performance influence of
heavy rain under these conditions may be considerable.!

The objective of this study was 1o estimate and
characterize the effect of heavy rain on the performance of
s convenuonal t(win-jet wransport. This required the
development of an acrodynamic model of the airplane
which included the rain effect This paper will discuss the
development of such a mode] based on the results of a
series of tests which measured the effect of heavy rain on
2irfoil acrodynamics, The paper will iniually summarize
the results of the heavy rain airfoil tests. The method used
10 develop the heavy rain acrodynamic model will then be
discussed. This will be followed by a performance
analysis with the heavy rain model. The final section
illusuaies the effect of heavy rain on the airplane’s ability
to escape a performance limiting wind shear through a
numerical simulation of a wet microburst encounter.

Heavy Rain Airfoil Tests

in an effort to measure the effect of heavy rain on airfoil
aerodynamics a series of 1ests was conducted in the NASA
Langley 14- by 22-Foot Subsonic Tunnel on a cambered
airfoil scction representative of the type used on
commercial transpon aircrafi.? The section mode! had a
rectangular planform with a 2.5 foot chord and 3 8 foot
span, mounied between recangular end plates. The airfoil
section was a NACA 64-2]0. The model was tested in a
cruise and a high lift configuration. The high lif
configuration had a Jeading cdge slat and a vailing edge
douvble siotted flap as shown in figure 1. The rain was
simulaied by injecting a water spray horizontally 1oward
the mode] from a rain spray sysiem mounted upstream.
The spray system could produce waler mass concentrations
from 16 10 46 g/m3. A photograph of the wind tunnel
modc! immersed in the water spray is shown in figure 2.

The results of the wind tunnel tests showed a reduction in
maximum lift capability and sall angle of atack and 2
corresponding increase in drag with increasing
concentrations of liquid water. The tests also showed that
the cruise configuration was Jess sensitive than the high lift
configuration 10 the rain environment. The lift and drag
coefficient dawa obtained from the tnnel test for the cruise



and high lift configuration are presentied in figures 3 and 4,
respectively. The data were collecied at a dynamic
pressure of 50 1b/f13 and a chord based Reynolds number
of 3.3 million.

The scaling laws required to extrapolate the heavy rain
wind tunnel data to full-scale have not been fully
established. A series of full-scale airfoil tests in a
simulated rain environment is being conducied a1t NASA

Langley's Aircraft Landing Dynamics Facility (ALDF) in

an effort 10 determine the scaling effects and to undersiand
the primary influences and flow mechanics of this two
phase flow environment.3#4 The ALDF is an outdoor test
facility which is generally used for landing gear and tire
studies but was modified for this series of lestis. The
facility consists of a large carriage which is propelied
down a wack. The full-scale airfoil section model is
mounted atop the carriage. An array of spray nozzles is
suspended above the track 10 simulate the rain
environment. The carriage with the attached airfoil section
is capable of speeds up 10 170 knows. The rain spray
system can produce water mass concentrations of 2, 9, 26,
and 35 g/m>. A photograph of one of the heavy rain
full-scale test runs is shown in figure 5.

Preliminary results of the ALDF full-scale tests show that
the maximum lift coefficient and stall angle of auack are
reduced in the same manner as the wind tunnel test results.
A comparison of the wind tunnej and full-scale lift curves
at similar rain rates is shown in figure 6. The agreement
between the data sets may indicate a lack of significant
scaling effects ai these conditions. The ALDF tests are
continuing at reduced rain rates 1o determine the sensitivity
lo rain rate and the minimum raie at which significant
performance penalties exisL

Modeling Methodalagy

Currently, there is no experimental data base of the
aerodynamic effect of heavy rain on a full configuration
airplane. However, by assuming the scaling effects of the
heavy rain wind tunncl data 1o be smali, and integrating the
airfoil section data across the planform of the airplane, an
approximation of the full configuration effect can be

developed.

The commercial twin-jet transport configuration selecied
for this study was that of NASA Langley's Transpont
Sysiems Rescarch Vehicle (TSRV) shown in figure 7. An
existing simulation mode! of the TSRV was used as the dry
baseline model. The span-wise lift distribution of the
airplane was used 10 weight the integration of the wind
wnnel section data across the wing planform.

k
cL =2 [ 2Sity) ely) dy
b Jlo

k
Cp=2 j ?slty) edy) o
blo

The airplane wing planform with the inboard and outboard
fap locations are shown in figure 8, aiong with the
span-load coefficients at various flap senings. The
span-load coefficients were compuied with & vonex-lattce
computer code for the different flap positions.’

A comparison of the lift coefficient computed by the
planform integration method for the dry condition with that
of the baseline airplane model is shown in figure 9. As can
be seen, the integration is not an accursie method of
estimating the wtal lift of the airplane, panicularly ai the
high lifi flap senings. This can be anributed 10 a number
of factors, two of which are: a) the wind tunnel airfoil
model is not the same airfoil and flap configuration as on
the airplane, and b) the voriex-lattice method used 10
compute the wing loading is not an accurate method for
multi-element flap and slat configurations. Consequently,
8 direct modeling of the integraied results would not
accuralely represent the wet airplane aerodynamics.
However, the wet airplane aerodynamics could be
approximated by modeling the change in the lift and drag
with liquid water content from the integrated results, and
apply this perturbation model 1o the dry baseline
aerodynamic model. This was the 1echnique used in this
swdy.

Two examples of the resuliant wei airplane aerodynamic
modcl are presenied i figures 10 and 11 for a 1ake-off and
landing configuration, respectively. The decrease in
maximum lift coefficient and swall angle of anack, which
was prevalent in the airfoil data is also evident in the
airplane model, but 10 a lesser exient than the high lift
scciion daw. There is also a considerable drag increase at
the higher lif1 coefficients.

vy Rzin EIT i f

The performance impact of heavy rain was demonstrated
by computing the airplane’s climb performance under
increasing rain concentrations. Figures 12 and 13 show the
steady-siaie rate of climb as a funcuon of airspeed with
rain concenrations of 0, 10, 20 and 30 g/m3, for a wke-off
and landing configuration, respectively. The wake-off and
lunding configurations werc defined as follows:

Take-off  Landing

Flaps 5* 25°
Gear up down
Gross Weight 100,0001bs  €9,000 Ibs

The climb rates were computed at take-off thrust
(~24,000 Ibs) 1o simulate a wind shear escape condition.



the wake-off case. This is primarily due 10 the inzreascd
drag reducing the airspeed, thus decreasing the encrgy of
the awrplane and exiending the exposure time in the wind
shear.

Conciuding Remarks

The results from earlier sub-scale and full-scale airfoil 12sts
have documented a reduction in the maximum lift
capability and sull angle of auack and a corresponding
increase in drag with increasing rain concentrations. Based
on the data from these earlier tests, a estimate of the heavy
rain effect on a commertial twin-jet has been developed.

= The results of this analysis indicate that the aerodynamic

penalty associated with heavy rain can substantially reduce

_the airplane’s performance. A loss in climb performance of

at Jeast 200 ft/min was noted at rain concentrations of
20 g/m3 and greater. This represented a loss of at least
12 percent of the climb performance margin of the
airplane. A performance loss of this degree can critically
impair an airplane's ability 10 escape a performance
limiung wind shear. The drag increase associated with the
heavy rain had the greatest impact on the wind shear
recovery performance. This was primarily due 10 the drag
reducing the airspeed and thus extending the wind shear
exposure ime and reducing the airplane’s energy state.

The analysis presented here was based on a very limited
dzu set with some rather broad assumptions. This paper
illusrates the need for further heavy rain testing of
sub-scale and full-scale airfoil sections 10 determine the
scaling relauonships and flow mechanics involved. It also
illustrates the need for full configuration testing. The
effect of heavy rain on the fuselage and empennage was
not included in this analysis and is expected 1o further
degrade the airplane's performance.,
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Figures 12 and 13 show a loss in climb performance of at
least 200 ft/min a1 rain concentrations of 20 g/m3 and
greater, for both the take-of and landing configurations.
The greatest performance loss occurred st the low speeds
where the higher angles of attack were required.

The performance effect of heavy rain can be equaied to
that of wind shear through the wind shear "F-factor".6 The
F-factor is 8 hazard index which represents the rate of
specific energy loss due to wind shear and is defined as:

F.&-&
& VvV

Figure 14 shows the steady-state rate of climb as a
function of airspeed at various F-factor values, for the
lake-off configuration. By cross-plotting figures 12 and
14, an equivalent F-{actor curve can be derived for each
rain concentration curve. Figures 15 and 16 show the
equivalent F-factor as a function of airspeed for the
take-off and landing configurations, respectively. For the
20 g/m? case, the equivalent F-factor was about 0.02 for
the majority of the speed range. An F-facior of this
magnitude represents 20 percent of the currently accepted
wind shear alent threshold. At the low speeds the F-factor
was significanty greater. From figure 14, it can be seen
that an F-facior of 0.16 or more may resuli in the airplane
being unable to climb or mainain aititude. The 20 p/m3
case therefore represents a Joss of a1 Jeast 12 percent of the

climb performance margin of the airplane.

In an effort to determine how much of the heavy rain
performance degradation was due 10 the increasrd drag
versus the decreased lift, the rate of climb was compuied
including only the rain effect on lift and excluding the
cffect on drag. Allernately, the climb rate was then
computed including only effect on drag. The results of this
analysis are shown in figures 17 and 18 for the take-off and
landing configurations, respectively. The increased drag
had the greatest effect on the climb performance,
particularly at the higher speeds. At the lower speeds the
loss of lift effect was more pronounced, but never
accounied for more than half the total performance
degradation.

Wet Wind Shear Recovery Performance

In the event of an inadverient wind shear encounier, the
FAA recommended wind shear recovery procedure may
require the airplane 10 be operaied at or near the stick
shaker angle of attack.” The results of the heavy rain
airfoil tests showed that the rain can reduce the stall angle
of attack. This generaied some concern that in a wet wind
shear encounter, the airplane may swall prior to the stick
shaker angle of anack, requiring significant modification of

the rccommended recovery procedure. Figure 19 shows
the angle of suack margin between stick-shaker and stall at
rain concentrations of 0, 10, 20 and 30 g/m3 for each flap
setting. The stall margin may be reduced by as much as
50 percent at the highest rain concentration, but the
airplane does not stall prior to stick shaker angle of atack.

To illusirate the effect of heavy rain on wind shear
recovery performance a bawch simulation of 2 wet
microburst encounter was conducted. The point mass
airplane simulation mode! of reference 8 was modified o
include the microburst mode! of reference 9 and the heavy
rain acrodynamic model described eariier. The simulation
was conducted for a take-off and an approach 10 landing
situation. The wkesofT case was initiated st an airspeed of
138 knots, an ahitude of 10 feet, and the previously defined
take-off configuration. The landing case was initiated at
300 feet, 137 knots, on a 3 degree glide slope in the
landing configuration.

The axisymmetric microburst model had 3 maximum
outfllow of 37 knots at an altitude of 120 feet and a radius
of 2,391 feet. The severity of the shear is representative of
microbursts which have caused aircraft accidents. The rain
was simulated as a siep input when within the 2.39] foo1
microburst radius, at concentrations of 0, 10, 20 and 30
g/m3. The center of the microburst was located 3,000 and
4,000 feet down range of the staning point for the wke-off
and landing cases, respectively.

The wind shear recovery procedure used in the simulation,
modeled the FAA recommended procedure. The recovery
was initiated when the wind shear hazard index (F-factor)
reached the alert threshold value (0.12). At that point the
throtties were advanced 10 take-off thrust and the airplane
pitched 10 an initial target attitude of 15 degrees. If the
airplane was unable 10 avoid descending at the inival target
attitude, the pitch was increased until level flight could be
maintained. Throughout the recovery the wrget pitch was
limited 10 the value corresponding 10 the airplane’s stick
shaker angle of anack. The pitch rate of the airplane was
limited 1o 3 degrees per second.

‘The results of the simulated wet microburst encounter are
presented in figures 20 and 21 for the take-off and landing
cases, respectively. The higher rain concentrations had a
considerable impact on the recovery performance of the
airplane. At 30 g/m3, the airplane was upable 10 recover
from an otherwise recoverable microburst encounter.

The sensitivity of the recovery performance to the
increased drag versus the decreased lift was studied in 2
similar manner as was done in the climb performance
analysis. Figures 22 and 23 show the sensitivity results at

20 g/m3 of rain for the take-off and landing cases,

sespectively, Again, the increased drag had l.|"l: greatest
effect on the ovcrall recovery performance, pamculaﬂy for
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