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Prologue
During the first ten days following the July 11, 1988, windshear encounter at Denver,

Colorado, I was asked by the Federal Aviation Administration, the National Transportation Safety
Board, other government agencies, and representatives of the industry to bring together the
necessary resources to examine and document that occurrence. The distribution of this report
completes that action.

The objective of this report is to record and evaluate all available data that related to
the performance of ground-based windshear detection systems, the flight crews and the aircraft to
provide a more thorough understanding of the windshear phenomena.

The opportunity presented by this occurrence allowed a complete review of all of our
past and present research efforts regarding the Windshear Training Aid, hazard characterization,
airborne warning systems, and the performance of the Terminal Doppler Weather Radar and
Low-L.evel Wind Shear Alert System ground systems by a multi-agency/industry working group.

All parties to this review have provided complete and unrestricted openness and
cooperation throughout this writing. The level of cooperation demonstrated could well set a
standard for-t e resolutio of fu-tpre complex issues.

George C.Hay
FAA Windshear Progratn Manager
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Foreword
The events reported in this case study indicate that on July 11, 1988, a severe microburst

occurred in Denver, Colorado. Mitigating the trivia of just another interesting meteorological event
are three facts. One, the microburst was unusual compared to other microbursts that have been
studied. Secondly, five airliners' operations were affected by the event, and its detection. Finally,
air traffic services at Stapleton International Airport were using an experimental radar that was
provisionally commissioned for an operational test just 10 days earlier.

To the credit of the air traffic controllers and the flight crews of the airliners, there
was no loss of life, nor damage to property. However, the professionals involved also recognized
the potentially lethal event that occurred and the need to document what transpired and to
document all aspects of it to the future as lessons learned. While no one made a mistake -- it
would be a mistake not to learn from the encounter.

The specialists have compiled invaluable bodies of knowledge based on the windshear
that occurred on July 11. Of particular note, the following individuals should be lauded for their
participation in developing this case study: Roland Bowles of the National Aeronautics and Space
Administration Langley Research Center; Steve Campbell and Mark Isaminger of MIT Lincoln
Lab; Bob Ireland of United Airlines Flight Training Center; Bud Laynor of the National
Transportation Safety Board, Bureau of Technology; Kim Elmore, Marcia Politovich and Wayne
Sand, of the Research Applications Program at National Center for Atmospheric Research; Fred
Proctor of MESO, Inc.; and Rod Wingrove and R.A. Coppenbarger of NASA Ames Research
Center.

This case study is the focus for thewc work.



CONTENTS
page

I SYN O PSIS . .................................................. 1

2 BACKGROUND .............................................. 3
2.1 Windshear-Related Activities Since 1985 ..................... 4
2.2 Preparation of this Case Study ............................. 5

3 FACTUAL MATERIAL ......................................... 9
3.1 General Sequence of Events .............................. 10
3.2 Radio Communications .................................. 11
3.3 Aircraft Flight Data Recorders ............................ 11
3.4 Meteorological Information ............................... 12
3.5 Ground-Based Sensors .................................. 13
3.6 Air Traffic Control Observations ........................... 15
3.7 Flight Crew Observatiors ................................ 16

4 AN ALY SIS .................................................. 19
4.1 G eneral . ............................................. 20
4.2 Meteorological Information ............................... 21
4.3 Hazard Analysis ....................................... 21
4.4 ARTS III Radar ....................................... 23
4.5 Flight Crew Analysis .................................... 23
4.6 Aircraft Wind Profile Reconstruction ........................ 24
4.7 Doppler Radar ........................................ 24
4.8 FLOWS/LLWAS Mesonet ............................... 25
4.9 Atmospheric Model Analysis .............................. 25

5 CONCLUSIONS .............................................. 27
5.1 Flight Operations ...................................... 28
5.2 Air Traffic Operations ................................... 29
5.3 Grot-nd Sensors ....................................... 29
5.4 Flight Data Recorder ................................... 30
5.5 Terminal Area Simulation System .......................... 30

6 RECOMMENDATIONS ......................................... 31
6.1 Interaction of Aircraft, Air Traffic, and Ground-Based Sensors ..... 32
6.2 The Case Study Process ................................. 33

7 REFERENCES ............................................... 35

8 SUBSTANTIATING DATA -- Appendices ........................... 39
APPENDIX 1 -- United Report
APPENDIX 2 -- NASA Langley Report
APPENDIX 3 -- NASA Ames Report
APPENDIX 4 -- MIT Lincoln Lab Report
APPENDIX 5-- NCAR Report

i



CONTENTS
page

Figures
Figure 1 -- Relative locations of the Ground Stations during the TDWR OT&E ........ 13
Figure 2 -- Four estimates of maximum F-Factor based on sensed data from the aircraft

flight data recorders, TDWR estimate (at 100 m elevation), the TASS model
(at 280 m elevation), and the dual-Doppler radar analysis (at 690 m
elevation) ................................................... 22

Table
Table I Compiled Sequence of Events ..................................... 20



1 SYNOPSIS
On Monday, July 11, 1988, between 2207 and 2213 UTC (16:07-16:13 MDT), four

successive United flights had inadvertent encounters with microburst windshear conditions while
on final approach to Denver Stapleton Airport (DEN), each resulting in a missed approach,
subsequent delay, and uneventful arrival. A fifth flight executed a missed approach without
encountering the phenomena. All of the flight crews were trained utilizing the resources of the
Windshear Training Aid. There was no damage to aircraft and no passenger injuries.

At the time the aircraft encountered the microburst, the Terminal Doppler Weather
Radar (TDWR) Operations Test and Experiment (OT&E) was in progress and detected divergent
flow that intersected the operating zones for the approach runways. The radar used to test the
TDWR algorithm was the Massachusetts Institute of Technology Lincoln Laboratory 10 cm
Doppler radar.

This Windshear Case Study outlines the technical details of the encounter, as well as
describes insights gained from this confrontation that should be applied to future investigations of
aircraft encountering windshear. This study summarizes information from several sources
including flight crew comments, air traffic control (ATC) operations and surveillance radar data,
flight data recorders, data from the TDWR and the Low-Level Wind Shear Alert System
(LLWAS), technical details of the event meteorology, and data from the Terminal Area
Simulation System (TASS).
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2.1 Windshear-Related Activities Since 1985

On August 2, 1985, Delta Airlines flight 191 crashed while on approach to Dallas-Fort
Worth Airport'.

On February 26, 1987, the Federal Aviation Administration accepted delivery of a
Windshear Training Aid2. The Windshear Training Aid describes to flight crews the real threat
that windshear can pose. It counsels avoidance of hazardous windshear as the safest avenue for
flight crews to follow. The Windshear Training Aid also described precautions for crews to use
to improve their chances of escape. For inadvertent encounters, the crews were provided with a
Windshear Recovery and Escape Maneuver to maximize their chances of surviving the encounter.

In June 1987, the Federal Aviation Administration published an "Integrated FAA
Windshear Program Plan,"3 that described how the FAA planned to address the threat posed by
windshear. The plan addressed five areas: Training and Operating Procedures, Ground Sensors,
Airborne Windshear Detection and Avoidance, Terminal Information Systems, and Hazard
Characterization. The plan delineated an approach to provide incremental improvements to flight
safety. Some areas, like the Windshear Training Aid, could be implemented immediately to all
flight crews.

The Ground Sensers program and Airborne Windshear Detection and Avoidance
programs required thorough analysis, design and system integration. Some time would have to
pass before these aids would be available for the flight crews.

Flight crews would still have to make decisions on how to avoid windshear. As airborne
and ground-based systems become fully functional, flight crews must continue to make their own
decisions for windshear avoidance. In the meantime, some important questions must be
addressed: What is the efficacy of the incremental improvements to the safety of the National
Airspace System? How often are crews being exposed to this phenomenon?

Since June 1987, several aircraft have had encounters with low-altitude windshear. The
most significant encounter involved an aircraft on approach to Atlanta Hartsfield airport. The
aircraft was equipped with airborne windshear alerting equipment, and was being flown by a crew
that was trained for the avoidance and recovery procedures contained in the Windshear Training
Aid'. A report to an SAE meeting described the experience of a number of aircraft that were
equipped with certified airborne windshear alerting systems. Some of the aircraft encountered
windshear. In all cases, available information concerning these encounters was shared within the

' "Delta Air Lines, Inc., Lockheed L-1011-385-1, N726DA Dallas/Fort Worth - International Airport, Texas
August 2, 1985," Aircraft Accident Report, NTSB/AAR-86/05, National Transportation Safety Board, Washington,
DC, August 15, 1986.

2 "Windshear Training Aid," Federal Aviation Administration, February 1987.

3 "Integrated FAA Windshear Program Plan," DOT/FAA/DL-,VS-,AT-88/1, Federal Aviation Administration,
June 1987.

' Described by Mark E. Kirchner before the Subcommittee on Oversight and Investigations Committee on
Public Works and Transportation, Unhed States House of Representatives regarding Windshear, June 30, 1987.

5 Terry Zweifel, "Flight Experience with Wlndshear Detection," SAE Aerospace Control and Guidance
Systems Committee, Monterey, CA, March 9-11, 1988.
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aviation community. To the credit of the industry, improvements were being planned based on

these experiences.

2.2 Preparation of this Case Study

On July 11, 1988, four United Airlines aircraft experienced inadvertent encounters with
microburst-related windshears while approaching runways 26L and 26R at Denver Stapleton
International Airport. A fifth flight coordinated a maneuver with ATC to avoid the microburst.
The Terminal Doppler Weather Radar Operations Test and Experiment was underway and
detected divergent flow that intersected the operating zones for the two runways. The flight crews
were all familiar with the Windshear Training Aid.

As a result of this event, technical specialists decided to collaborate and analyze the
facts that were available (based on the unique cooperation of organizations represented by these
experts). These analyses provide detailed reports of the event from different operational and
technical perspectives. The intent of this case study is to integrate the various reports. Therefore,
this report not only describes the events that transpired on July 11, but also puts together a
reference document that describes the wealth of information that was reported by these technical
authorities. This case study will also be the foundation for future investigations of windshear
encounters.

A meeting took place in August 1988, to gather all of the technical specialists in one
place and share the factual data as it existed. Teams were formed that specialized in atmospheric
modeling, flight data recorder, meteorological observation, ground sensor data recording, and
operational factors (both flight crew and air traffic).

One team was composed of elements of the FAA/NASA Airborne Windshear Detection
and Avoidance program. The objective of the Airborne Windshear Detection and Avoidance
program is to develop the system requirements for forward-looking windshear sensors for aircraft.
The program is composed of three elements: hazard characterization, flight management, and
sensor technology assessment. Of particular interest to this windshear case study is the application
of results of the hazard characterization element. Two activities are applicable to this case study:
quantifying the windshear hazard in terms of aircraft performance parameters; and the detailed
investigation of a microburst at low-altitude.

Quantifying the windshear hazard resulted in a relationship of vertical and longitudinal
windshear terms known as the "F-Factor.'6 Although it was developed to be applied to airborne
systems, it can be applied to windshear investigations (when its effect on aircraft is of interest)
to present a consistent comparison of sensed windshear data.

Investigations into the detailed low-altitude characteristics of the microburst resulted in
the development of the TASS'. The atmospheric model has been applied to previous windshear
microburst cases. However, this case study is unusual in that this is the first time that the products
from flight data recorders, weather observations, and ground-based windshear sensors have been

6 Bowles, R.L., "Wind Shear 'Hit'," as presented to the "Wind Shear Detection, Forward-Looking Sensor
Technology Conference," February 24 - 25, 1987, Hampton, Virginia; reference NASA CP 10004, DOT/FAA/PS-
87/2, October 1987.

' Proctor, F.H., "The Terminal Area Simulation System, Volume I: Theoretical Formulation," NASA CR 4046,
DOT/FAA/PM-86/50, I, April 1987.
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available for comparison on a common time reference. These data provided further support for
the model's extensive validation'. With the abundance of recorded data available for this case
study the TASS was used to manage and focus this effort. Once focused, a consistent data analysis
resulted. The case study was simulated with TASS in August 1988, and presented in October
1988. A report of the analysis was drafted in June 1989.

A second team member was United Airlines. United Airlines voluntarily initiated a
Flight Safety Incident Investigation that incorporated a thorough operational evaluation (including
flight crew and air traffic issues). The results of that investigation were published in early
February 19890.

A third team focused on the plethora of ground-based data available through the
TDWR OT&E. The National Center for Atmospheric Research contributed an extensive report
on the meteorology and ground-based data". The Massachusetts Institute of Technology Lincoln
Laboratories contributed a report on the operation of the Terminal Doppler Weather Radar
during the Operational Experiment'2" 3 . Some comparisons with TASS were also conducted as part
of these analyses.

The National Transportation Safety Board (NTSB) voluntarily applied its expertise in
interpretation of ARTS III tapes and reducing the data from the flight data recorders for the
aircraft that were involved in the windshear encounter. The NTSB data was supplied to all of the
team members for their analyses. The NASA Ames Research Center contributed their expertise
in analyzing the flight data recorders and extracting and reconstructing the wind profiles".

After the initial meeting in August 1988, the next meeting of the technical specialists
took place in February, 1989. All of the technical teams exchanged their data and analyses, after
which focused data analyses ensued. By mid-May, draft reports of detailed analyses were
combined for use by this case study.

By July 1989, the technical team reviewed a working draft of this case study to ensure

8 Proctor, F.H., "The Terminal Area Simulation System, Volume II: Verification Cases," NASA CR 4047,
DOT/FAA/PM-86/50, II, April 1987.

9 Proctor, F.H., Bowles, R.L., "Investigation of the Denver 11 July 1988 Microburst Storm with the Three-

Dimensional NASA-Langley Windshear Model," (Draft to be Submitted as a NASA Report) July 26, 1989.

10 "Microburst Encounter, July 11, 1988, Denver, Colorado," United Airlines Flight Safety Investigation 88-46,
February 9, 1989.

" Elmore, K.L., Politovich, M.K., Sand, W.R., "The 11 July 1988 Microburst at Stapleton International Airport,
Denver, Colorado," National Center for Atmospheric Research, November 1989.

12 Isaminger, M. A., "WEEKLY SITE SUMMARY," FL2 Radar Site, Denver, Colorado, MIT Lincoln Laboratory.

13 Campbell, S., Correspondence to Roland Bowles, dated 24 March 1989, containing velocity and shear
values from FLOWS for July 11, 1988, at Denver Stapleton Airport, MIT Lincoln Laboratory.

14 Coppenbarger, R.A., Wingrove, R.C., "Analysis of Records From Four Airliners in the Denver Microburst,
July 11, 1988," Proposed paper for the AIAA Atmospheric Flight Mechanics Conference, August 14-16, 1989,
Boston, Massachusetts, AIAA Paper 89-3354, August 14-16, 1989.
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that it reflected the technical reports. A final draft was circulated to the industry at the end of

that month.

The specialists have compiled invaluable bodies of knowledge based on the windshear

that occurred on July 11. This case study is the focus for their work.
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3.1 General Sequence of Events

On Monday, July 11, 1988, between 2207 and 2213 UTC (16:07-16:13 MDT), four
successive United flights had inadvertent encounters with microburst windshear conditions while
on final approach to Denver Stapleton Airport (DEN), each resulting in a missed approach,
subsequent delay, and uneventful arrival. A fifth flight executed a missed approach without
encountering the phenomenon. There was no damage to aircraft and no passenger injuries were
incurred.

The five flights involved were (in approach sequence):

UA395 B-737-291A AUS/DEN (arriving from Austin)
UA862 B-737-291A MLI/DEN (arriving from Moline, did not

encounter windshear)
UA236 DC-8-71 SEA/DEN (arriving from Seattle)
UA949 B-727-122 IAH/DEN (arriving from Houston)
UA305 B-727-222A DSM/DEN (arriving from Des Moines)

All five flights were given vectors for an approach to runways 26L and 26R at Stapleton,
and were in contact with DEN tower at the time of their respective windshear encounters and/or
missed approaches.

UA862 contacted DEN tower approximately two miles outside the ALTUR non-
directional beacon (NDB), the final approach fix for runways 26L and 26R. The flight requested
a wind report for the airport. The tower gave UA862 clearance to land, and a Microburst Alert
with an expected windspeed loss of 40 knots, further characterized as "measured by machine, no
pilot reports." The flight executed a missed approach, turning to the north. UA862 did not
descend below 8,000 feet above mean sea-leve! (MSL), and there is no evidence the flight
encountered microburst activity.

UA395 contacted the tower inside ALTUR just before UA862 announced its missed
approach. It is noted that UA395 was, however, ahead of UA862 in sequence. Because of
relative position, the crew of UA395 could not see UA862 but the captain recalls hearing another
flight go around on the radio. The tower gave UA395 clearance to land and the same Microburst
Alert. The flight continued inbound on glidepath for 83 seconds before beginning to climb and
notifying the tower they were abandoning the approach. Radar data shows the flight descended
to less than 100 feet above ground level (AGL), or 250 feet below glidepath about one mile from
the touchdown zone.

UA236 approached next, contacting the tower about 20 seconds after UA395 went
around. Upon initial contact, UA236 was cleared to land and was given a Microburst Alert with
an expected airspeed loss of 50 knots on two mile final. The tower did not report the previous
missed approaches. UA236 continued inbound for 77 seconds before announcing their missed
approach, just after reaching a minimum altitude of 5,800 feet MSL.

UA949 contacted the tower 10 seconds after UA236 announced a missed approach.
The tower cautioned of wake turbulence behind the DC-8 going around, and delivered Microburst
Alert with an expected loss of 70 knots on three mile final. Clearance to land was not given.
About 45 seconds later, the tower broadcast an undirected announcement of Microburst Alert, 80
knots loss expected. The captain recalls a severe downdraft just after the 80 knot loss alert. The
windshear recovery technique of 15 degrees pitch and full power was executed while going around.
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Stick shaker did not activate. The minimum altitude was about 6,200 feet MSL.

UA305 contacted the tower as UA949 was announcing its missed approach. The
Microburst Alert of 80 knots loss was repeated. The crew requested confirmation of the
magnitude which they received from the tower and two other airplanes. The crew discontinued
the approach, and remained essentially level at 6,100 feet MSL for nearly 1 minute.

3.2 Radio Communications

ATIS messages X (2145 UTC), Y (2200 UTC), and A (2203 UTC) were included on the
tower voice tape, and are transcribed in the United report (page 48 in Appendix 1). ATIS-X
observes a 50°F difference between temperature and dew point, narrowing to a 40 degree
difference in ATIS-Y and ATIS-A. The large difference between temperature and dew point is
an indication of possible microburst development"5 , and the narrowing is indicative of the
approaching rain. Windshear and Microburst Advisories appear in all three reports. ATIS-A
notes the development of a thunderstorm at the airport.

A time-based transcript of communications between Denver Tower and the five United
flights is contained in the United report' (pages 49-50 in Appendix 1). It is not known which
ATIS message each flight had last monitored. All communications were clear and readable, and
no crew members reported any malfunction of equipment. All radio messages used accepted
terminology. Specifically, tower reports pertaining to microburst windshear used standard
phraseology. For example: "United 236 heavy, Denver tower. Microburst Alert, threshold wind
one four zero at five, expect a five zero knot loss, two mile final...." The "loss" refers to vector
wind magnitude along the expected flightpath, not airspeed loss per se. Airspeed loss is impossible
to predict with accuracy as it depends on just how the aircraft is flown, how power is modulated,
and the distance over which the windspeed change occurs.

All five flights were given a "Microburst Alert" like that quoted above upon initial
contact with the tower. UA862, UA395, and UA236 were cleared to land at that time. UA862,
although first to contact the tower, was in sequence behind UA395, as sections 3.1 and 3.6.1, 4.4
describe.

None of the four flights encountering the event advised the tower of any reason for
declaring missed approaches. Consequently, the tower did not give following crews any such
information.

3.3 Aircraft Flight Data Recorders

The flight data recorders (FDR) for all five aircraft were removed for data analysis
after the windshear encounters and sent to United Airlines' Operations Engineering (SFOEG).
All flight recorders were foil medium units with four channels: altitude, airspeed, heading, and

'5*Windshear Training Aid," Federal Aviation Administration, February 1987.
'6 This transcript was provided by United to aid in their analysis of the encounter. There was no formal

transcript as is typically provided by the FAA or NTSB In their accident or incident analyses.
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normal acceleration"' .

All recorders operated normally. The foil mediums were voluntarily sent to the NTSB
for analysis, and to the NASA Ames Research Center for detailed reconstruction of the wind
profiles. Graphical data from the NTSB work is included in the United report (pages 56-60 in
Appendix 1).

The recorder from UA862 confirms an early missed approach with no apparent
abnormal airspeed or altitude fluctuations.

Data from UA395 shows airspeed oscillations during the windshear penetration of up
to 9 knots per second. Typical magnitude of the oscillations was plus and minus 20 knots. The
minimum altitude was read out to be 5,341 feet MSL. The touchdown zone for runway 26L is at
5,333 feet MSL. ARTS III radar confirmed an altitude of 20 to 70 feet AGL. While these figures
disagree, the fact is the flight was at least 250 feet below the glideslope approximately one mile
from the touchdown zone.

UA236 was initially stable at approximately 160 knots. Airspeed rose in 20 seconds to
202 knots (about 2.1 knots per second), then fell abruptly to 157 knots (3.5 knots per second),
followed by a 27 knot rise at 6.75 knots per second, and a drop of 30 knots at 4.1 knots per
second. Minimum altitude was 5,800 feet MSL.

The recorder shows UA949 entered the shear area while stabilized at about 159 knots.
Airspeed rose to 171 knots, then dropped 18 knots in three seconds. Subsequent oscillations of
plus or minus 20 knots per second occurred and normal accelerations ranged from 0.5 g to 1.3 g.
Minimum altitude was recorded as 6,266 feet MSL.

UA305 was steadily bleeding airspeed during approach, reaching 170 knots as it entered
the shear. Airspeed rose to 185 knots in 3 seconds (5 knots per second), followed by a 20 knot
loss in 1.7 seconds (11.8 knots per second). Other oscillations occurred at rates higher than 10
knots per second. Normal acceleration ranged from -0.19 g to 1.50 g. Minimum altitude recorded
was 6,280 feet MSL.

3.4 Meteorological Information

The United report (pages 19-27 of Appendix 1) contains a report by United Air Lines
Weather Desk (OPBWX) analyzing the weather on July 11, 1988, for landings at Denver. A Low
Level Windshear (LLWS) alert was issued by OPBWX at 1516 UTC valid for 2100-0300 UTC and
covered the incident period.

Included in pages 28-46 of Appendix 1 are copies of pertinent portions of the Weather
Briefing Message (WBM) for each flight. In each case, the LLWS alert appears prominently at
the beginning of the WBM. Each contains the DEN terminal forecast of 1818 UTC calling for a
slight chance of low clouds and thundershower development with gusts to 40 knots after
2000 UTC.

" Since the analysis of thir encounter was voluntary, certain aircraft parameters (such as specific aircraft
weight and balance, as well as moments of Inertia) are not available. Analyses conducted that are sensitive to
these parameters will be in error. No data has been presented in this report that Is affected by those
parameters.
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A description of the meteorological conditions are contained in the NCAR report
(pages 6-8 in Appendix 5).

3.5 Ground-Based Sensors

From July 1, 1988, through August 31, 1988, the TDWR OT&E was in progress. The
radar was active on July 11, 1988, at the time of the missed approaches and detected divergent
flow that intersected the operating zones for the two runways. The Microburst Alerts which were
transmitted to each flight were generated by this system.

The radar used to test the TDWR algorithm was the Massachusetts Institute of
Technology Lincoln Laboratory (MIT LL) 10 cm Doppler radar (identified as FL2). The
University of North Dakota (UND) operated a 5 cm Doppler radar during the project. The radar
was located, about 11.3 nautical miles (nmi) north of FL2 and radar scans were coordinated to
enable dual Doppler analysis.
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UND radar
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Figure 1 -- Relative locations of the Ground Stations during the TDWR OT&E
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The LLWAS is the commissioned facility at Denver Stapleton. During the
TDWR OT&E the LLWAS was not displayed to the Air Traffic Service. However, the data was
recorded. The FAA-Lincoln Laboratory Operational Weather System (FLOWS) mesonet was in
place and operating during the July 11, 1988, microburst. Combining the LLWAS and FLOWS
mesonet provided surface wind detection coverage for a total of 42 sensor stations over a 6.5 x
10.8 nmi area around the airport. LLWAS sends data to a central processor and display site every
6 seconds; FLOWS data were available once per minute.

Figure 1 shows the relative location of FL2, the UND radar, the LLWAS stations and

the FLOWS stations.

3.5.1 Terminal Doppler Weather Radar

The working definition of a microburst for the TDWR OT&E was a 20 knot change in
windspeed over a path of 2.2 nmi or less. The radar used to test the TDWR algorithm was the
MIT LL 10 cm Doppler radar (identified as FL2). The radar detects only wind components away
from and towards the radar. The TDWR algorithm seeks changes in air velocity along each beam
which meet the microburst definition and then flags those segments of the beam; adjacent
segments are then mapped, a best-fit elliptical shape drawn around them, and the maximum
change in radar radial speed is recorded.

In early August, revisions were made to the TDWR microburst detection algorithm to
correct a perceived over-warning problem. Changes in the windspeed differences and warning
times resulting from these alterations are identified in the analysis section.

If the elliptical shape intersects the operating region for a particular runway, then the
position (in increments of I mile from the end of the runway) and the windspeed loss is sent to
the tower. The exact shape of the ellipse and its windspeed loss is sent to a Graphic Situation
Display (GSD). Alerts are generated for events within one-half mile of the approach path, and
within three miles of the runway (on approach) or within two miles of the runway (on takeoff).

The GSD diagrams are presented on monitors located in the tower, at the TRACON
supervisor's desk, and one other position. The actual display is in color. Microbursts appear as
round or elliptical shapes with a number in the center indicating knots of wind differential across
the event. Precipitation echoes are irregular, and usually west of the airport in this series of
diagrams. The first microburst to appear near runway 26 shows as 35 knots on the diagram
labeled as "TIME: 2206". A second microburst was just northwest of Buckley Air National Guard
Base, outside the alerting area. As time progresses, the diagram shows up to three events over
the runway 26 complex and the approach path. The tower alert gives only the strongest event.

The NCAR report (contained within Appendix B of Appendix 5) contains a list of
alarms issued between 22:05 and 22:13 UTC on July 11, 1988, black and white prints of the GSD,
and wind vector diagrams from Doppler radar measurements (contained within Appendix A of
Appendix 5).

The list of alarms appears in three columns corresponding to the displays in the tower.
There are separate sets for the 35R/17L runway, the 35L/17R runway, and the 26/08 complex.
The presentation is identical to that which appears on a cathode-ray tube (CRT) in front of the
tower controller position for each runway. The list of alerts has been marked to emphasize those
alerts issued for the runway 26 approach corridor, confirming the alerts noted in the transcript.
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3.5.2 University of North Dakota Radar

The University of North Dakota (UND) operated a 5 cm Doppler radar during the
project. The radar was located about 11.3 nmi north of FL2 and radar scans were coordinated to
enable dual Doppler analysis. This analysis provides a three-dimensional wind field; two-
dimensional winds derived from this field in the airport vicinity are shown in Appendix D of
Appendix 5.

3.5.3 Low-Level Wind Shear Alert System

The LLWAS and the FLOWS mesonet were in place and operating during the July 11,
1988, microburst. These provided surface wind detection coverage for a total of 42 sensor stations
over a 6.5 x 10.8 nmi area around the airport. LLWAS sends data to a central processor and
display site every 6 seconds; FLOWS data were available once per minute.

The NCAR report (contained within Appendix G of Appendix 5) shows windspeed
from the 12 LLWAS stations and from the FL2 and UND radars. East-West windspeeds, U, and
North-South windspeeds, V, components are shown for the 6-second LLWAS data in the two
upper plots. The lower plots show the radial wind components from each of the two radars, FL2
and UND, with the 1-minute radar data from the gate nearest each LLWAS station, superimposed
as asterisks.

3.5.4 Combined LLWAS/FLOWS Mesonet

Combining the LLWAS and FLOWS mesonet provided surface wind measurement
coverage for a total of 42 sensor stations over a 6.5 x 10.8 nmi area around the airport. Wind
vectors (pointing in the direction the wind is blowing toward) are shown in the NCAR report
(contained within Appendix E of Appendix 5) for the times pertaining to the microburst. LLWAS
stations are labeled with "L," and FLOWS mesonet stations are labeled with "F." The plots are
centered at the centerpoint of the runways. The dotted areas indicate approximate areas for
microbursts causing divergence levels above threshold value at the approximate TDWR alarm
level. The crossed areas indicate stronger divergence levels commensurate with the TDWR
microburst alarm level. FLOWS station F13 was not operating correctly throughout the time
period.

3.5.5 Additional FLOWS Measurements

The NCAR report (con~tained within Appendix F of Appendix 5) shows the time series
of temperature, relative humidity, average and maximum windspeed and wind direction (from true
North) for the FLOWS mesonet stations. (Station F30 was located at the FL2 radar.)

3.6 Air Traffic Control Observations

Two sets of observations were available. The Automated Radar Terminal System
(ARTS 111) data that records aircraft position, identification and altitude. The aircraft altitude
from ARTS Ill is periodically data-linked from every aircraft via Mode-C transmission from the
aircraft. These data tapes were voluntarily provided by the FAA Air Traffic Service to the NTSB.
The second set of observations were the Microburst Alarm messages that were displayed to the
tower controllers to be sent to aircraft under their control.
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3.6.1 ARTS III Radar

One minute segment plots of ARTS III radar data are included in the United report
(pages 84-89 in Appendix 1). The plots show the geographical position of each aircraft every
5 seconds during the period 2207 through 2213 UTC. Altitude above mean sea-level is indicated
each time it changed with resolution to the nearest 100 feet. Runway alignments are shown as
well as large crosses indicating the DEN VOR, ALTUR, and the radar installation. Tower
communication events are superimposed on the plots.

3.6.2 TDWR Microburst Alarm Message

See the NCAR report (contained within Appendix B of Appendix 5) for a list of the
Microburst Alarms issued between 2205 and 2213 UTC.

3.7 Flight Crew Observations

Flight crew observations in this report are based on the crews' training and their reports
after the encounter.

3.7.1 Training

All crews received windshear training according to the Advanced Windshear Training
Program instituted by United beginning in 1984. United's program is substantially the same as
that of the FAA Windshear Training Aid which United personnel helped develop for the FAA.
The Pilot Windshear Guide section of the FAA documentation was distributed to all United pilots,
and a short test is conducted as a part of Annual Recurrent Training. A table of "Microburst
Windshear Probability Guidelines" from this document is included in the United report (page 62
in Appendix 1).

According to bulletins which appear in the Adverse Weather section of each fleet's
Flight Manual, and backed by simulator training in conjunction with Annual Recurrent Training,
pilots are trained to follow a "Model of Flight Crew Actions" prescribing a systematic approach to
detection, avoidance, cautionary practices (called "Prevention"), and recovery from inadvertent
encounters with wiidshear. An example of the bulletin is in the United report (pages 63-67 in
Appendix 1).

In addition to the standard training described above, two Flight Manual bulletins were
issued for the summer of 1988 in all fleets. The first, a Summer Operations Bulletin (pages 68-
75 of Appendix 1) reinforces the windshear training, particularly the Model of Flight Crew
Actions. The criteria for beginning a recovery procedure are restated as "uncontrolled changes
from normal steady state flight in excess of:

* 15 knots indicated airspeed
• 500 feet per minute vertical speed
• 5 degrees pitch attitude
• one dot displacement from the glideslope"

A second bulletin entitled "Denver Enhanced Low Level Windshear Alert System and
Terminal Doppler Weather Radar Operational Demonstration" (pages 76-78 of Appendix 1)
describes the TDWR program, its reliability, and the criteria for issuance of a "Microburst Alert."
A statement of United policy towards these alerts is included which says, in part, "A FLIGHT
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MUST NOT DEPART NOR CONDUCT AN APPROACH THROUGH AN AREA WHERE

A MICROBURST ALERT IS IN EFFECT."

3.7.2 Captains' Reports

Captains' Reports from each of the involved flights are included in the United report

(pages 108-112 in Appendix 1). In addition, available crew members from each flight were

interviewed at the United Training Center in Denver (DENTK), on July 22, 1988. Their

comments were recorded on videotape for further use in the production of safety and/or training

materials.
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4.1 General

All data, including TASS modeling, TDWR measurements, crew statements, flight
recorders, and radar, substantiate the fact that microburst windshear conditions existed on the final
approach path to runways 26L and 26R between 2206 and 2220 UTC on July 11, 1988. The same
data confirms that UA862 did not encounter significant windshear, while UA395, UA236, UA949,
and UA305 did indeed fly directly through the microburst area.

Table I Compiled Sequence of Events

Time (UTC) Event name
15:16:00 OPBWX issued LLWS alert for 2100-0300
18:00:00 TDWR OT&E On-Une
21:19:00 Real-time reference for the start of the TASS model
22:03:00 Microburst storm maximum strength exceeds F-Factor of 0.10
22:05:56 LLWAS Alarm: First windshear alert, runway 26 Approach, 10 knots, on runway
22:06:17 TDWR Alarm: 35 knots, 1 mile final
22:07:00 Microburst storm maximum strength exceeds F-Factor of 0.15
22:07:12 UA862 contacts DEN tower (first reference in United transcript)
22:07:17 TDWR Alarm: 40 knots, 1 mile final
22:07:31 UA395 contacts DEN tower
22:07:55 UAS62 declares missed approach
22:08:19 TDWR Alarm: 50 knots, 2 mile final
22:08:35 UA395 exceeds F-Factor of 0.1
22:08:50 UA395 at 5400 feet MSL (100 feet AGL)
22:08:51 UA395 peak F-Factor of 0.12
22:08:53 UA395 exits F-Factor of 0.1
22:09:05 UA395 over the runway
22:09:23 UA236 contacts DEN tower
22:09:35 TDWR Alarm: 60 knots, 3 mile final
22:10:21 UA236 exceeds F-Factor of 0.1
22:10:23 TDWR Alarm: 70 knots, 3 mile final
22:10:30 UA236 stops descent at 5800 feet MSL (500 feet AGL)
22:10:34 UA236 peak F-Factor of 0.15
22:10:39 UA236 exits F-Factor of 0.1
22:10:40 UA236 announces missed approach
22:10:42 LLWAS Alarm: First microburst alert, runway 26 Approach, 35 knots, 3 mile final
22:10:50 UA949 contacts DEN tower
22:11:04 UA236 over the runway
22:11:17 TDWR Alarm: 80 knots, 3 mile final
22:11:27 DEN Tower transmits 80 knots loss to all aircraft on frequency
22:11:31 UA949 first exceeds F-Factor of 0.1
22:11:37 UA305 first contacts DEN tower
22:11:40 UA949 declares missed approach
22:11:44 UA949 first peak F-Factor of 0.18
22:11:50 UA949 exits first 0.1 F-Factor
22:12:10 UA305 announces missed approach
22:12:17 UA305 first exceeds F-Factor of 0.1
22:12:24 TDWR Alarm: 80 knots, 3 mile final
22:12:25 UA949 over the runway
22:12:32 UA305 first peak F-Factor of 0.16
22:12:36 UA305 exits from first F-Factor of 0.1
22:12:56 UA305 over the runway
22:13:25 TDWR Alarm: 85 knots, 3 mile final
22:16:00 Microburst storm maximum strength goes below F-Factor of 0.15
22:18:00 Microburst storm maximum strength goes below F-Factor of 0.10
01:00:06 TDWR OT&E Off-Une

Table I contains a listing of the events related to the microburst on July 11, 1988. The
TASS results were incorporated into this sequence of events using the following information:

The estimate of each of the aircraft's F-Factor along the respective
flight path. This is provided in the NASA Langley report.
Figure 22 of Appendix 2 shows the F-Factors as computed from
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the TASS model winds.
The correlation of time and distance provided by the NASA Ames
report. In particular, Figure 8 of Appendix 3 shows the correlation
between the east-bound distance from the runway and time. The
distance and times are correlated through the aircraft flight paths.

4.2 Meteorological Information

The major synoptic scale weather feature was a shallow pressure trough over the
western United States, which was moving slowly eastward. This trough was not evident at levels
above 700 mb. Westerly winds were present over Wyoming, Colorado, and Utah, which brought
warm, moist air into the Denver area throughout the day. Also, two layers of higher windspeeds
developed; one centered near 10,800 feet MSL with winds from 295, and a layer of northwesterly
20-30 knot winds above 22,600 feet MSL.

ATIS-X observed a 50F difference between temperature and dew point, narrowing to
a 40 degree difference in ATIS-Y and ATIS-A. The large difference between temperature and
dew point is an indication of possible microburst development, and the narrowing is indicative of
approaching rain. Windshear and Microburst Advisories appeared in all three ATIS reports.
ATIS-A notes the development of a thunderstorm at the airport.

A line of thunderstorms developed to the west of Stapleton and drifted southeastward.
The microburst-producing storm originated from two 60+ dBz cell which formed around
2130 UTC over the mountains 18.4 nmi west of Stapleton. Surface winds were from the north-
northwest across the airport, temperatures were 88-90F across the FLOWS mesonet and the air
was fairly dry, with 22-25 percent relative humidity (see Appendix F of Appendix 5). The
strongest outflow (which peaked at 80 knots) impacted operations along the east-west runways for
approximately 45 minutes. The outflow developed into a line that persisted across the southern
periphery of the airport.

4.3 Hazard Analysis

A primary threat of microbursts to aircraft is the single or combined effect of the
horizontal velocity shear and downdraft motion. Either of these effects can penalize the
performance of an aircraft, and possibly result in a critical loss of altitude for arriving or departing
aircraft. A very useful parameter for indicating the severity of the windshear and vertical velocity
on aircraft performance is the F-Factor" .

F = g' DU/Dt - w/V,

where DU/Dt is the rate of change of the horizontal wind component along the aircraft flight
path, g is the acceleration due to gravity, w is the vertical windspeed, and V, is the airspeed of
the aircraft. The first term on the right side represents the contribution of windshear to the
performance of the aircraft, while the second term represents the contribution due to the vertical
wind. Positive values of F indicate a performance-decreasing condition, whereas negative values
indicate a performance-increasing situation.

'a Bowles, R.L, and Targ, R., "Wlndshear Detection and Avoidance: Airborne Systems Perspective,* 16th
Congress of the ICAS, Jerusalem, Israel, 1988.
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Figure 2 -- Four estimates of maximum F-Factor based on sensed data from the aircraft flight data recorders,
TDWR estimate (at 100 m elevation), the TASS model (at 280 m elevation), and the dual-Doppler radar analysis
(at 690 m elevation)

F-Factor can be approximated by:

F z g V6U/16R - w/V.

where ,U/6R is the horizontal velocity shear along the flight path, and V, is the aircraft's speed
relative to the microburst.

Four estimates of maximum F-Factor, shown in Figure 2, based on sensed data from the
aircraft flight data recorders, TDWR estimate (at 328 feet AGL), the TASS model (at 919 feet
AGL), and the dual-Dopp!er radar analysis (at 2,264 feet AGL) showed agreement. The severity
of the microburst exceeding an F-Factor of 0.15, for example, started between 2206 and 2207 UTC
and lasted until 2216 and 2217 UTC. For an F-Factor of 0.1, the microburst started at 2203 and
2206 UTC and lasted beyond 2218 UTC. The peak maximum F-Factor is 0.25 for the encounter.
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4.4 ARTS III Radar

ARTS III radar data are shown in the United Airlines report (pp. 84 - 89, Appendix 1).
These are summarized as follows:

2207 to 2208 UTC: UA395 is shown approaching from the southeast and UA862 from the
northeast. UA862 enters the chart at 22:07:50 and declares a missed approach abeam
ALTUR. UA395 is ahead of UA862 and contacts the tower 1.3 miles inside ALTUR.

2208 to 2209 UTC: UA862 is shown turning to the north and staying above 8,000 feet, well clear
of the approach profile. UA395 is shown continuing inbound on the localizer profile
to runway 26L. Approximate MSL altitude of the glideslope beam is indicated by
numbers in parentheses. UA395 passed below the glidepath at 22:08:35. AT 22:08:50,
the ARTS III measurement shows UA395 at 5,400 feet MSL, less than 100 feet AGL,
or about 250 feet below the glidepath one mile from the touchdown zone. UA395
maintains 5,400 feet MSL for the remainder of the period.

2209 to 2210 UTC: UA395 begins to climb and turn northward. UA236 enters the area, contacts
the tower just inside ALTUR. UA236 is approximately 200 feet below the glidepath.

2210 to 2211 UTC: UA236 continues inbound, staying 200 feet below the glidepath. The flight
stops its steady descent at about 22:10:30, at 5,800 feet MSL. The altitude
measurement remains 5,800 to 5,900 feet MSL for 45 seconds, during which a missed
approach is declared. UA949 enters the area on glidepath and contacts the tower one
mile inside ALTUR.

2211 to 2212 UTC: UA236 begins climbing, regaining 6,000 feet MSL at midfield, and thereafter
climbing rapidly. UA949 continues inbound and is never below the glidepath. A
minimum altitude of 6,200 feet MSL is reached just as the missed approach is declared.
UA305 enters the area six hundred feet below the glidepath at ALTUR. UA305
intercepts the glidepath near the end of the period, approximately coincident with tower
contact.

2212 to 2213 UTC: UA949 executes a missed approach to the south. UA305 continues on
runway heading, declaring a missed approach early in the period but with essentially no
climb for another 35 seconds. UA305 was at 6,200 to 6,300 feet MSL for about 50
seconds altogether. The flight continues on approximately runway heading throughout
the period.

4.5 Flight Crew Analysis

Each of the flight crews applied the Model of Flight Crew Action depending on their
level of information for each decision point. The Model of Flight Crew Action is listed below:

* Search for clues of windshear,
* Avoidance of known windshear,
• Use precautions (when avoidance is not chosen),
* Use of standard operating techniques, and
* Recovery from inadvertent encounters.

The crew of UA862 heard one of the first microburst message, and because of the
words "... microburst alert ...," the crew elected not to continue the approach. UA862 received the
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message along with the "cleared to land," and the message that the windspeed loss was 40 knots.

The crew of UA395 noted (pages 109 and 110 of the United report, Appendix 1) that
"... another aircraft said that they were going missed approach ......

The crew of UA949 said (page 111 of the United report, Appendix 1) that they were
aware of the possibility of windshear, and noted that they "... observed DC-8 execute a go-around
and comment maybe it was because of windshear [and] took flaps [to] 250 [and heard tower
advise] 'microburst alert'."

The crew of UA305 said (pages 112 of the United report, Appendix 1) "... some aircraft
ahead of us were executing go-around's."

No pilots made reports to the tower, and this was contrary to United training. The
crews seemed to be aware that aircraft were going around. However, the crews may not have
recognized the significance of the cumulative clues and the broadcast Microburst Alert. This
combined with the rapid sequence of events that occurred between contacting the tower, receiving
the microburst message, encountering the microburst, and executing a windshear escape and
recovery maneuver. The rapid dynamics of the encounter may conspire to reduce the overall
effectiveness of the pilot report in this particular encounter.

4.6 Aircraft Wind Profile Reconstructo,

A detailed analysis the wind profiles based on the flight data recorders is presented in
the NASA Ames report (Appendix 3).

4.7 Doppler Radar

The first detection of the microburst affecting the approach for runways 26L and 26R
occurred at 2206 UTC. Prior to this time, the radar measurements revealed several cells of
moderate (less than 45 dBz) reflectivity to the northwest of the airport. These cells were growing,
with strong updrafts that carried precipitation (presumably graupel) upward into the region of
strong northwesterly winds. From there, the dual Doppler analyses clearly show that the graupel
was carried toward the airport. As it fell out of the updraft regions, it sublimated to produce
intense local cooling. The strong downdraft which resulted originated at a level between 11,500
and 12,000 feet MSL

The TDWR microburst alarm continued until 2248 (the revised alarm began at the
same time but ended at 2231). During first 6 min of alarm time, until 2212, the microburst
strength as detected by TDWR grew from a windspeed difference of 35 knots to 80 knots (70
knots in the revised version). The dual Doppler analyses indicate a maximum windspeed
difference of 68 knots, which makes it the strongest microburst (in terms of windspeed difference)
yet analyzed using these techniques.

Additional microbursts developed to the west and northwest of the main feature, but
were not as intense. While the microbursts were present, outflow from the main part of the storm
which was located to the northwest was encroaching on the airport vicinity. This low level
northwesterly flow appears to have distorted the flow patterns of these later-occurring microbursts.

By 2215 the storms from which the microbursts originated was clearly dissipating;
downdrafts were present throughout most of the storm's volume and no new cells were observed.
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The strong outflows continued for another 20-30 minutes. After 2220, the microburst parent cell
dissipated leaving behind only weak, low level divergence. The storm complex developed into a
line and moved southeastward while additional outflow from new cells, weaker than that of the
main microburst, triggered new convection to the southeast of the airport. As the line of new,
although weak, cells moved further southeastward, it became indistinct and precipitation was
detected by the radar over a more widespread area.

4.8 FLOWS/LLWAS Mesonet

Prior to the microburst occurrence, surface winds over the FLOWS and LLWAS
mesonets were generally light and variable. At around 2200, winds in the northwest part of the
domain were beginning to be affected by the outflow from the main storm cell; turning to
northwesterly. As compared to the radar-measured winds, surface winds speeds were generally
higher throughout the network. This is expected due to surface friction.

Prior to 2209 little evidence of the microburst was evident from the surface
measurements. However, between 2209 and 2210, the temperature at station F23, which was near
the center of the main microburst (see Appendix F of Appendix 5) dropped 10.80 from 84.2 to
73.4°F, and the windspeed increased from 14 to 30 knots. The relative humidity also increased,
from 24 to 43 percent. During the previous minute, windspeed increased from 6 to 14 knots; the
winds apparently indicated outflow arrival prior to any temperature or humidity signatures.

From 2210 through 2220, considerable spatial and temporal variations in windspeek, itte
apparent in the LLWAS. This is especially evident in those stations near the edge of the
microburst: Li, L2, L7 and L9. Data from these stations showed gustiness which was not
resolved by the radar measurements; LLWAS data shows higher maximum microburst windspeeds
that those measured by the radars. LLWAS alarms during this time were sporadic and did not
maintain a constant strength (windspeed difference of 20 knots) as shown in Figure 11 of
Appendix 5.

Temperatures across the FLOWS mesonet slowly declined during the dissipation of the
storm. The main microburst actually affected only a few stations, F23, F22, and possibly F21. The
rest of the mesonet was affected by multiple outflow centers, which did not produce the equivalent
intense winds and temperature falls as did the main microburst. Temperatures decreased
9 - 14.4°F while relative humidity increased by 8 - 21 percent over the mesonet as a result of the
microburst and storm outflow.

4.9 Atmospheric Model Analysis

An important aspect of this case study is the reconstruction of the atmosphere using a
numerical model. The complete analysis is contained in the NASA Langley report (Appendix 2).
The Terminal Area Simulation System model is a time-dependent, non-hydrostatic cloud model
which consists of 11 prognostic equations. The model has been applied extensively to the study
of microbursts, and has been successfully validated in five case studies of cumulonimbus
convection -- ranging from long-lasting supercell hailstorms to short-lived single-cell storms
(including the 1985 Dallas-Fort Worth microburst storm).

The model indicates that there were multiple, low to moderate reflectivity microbursts.
The strongest of the microbursts came from the anvil. The complete results from the model
analysis can be found in the NASA Langley report (Appendix 2).
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5.1 Flight Operations

5.1.1 An aircrew Flight Manual Handbook Bulletin was issued wherein a critical pilot procedural
requirement was obscurely located.

United Flight Standards issued a 3-page aircrew Flight Manual Handbook Bulletin
entitled "Denver ... LLWAS and ... TDWR Operational Demonstration" which applied
to Denver departures and arrivals only. The Bulletin described the TDWR system, the
related test program, and United's policy concerning actions to be taken by flight crews
during TDWR Microburst Alerts. Within the Bulletin, a critical pilot procedural
requirement which states "A FLIGHT MUST NOT DEPART NOR CONDUCT AN
APPROACH THROUGH AN AREA WHERE A MICROBURST ALERT IS IN
EFFECT' was obscurely located on page 3 of the Bulletin.

5.1.2 Reports of conditions favorable for the formation of low altitude windshear conditions were
available to all flights.

UA395, UA862, UA236, UA949, and UA305 were issued a Weather Briefing
Message prior to departure containing an alert section which forecast conditions
favorable for the formation of low altitude windshear. Included were hourly weather
observations which revealed temperature and dewpoint spreads of 35 and 39°F,
conditions favorable for the formation of low altitude windshear.

5.1.3 UA862 received one of the first "... microburst alert ..." messages from the Tower, and
elected to discontinue the approach because of the alert.

5.1.4 UA395, UA236, and UA949 were all issued landing clearances and a Microburst Alert.
All three flights continued inbound, beginning missed approaches after encountering
significant altitude and airspeed performance problems.

At approximate 2-minute intervals, UA395, UA236, and UA949 contacted the
Tower from near ALTUR, and all were issued landing clearances and a Microburst
Alert with an expected windspeed loss of from 40 to 80 knots. All three flights
continued inbound on the Instrument Landing System (ILS) glideslope for 83, 77, and
44 seconds respectively following initial contact, beginning a missed approach only after
encountering significant altitude and airspeed performance problems.

5.1.5 UA305 initiated a missed approach after receiving the Microburst Alert and confirming the
broadcast windspeed loss.

UA305 contacted the Tower from near ALTUR approximately 2 minutes after
UA949 and slightly after UA949 announced a missed approach to the Tower. A
Microburst Alert was issued by the Tower with an expected windspeed loss of 80 knots
on final approach. UA305 initiated a missed approach aftei the Alert and following
confirmation of the broadcast windspeed loss.

5.1.6 Individual flight reaction varied from a standard go-around procedure to the use of the
windshear recovery procedure.

UA395, UA236, and UA949 reacted to actual microburst encounters by employing
procedures learned during the Advanced Windshear Training Program during initial and
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recurrent flight training. Individual flight reaction varied from a standard go-around
procedure for UA395, UA862, UA236 to the use of the windshear recovery procedure
by UA949 (maximum power and a 15' pitch-up attitude). UA305 reacted to the
Microburst Alert broadcast windspeed loss and initiated a missed approach after
confirming the information.

5.1.7 UA305 descended to less than 100 feet AGL (250 feet below the glidepath) approximately

one mile from the touchdown zone.

5.2 Air Traffic Operations

5.2.1 All flights arrived in the Denver area during a period of time when ATIS broadcasts
contained low altitude windshear advisories, microburst advisories, and a statement that a
TDWR test was in progress.

5.2.2 Microburst Alert information was broadcast by the Tower to the flights as part of other
routine landing communications and was not used as critical information by all involved
pilots.

UA862 was the first aircraft to contact Denver Tower from a position near
ALTUR, the Final Approach Fix. The Tower responded by issuing a landing clearance
and a Microburst Alert. UA862 requested an alternate approach from Tower, and
subsequently executed a normal missed approach approximately 24 seconds later
without encountering microburst activity.

UA395, UA862, UA236, UA949, and UA305 executed what appeared to be go-
around maneuvers while encountering microburst conditions.

5.2.3 None of the five flights advised the Tower of the reason for their missed approach;
therefore, no pilot reports of windshear could be relayed to subsequent flights by the Tower.

5.3 Ground Sensors

5.3.1 The TDWR detected a microburst along the operating flight path and alarmed at
2206 UTC.

Dual-Doppler analysis confirmed that the microburst's size and intensity as
reported by TDWR were reasonably accurate. The good agreement with the TASS
results provide confidence that the inferences used in the radar analysis (see the NCAR
report in Appendix 5) are realistic. Further analysis of TDWR data showed that
parameters are available within the TDWR to compute F-Factor to use for aircraft
hazard determination.

5.3.2 An LL WAS windshear warning occurred at 2206 UTC and indicated a 10 knot windspeed
loss on the runway.

5.3.3 The first LLWAS microburst alarm occurred at 2210:42, indicating a 35 knot windspeed
difference.

A review of LLWAS data (the NCAR report, Appendix 5) shows that an LLWAS
windshear warning occurred at 2206 UTC. It indicated a 10 knot windspeed loss
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located on the runway. The first LLWAS microburst alarm occurred at 2210:42,
indicating a 35 knot windspeed difference. This was nearly 5 minutes after the TDWR
alarm. There are two main reasons for this discrepancy. First, the radar detected the
microburst at 623 m above the ground, prior to its arrival at the surface. Second, the
LLWAS network was not in an optimal location for detection of this event, which was
situated at the approach to the east-west runways. In fact, one of the LLWAS sensors
was located near the center of the microburst; winds there were never very strong. Such
a situation effectively removes that sensor from the network for this event. The rest of
the sensors were to the west of the microburst. The westward progress of the microburst
outflow appears to have been somewhat impeded by the northwesterly outflow from the
main part of the storm.

5.4 Flight Data Recorder

5.4.1 The wind pattern from the flight data recorder analysis agrees with the measurements from
the Doppler radar and with the results from the TASS model.

5.4.2 Four-channel flight data recorders are able to provide reliable along-flight path windspeed
data when complemented with ground-based and analytical atmospheric model data.

The developing wind pattern from the flight data recorder analysis is in general
agreement with the measurements from the Doppler radar and with the analytical
results from the numerical TASS model. The aircraft data complement these other
findings by providing a detailed analysis of the internal velocity fluctuations. The
Doppler data was shown to not only validate the flight data, but also to add insight into
the resulting wind profiles by suggesting the presence of a secondary microburst cell.
It is possible that the appearance of this second downburst caused the internal
fluctuations in horizontal winds observed in the flight data of the latter three aircraft.

5.5 Terminal Area Simulation System

5.5.1 The multi-dimensional TASS give good quantitative comparisons with observations as well
as reconstructed data from Doppler radars and aircraft flight data recorders.

5.5.2 The TASS model is a useful tool in aircraft investigations, since it provides useful insight
into the storm and microburst structure, and can provide information which is not always
apparent from observed data.

The simulated storm is unusual in structure and produces multiple low-to
moderate-reflectivity microbursts. One of the microburst was unusually intense,
containing st:ong downdrafts, outflow, and windshear; and driven by cooling primarily
from sublimating snow. F-Factors in the most intense microburst exceeded 0.2, even
before ground contact. This suggests that F-Factors also could be used as a precursor
for strong windshear at ground level. The TASS-simulated microburst outflow displays
a rough symmetry near the ground, becoming weaker and less symmetrical with altitude
above 262 feet AGL. This suggests potential issues to be addressed for Doppler radar
analysis of such storms, if the radar beam is too broad, at too high of an elevation, or
obstructed at low levels by significant ground clutter.
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6.1 Interaction of Aircraft, Air Traffic, and Ground-Based Sensors

6.1.1 It is recommended that procedures be developed for the early, clear, and unambiguous
transfer of the microburst message.

Two points bear careful reexamination, and are: early receipt of microburst
message and the context and format of the microburst message.

The first point regards the early receipt of microburst messages. UA862 received
its microburst message early in its approach to landing. The early receipt of the
message coupled with the flight crew's windshear training, allowed the crew sufficient
time to make a decision to go-around and coordinate a maneuver with air traffic to miss
the microburst. In this case, the early transfer from Approach Control to Tower
frecuency allowed the early receipt of the microburst message. If microburst messages
are being generated for transmission to flight crews, then aircraft that are under the
jurisdiction of radar approach control should be considered as viable candidates to
receive terminal area microburst alert messages.

Attaining an unambiguous microburst message implies a coordination between
air traffic and the affected flights. The reason for a microburst-related go-around
should be relayed back to air traffic from the flight crew. Subsequent flights receiving
pilot reports are doubly alerted -- once by the detection technology on the ground and
secondly by the pilot report. This double-alert system emphasizes the severity of the
situation as strongly as is possible. All training and checking programs must stress the
need for timely pilot reporting of windshear and microburst encounters to ensure this
emphasis.

The second point regards the context and format of the microburst message.
There was no incorrect or misleading information in the microburst messages that were
passed to the flight crews. The message format operated as intended. However, the
context of the message in the final approach phase of the flight could have been
reinforced. There are two areas where this could have been effected. One is to
provide microburst messages earlier in the approach. The TDWR provides detection
of the microburst to a wider extent than the LLWAS system does (due to its physical
layout), and so may allow for microburst messages to be delivered by approach control
at airports that have TDWR's installed in them.

6.1.2 It is recommended that there should be a clear differentiation between windshear and
microburst forecasts and real, detected alarms.

6.1.3 It is recommended that suitable methods for early dissemination of microburst messages
should be established to ensure strategic coordination of air traffic to avoid microburst
areas.

The ATIS message should not be considered a replacement for early dissemination
of microburst messages. Its role is that of allowing the crew to assess the potential
windshear threat along with other signs of windshear.

6.1.4 It is recommended that policies and methodologies should be established to communicate
safety-of-flight information to users operating with the National Airspace System.
Differentiation must be made between general information and information related to
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safety-of-flight matters.

6.1.5 It is recommended that an examination into the potential implications for windshear data
communications should be pursued.

The three-phase process of terminal area windshear information exchange (sending
a microburst message to the aircraft, the flight crew's decision to execute a go-around,
and the message back to air traffic that the reason for the go-around is the microburst)
should be a candidate for automation. A research program that examines automation
is technically feasible. The program should consist of three parts: 1. investigate the
transfer of ground-based information to the crew; 2. investigate the flight crew's
decision making process based on integrating the ground-based data with airborne
information; and 3. examine the automatic transfer of the flight crew's action to the air
traffic system.

6.2 The Case Study Process

6.2.1 It is recommended that the tools applied to this case study be applied to future
investigations of similar microburst encounters.

Surface wind sensor and Doppler radar data can be analyzed in conjunction with
flight data recorder analyses to reconstruct wind profiles from each aircraft. Combining
the flight data recorder analyses with TASS-model results, when reconfirmed with
observed wind fields, can provide further insight into the wind patterns traversed by the
aircraft. The larger-scale atmospheric data and the flight path-derived wind profiles
form an understanding of the atmosphere and its interaction with the aircraft that can
provide insight for safety briefings and further improvements to windshear systems.
Since windshear interaction with aircraft are varied, these kinds of detailed
reconstructions allow for further reinforcement of the elements of the model of flight
crew action, and insight into the operation of airborne and ground-based sensors and
their respective operational issues.

6.2.2 It is recommended that standard investigation techniques can be augmented with the
addition of three teams that are responsible for: ground-based windshear data; airborne
windshear dat, and atmospheric modeling using TASS.

Standard investigative techniques should be maintained when microburst windshear
encounters are suspected. Beyond that which is normally prepared for investigations,
the following three teams should be organized:
Ground-based Windshear Data Team: This team should document all sources of

ground-based windshear data (LLWAS- and TDWR-data, if available), including
basic meteorology, surface wind measurements, and radar data.

Airborne Windshear Data Team: This team should document all sources of airborne
windshear data, including aircraft flight data recorder and data from airborne
windshear sensors (if available).

Atmospheric Modeling Team: The TASS should be run using data from a special
sounding near to the event. Timeliness and proximity must be carefully considered
when determining the appropriateness of available sounding data. The nearest
National Weather Service Rawinsonde Station should be notified to make a
rawinsonde launch within an hour of the event unless earlier, nearby sounding data
is already available. Surface measurements from radars, wind sensors and
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National Weather Service stations should be obtained to support the model
products. The TASS data should be used to focus data collections and analyses.
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"Microburst Encounter, July 11, 1988, Denver, Colorado," United Airlines Right Safety

Investigation 88-46, February 9, 1989.
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Captain David A. Simmon
Director - Flight Safety

February 9, 1989

TO ALL RECIPIENTS:

Subject: United Airlines Flight
Safety Investigation

SYNOPSIS

On July 11, 1988, at approximately 4:00PM MDT, four
successive United flights experienced inadvertent encounters
with microburst-related windshear while on final approach to
Denver Stapleton Airport. A fifth flight executed a missed
approach without encountering the phenomena. There were no
injuries or damages to equipment. Worthy of note is the
fact that a doppler radar microburst detection system was
operational at the time and provided information to crews
concerning the intensity of the observed activity.

The listed recommendations have been directed to various UA
departments for action. These departments will contact the
appropriate industry and government agencies for resolution.

This information is released for your use in the interests
of aircraft accident prevention and remedial action-and in
the spirit of FAR 831.11 (b).

Dave Simmon
Director of Flight Safety

Att.

P.O. Box 66100. Chicago, Illinois 60666
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EXOVF - Bill Cotton February 2, 1989
OPBVV - John Dansdill
SFOEG - Bob Doll
EXOSW - Paul Green
EXOVF - Hart Langer
DENTK - Ed Methot
EXOFO - John O'Keefe
SFOFS - Frank Rose
EXCDD - Bob Smith
DENTK - Bill Traub FLIGHT SAFETY INCIDENT

INVESTIGATION 88-46
EXOPO - Jim Guyette

MANAGEMENT CONFIDENTIAL

Based on a thorough review of the attached Flight Safety
Incident Investigation, the following evaluation and action
assignments are provided:

SYNOPSIS

On July 11, 1988 at approximately 4:00 PM MDT, four
successive United flights experienced inadvertent encounters
with microburst-related windshear while on final approach to
Denver Stapleton Airport. A fifth flight executed a missed
approach without encountering the phenomena. There were no
injuries or damages to equipment. Worthy of note is the
fact that a test doppler radar microburst detection system
was operational at the time and provided information to
crews concerning the intensity of the observed activity.

The Flight Center was tasked with investigating and
documenting the event and that responsibility was carried
out by Bob Ireland whose final report is attached.

CONCLUSIONS

Flight Safety concurs with all findings and recommendations
and provides the following action assignments:

Recommendation 1: Action: DENTK/Traub; Due Date:
3/31/89.

Recommendation 2: Action: DENTK/Traub; Due Date:
3/31/89.

Recommendation 3: Action: EXODD/SMITH; Due Date:
3/31/89.
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Recommendation 4: Action: EXOVF/Cotton; Due Date:
3/31/89.

Recommendation 5: Action: DENTK/Traub; Due Date:
3/31/89.

Recommendation 6: Action: DENTK/Traub; Due Date:
3/31/89.

Recommendation 7: Action: EXOVF/Cotton; Due Date:
3/31/89.

Recommendation 8: Action: EXOVF/Cotton; Due Date:
3/31/89.

Recommendation 9: Action: DENTK/Traub; Due Date:
3/31/89.

Reviewed by: Released by:

Ed Marsey Dave Simmon

Flight Safety Investigator Director of Flight Safety

Atch.
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FLIGHT SAFETY INCIDENT
INVESTIGATION 88-46

FACTS

1. General:

On July 11, 1988, between 2207 and 2213 UTC (16:07-
16:13 MDT), four successive United flights h-=d
inadvertent encounters with microburst windshear
conditions while on final approach to Denver Stapleton
Airport (DEN), each resulting in a missed approach,
subsequent delay, and uneventful arrival. A fifth
flight executed a missed approach without encountering
the phenomena. There was no damage to aircraft and no
passenger injuries were incurred.

The five flights involved were (in approach sequence):

UA395 B-737-291A AUS/DEN
UA862 B-737-291A MLI/DEN (did not

encounter windshear)
UA236 DC-8-71 SEA/DEN
UA949 B-727-122 IAH/DEN
UA305 B-727-222A DSM/DEN

All five flights were given vectors for an approach to
runways 26L and 26R at Stapleton, and were in contact
with DEN tower at the time of their respective
windshear encounters and/or missed approaches.

1.1 General Sequence of Events

Flight 862 contacted DEN tower approximately two miles
outside the ALTUR. NDB, the final approach fix for
runways 26L and 26R. The flight requested a wind
report for the airport. The tower gave flight 862
clearance to land, and a Microburst Alert with an
expected airspeed loss of 40 knots, further
characterized as "measured by machine, no pilot
reports." The flight executed a missed approach,
turning to the north. Flight 862 did not descend below
8000 MSL, and there is no evidence the flight
encountered microburst activity.

Flight 395 contacted the tower inside ALTUR just before
flight 862 announced its missed approach. It is noted
that flight 395 was, however, ahead of flight 862 in
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sequence. Because of relative position, the crew of
T'A395 could not see 862 but the captain recalls h-aring
another flight go around on the radio. The tower gave
flight 395 clearance to land and the same Microburst
Alert. The flight continued inbound on glidepath for
83 seconds before beginning to climb and notifying the
tower they were abandoning the approach. Radar data
shows the flight descended to less than 100 feet AGL
(250 feet below glidepath) about one mile from the
touchdown zone.

Flight 236 approached next, contacting the tower about
20 seconds after UA395 went around. Upon initial
contact, flight 236 was cleared to land and was given a
Microburst Alert with expected airspeed loss of 50
knots on two mile final. The tower did not report the
previous missed approaches. Flight 236 continued
inbound for 77 seconds before announcing their missed
approach, just after reaching a minimum altitude of
5,800 MSL. Flight recorder data shows a slow rise in
airspeed from 150 to 202 knots followed by a rapid loss
back to 150 knots and subsequent oscillations. The
climb out was normal.

Flight 949 contacted the tower 10 seconds after flight
236 announced a missed approach. The tower cautioned
of wake turbulence behind the DC-8 going around, and
delivered a Microburst Alert with an expected loss of
70 knots on three mile final. Clearance to land was
not given. About 45 seconds later, the tower broadcast
an undirected announcement of Microburst Alert, 80
knots loss expected. The captain recalls a severe
downdraft just after the 80 knot loss alert. The
windshear recovery technique of 15 degrees pitch and
full power was executed while going around. Airspeed
rose from 150 to 171 knots, then oscillated sharply to
a 130 knot minimum before recovering. Stick shaker did
not activate. Minimum altitude was about 6200 MSL.

Flight 305 contacted the tower as 949 was announcing
its missed approach. The Microburst Alert of 80 knots
loss was repeated. The crew requested confirmation of
the magnitude which they received from the tower and
two other airplanes. Flight 305 began a missed
approach, but remained essentially level at 6,100 MSL,
apparently unable to climb, for nearly one minute, at
full thrust before climbing.

2. Meteorological Data

Appendix 1 contains a report by OPBWX analyzing the
weather on July 11, 1988 for landings at Denver. A Low
Level Windshear (LLWS) alert was issued by OPBWX at
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1516 UTC valid from 2100-0300 UTC and covered the
incident period.

Also included in Appendix 1 are copies of pertinent
portions of the Weather Briefing Message (WBM) for each
flight. In each case, the LLWS alert appears
prominently at the beginning of the WBM. Each contains
the DEN terminal forecast of 1818 UTC calling for a
slight chance of low clouds and thundershower
development with gusts to 40 knots after 2000 UTC.

Radio Communications

ATIS messages X (2145 UTC) , Y (2200 UTC) , and A (2203
UTC) were included on the tower voice tape, and are
transcribed in Appendix 2. ATIS-X observes a 50 degree
difference between temperature and dew point, narrowing
to a 40 degree difference in ATIS-Y and ATIS-A. The
large difference between temperature and dew point is
an indication of possible microburst development, and
the narrowing is indicative of the approaching rain.
Windshear and Microburst Advisories appear in all three
reports. ATIS-A notes the development of a
thunderstorm at the airport.

A time-based transcript of communications between
Denver Tower and the five United flights is contained
in Appendix 2. It is not known which ATIS message each
flight had last monitored. All communications were
clear and readable, and no crewmembers reported any
malfunction of equipment. All radio messages used
accepted terminology. Specifically, tower reports
pertaining to microburst windshear used FAA/NCAR agreed
phraseology. For example: "United 236 heavy, Denver
tower. Microburst Alert, threshold wind one four zero
at five, expect a five zero knot loss two mile
final..." The "loss" refers to vector wind magnitude
along the expected flightpath, not airspeed loss per
se, which is impossible to predict with accuracy as it
depends on just how the aircraft is flown and how power
is modulated.

All five flights were given a "Microburst Alert" like
that quoted above upon initial contact with the tower.
Flights 862, 395, and 236 were cleared to land at that
time. Flight 862, although first to contact the tower,
was in sequence behind flight 395, as sections 1.1 and
6 describe.

None of the four flights encountering the event advised
the tower of their reason(s) for declaring missed
approaches. Consequently, the tower did not give
following crews any such information.
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4. Flight Data Recorders

The flight data recorders (FDR) for all five aircraft
were removed for data analysis after the windshear
encounters and sent to SFOEG - Operations Engineering.
All flight recorders were foil medium units with four
channels: altitude, airspeed, heading, and normal
acceleration.

All recorders operated normally. The foil r.diums weie
voluntarily sent to the NTSB for further analysis.
Graphical data from the NTSB work is included in
Appendix 3.

The recorder from flight 862 confirms an early missed
approach with no apparent abnormal airspeed or altitude
fluctuations.

Data from flight 395 shows airspeed oscillations during
the windshear penetration of up to 9 knots/sec.
Typical magnitude of the oscillations was plus an-
minus 20 knots. The minimum altitude was read out to
be 5341 MSL. The touchdown zone for runway 26L is at
5333 MSL. ARTS III radar confirmed an altitude of 20
to 70 feet AGL. While these figures disagree, the fact
is the flight was at least 250 feet below the
glideslope approximately one mile from the touchdown
zone.

Flight 236 was initially stable at approximately 160
knots. Airspeed rose in 20 seconds to 202 knots (about
2.1 knots/sec), then fell abruptly to 157 knots (3.5
knots/sec), followed by a 27 knot rise at 6.75
knots/sec, and a drop of 30 knots at 4.1 knots/sec.
Minimum altitude was 5800 ft. MSL.

The recorder shows flight 949 entered the shear area
while stabilized at about 159 knots. Airspeed rose to
171 knots, then dropped 18 knots in three seconds.
Subsequent oscillations of plus or minus 20 knots per
sec. occurred and normal accelerations ranged from 0.55
G's to 1.3 G's. Minimum altitude was recorded as 6266
ft. MSL.

Flight 305 was steadily bleeding airspeed during
approach, reaching 170 knots as it entered the shear.
Airspeed rose to 185 knots in three seconds (5
knots/sec.), followed by a 20 knot loss in 1.7 sec
(11.8 knots/sec.). Other oscillations occurred at
rates higher than 10 knots/sec. Normal acceleration
ranged from -0.19 G's to* 1.50 G's. Minimum altitude
recorded was 6280 MSL.
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5. Training

All involved crews received windshear training
according to the Advanced Windshear Training Program
instituted by United beginning in 1984. United's
program is substantially the same as that of the FAA
Windshear Training Aid which United personnel helped
develop for the FAA. The Pilot Windshear Guide section
of the FAA documentation was distributed to all UA
pilots, and a short test is conducted as part of Annual
Recurrent Training. A table of "Microburst Windshear
Probability Guidelines" from this document is included
in Appendix 4.

According to bulletins which appear in the Adverse
Weather section of each fleet's Flight Manual, and
backed by simulator training in conjunction with Annual
Recurrent Training, pilots are trained to follow a
"Model of Flight Crew Actions" prescribing a systematic
approach to detection, avoidance, cautionary practices
(called "Prevention"), and recovery from inadvertent
encounters with windshear. An example of th2 bulletin
is in Appendix 4.

In addition to the standard training described above,
two Flight Manual bulletins were issued for the summer
of 1988 in all fleets. The first, a Summer Operations
Bulletin (example in Appendix 4) reinforces the
windshear training, particularly the Model of Flight
Crew Actions. The criteria for beginning a recovery
procedure are restated as "uncontrolled changes from
normal steady state flight in excess of:

- 15 knots indicated airspeed
- 500 fpm vertical speed
- 5 degrees pitch attitude
- 1 dot displacement from the glideslope"

A second bulletin entitled "Denver Enhanced Low Level
Windshear Alert System and Terminal Doppler Weather
Radar Operational Demonstration" (example in Appendix
4) describes the TDWR program, its reliability, and the
criteria for issuance of a "Microburst Alert." A
statement of UA policy towards these alerts is included
which says, in part, "A FLIGHT MUST NOT DEPART NOR
CONDUCT AN APPROACH THROUGH AN AREA WHERE A MICROBURST
ALERT IS IN EFFECT."

6. ATC/ARTS III Radar

One minute segment plots of ARTS III radar data are
included in Appendix 5. The plots show the
geographical position of each aircraft every five
seconds during the period 22:07 through 22:13 UTC.
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Altitude (MSL) is indicated each time it changed with
resolution to the nearest 100 feet. Runway alignments
are shown as well as large crosses indicating the DEN
VOR, ALTUR, and the radar installation. Tower
communication events are superimposed on the plots.

During the period 22:07 - 22:08, UA 395 is shown
approaching from the southeast and UA 862 from the
northeast. UA 862 enters the chart at 22:07:50 and
declares a missed approach abeam ALTUR. UA 395 is
ahead of UA 862 and contacts tha tower 1.3 niles inside
ALTUR.

During the period 22:08 - 22:09, UA 862 is shown
turning to the north and staying above 8000 ft., well
clear of the approach profile. UA 395 is shown
continuing inbound on the localizer profile to runway
26L. Approximate MSL altitude of the glideslope beam
is indicated by numbers in parentheses. UA 395 passed
below the glidepath at 22:08:35. At 22:08:50, the ARTS
III measurement shows UA 395 at 5400 MSL, less than 100
feet AGL, or about 250 feet below the glidepath one
mile from the touchdown zone. UA 395 maintains 5400
MSL for the remainder of the period.

During the period 22:09 - 22:10, UA 395 begins to climb
and turn niorthward. UA 236 enters the area, contacts
the tower just inside ALTUR. UA 236 is approximately
200 feet below the glidepath.

During the period 22:10 - 22:11, UA 236 continues
inbound, staying 200 feet below the glidepath. The
flight stops its steady descent at about 22:10:30, at
5800 MSL. The altitude measurement remains 5800 - 5900
MSL for 45 seconds, during which a missed approach is
declared. UA 949 enters the area on glidepath and
contacts the tower one mile inside ALTUR.

During the period 22:11 - 22:12, UA 236 begins
climbing, regaining 6000 MSL at midfield, and
thereafter climbing rapidly. UA 949 continues inbound
and is never below the glidepath. A minimum altitude
of 6200 MSL is reached just as the missed approach is
declared. UA 305 enters the area six hundred feet
below the glidepath at ALTUR. UA 305 climbs to meet
the glidepath near the end of the period, approximately
coincident with tower contact.

During the period 22:12 - 22:13, UA 949 executes a
missed approach to the south. UA 305 continues on
runway heading, declaring a missed approach early in
the period but with essentially no climb for another 35
seconds. UA 305 was at 6200-6300 MSL for about 50
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seconds altogether. The flight continues on
approximately runway heading throughout the period.

7. National Center for Atmospheric Research Experiment

During the period from July 1 through August 31, 1988,
a demonstration of Terminal Doppler Weather Radar was
in progress at Denver. The radar was active on July 11
at the time of the missed approaches. Microburst
Alerts transmitted to each flight were generated by
this system. Alerts are generated for events within
one-half mile of the approach path, and within three
miles of the runway (on approach) or within two miles
of the runway (on takeoff).

Appendix 6 contains a list of alarms issued between
22:05 and 22:13 UTC on July 11, 1988, black and white
prints of the Geographic Situation Display (GSD), and
wind vector diagrams from Doppler radar measurements.

The list of alarms appears in three columns
corresponding to the displays in the tower. There are
separate sets for the 35R/17L runway, the 35L/17R
runway, and the 26/08 complex. The presentation is
identical to that which appears on a CRT in front of
the tower controller position for each runway. The
list of alerts has been marked to emphasize those
alerts issued for the runway 26 approach corridor,
confirming the alerts noted in the transcript.

The GSD diagrams show the display available at one
location in the tower and at the TRACON supervisor's
desk. The actual display is in color. Microbursts
appear as round or "band-aid" shapes with a number in
the center indicating knots of wind differential across
the event. Precipitation echoes are irregular, and
usually west of the airport in this series of diagrams.
The first microburst to appear near runway 26 shows as
35 knots on the diagram labeled as "TIME: 2206". A
second microburst was just northwest of Buckley ANGB,
outside the alerting area. As time progresses, the
diagram shows up to three events over the runway 26
complex and the approach path. The tower alert gives
only the strongest event.

The "dual Doppler" diagrams give a visualization of the
wind patterns derived by two radar facilities
simultaneously. The Stapleton runways are at the
center. The plots, at about one minute intervals, have
arrows indicating local wind direction, with strength
given by arrow length. During the period, a large
event forms on the approach path somewhat elongated
tangentially.



NCAR scientists noted the elongated pattern of the
event(s) was unusual in that most would line up
north/south rather than east/west as seen here. By
lining up east/west the airspeed loss effects were
reduced since penetration time was lengthened. Had the
aircraft penetrated the event along its minor axis,
greater airspeed fluctuations would have been expected.

Crew Statements

Captain's Reports from eacn of the involved flights are
included in Appendix 7. In addition, available
crewmembers from each flight were interviewed at DENTK
on July 22, 1988. Their comments were videotape
recorded for further use in the production of safety
and/or training materials.

ANALYSIS

All data, including TDWR measurements, crew statements,
flight recorders, and radar, substantiate the fact that
Microburst windshear conditions existed on the final
approach path to runways 26L and 26R between 2206 and 2220
UTC on July 11, 1988. The same data confirms that flight
0G2 did not encounter significant windshear, while flights
395, 236, 949, and 305 did indeed fly directly through the
microburst area.

Further analysis of events leading 1- the four encounters
with windshear and the one successful avoidance will follow
the Model of Flight Crew Actions.

1. Search For Clues of Windshear

The following information was provided to the crews:

- Weather briefing message with LLWS alert and
forecast of conditions at DEN conducive to
microburst development.

- ATIS report of "windshear advisory and microburst
advisory." Windshear advisories are effective
during the period of windshear alerts and for 20
minutes afterward. Microburst advisories are in
effect during a period of microburst alert and for
two hours afterward. ATIS also reported a
temperature/dew point spread of 30-40 degrees, a
well-known clue of possible windshear.
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Microburst Alert messages were issued by the
tower, indicating a divergent flow exceeding 20
knots differential within one half mile of the
final approach path. NCAR subsequently changed
this criteria to 30 knots after the events of this
report.

In ada-ion, crews reported observing:

- Radar echoes of precipitation over/near 'he
airport.

- Convective weather development near the airport.

- Virga or rainfall near the runway.

- Moderate to severe turbulence.

Of the available clues, clearly the strongest is the
TD;,R-produced Microburst Alert. This single clue means
divergent conditions ARE PRESENT at the location
detected, with the severity reported, lacking only a
report of the altitude of maximum divergence. The
Microburst Alert is also treated in a Flight Manual
Bulletin as a matter of policy requiring immediate
termination of approach.

The other clues are all medium or low probability
indicators according to the table on page 36 of the FAA
kilot Windshear Guide (see Appendix 4).

2. Avoidance of Known Windshear

Crews are required at this point to make a decision
based on the available clues. The FAA Pilot Windshear
Guide suggests the clues are cumulative. On this
basis, avoidance should have been chosen in all cases.

The crew of flight 862 recognized the significance of
the Microburst Alert. This single item caused them to
initiate a missed approach. In their interview, the
crew also indicated their concern based on the other
clues.

The crew of flight 305 also began an avoidance maneuver
before their encounter according to voice tapes, radar
data, and crew interviews. Their decision was based on
the Microburst Alert calling for an 80 knot loss. In
the crew interview, however, the captain was clear in
stating they understood this to be a pilot report. The
words "Microburst Alert" were either not heard or not
understood in terms of policy.
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It is clear that the crews of flights 395, 236, 949,
and 305 either did not hear clearly or did not know the
meaning of the term Microburst Alert. None of these
crews took action based on hearing this alert, knowing
its source (TDWR) and policy implication. Based on the
time period between tower broadcast of Microburst Alert
and the missed approaches, it is concluded the go-
arounds of flights 395, 236, and 949 were not based on
the tower report, but rather on conditions encountered.
The crews for flights 395, 236, and 949 could not
recall that they ever heard "Microbars. Ale:t" _fn
initial contact with the tower. The crews of flights
395 and 236 did recall their clearance to land from the
sane transmission. The captain of flight 949 did hear
the Microburst Alert which was broadcast as an isolated
tower transmission later in his approach. One captain
reported that he had not read the associated Flight
Manual Bulletin until sometime after the events of July
1i.

Use Precautions (When Avoidance is Not Chosen)

The four crews which encountered the microburst all
indicated they had seen some clues and discussed their
significance. The crews of flights 395, 236, and 949
took specific cautionary actions to increase their
capability to penetrate an inadvertent encounter with
windshear. All flights deliberately held extra
airspeed of 10-15 knots. Flight 949 purposely was
flown high on the glidepath in a belief that a steeper
glidepath might be helpful. It is noted that this is
not an appropriate precaution. While extra altitude
nay be good, the higher descent rates necessary could
be quite detrimental.

Use of Standard Operating Techniques

Aside from the precautions noted above, all crews
appear to have used standard techniques during their
approaches and missed approaches. This fact, as
intended, aided in the early recognition of
inadvertently encountered windshear.

Recovery From Inadvertent Encounters

All flights added thrust. Crews from flights 395 and
949 indicated they moved the throttles full forward.
Others used only go-around power with which they were
satisfied.

All flights raised their pitch attitudes as opposed to
chasing airspeed in the decreasing performance part of
the windshear. The crew of flight 236 initially
lowered the nose during the increasing performance
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segment prior to their decision to go around. Only the
crew of flight 949 reported specific use of 15 degrees
during the go around, and training materials do
currently state "towards 15 degrees."

During the recovery phase, flight 395 had a minimum
altitude much closer to the ground than the crew
thought. Flight recorder data confirms that additional
airspeed was available to trade.

Contrary to training, NO crew made a pilot report to
the tower about the windshear conditions encountered.

CONCLUSIONS

Finding 1: Flight Standards issued a 3-page aircrew Flight
Manual Handbook Bulletin entitled "Denver Low Level
Windshear Alert System (LLWAS) and Terminal Doppler
Weather Radar (TDWR) Operational Demonstration" which
applied to Denver departures and arrivals only. The
Bulletin dezcribed the TDWR system, the related test
program, and United's policy concerning actions to be
taken by flight crews during TDWR Microburst Alerts.
Within the Bulletin, a critical pilot procedural
requirement which states "A FLIGHT MUST NOT DEPART NOR
CONDUCT AN APPROACH THROUGH AN AREA WHERE A MICROBURST
ALERT IS IN EFFECT" was obscurely located on page 3.
(CONTRIBUTING FACTOR)

Finding 2: Flight 395, 862, 236, 949, and 305 were issued a
Weather Briefing Message (WBM) prior to departure
containing an **ALERT** section which forecast
conditions favorable for the formation of low level
windshear. Included were hourly weather observations
from 1700 UTC, 1800 UTC, and 1900 UTC which revealed
temperature/dewpoint spreads of 35 to 39 degrees F, a
condition favorable for the formation of low level
windshear.

Finding 3: All flights arrived in the Denver area during a
period of time when Airport Terminal Information
Service (ATIS) broadcasts contained low level windshear
advisories, microburst advisories, and a statement that
a Doppler radar windshear demonstration (TDWR) was in
progress.
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F:nding 4: Flight 862 was the first aircraft to contact
Denver Tower from a position near ALTUR, the Final
Approach Fix. The Tower responded by issuing a landing
clearance and a Microburst Alert. Flight 862 executed
a normal missed approach approximately 24 seconds later
without encountering microburst activity.

Finding 5: At approximate 2 minute intervals, Fliqhts 395,
236, and 949 contacted the Tower from near ALTUR, anc
all were issued landing clearances and a Microburst
Alert with an expected airspeed loss of from 40 to 80
knots. All three flights continued inbound on the ILS
glideslope for 83, 77, and 44 seconds respectively
following initial contact, beginning a missed approach
only after encountering significant altitude and
airspeed performance problems. Crews may not have
recognized the significance of the cumulative clues and
the broadcast Microburst Alert. (PROBABLE CAUSE)

Finding 6: Flight 305 contacted the Tower from near ALTUR
approximately 2 minutes after Flight 949 and slightly
after Flight 949 announced a missed approach to the
Tower. A Microburst Alert was issued by the Tower with
an expected airspeed loss of 80 knots on final
approach. Flight 305 initiated a missed approach after
the Alert and following confirmation of the broadcast
airspeed loss. (PROBABLE CAUSE)

Finding 7: Flights 395, 236, and 949 reacted to actual
microburst encounters by employing procedures learned
during the Advanced Windshear Training Program during
initial and recurrent flight training. Individual
flight reaction varied from a standard go-around
procedure for Flights 395, 862, 236 to the use of the
windshear recovery procedure by Flight 949 (maximum
power and a 150 pitch-up attitude). Flight 305 reacted
to the Microburst Alert broadcast airspeed loss and
initiated a missed approach after confirming the
information.

Finding 8: Microburst Alert information was broadcast by
the Tower to the flights as part of other "routine"
landing communications and may not have been perceived
as critical information by all involved pilots.
(CONTRIBUTING FACTOR)

Finding 9: None of the five flights advised the Tower of
the reason for their missed approach; therefore, no



- 13 -

pilot reports of windshear could be relayed to
subsequent flights by the Tower. (CONTRIBUTING FACTOR)

Finding 10: Flight 305 descended to less than 100 feet AGL
(250 feet below the glidepath) approximately one mile
from the touchdown zone.

RECOMMENDATIONS

Recommendation 1: Establish a policy and methodology to
communicate safety-of-flight information to all pilots.
If the Flight Manual Handbook Bulletin is retained for
this purpose, differentiation must be made between
general information and information relating to safety-
of-flight matters. Additionally, bulletins should
display critical safety-of-flight information in the
same relative position within each bulletin.

Recommendation 2: Clearly differentiate between Windshear
Alerts and Microburst Alerts in all written and
classroom materials and instruction.

Recommendation 3: Change the Weather Briefing Message
phraseology from "Windshear Alert" to "Windshear
Forecast."

Recommendation 4: Change ATC procedures so that Microburst
Alerts are given as a distinctly separate advisory and
not in the same sentence with other information.

Recommendation 5: Establish a standard relative to how low
a flight can descend on approach with a Microburst
Alert in effect.

Recommendation 6: Insure that all training and checking
programs stress the need for timely pilot reporting of
windshear and microburst encounters.

Recommendation 7: Access the feasibility of creating
flexibility in the missed approach procedure in order
to avoid microburst areas.

Recommendation 8: Establish a timely system to terminate
microburst alerts when the hazard no longer exists.
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Recommendation 9: Stress the importance of immediate and
positive corrective actions by the Pilot Flying when
aircraft performance deteriorates from desired
parameters and the responsibility of the Pilot Not
Flying to announce aircraft performance and flight path
deviations.

Investigated by: Reviewed by: Approved by:

Ireland Ed Methot B
Staff Engineer Manager of Vice President
Flight Simulators Flight Standards Flight Standards

and Training and Training

Att.
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UNITED AIRLINES

TO: E1OFS - Ed Rarsey FROM: OPBWX - Carl Knable

EXODD - Dave Rasmussen
July 13, 1988

DENVER LLWS - JULY 11, 198&

INCIDENT

Flights: 395/23b/862/ 45,'30

Date/Time: 07-11-BE. Z22OZ-2232Z

Location: Landing Den e', Runways 26L and 26R

Incident: Microburst

W;ATHER ANALYSIS

0 J J.y II, a stat ionary iront extenoed from northwestern Wyoming across
N -ifaska, and intc central i. ino:s. A weak low pressure trough ran NW-SE

a:ros5 Colorado. Colorado ,,es were clear during the morning, however a:
analysis of the 1200Z raob data indicated a strong potential for convective
a~tivity during the afterr~oc'.

L:,t first showers began to develop west of Denver around 1700Z, building ano
drifting at 15 knots to the southeast. By 2100Z, a large area of RW/IRW witti
tops to FL360 hal formed over central Colorado.

Swy conditions at Denver were clear from sunrise to noon. At 1900Z, CB's
began to develop over the mountains and the temperature-dew point spread at
DEN was nearly 40' (8o'/471i. By 2000Z, all LLWS conditions were present:
miC level clouds (75 SCT 120 BKN), 404 temperature-dew point spread (86'/460)

and virga/RW being reported (RWU 5, VIRGA SW). At 2100Z, CB's were reported
SE and SW through N of the airport. Thunder was reported at 2200Z, as some
oa the cells passed over and close to the field. These cells generated the
microbursts and LLWS encountered by the five United flights.

FORECASTS

The routine OPBWX morning review of all LLWS parameters (moisture aloft,

stability, dry layers, and predicted maximum temperatures) indicated a strong
potential for LLWS and microbursts at several western terminals including DEN
and COS. As a result, OPBWI issued a LLWS Alert for DEN and COS at 15l16Z.
This Alert was valid from 2100Z through 030OZ.

The DEN terminal forecast issued by both OPBWI and NWS called for TRW during

the afternoon.

Both the terminal forecast and LLWS Alert should have been included in each
trip's flight papers.
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CONCLUSION

July 11 was a typical LLWS day at Denver. Indications of afternoon

convective activity were present early in the morning, leading to the

issuance of an OPBWX LLWS Alert. Convective activity developed during the

afternoon over the mountains and drifted southeast at 15 knots, reaching the

airport around 2200Z. The combination of high based CB's and the large

"teeperature-dew point spread was classic, and lead to the formation of dry

sicrobursts and intense shears in and around the airport.

C.R.K.

Attachmentb: Surface Chart 11/1800Z
Radar Summary Charts I/1735Z-22351

HICB Work Chart
Denver Surface Observations
Denver FT
OPBWX Wind Shear Alert
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1411 ' PID 2t5"72 ID. 07514? RTG KOS

AL'.OC'
.ALIOOUA 11 ';121 27,t.O/HOL

wBM 395-I1 AUS-DEN'(2216Z) RT: I ALTNT COS

407-11 DEN-ONT (0127Z) RT: I ALTNT LAY

390-il ONT-DEN (0405Z) RT: I ALTNT NA

*** PART (1i : 02 PARTS ***

.************ ALERT ****** ALERT ****** ALERT ***********

DEN LLWS ALERT FROM 112100Z TO 120300Z

CONDITIONS FAVORABLE FOR DEVELOPMENT OF CONVECT IVE LLWS. 
IF

VIRGA, CS OR RW ARE OBSERVED OR REPORTED, EXPECT LLW-.

CO'S LLW.. ALERT FROM 112106Z TO 121300Z
CONE ITION' FAVORABLE FOR DEVELOPMENT OF CONVECTIVE LLWS. IF

VIPc , CP '-. OR RW ARE OBSERVED OR REPORTED, EXPECT LLWS.

---------------- ------- MAP FEATURES-

MAF FEATURE: UNITED STATES. 11185?Z-120600Z

-JET C:ORE*- AT 120Z. FROM SLE (OREG) 350/26075 TO OI ( IA)

42,:''2.0675..FRIM O:C (O ) 380/25086 TO PIA(IL) 420/26,0'5 TO

E U-tNY) -:5': '24075.. SURFACE AT 1500Z. . COLD FRONT SSWD FROM NRN

IVA TO OFF NRN CALIF COAST, FRONT MOVING EWD AT

2'i NCiT..LAYERED CLOULDS/R-/F BEHIND FRONT FROM WASH SWL' TO NRN

CALIF.. STRATL'I. OVER SRN CALIF COASTAL AREAS MOVING OFF-SHORE

EARLY THEN MOVING BACK ONSHORE NEAR END OF PERIOID. COLD 
FRONT

EXTENDS SWWD FROM WRN NY TO NRN IL TO SRN NEB THEN STATIONARY

NWt-',. THr'., NE'N WYO TO NWRN MONT COLD FRONT MOVING EWE' 
AT 15-20

KNf:Tc...FEW: TO SCATTERED (CHC SEVERE) DEVELOPING VC:NTY

STATIONAR'' FROM FRONT FROM MONT SEWD TO NRN NEB. FEW 
TRW FROM

AZ/NMEX NEWD INTO SERN WYO..S :ATTERED TRW/RW OVER 
MOST OF AREA

FROM TX/OF NEWD INTO NEW ENGLAND AND EWD TO NRN FLA. 
CHC: HEAVY

TO SEVERE TRW FROM SRN NEW ENGLAND TO SCAR BY OOZ.

-ORI-DEST-ALTNT-WEATHER

AUS 1349 3S SCT 120 SCT EISO OVC: 12 137/85/73/2107/996

ALS SF' 1753 32 SCT E190 OVC 12 140/84/74/1610/997/ 000 152/ 77

AUS 1651 M2'4 BV.N 4? BKN 140 OVC 12 144/82/73/1705/999

AUS FT11 AMD 1 111917 1904Z 30 SCT C120 BKN 2010 OCNL C30

BKN RW CHC CS OVC 1TRW+. OOZ 40 SCT C120 BKN 2406 SLOT

CHC TRW. 06Z C12 BKN 1906 SLOT CHC TRW. 1IZ MVFR CIO..

AUS NO 2/6 THR 35 DSPLCD 1200
AUS NO 2/8 17-35 CLSD EXCP DAY/VFR+12500/BLO

AUS NO 7/6 ARPT CLSD TO JET TRNG

ALS NO 13/1 AUS TWR DOES NOT CNTRL THE RAMP AREA.

PUSHBACK WILL BE AUZD BY UAL TUG OPERATOR. AS A

COURTESY ADVISE ORND CNTRL ON APPROPRIATE ATC FREQ

(RWk-DENTK 11' 25-87 By JWS)

AU. NO 13/2 CONSIDERABLE JET FIGHTER TFC AT BERGSTROM

A.F.B., LOCATED BTWN ARPT AND COLORADO RIVER. ALT SFC

TO 3000C FT (PER DICK KRUEGER DENTK 01APR87)

ALS NO 13/3 POSSIBLE TFC: CONFLICT BTWN BERGSTROM

A.F.B. TRAFFIC CUTTING ACROSS: RWY 13R DPTR CORRIDOR.
TFC AT 3000 FT WHEN NORTH OF CORRIDOR DESCENDS TO 1200

FT SOUTH OF C:ORRIDOR. (PER DICK'. KRUEGER DENTK 01APR8,)



ALI NO 13/4 TWY 'P' SOUTHWEST OF TWY *D" FREQUENTLY
CLSD FOR EQPT STORAGE.. HARDSTANDS BEHIND GATES 1, 3
AND 5 USED AT NIGHT BY OTHER AIRCARRIER LAYOVER ACFT
(DENTK DK' CHIDD JWW 4/28/88)

DEN 1851 CLR 50 078/86/47/0406/000/CB TCU S-N
DEN 1750 CLR 60 085/84/46/0809/002/CB FRMO OMTNS S-NW/ 710 1003

5

DEN 1652 CLR 60 089/81/46/1308/003/CU FRMG OMTNS S-NW
DEN FT11 111818 90 SCT 250 SCT 1612 SLOT CHC C70 BKN

TRW-A G40 AFT 2OZ. 04Z 150 SCT 1910. 06Z CLR 1910. 12Z
VFR..

DEN NO 6/25 LDA LOC 35R OTS
DEN NO 6/26 ILS DME 35R OTS
DEN NO 6/36 LDA DME 35R OTS
DEN NO 7/12 DEN ALS 35R OTS TIL 152000
DEN NO 13/1 FOR PUSHBACK CLEARANCE AT GATE A-: C.ALL

UA RAMP ON 129.5. DEN PAGE 10-7 WILL BE CHANGED. (DENFO
PB CHIDD JWW 6/16/88)

DEN NO 13/2 FDC 8/2040 ILS 35R CRCLG VIS CAT C VIS 2
3/4, CAT D VIS 3. ALT MINS 900-3

DEN NO 13/3 CONSTRUCTION AREA - ON RAMP EAST AND
SOUTHEAST OF THE B CONCOURSE. AREA EXTENDING 300 FT OUT
FROM THE B CONCOURSE. THE VSR IS LOCATED AT THE EDGE OF
THE OUTAGE AREA. GATES B19 AND B21 ARE OUT OF SERVICE
WITH B20 TO BE OUT OF SERVICE BY 6/28/86. AREA IS
LIGHTED AND BARACADED. TAXI W/CAUTION. DURATION,
APPROX. 30 DAYS. (CHIDD.GC)

COSe 1350 SO SCT 65 104/80/46/1209/008
CC'S 1750 70 SCT 65 111/78/47/1307/010/ 705 1100 52
C:C" 1650 CLR 65 119/75/45/1406/011/FEW CU SW-NW
COS FT11 101818 70 SCT 250 SCT 1510 SLOT CHC C60 BKN

TRW-A 040 AFT 202. 05Z 120 SCT 0110. 06Z CLR 0110. 12Z
VFR..

c:Os NO 13/1 USE CAUTION TAXIING INTO THE RAMP FROM
THE SOUTH. TWY A3 SIGN IS LOCATED SOUTH OF TWY A3. THE
TWY SOUTH OF THE SIGN IS A PRIVATE TWY AND IS NOT AUZD
FOR UAL ACFT

COS NO 13/2 COS NOT AUZD FOR PILOT TRAINING FROM
2300-0600 MDT

ONT 1SSC' -X 3Hr 75/61/1804/002/ MK3
ONT 1750 M17 BKN 2 1/2FH 69/61/2605/004/FH2
ONT 1650 -X M13 OVC 21/2FH 65/60/2105/004/ FH2
ONT FT11 111919 -X CI8 BKN 3H 2710 OCNL 18 SCT. 20Z -X

3H. 23Z -X 5H 2712. 02Z CLR 2712. 05Z CLR. IOZ -X CII VC
3FH. 13Z MVFR CIO FH..

ONT NO 6/6 ONT ILS OS RY26R UNUSBL BLO 1089 MSL

LAX 1850 M24 OVC 9 171/68/58/2409/004/ CITY 70
LAX 1754 M24 OVC 9 171/69/59/3105/004/ 108 15// 63/CITY 69
LAX 1652 M23 OVC 9 170/68/58/1504/003/ CITY 68

LAX FT11 111919 C25 8KN 2512 OCNL 25 SCT. 22Z CLR 2512.
02Z C18 BKN 2508 OCNL 18 SCT. 052 CIS OVC. 13Z MVFR CIG..

LAX NO 7/2 LAX 6L-24R CLSD 0600-1300 DLY EFF
7/11-7/15

LAX NO 13/1 BTWN TRMNLS. IN THE ALLEYS, 180 DEG TURNS
UNDER PWR ARE NOT PERMITTED. IF A REVERSAL IS RORD,
SHUT DOWN ENGINES AND REQUEST A TOW. (LAXFO RPS/CHIDD
JWW 9/15/87)

LAX NO 13/2 NOTIFY LAX TWR WHEN YOU ARE NUMBER I FOR
TKOF IF YOU SUSPECT THIS WILL HELP ENSURE SEQUENCE
(EXOVF TO/CHIDD JWW 9/18/87)

LAX NO 13/3 CONTACT LAX STATION OPERATIONS FOR
PUSHBACK CLEARANCE AT GATES 70A, 708, 72A. 728, 74 AND



8( THRU 84. IF PUSHBACK FROM GATE 74 WILL INTRUDE INTO
TWY SOUTH OF THE SATELLITE, CALL ORNO CNTRL ALSO FOR
CLEARANCE (01/25/88 JR PER GARY MEERMANS LAXFO)

LAX NO 13/4 WHEN POSSIBLE, AVOID FLYING OVER OR NEAR

THE HOLLYWOOD BOWL BETWEEN 1800-2400 PDT, MONDAYS THRU
SUNDAYS. THE AREA IS LOCATED 5NM SE OF BUR AND 15NM NNE
OF LAX AND IS VISUALLY DEFINED BY TWIN CROSSED WHITE

*.* END PART (11 OF 02 ***
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SEARCHLIGHT BEAMS IN THE StY AND WHITE STROBE LIGHTS; ON
THE GROUND. EFF THRU 17SEP88.

(LAXFO-MEERMANS,TOMKO. 27JUN88)
LAX NO 13/5 FDC 8/937 VOR RWY 7L/R PROC NA
LAX NO 99/9q WHEN TWY 80V CLSD DUE TO CONSTRUCTION,

TICOF RWY6L AVBL FM TWY 75V (7000FT AVBL). LDG RWY24R
LAST EXIT TWY 75V (700OFT AVBL). OBTAIN MEISR WTS
RWY6LX (700OFT AVBL TKOF) AND RWY24RX (700OFT AVBL LDG)
FROM CHIDD OR CRT.(EXOVF JP 6/01/e8).

-------------------- DRIFTDOWN ALTERNATES---------------------
OJT 1850 CLR 70 094/87/45/1208/002/FEW TCU AC CI
OJT 1750 150 SCT 70 101/85/45/1908/005/ TCU DSNT E/ 114 1280 86
GJT 1652 150 SCT 70 110/79/48/1209/007

GJT FT11 111818 80 SCT 250 SCT 1410. 20Z 80 SCT 250 SCT
2810 SLOT CHC C70 BKN TRW-A 045. 04Z 130 SCT 1109. 06Z
CLR 1310. 12Z VFR..

GJT NO 13/1 TOWER ,LSD 0400-1200Z(2200-O00OMST). WHN
TWR CLSD/ ALL NAVAIDS MONITORED (04/03/88 JR)

OJT NO 13/2 SPECIAL TAKEOFF ENGINE OUT PROCEDURE..
INSURE JNC VOR OPERATING PROPERLY (CHIDD 6/18/86DR)

LAS 1853 CLR 30 092/98/47/1912021/990
LAS 1751 CLR 30 C96/96/49/2016024/991/ 303 83
LAS 1651 CLR 30 097/94/50/1816024/991/HAZY

LAS FT11 111919 CLR 2118032. 04Z CLR 2014. 13Z VFR CLR..
LAS. NCO 13/2 DUE TO TRAFFIC VOLUMES ATC WILL INCRS USE

OF RWY 07 DPTRS WHILE ON NORTH FLOW (IR/IL). TO REDUCE
TAXI COMPLEXITY, EXPECT ATC ROTS FOR RWY 07 DPTRS FM



TWY M OR TWY X (EXOVF JP 4/27/88)

PSP 1846 -X E: 96/M/0Q08/990/ HK2
PSF 1750 -X 8 95/M/1207/991/ HK2
PSP 1646 CLR 8 94/M/3604/991/ HK ALODS

PSP FTII 111919 CLR 1212 OCNL 5H. 012 CLR 3020. 06Z CLR.
13Z VFR..

PSP NO 13/1 TOWER CLSD 0600-1400Z(2300-O700PDT). WHN
TWR CLSD/CONTACT WEATHER OBSERVER ON 129.2 FOR WEATHER
AND TRAFFIC INFORMATION, ALL NAVAIDS MONITORED

(04/0:/88 JR)
PSP NO 13/2 WHEN DPTG AFTER TWR CLSD OBTAIN CLRNC BN

ONE OF THE FLWG: FM ATC: DURING APPCH INTO PSP ..OR..
TELEPHONE BFR DPTR PSP PHONE NR 805-947-4101 .. OR..
TRANSMIT ONT RADIO ON 122.1 AND RECEIVE ON 115.5 (PSF
OMNI - ADJUST VOLUME TO MAX) ..OR.. IF THOSE FAIL
CONTACT CHIDD FOR FURTHER ASSISTANCE. WHEN DPTG AFTER
TOWER CLSD BROADCAST ON FREO 119.7 (25AUG86TJK) IF
EITHER ONE INACCESSABLE USE 1-800-992-7433 (RIVERSIDE
FSS).

PEP NO 13/3 ADHERE STRICTLY TO INSTRUMENT APROACH
PROCEDURES WHENEVER RADAR GUIDANCE IS NOT AVBL. WHEN
CLEARED FOR AN APPROACH, IF ON A UNPUBLISHED ROUTE OF
RADAR VECTOR, MAINTAIN THE LAST ASSIGNED ALTITUDE UNTIL
ESTABLISHED ON A PUBLISHED ROUTE OR INSTRUMENI APPROACH
(11/25/86 J. NEFF)

FPE.F NO 13/4 WHEN ON APPCH TO RWY 30 ROST PSP APPCH TO
TURN ON VASI AT CATHEDRAL CITY OR WITHIN 3NM (PER PSP
TWR JPB 02/17/87)

PSF NO 13/5 WIDEBODY DIVERSIONS CAN BE HANDLED ON A
REFUEL AND GO BASIS ONLY. (NO CARGO LOADERS AVAILABLE)
(Tji .26JUNS7)

PSP NO 12/6 CREW CAN CALL EARLY FOR CLRNC 0650 LCL
121.9

PSP NO 13/7 ALL PSP OPERATIONS NOW USE GATE 1 (LL
CHIDE' 01/28/3)

PSP NO 13/8 8727 DPTG PSP ON PALM SPRINGS I DPTR SET
CLMB THRUST IN LIEU OF QUIET EPR (02/01/88 JR PER TOM
WYATT DENTK)

PSP NO 13/9 FDC: 8/1281 IFR TKOF MINS RWY 30 3000-2 OF
STD WITH MIN CLB OF 360 FT PER NM TO 4000. IFR DPTR
PROC RWY 30 TURN RIGHT DRCT PSP VORTAC, THEN VIA V137
TO TRM VORTAC. CLB TO MEA OR MCA FOR RTE OF FLT, OR
HOLD E, RT, 2S7 INBND

PSP NO 13110 CRANE OPERATING 75' AGL, LOCATED APPROX
1500' NE OF THE APPCH END RWY 12. OPERATES MON-FRI
1300Z-2300Z UNTIL APROX 21JUN88. WILL BE LOWERED WHEN
NOT OPERATIONAL.(RK..6JUN)

--------------------- DEST AREA WEATHER-----------------------
PUB 1850 CLR 90 090/87/50/1808/999/CB N CU SW-NW
BJC 184" 80 SCT 65 86/48/1110/002
TAD 1850 CLR 60 104/82/42/0605/O08/FEW CU
PMD 1846 CLR 20 E2115/997/H ALQDS
WJF 1850 CLR 30 126/86/45/2420/998
RIV 1855 -X 3H 161/78/58/2902/003/H2
$BD 1855 -X 21/2H 154/80/60/3002/H2

----------------- ENROUTE TERMINAL FORECASTS------------------
OKC FT11 111717 40 SCT CO00 OVC 1610 CHC C20 OVC 2TRW.

03Z 100 SCT 250 SCT 1508. 112 VFR..
DFW FTI1 111717 12 SCT C25 BKN 1808 OCNL C12 BKN 3R-F CHC

TRW. 20Z C30 BKN 1808 CHC CIO X 2TRW. 04Z CI5 OVC 1808

CHC TRW. 11Z IFR CIG TRW. 15Z MVFR..
AMA FT11 111717 45 SCT 1808 SLOT CHC TRW AFT 21Z. 02Z 120

SCT 1608. 11Z VFR..



PUB FTX I 151 I9 li 0 SCJ :SC SET 1410 SLOT CHC C70 Si*N
TRW-A 040 AFT 202. 052 120 ScT. 06Z CLR. 122 VFR..

VEFT11 AMD 1 11191S 1'"05Z 5;0 SCT 100. SCT C250 BKN 1210
OCNL C50 BKN CHE TRW- 030. 032 60 SET 250 SO-T. 122 VFR NCO
NOC'I C..

P HY FT11 111818 CLR. 222 90 SCT 290S. 037 120 SCY 2908.
('62 CLP. 122 VFR CLR..

------------ -- PIRERS------------------------------
MLC LIA 10 ' PL.O 2,70010/TM 1728/FL?1U/TP Et737/TB4 LOT RIME
2.17 10V' PFF 11's, 2-5' /TA -4!?/WV 2700311/TP SrTH

-------------ENRC'UTE NDTAM ----------------------------
ENRCL'TE NiOTAM 1-3 EFF 1SAPR/15211 TO
8/1091 Flit AIRWAY TX. V68: Vlfl COMFY TX TNT TO SAT VOPTAC MEA
400:':. cEXODD 18APR83-:: AR)

ENR'IL'TE NOTAM 04 EFF O2MAY/1c51lZ TO
rC S/1217 AIRWAYS, TX. V16l BETWEEN MILSAY /MOP/ %'ORTAC- AND'
PC'LVA INT., TX. MOi:A 2500.

ENP:I'.TE NOITAN 215 Et-F 01APR'2151 2 TC, UFN
V: > 74^ FRC'il TULaA, O4 VORFTAC TO CiWETA, O INT. MOCA-I: TO~

ENHO C!E NOTAM -21 EFF 27U0 42C UFE
FDIC 21 1WHEN EL PASOC TX FSS IS OLSD THE FLWO AWY?; NOT AUITH:
V2?::'> F* 1NC'N NMl. VOlRTAC TO EL PAE'p TY. VORTAC. V1,: TRUTH OPF

CCIN:EECIJ.ENl:E'i. NM. VORTAC TO NE;.::I4N TX. VORTAC. V560 NEWMAN TX.
YCPRTAC, Ti-i CARL$BPAE NM. VORTAC.

ENRIJ T-E N':TAM -:4 EFF - TO
CHART LO(Orl) GLENC' INI. REDESI':.. LEFT TURNS, 064 DEC, INBNI',

ENF':U1-TE NOTAM 12 EFF - TO
,:NA (S.ANTA ANA) VOR 0)/! INDlEFINITE-LY

**END, PART 02. OF 02 t

FlOP[, 6.' '77 QA2

14152 32 A:.,EN1 KO'S ID' 0:75143 FROM Fill 287: TO PIt' 68"1I
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SEA!!
.SEAOOUA 111621 3313/KUS

WBM 236-11 SEA-DEN (2214Z) RT: I ALTNI CO'S

PART 01 OF 01 PART,=

************* ALERT ****** ALERT ****** ALERT ************

DEN LLWS ALERT FROM 112100Z TO 120300Z
CONDITION;: FAVORABLE FOR DEVELOPMENT OF CONVECTIVE LLWS.. IF
VIRGA, CB S OR RW ARE OBSERVED OR REPORTEi. EXPECT LLWS.

CO'-. LLWS ALERT FROM 1121'0Z TO 120300'!Z
COrDITIIN: FAVORABLE FOR DEVELOPMENT OF CONVECTIVE LLW-i.. IF
VIRNC4 CB'':: OR RW ARE OBSERVED OR REPORTED, EXPECT LLWS.

------------------------ MAP FEATURE --------------------------
MAP FEATURES UNITED STATES 11103Z-120000Z
.IET CORE AT I 1/00Z .... NO WINDS GREATER THAN 71>:TS OBSERVED WITH
GENERAL WESTERLY FLOW ACROSS NORTHERN 1/3 OF U.S. AND LIGHT AND'
VARIABLE FLOW SOUTHERN 2/3 .... SURFACE PATTERN AT 11/06Z.... WEAl
PACIFIC FRO:NT NEAR IDAHO/WASH BORDER.... SECOND FRONT ACROS-
CENTRAL MICH THFU CHICAGO BECOMING STATIONARY ACROSS
IOWA/NEBRASKA.... ASSOCIATED WX.... A.M. STRATUS WEST COASTAL
STATION: .... WIDESPREAD A.M. HAZE/GF EAST 1/3 OF U.S ..... CB OTLF
1Z-O!Z .... ISOLD P.M. CB S MOS :T OF EASTERN 2/3 U.S. EXCEPT NON:-
EXPECTED MINN/WISC/MICH/NORTHERN ILL/NORTHERN

INDIANA.... GREATER THAN ISOLD COVERAGE EXPECTED
SD/NE/WY/MT/ID .... SECOND AREA GREATER THAN ISOLD PENN NORTHWARD
THRI NEW ENGLAND .... THIRD AREA GREATER THAN ISOLD ACROSS GULF
COASTAL STATES .... OPBWX/GH

------------------ OR I G-DEST-ALTNT-WEATHER--------------------
SEA 1750 M16 BKN 40 OVC: IOR- 140/56/53/2209/995/RB20 21200 15//

54
SEA 1650 M20 BKN 60 OVC 20 135/58/50/2112/993
SEA 1549 M21 BKN 60 OVC 20 133/56/50/2013/193

SEA FTII 111010 13 SCT C22 OVC 2109 OCNL C13 BKN 5R-F CHC
C6 BKN 3L-F. 04Z MVFR GIG..

SEA NO 13/1 ALL B-747'S TAXIING TO/FROM GATES N-3 AND
N-6 MUST TAXI ON THE NORTH AND EAST SIDE OF THE NORTH
SATELLITE. SEAFO JM (JJD)

DEN 1750 CLP 60 085/84/46/0809/002/CB FRMG OMTNS S-NW/ 710 1003
5

DEN 1652 CLR 60 089/81/46/1308/003/C:U FRMG OMTNS S-NW

DEN 1552 CLR 60 096/76/48/2006/004
DEN FT11 111218 0 SCtT 250 SCT 1612 SLOT CHC C70 BiN

TRW-A G40 AFT 20Z. 042 150 SCT 1910. 06Z CLR CIO0. 12Z
VFP..

DEN N't ,/25 LDA LOC ?SF CITSz
DEN NO 6/2c ILS DME 35R OTS



DEN Nr c,' :! LDA DME 35R OTS
DEN NC 7-11 ALS 35R OTS TIL 152000
DEN N 7/12 DEN ALS ?5R OTS TIL 152000

DEN N': 13/1 FOR PLISHBACK CLEARANCE AT GATE A-9 CALL

LIP RAMP ON 129.5. DEN PAGE 10-7 WILL BE CHANGED. (DENFO

PB C:HIliD JWW 6/16/88)
DEN N' 13/2 FDC 8/2040 ILS 35R CRCLG VIS CAT C VIS 2

3/4, CAT D VIS 3. ALT MINS 900-3

DEN NO 13/3 CONSTRUCTION AREA - ON RAMP EAST AND
SOUTHEAST OF THE B CONCOURSE. AREA EXTENDING 300 FT OUT
FRqM THE B CONCOURSE. THE VSR IS LOCATED AT THE EDGE OF

THE OUTAGE AREA. GATES 819 AND B21 ARE OUT OF SERVICE

WITH B20 TO BE OUT OF SERVICE BY 6/28/88. AREA IS
LIGHTED AND BARACADED. TAXI W/CAUTION. DURATION,

A F' Rf. .30 DAYS. (CHIDD.GC)

CC:-, 1750 70 SCT 65 111/78/47/1307/010/ 705 1100 52
Cc'- 1650 CLF 65 lI '/75/45/1406/01/FEW CLI SW-NW

C": 1551 IL 65 122/7?/51/1007/011/FEW CU SW-W

CC'! FTii i''1S1:3 70 SCT 250 SC:T 1510 SLOT CHC C60 E:N
TRW-A G41: AFT 20Z. 05Z 120 SCT 0110. 06Z CLR 0110. 12Z

VFF..
C:-' NC 1'/! USE CAUTION TAXIING INTO THE RAMP FROM

iHE SOUTH. TWY A3 SIGN IS LOCATED SOUTH OF TWY AS. THE
T.ve S'O.UITH OF THE SIGN IS A PRIVATE TWY AND IS NOT ALIZE

FiOiR: UAL Ai-FT
O": Nit 1-/2 rCr NOT AUZD FOR PILOT TRAINING FROM

- -0.. 0 MDT

-DEST AREA WEATHER
. 175', 15'1 /4_/190/005/ TCU DSNT El 114 1230 6c.
Fpfilr 1751 ' LF '')/3/50/1606'001/EW CU SW-NW MDT CLI NW' 14

JC U-4F <', SCfT 60 7014411507/003/ FEW CZ NW KH ALNj$':

TP, 1'5. ,Lr 60' 1IS/7/ /43/1307/011

-ENROLITE TERMINAL FORECASTS

GEC FT11 111010 C250 BKN 2010. 19Z 50 SCT CICO 812N 2214
C"- 

. cc'0 BLN C:HI- C40 BLN RW-. 04Z VFR..
Pi F i i 81I 100 SC.T 200 -BKN 3303. 002 CFF' 60 SCT

C-i10OC BIN .312 SLOT CHC RW-. 06Z 100 SCT C200 BKN 300s3.
122 VFR CIG ABV 100..

RN': FTI1 111010 CLR. IZ 250 -BKN 2718G2S. 04Z VFR C:LR..
IDA FTII 110c,0'-- 100 SCT 200 ;CT 2008. 21Z 60 SCT 100 JiSCT

C2':'c, BN 2(12 SLOT CHC: TRW- 035. 1OZ CFP 50 SCT C100 BKN
2?15 SLOT CHC RW-. 12Z VFR CIG ABV 100..

.=-LC: FT1i 111818 CLR 1815028. 05Z CLR 1612019. 12Z VFR
WND..

CY': FT11 111818 50 SCT 250 -EqiN 1710. 21Z 50 SCT 100 SCT

C250 BPN 1612 OCNL C50 BKN CHC TRW- 030. 03Z 60 SCT 250

SCT. 12Z VFR NO CIO..

-PIREPS

GEE
• 
UA /OV GEG 180060/TM 1645/FL290/TP MDSO/TB MDT... ZSE

UAO?7 /OV 8FF 30$ 1650 F310/TB LT-MOD

ENROUTE NOTAMS

ENROUTE NOTAM 01 EFF IIJUL/1230Z TO 12JUL/02002
A1011/88 VZSE WARNING AREA W570 LOCATED OFF THE COAST OF OREGON

ACTIVATED SFC THRU FL500

ENIIITE NOTAm 02 EFF 11JUL/1230Z TO 12JUL/2130Z
AI11 .',IA : Z'E WARNING AREA W23"?A/B LOCATED OFF THE COAST OF
WASHIN,,TO"qN ACTIVATED SFC THRU FL240

ENPC'L'TE NOTAM ':4 EFF - TO



CHART LO(09) GLENO INT, REDESIG, LEFT TURNS, 064 DEG INBNr

*** END PART 01 OF 01 ***
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MLI IO
.MLIOZUA 111913 187

WBM 862-11 MLI-DEN (2212Z) RT: 1 ALTNT COS

PART 01 OF 01 PARTS

*************** ALERT ****** ALERT ****** ALERT *************

DEN LLWS ALERT FROM 11210OZ TO 120300Z
CONDITIONS FAVORABLE FOR DEVELOPMENT OF CONVECTIVE LLWS. IF

VIRGA, CB S OR RW ARE OBSERVED OR REPORTED, EXPECT LLWS.

CCO' LLWS ALERT FROM 112100Z TO 120300Z

CONDITIONS FAVORABLE FOR DEVELOPMENT OF CONVECTIVE 
LLWS. IF

V]RGA, CP'S OR RW ARE OBSERVED OR REPORTED, EXPECT LLWS.

- -MAP FEATURES

MAP FEATURES UNITED STATES 111835Z-120600Z

JET CORES AT 120OZ..FROM SLE(OREG) 350/26075 TO BOI(IDA)

420/26065. FROM OKC(OK) 380/25080 ro PIA(IL) 420/26065 TO

BIF(NY) 350/24075.. SURFACE AT 150OZ. .COLD FRONT SSWD FROM NRN

IDA TO OFF NRN CALIF COAST, FRONT MOVING EWD AT

20wNClTS..LAYERED CLOUDS/R-/F BEHIND FRONT FROM WASH SWD TO NRN

CALIF.. STRATUS OVER SRN CALIF COASTAL AREAS MOVING 
OFF-SHORE

EAPLY THEN MOVING BAC:V ONSHORE NEAR END OF PERIOD. COLD FRONT

EXTENDS SWWD FROM WRN NY TO NRN IL TO SRN NED THEN 
STATIONARY

NWWD THRU NERN WYO TO NWRN MONT COLD FRONT MOVING 
EWL AT 15-20

K.NOTS.,,FEW TO SCATTERED (CHC SEVERE) DEVELOPING VCNTY

STATIONARY FROM FRONT FROM MONT SEWD TO NRN 
NED. FEW TRW FROM

AZ/NMEX NEWD INTO SERN WYO..SCATTERED TRW/RW OVER MOST 
OF AREA

FROM TX/O:I NEWD INTO NEW ENGLAND AND EWD TO NRN FLA.CHC 
HEAVY

TO SEVERE TRW FROM SRN NEW ENGLAND TO SCAR BY 00Z.

- ORIG-DEST-ALTNT-WEATHER

MLI 1853 250 -3C:T 20 139/89/56/3606/996IFEW CU TCU AND CD TOPS

DSNT E-SE
MLI 1753 250 -SC:T 20 144/88/55/3408/997/TCU E-S FEW CU ALQDS/

703 1202
MLI 1652 250 -SCT 20 147/86/56/3208/998/TCU SE HRZN

MLI FT11 111717 CLR 3606 OCNL 40 SCT. 07Z 25 SCT 80 SCT.

09Z C25 BKN 80 BKN 1706 CHC C20 OVC 3RW/TRW. 11Z MVFR 
CIG

TRW..
MLI NO 13/1 TOWER CLSD 04 00-1100Z(23O0-O600CDT). 

WHN

TWR CLSD/ CONTACT UA PERSONNEL ON 131.2 FOR TRAFFIC 
AND

WEATHER INFORMATION, ILS 9 UNMONITORED (04/03/88 JR)

MLI NO 13/2 RAMP CONST PHASE-I NORTH RAMP CLOSED

FROM TXWY BRAVO TO TXWY ALPHA. TXWY BRAVO OPEN AT ALL

TIMES. TXWY ALPHA CLSD FROM NORTH RAMP TO RNWY 5-23.

PHASE-1 COMPLETION MID JUNE. RWS 5/16/88.

DEN 1851 CLR 50 078/86/47/0406/000/CB TCU S-N

DEN 1750 CLR 60 0S5/84/46/0809/002/CB FRMG OMTNS S-NW/ 710 100?



DEN 1652 CLR 60 089/81/46/1308/003/CU FRMG OMTNS S-NW
DEN FTII 111818 90 SCT 250 SCT 1612 SLOT CHC C70 BKN

TRW-A 040 AFT 2OZ. 04Z 150 SCT 1910. 06Z CLR 1910. 12Z
VFR..

DEN NO 6/25 LDA LOC 35R OTS
DEN NO 6/26 ILS DME 35R OTS
DEN NO 6/38 LDA DME 35R OTS
DEN NO 7/12 DEN ALS 35R OTS TIL 152000
DEN NO 13/1 FOR PUSHBACK CLEARANCE AT OATE A-8 CALL

UA RAMP ON 129.5. DEN PAGE 10-7 1ILL BE CHANGED. (DENFO
PB CHIDD JWW 6/16,88)

DEN NO 13/2 FDC 8/2040 ILS 35R CRCLO VIS CAT C VIS 2
3/4, CAT D VIS 3. ALT MINS 900-3

DEN NO 13/3 CONSTRUCTION AREA - ON RAMP EAST AND
SOUTHEAST OF THE B CONCOURSE. AREA EXTENDING 300 FT OUT
FROM THE B CONCOURSE. THE VSR IS LOCATED AT THE EDGE OF
THE OUTAGE AREA. GATES B19 AND 921 ARE OUT OF SERVICE
WITH 820 TO BE OUT OF SERVICE BY 6/28/88. AREA IS

LIGHTED AND BARACADED. TAXI W/CAUTION. DURATION,
APPROX. 30 DAYS. (CHIDD.GC)

CC:' 1850 80 SCT 65 104/80/46/1209/008
C00 750 70 SCT 65 111/78/47/1307/010/ 705 1100 52
CO 1650 C:LR 65 119/75/45/1406/011/FEW CU SW-NW
CO FTII 101818 70 SCT 250 SC:T 1510 SLOT CHC: C60 BiN

TRW-A 040 AFT 2OZ. 05Z 120 SCT 0110. 06Z CLR 0110. 12Z
VFR..

COS NO 13/1 USE CAUTION TAXIING INTO THE RAMP FROM
THE SOUTH. TWY A: SIGN IS LOCATED SOUTH OF TWY AS. THE
TWY SOUTH OF THE SIGN IS A PRIVATE TWY AND IS NOT AUZD
FOR UAL AC:FT

'0 NO 13/2 CO NOT AUZ' FOR PILOT TRAINING FROM
2300-0600 MDT

-DEST AREA WEATHER
GJT 1850 CLR 70 094/87/45/1208/002/FEW TCU AC CI
PUB 1850 CLR 00 090/87/50/1808/999/CB N CU SW-NW
..'r 1843 80 SOT 65 86/48/1110/002

TAD 1850 CLR 60 104/82/42/0605/K8/FEW CU

----------------- ENROUTE TERMINAL FORECASTS-----------------
ORE, FT11 111717 40 SCT 100 SCT 3110 OCNL C40 BKN 100 BKN.

19Z 40 SCT 3606. 00Z CLR. 11Z VFR. 132 MVFR CI..
OMA FT11 111717 80 SCT 250 -BKN 1207 OCNL C80 BKN. 20Z

C80 BKN 1007 OCNL C20 OVC CHC CI00 VC ITRW. 06Z 80 SCT
250 SCT 0906. i1Z VFR..

MSP FTIl 111717 40 SCT 250 SCT. OZ 100 SCT C250 BKN OCNL
C100 BKN. 08Z CO BKN CHC C40 BKN RW-/TRW-. 11Z VFR TRW..

----------------------- ENROUTE NOTAMS------------------------
ENROUTE NOTAM 50 EFF 30JUN/1988 TO
CHART LO(08) PERRY IA NDB HOLDING DESIG, HOLD NORTHWEST. LEFT
TURNS, 130 DEG INBND

ENROUTE NOTAM 34 EFF - TO
CHART LO(09) GLENO INT, REDESIG, LEFT TURNS, 064 DEG INBND

** END PART 01 OF 01 .4.

EISDR 111916 6417 0798



14156Z PID 2872 ID 075143 RTO KOS

~I AHOC
.IAHOUCIA 1 1 1cJ1 5 2699/HAL

WBM 949-11 IAH-DEN (2222Z) RT: 1 ALTNT COS

PART 01 OF 01 PARTS ***

****.********* ALERT ****** ALERT ****** ALERT **************
** ******************************************************

DEN LLWS ALERT FROM 112100Z TO 120300Z
CONDITIONS FAVORABLE FOR DEVELOPMENT OF CONVECTIVE LLWS. IF
VIRA, CB S OR RW ARE OBSERVED OR REPORTED, EXPECT LLWS.

CO' LLWS ALERT FROM 112100Z TO 120300Z
CONDITIONS FAVORABLE FOR DEVELOPMENT OF CONVECTIVE LLWS. IF
VIRGA, CP'S OR RW ARE OBSERVED OR REPORTED, EXPECT LLWS.

------------------------ MAP FEATURES-------------------------
MAP FEATURES UNITED STATES; 111835Z-120600Z
JET CORES AT 120OZ..FROM SLE(OREG) 350/26075 TO BOI(IDA)
420/26065..FROM OKC(Ok') 380/25080 TO PIA(IL) 420/26065 TO
BUF(NY) 350/24075..SURFACE AT 150OZ..COLD FRONT SSWD FROM NRN
IDA TO 'O'FF NRN CALIF COAST, FRONT MOVING EWD AT
20INOT...LAYEFED CLOUD/R-/F BEHIND FRONT FROM WASH SWD TO NRN
CALIF.. STRATUS OVER SRN CALIF COASTAL AREAS MOVING OFF-SHORE
EARLY THEN MOVING BACK ONSHORE NEAR END OF PERIOD. COLD FRONT
EYTENDS SWWD FROM WRN NY TO NRN IL TO SRN NEB THEN STATIONARY
NWW[- THRU NEF:N WYO TO NWRN MONT COLD FRONT MOVING EWD AT 15-2
KNOTS;..FEW TO SCATTERED (CHC SEVERE) DEVELOPING VCNTY
STATIONARY FROM FRONT FROM MONT SEWD TO NRN NEB. FEW TRW FROM
AZ/NMEX NEWD INTO SERN WYO..SCATTERED TRW/RW OVER MOS:T OF AREA
FROM TX/OK" NEWD INTO NEW ENGLAND AND EWD TO NRN FLA.CH: HEAVY
TO SEVERE fRW FROM SRN NEW ENGLAND TO SCAR BY OOZ.

------------- -- ORIG-DEST-ALTNT-EATHER--------------------
IAH 1852 E30 BKN 250 OVC 12 140/93/74/1809/995/THN SPOTS IOVC
IAH 1752 30 SCT E250 OVC 12 147/92/74/1812/997/THN SPOTS IOVC./

002 1202 78
IAH 1653 28 SCT E250 OVC 12 149/90/74/1512/999

IAH FT1' 111717 30 SC:T C80 BKN 1912020 OCNL C30 BKN CHC
2TRW. 00Z 30 SCT C120 BN 1608 SLOT CHC TRW. 1lZ MVFR F.
15Z MVFR CIO..

IAH NO 1/20 HIWAS OUTLET 116.6 OTS
IAH NO 6/3 IAH ILS 32R GS OTS
IAH NO 13/1 FDC 8/1004 ILS 8 CHO MISSED APCH

INSTRUCTIONS TO CLB TO 600 THEN CLBG LEFT TURN TO 2000
HDG 035, FOR RADAR VECTORS TO DAS VORTAC OR AS ASSIGNED
BY ATC. ILS 9, ILS 14L AND VOR/DME 14L MISSED APCH CLB
TO 2000 FOR RADAR VECTORS TO DAS VORTAC OR AS ASSIGNED
BY ATC. ILS 26 MISSED APCH CLB TO 600 THEN CLBO RIGHT
TURN TO 2000 VIA HDO 305 FOR RADAR VECTORS TO TNV
VORTAC, OR AS ASSIGNED BY ATC

IAH NO 13/2 FDC 8/1005 ILS 27, ILS 32R, VOR/DME 14L
AND VOR/DME 32R MSA FROM IAH VORTAC 110-220 3100,
20-110 2000

DEN; I551 CLR 50 078/96/47/6406/OO0/CB TCLU S-N



DEN 1750 CLR 60 085/84/46/0809/002/CB FRMG OMTNS S-NW/ 710 1003
5

DEN 1652 CLR 60 08O/81/46/1308/003/CU FRMG OMTNS S-NW
DEN FTIl 111818 90 SCT 250 SCT 1612 SLOT CHC C70 BKN

TRW-A 040 AFT 2OZ. 04Z 150 SCT 1910. 06Z CLR 1910. 122
VFR..

DEN NO 6/25 LDA LOC 35R OTS
DEN NO 6/26 ILS DME 35R OTS
DEN NO 6/39 LDA DME 35R OTS
DEN NO 7/12 DEN ALS 35R OTS TIL 152000
DEN NO 1?/1 FOR PUSHBACK CLEARANCE AT GATE A-8 CALL

UA RAMP ON 129.5. DEN PAGE 10-7 WILL BE CHANGED. (DENFO
PB CHIDD JWW 6/16/89)

DEN NO 13/2 FDC 8/2040 IRS 35R CRCLG VIS CAT C VIS 2
3/4, CAT D VIS 3. ALT MINS 900-3

DEN NO 13/3 CONSTRUCTION AREA - ON RAMP EAST AND
SOUTHEAST OF THE B CONCOURSE. AREA EXTENDING 300 FT OUT
FROM THE B CONCOURSE. THE VSR IS LOCATED AT THE EDGE OF
THE OUTAGE AREA. GATES 919 AND B21 ARE OUT OF SERVICE
WITH B20 TO BE OUT OF SERVICE BY 6/28/89. AREA IS
LIGHTED AND BARACADED. TAXI W/CAUTION. DURATION,
APPROX. 30 DAYS. (CHIDD.GC)

COS 1850 80 SCT 65 104/80/46/1209/008
COS 1750 70 SCT 65 111/78/47/1307/010/ 705 1100 52
COS 165C0 C:LR 65 119/75/45/1406/011/FEW C .W-NW

COS FTII 101818 70 SCT 250 SCT 1510 SLL.," CHC C60 BKN
TRW-A 040 AFT 20Z. 05Z 120 SCT 0110. 06Z CLR 0110. 12Z
VFR..

COS NO 13/1 USE CAUTION TAXIING INTO THE RAMP FROM
THE SOUTH. TWY A3 SIGN IS LOCATED SOUTH OF TWY A3. THE
TWY SOUTH OF THE SIGN IS A PRIVATE TWY AND IS NOT AUZr'
FOR UAL ACFT

COS NO 13/2 COS NOT AUZD FOR PILOT TRAINING FROM
2300-0600 MDT

--------------------- DEST AREA WEATHER-----------------------
GIT 1850 CLR 70 094/87/45/1208/002/FEW TCU AC CI
PUE' 1850 CLR 90 090/87/5'/180'8/999/CB N CU SW-NW
BJC 1848 90 SCT 65 96/48/1110/002
TAD 1850 CLR 60 104/82/42/0605/008/FEW CU

-ENROUTE TERMINAL FORECASTS

MSY FTI1 111717 20 SCT 100 SCT C250 8KN 2208 OCNL C20 BKN
100 BKN CHC CIO OVC ITRW 035. 04Z 10 SCT 20 SCT CeO BKN
2106 OCNL CIO BKN C20 BKN 80 OVC CHC C10 OVC ITRW 035.
11Z 10 SCT C20 BKN 80 OVC 3F OCNL C10 BKN 20 OVC SLOT CHC
TRW. 12Z MVFR. 15Z VFR..

OKC FT11 111717 40 SCT CI0 OVC 1610 CHC C20 OVC 2TRW.
03Z 100 SCT 250 SCT 1508. 1IZ VFR..

DFW FT11 111717 12 SCT C25 BKN 1808 OCNL C12 BKN 3R-F CHC
TRW. 20Z C30 BKN 1808 CHC CI0 X 2TRW. 04Z C15 OVC 1808
CHC TRW. 11Z IFR CIO TRW. 15Z MVFR..

PUB FT11 111818 90 SCT 250 SCT 1410 SLOT CHC C70 BKN
TRW-A 040 AFT 20Z. 05Z 120 SCT. 06Z CLR. 12Z VFR..



P lREP$

MLC UA IC PCO 27C010/TM 1728/FL310/TP B737/TB LOT RIME

--- - - ENROUTE NOTAMS

EN:CtUTE NOTAM I-- EFF 18APR/1521Z TO
;/10r:'I FDC AIRWAY TX. V6. V198 COMFY.TX INT TO SAT VORTAC MEA

4000. (ExcirD' 18APR88 AR)

ENROUTE NOTAM 04 EFF 02MAY/1951Z TO
FDC 8/1217 AIRW4YS, TX. V161 BETWEEN MILSAY /MC!P/ VORTAC AND

POLVA INT., TX. MOCA 2500.

ENRC'LITE NOTAM 2- .FF 01APR/2151Z TO UFN
Fro: /',7 V74 FROM TULSA, OK. VORTAC TO OWETA, OK INT. MOC.A TO

READ 280C)FT

ENROUTL NC.-,IAM _':4 EFF - TO
CHAF.T LO( '' ;-LEN':' INT. RF'E':.IG. LEFT TURNS, 064 DEC, INBND

END FA:r O; OF 01 **

EID : 6.C -!.41 14:'- 7 2

14; ;-:.-2 ,EI' 14 1;" ClI I (-'7514 -. FROiM PF r 2S.72 TO PID r4_.-.7:,1



2 141531Z AGENT KOS ID 075143 FROM PIC 2872 TO PID 6891

141531Z PIC 2872 ID 075143 RTO KOS

DSMO0
.DSMOOUA 111907 346

WBM 305-11 DSM-DEN (2213Z) RT: I ALTNT COS

40?-11 DEN-BIL (00402) RT: I ALTNT GTF

BIL-GTF (01461) RT: I ALTNT BIL

* PART 01 OF 01 PARTS ***

** ** * ** ALERT ****** ALERT ****** ALERT *************t

DEN LLWS ALERT FROM 112100Z TO 120:00Z
CONDITIONS FAVORABLE FOR DEVELOPMENT OF CONVECTIVE LLWS. IF
VIRGA, CB'S OR RW ARE OBSERVED OR REPORTED, EXPECT LLW..

COS LLW$ ALERT FROM 1i21COZ TO 120300Z
CONDITIONS FAVORABLE FOR DEVELOPMENT OF CONVECTIVE LLW.. IF
VIRiA, CB'S OR RW ARE OBSERVED OR REPORTED, EXPECT LLWS.

PIL LLWS ALERT FROM 112200Z TO 120-:002
CONDITIONS FAVORABLE FOR DEVELOPMENT OF CONVECTIVE LLWS. IF
VIRGA, CE-S OR RW ARE OBSERVED OR REPORTED, EXPECT LLWS.

OTF LLW$ ALERT FROM 112200Z TO 120300Z
CONDITIONS FAVORABLE FOR DEVELOPMENT OF CONVECTIVE LLWS. IF
VIRGA, C'B'S OR RW ARE OBSERVED OR REPORTED, EXPECT LLWS.

------------------------ MAP FEATURES-------------------------
MAP FEATURES UNITED STATES 111835Z-120600Z
JET CORES AT 120OZ..FROM SLE(OREG) 350/26075 TO BOI(IDA)
420/26065..FROM OKC(OK) 380/25080 TO PIA(IL) 420/26065 TO
BUF(NY) 350/24075..SLRFACE AT 150OZ..COLD FRONT SSWD FROM NRN
IDA TO OFF NRN CALIF COAST, FRONT MOVING EWD AT
20KNOTS..LAYERED CLOUDS/R-/F BEHIND FRONT FROM WASH SWD TO NRN
CALIF.. STRATUS OVER SRN CALIF COASTAL AREAS MOVING OFF-SHORE
EARLY THEN MOVING BACK ONSHORE NEAR END OF PERIOD. COLD FRONT
EXTENDS SWWD FROM WRN NY TO NRN IL TO SRN NEB THEN STATIONARY
NWWD THRU NERN WYO TO NWRN MONT COLD FRONT MOVING EWD AT 15-20
KNOTS..FEW TO SCATTERED (CHC SEVERE) DEVELOPING VCNTY
STATIONARY FROM FRONT FROM MONT SEWD TO NRN NEB. FEW TRW FROM
AZ/NMEX NEWD INTO SERN WYO..SCATTERED TRW/RW OVER MOST OF AREA



FROM TX/OF' NEWD INTO NEW ENGLAND AND EWD T' NRN FLA.CH- HEAVY

TO SEVERE TRW FROM SRN NEW ENG'LAND TO SCAR BY O0Z.

-ORIO-DEST-ALTNT-WEATHER--------------------

D-:EM 1550 3:0 SCT 250 -BKN 15 156/83/64/3611/001/FEW CU
DSM 1751 50i S.CT 250 -BKN 15 155/86/60/0106,/001/FEW CU/ 603 1151

64
DSM 16.51 80 SCT 250 -BF:N 15 155/85/59/030,/001

DSM FTII 111717 80 SCT 250 -BKN 0806 OCNL CSO BKN SLOT
CHC TRW-. 23Z 60 SCT 250 -BKN 1108 CHC C50 OVC 5TRW- AFT
OZ. 11Z VFR..

DSM NO 13/I EFFECTIVE MAY 31 1988 FROM 1300 UNTIL
2200 JUL 8 1988 PARTIAL RAMP RECONTRUCTION ON ELLIOTT
FLYING SERVICE AND VAN DUSEN FBO APRONS. CAUTION: MEN

AND EOUIP WORfING ADJACENT ACTIVE TAXI LANES.
(29JLIN*.-PAE)

DSM NO 13/2 SOUTH TERMINAL RAMP EXCAVATION WITH : FT

DEPRE.SION. TAXI AREA TO GATE A-2 BTWN AREA OF

CONS=TRUCTION AND TERM SUIDLING-TAXI LINE HAS, BEEN
PAINTED. (TIL ALIG15 .J.P.D. )

1- M NO 13/s: GATE A-4 OUT OF SERVICE UNTIL FURTHER
NOTICE. (JPD 6/15)

DEN 1851 CLP 50 078/6/47/0406/000/C TC.U .-N
DEN 1750 CLR 60 (:.4/4610809/002/CD FRMO, OMTNS S-NW/ 710 l,'C:t

DEN 16,52 CLR 60 O'/81/46/13T3/03/CL FRMG OMTN'., !-.-NW
DEN FT11 111SIS 90 SCT 250 SCT 1612 SLOT CHC C70 BN

TRW-A 040 AFT 20Z. 047 150 SCT 1910. 0-Z CLR 1 10. 127
VFP..

DEN NC- 6/25 LDA LOC'C 35R OT!
DEN NO 6/26 ILS. DME ::5R OT5
DEN NO 4/SS LDA DME 35R OTS

DEN NO 7/12 DEN ALS 35R OTS TIL 152000
DEN NO 13/I FOR PUSHRACK CLEARANCE AT GATE A-8 CALL

UA RAMP ON 12-.5. DEN 'AGE 10-7 WILL BE CHANGED. ([DENFI:
PB CHIDD JWW 6/16/8'-)

DEN NO 13/2 FDC: 8/2040 ILS 35R CRCLO VIS CAT C VIS 2
32/4. CAT D VIS 3. AL.T MINS 900-3

DEN NO 13:/3 CONSTRUCTION AREA - ON RAMP EAST AND
SOUTHEAST OF THE P CONCOURSE. AREA EXTENDING 300 FT OUT
FROM THE B CONCOURSE. THE VSR IS LOCATED AT THE EDGE OF

THE OUTAGE AREA. GATES B19 AND B21 ARE OUT OF SERVICE

WITH B20 TO BE OiiT OF SERVICE BY 6/28/88. AREA I:

LIGHTED AND BARACADED. TAXI W/CAUTION. DURATION.
APPROX. 30 DAYS. (CHIDD.GC)

CO'S 1850 80 SCT 65 104/80/46/1209/003

COS 1750 70 SCT 65 111/78/47/1307/010/ 705 1100 52
COS 1650 CLR 65 119/75/45/1406/011/f-EW CU SW-NW

COS FT11 101918 70 SCT 250 SCT 1510 SLOT CHC C60 BK.N

TRW-A 040 AFT 2OZ. 05Z 120 SCT 0110. 06Z CLR 0110. 12Z
VFR..

COS NO 13/1 USE CAUTION TAXINo INTO THE RAMP FROM
THE SOUTH. TWY A3 SIGN 15 LOCATED SOUTH OF TWY A3. THE
TWY SOUTH OF THE SIGN IS A PRIVATE TWY AND IS NOT AUZD
FOR UAL ACFT

COS NO 13/2 COS NOT AUZD FOR PILOT TRAINING FROM

2300-0600 MDT

BIL 1550 120 SCT 250 -BKN 50 052/85/50/1709/980/ DSDNT CLI S-NW
AND NE

BIL 1751 120 -SCT 250 -SCT 5 065/80/50/1404/98:/ TCU SE-SW/619
1231 61

BIL 1649 120 SCT 250 -BKN 50 072/77/50/0906/985/ TCU OVR MTNS:
8II. FT1I 111818 120 SCT 250 -BKN 0O12022 OC;NL 60 SCT 120



SCT. 23Z 60 SCT 120 SCT 0912022 OCNL 60 SCT C120 BIVN CH'-
C:45 BKN TRW-A 040. 05Z 60) S-T C120 BKN 2807 C.HC C45 Bkr
TRW- 030. 12Z VFR TRW..

BIL NO 6/10 9R-27L/16-34 CLSD TIL 122300
BIL NO 7/18 BIL 4-22 CLSD
BIL NO 13/1 TOWER CL5D 0500-1200Z(2300-O600MDT). WHN

TWR CLSLD/C:ONTAC:T'BIL RADIO(FSS) ON 124.2 FOR TRAFFIC

AND WEATHER INFORMATION. ALL NAVAIDS MONITORED

(04/03/88 JR)

GTF 1850 120 SC.T 250 -OVC: 45 032/83/40/n7/973/TC -.W 04COAS
NE-E AND SW-NW

GTF 1750 200 -SCT 250 -OVC 45 041/81/48/1306/?76/ACCAS NE-E/
819 1181 62

OTF 1650 120 SC:T 200 -SCT 250 -BKN 45 050/77/47/1904/978/AC:CAS
ALO S VIRCA E

CTF FT11 111818 12( SCT 250 -BKN 2012022 OCNL 60 SCT 120
SCT. 21Z 60 SCT 120 SCT 2712022 OCNL 60 SCT.0120 b:N i:H:

C:45 B1N TRW-A 040. OOZ 60 SCT C120 PKN 26140:4 OCNL 045
BP:N TRW-A 040. 05Z 60 SCT C120 BKN 2514024 CHO C45 Br
TRW- 030. 12Z VFR TRW..

GTF NO 5/2 16-34 CMSN 6350X150 ASPH/HIRL
GTF NO 13/1 TOWER CLSD 0500-1200Z (2300-0600MDT)• WHN

TWR CLSD/ CONTACT GTF RADIIO(FSS) ON 118.7 FOR TRAFFIC

AND WEATHER INFORMATION, ILS 3 AND ILS 34 UNMONITIOREnr.

ILS 34 OUT OF SVC INDFLY (04/03/8)8 JR)

--------------------- DESi AREA WEATHER-----------------------
G.JT 1:0 C:LR 70 094/87/45/128/002/FEW TCU AC CI
PU 1E:50 CLR '0 090C/F7/50/1808/999/C8 N CU SW-NW
.JC 1848 SO SCT 65 86/48/1110/002
TAD 1-50 CLR 60 104/82/42/0605/08/FEW CU
E I N 8.51 1 '. SET E250 BV-N 30 03'1/84 / 4 7/3507/-$0
'_HI 8'50 80 SCT 25C, SCT 80 064/87/51/I01:/63
PAP' I152 30 SCT 40 11S/78/5 /1215021/ 5
PTM 1851 ESO BK[N -50 EON 40 036/NW/3,/IIO7/9851RW' NW
MSO 1848 70 SCT 110 SCT 250 -OVC 30 040/81/46/3405'/7
HLN 1852 80 SCT 150 SCT 200 SCT 300 -BKN 40 031/87/47/0811/97?/

BLDG CLl SW ACC:AS E

LWT 1852 100 SCT E200 BKN 50 M/82/49/I110/98/MDT C.U ALOD'.
FCA 1854 65 SCT 100 SCT 250 SCT 40 036/77/53/3610/069/TCU $-NW
HVR 1852 AMOS 70 SCT 120 SCT 200 SCT 250 -BKN 65 034/ 87/4 /

2104/96) P: WND ; 000 /WSHFT 04 ACCAS S+W RS 1848

----------------- ENROLITE TERMINAL FORECASTS:-----------------
OMA FT11 111717 80 SCT 250 -BKN 1207 OCNL C80 BKN. 20Z

C.0 BKN 1007 OCNL C20 OVC CHC CIO OVC 1TRW. 06Z SO SCT
250 SCT 0906. I1Z VFR..

MSP FT11 111717 40 SCT 250 SCT. OOZ 100 SC.T C250 BIKN OCNL
C100 BKN. 08Z 08O BKN CHC C40 BKN RW-/TRW-. 11Z VFR TRW..

PUB FT11 111818 90 SCT 250 SCT 1410 SLOT CHC C70 BKN

TRW-A 040 AFT 2OZ. 05Z 120 SCT. 06Z CLR. 122 VFR..
CYS FT1I 111818 50 SCT 250 -BKN 1710. 21Z 50 SCT 100 SCT

C250 BKN 1612 OCNL C50 BKN CHC TRW- 030. 03Z 60 SCT 250

SCT. 12Z VFR NO CIG..

CPR FT1I 111818 45 SCT 250 -WKN 2112. 21Z 45 SCT 250 -BKN

2112020 OCNL C45 BKN SLOT CHC TRW- 030. 03Z 50 SCT 250
SCT. 12Z VFR NO CIO..

----------------------- ENROUTE NOTAMS------------------------
ENROUTE NOTAM 50 EFF 30,JUN/'988 TO

CHART LO(08) PERRY IA NDB HOLDING DESIG, HOLD NORTHWEST. LEFT

TURNS. 130 DEG INBND

ENROUTE NOTAM 34 EFF - TO
CHART LO(09) OLENO INT, REDESIO, LEFT TURNS, 064 DEG INBNr



APM'DIX 2 - Comuniications

a. Transcription of ATIS Messages

b. Transcription of Tower GCmmunications



AflS-X:

Stapleton Arri"8l information X-r.3y, two one four fiv Zulu
Temi>pracure 85, de-WpoLnt 44, wind zero nine zero at three
Altimeter two niner niner five. Expect visual approach runways
two six left, two six right, lvnway two five right.
Notice to Airmen: Use caution for construction on southeast
corner of the Bravo Concourse. Microburst advisories in effect.
Low level windshear advisories in effect
Doppler radar windshear demo in progress. VFR aircraft south
and east contact Dener approach on 119.3, other VFR aircraft

.126.9. All aircraft advise on initial contact you have
information X-ray.

ATIS-Y

Stapleton Airport information Yankee. Two two zero zero Zulu.
Temperature 84, dewpoint 54, wind calm. Altimeter two niner
niner six. Expect visual approach runway two six left, two six
right, and two five. Caution for construction southeast corner
of Bravo concourse. Microburst and low level %indshear advisories
are in effect. Doppler radar windshear demonstration in progress.
Convective SIGMET three six Charlie is in effect for Nebraska,
and Eastern Colorado for an area of severe thunderstros. Contect
Denver Flight Service for further details. VFR aircraft south
and southeast, contact Denver Approach on 119.3, other VFR qircraft
126.9. All aircraft advise on initial contact you have information
Yankee.

ATIS-A

Stapletion Arrival information Alpha. Two two zero three Zu'u.
Seventy five hundred scattered, estimated ceiling one two thousand
broken, two five thousand broken, visibility five zero, thunderstorm.
Tei.perature 84, dewpoint 54, wind calm. Altimeter two niner niner six.
Expect visual approach runway two six left, two six right. Runway
two five may be assigned. Use caution for construction area off southeast
corner of the Bravo Concourse. Convective SICMET 36 Charlie is in effect
for northeaswt Colorado. Contact Denver Fli;.ht Service for details.

Microburst arvisories and in effect. Low level windshear advisories are
in effect. Doppler radar windshoar demo in progress. Advise on initial
contact you have information Alpha.



TRANSCRIPT OF TN ER m0rV.CATIONS, DE: LJ-2, 7,11/88

LC-2 Airborne:
(Denver Tower)

22:07:05
22:07:06
22:07:07
22:07:08
22:07:09
22:07:10

-22:07:11
22:07:12 LA862: AnO Denver tower United 862
22:07:13 just outside Altur, visual to
22:07:14 the right, say your winds please
22:07:15 and we re going to alpha 8
22:07:16
22:07:17
22:07:18 United 862 Denver Tower
22:07:19 Runway two six right, Cleared
22:07:20 to land, Microburst Alert,
22:07:21 center field wind two two zero
22:07:22 at niner, a four zero knot
22:07:23 loss final reported by
22:07:24 machine, no pilot report
22:07:25
22:07:26
22:07:27
22:07:28
22:07:29
22:07:30
22:07:31 UA3q5: United 395 inside Altur
22:07:32
22:07:33
22:07:34
22:07:35 United 395 Denver Tower. Runway
22:07:36 two six left, cleared to land.
22:07:37 Wind two one zero at five, a four
22:07:38 zero knot loss one mile final,
22:07:39 Microburst Alert, not substantiated
22:07:40 by -ircraft
22:07:41
22:07:42
22:07:43
22:07:44 UA395: United, uh, 395
22:07:45
22:07:46 U1" :ed 395, Say your gate
22:07:47
22:07:48 Unkiwn:Approach, we don't want to
22:07:49 make the approach with a
22:07:50 Microburst Alert
22:07: 51
22:07:52 'ho didn't want to make the
22:07:53 um wio wants to go missed?
22:07:54
22:07:55
22:07:56 UA862: Uh, 862, we'd like to go
22:07:57 to the right if we can.
22:07:58
22:07:59



22:08:00 United 862, change to runway three
22:08:01 five right, cleared to land. I

22:08:02 do hav: a Microburst Alert to that

22:08:03 runway, wind three five zero at
22:08:04 fifteen, a forty knot loss on
22:08:05 thrue mile final
22:08:06
22:08:07
22:08:08
22:08:09
22:08:10 1A862: Uh, we don't wanna make any

22:08:11 approach. We'd like to go

22:08:12 ahead and hold somewhere

22:08:13 til you stop gettin' the

22:08:14 Microburst Alerts.

22:08:15 Standby
22:08:16
22:08:17
22:08:1?
22:08:19
22:08:29
22:08:21
22:08:22
22:08:23
22:08:24
22:08:25 United 862 turn right headinz
22:08:26 zero four zero maintain 8000
22:08:27
22:08:28
22:08:29
22:08:30
22:08:31
22:08:32
22:08:33
22:08:34
22:08:35
22:08:36
22:08:37
22:08:38
22:08:39
22:08:40
22:08:41
22:08:42
22:08:43
22:08:44
22:08:45
22:08:46
22:08:47
22:08:48
22:08:49
22:08:50 United 862 contact Denver
22:08:51 Approach one two five point
22:08:52 three
22:08:53
22:08:54 UA862: Twenty five three, United 862

22:08.55
22:08:56
22:08:57
22:08:58 UA395: and Unitpd 395, we're missing
22:08:59



22:09: 00
22:09:01
22:09:02 tP.it& 395, roger, fly runxay
22:09:03 heading, climb maintain 7000
22:09:04
22:09:05 UA395: 7000
22:09:06
22:09:07
22:09:08
22:09:09
22:09:10 United 395, turn right, heading
22:09:11 zero one zero, climb maintain
22:09:12 8000
22:09:13 UA395: Okay, say that heading again
22:09:14
22:09:15
22:09:16 Turn right heading zero one
22:09:17 zero, climb maintain 8000
22:09:18 United 395
22:09:19
22:09:20 UA395: Zero one zero, 8000, Unitee 395
22:09:21
22:09:22
22:09:23 UA236: United 236 heavy, Sky Ranch
22:09:24 for the ]pft one, we have
22:09:25 Buffale r for gate
22:09:26
22:09:27
22:09:28 United 236 heavy, Denver tower,
22:09:29 Microburst Alert threshold wind
22:09:30 one four 7zero at five expect a
22:09:31 five zero knot loss two mile
22:09:32 final, runway two six left
22:09:33 cleared to land
22:09:34
22:09:35 UA236: Cleared to land
22:09:36
22:09:37
22:09:38
22:09:39
22:09:40
22:09:41
22:09:42
22:09:43
22:09:44
22:09:45
22:09:46
22:09:47
22:09:48
22:09:49
22:09:50
22:09:51
22:09:52
22:09:53 UlA395: And you say 8000 for
22:09:54 United, uh, 395
22:09:55
22"09:56
22:09:57 Yeah 395, affirmative,
22:09:58 climb maintain 8000, heading
22:09:59 zero one zero



22:10:0(:
22: 10:01
22:10:02
22:10:03
22:10:04
22:10:05
22:10:06
22:10:07
22:10:08
22:10:09
22:10:10

.22:10:11
22:10:12 united 395 fly heading
22:10:13 zero three zero for right
22:10:14 now pl ise
22:10:15
22:10:16
22:10:17 UA395: Okay, zero three zero, 395

22:10:18
22:10:19
22:10:20
22:10:21
22:10:22
22:10:23
22:10:24
22:10:25
22:10:26
22:10:27
22:10:28
22:10:29
22:10:30
22:10:31 United 395 contact Denver Approach
22:10:32 one two eight point zero five
22:10:33
22:10:34 UA395: One two eight zero five

22:10:35
22:10:36
22:10:37
22:10:38
22:10:39
22:10:40 UA236: Uh, ve're going around

22:10:41 United 236 heavy
22:10:42
22:10:43 United 236 heavy, roger, fly
22:10:44 runway heading climb maintain
22:10:45 7000
22:10:46
22:10:47 UA236: 7000
22:10:48
22:10:49
22:10:50 UA949: Hey tower, United uh 949

22:10:51 is marker inbound
22:10:52
22:10:53
22:10:54 United 949 caution wake turbulence
22:10:55 from the heavy DC-8 goir around

22:10:56 Microburst Alert threshold wind
22:10:57 zero nine zero at three, expect a
22:10:58 seven zero knot loss on a three
22:10:59 mile final.



22:11:00
22:11:01
22:11:02
22:11:03
22:11:04 UA949: Unite 949
22:11:05
22:11:06
22:11:07
22:11:08 United uh 236 heavy right
22:11:09 turn heading zero one zero
22:11:10 climb maintain 8000
22:11:11
22:11:12
22:11:13 UA236: zero one zero roger
22:11:14 236 heavy
22:11:15
22:11:16
22:11:17
22:11:18
22:11:19 * unintelligible**
22:11:20
22:11:21
22:11:22
22:11:23
22:11:24
22:11:25
22:11:26
22:11:27 Uh, Microburst Alert rumwsy
22:11:28 two six, threshold windh one five
22:11:29 zero at five, expect an eight zero
22:11:30 knot loss on a three mile final
22:11:31
22:11:32
22:11:33
22:11:34
22:11:35
22:11:36
22:11:37 UA305: United 30---
22:11:38 UA949: And United 949 we're going
22:11:39 around
22:11:40
22:11:41 United 949 fly runway heading
22:11:42 climb maintain 7000
22:11:43
22:11:44 UA949: Climb 7000, United 949
22:11:45
22:11:46
22:11:47
22:11:48
22:11:49 United 305 Microburst Alert
22:11:50 threshold wind one six zero at
22:11:51 six, expect an eight zero knot
22:11:52 loss on three mile final
22:11:53 Say request
22:11:54
22:11:55
22:11:56
22:11:57
22:11:58 UA305: You say eight zero knots?
22:11:59



2: 12:0O Aff irmativ,
22:12:01
22:12:02 Affirnative United 305
22:12:03
22:12:04
22:12:05 UnImnn: And he's correct
22:12:06
22: 12:07 Unkrwr., (different): And we
22:12:08 can confirm it.
22:12:09
22:12:10 United 305 What's your
.22:12:11 request?
22:12:12 UA395: United 305's going around
22:12:13
22:12:14 United 305 roger, fly runway
22:12:15 headinq, climb maintain
22:12:16 uh 7000 for now
22:12:17 UA395: runway heading to 7000
22:12:18 United 305
22:12:19
22:12:20



APPENDIX 3 - Flight Drta Rev~ orders

a. FDR data Flight 395/1l

b. FDR data Flight 226/li

c. Fl3R date3 Flight 949/11

d.FDR dr-a F1 iant -:05,/) 1

To be supplied by acddenclum at a la;-.er da;te
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APPENDIX 4 - Training

a. Microburst Windshear Probability Guidelines
(from. FAA Windshear Training Aid, Section 2)

b. Adverse Weather Section - Windshear (B-727, typical
all fleets)
Issue. 15 July 1987, first inserted Surmmer, 1984

c. Surg-er Operations Bulletin (#175, B-727, tyoic
al'. fleets)
Issued 1.6rch 15, 1988

d. Denver Low Level Windshear Alert System and
Terminal Dopplcr W;eather Radar Operational
Demonstration (4177, B-727, typical all fleets)
Issued June 24, 1988



TABLE I

MICROBURST WINDSHEAR PROBABILITY GUIDELINES

OBSERVATION PROBABILITY

OF WINDSHEAR

PRESENCE OF CONVECTIVE WEATHER NEAR INTENDED FLIGHT PATH:

- With localized strong winds (Tower reports or
observed blowing dust, rings of dust,
tornado-like features, etc.) ......................... HIGH

- With heavy precipitation (Observed or radar
indications of contour, red or attenuation shadow) ... HIGH

- With rainshower ...................................... MEDIUM
- With lightning ....................................... MEDIUM
- With virga ........................................... MEDIUM
- With moderate or greater turbulence (reported or
- radar indications) ................................... MEDIUM
- With temperature/dew point spread between

30 and 50 degrees fahrenheit ......................... MEDIUM

ONBOARD WINDSHEAR DETECTION SYSTEM ALERT (Reported

or observed) .......................................... HIGH

PIREP OF AIRSPEED LOSS OR GAIN:

15 knots or greater .................................. HIGH
Less than 15 knots ................................... MEDIUM

LLWAS ALERT/WIND VELOCITY CHANGE

20 knots or greater .................................. HIGH
Less than 20 knots ................................... MEDIUM

FORECAST OF CONVECTIVE WEATHER .................................... LOW

NOTE: These guidelines 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). The clues should be considered cumu-
lative. If more than one is observed the probability weighting
mhould be increased. The hazard increases with proximity to the
convective weather. Weather assessment should be made continuously.

CAUTION: CURRENTLY NO QUANTITATIVE MEANS EXISTS FOR DETERMINING THE PRESENCE
OR INTENSITY OF MICROBURST WINDSHEAR. PILOTS ARE URGED TO EXERCISE
CAUTION IN DETERMINING A COURSE OF ACTION.

Page 36



ADDITIONAL PROCEDURES
unrTED

[ WINDSHEAR AVOIDANCE IS THE FIRST PRIORITY
United Airlines policy is to avoid areas of known

DEFINITIONS windshear, Consider one or more of the following
WINDSHEAR - Any rapid change in wind direction actions as appropriate:
or velocity. - Delay takeoff until conditions improve.

SEVERE WINOSHEAn - A rapid change in wind - In flight, divert around the area of known windshear.

direction or velocity that results in airspeed changes - If windshear is indicated during approach, initiate a

greater than 15 knots, or vertical speed changes go-around or hold until conditions improve.
greater than 500 fpm.

FLIGHT CREW ACTIONS
Flight crew actions regarding windshear are divided
into five areas: Avc.idance, evaluation, standard
operating techniques, precautions and recovery.
The following flow chart summarizes the action
items and presents the operational windshear
decision from the pilo*'s viewpoint.

Evaluate weather and condi-
tions.

Any signs of windshear? -YES Reevaluate weather and
NO SEARCH for all indications

NO of windshear.

Is it safe to continue? YES O Consider precautions.

NO

LAvoid or dlay

Follow established standard operating techniques.

Recover from inadvertent windshear encounter.

1. Thrust - Max rated
2. Pitch - Rotate towards 15 Degrees
3. Control flight path with pitch as necessary
4. Maintain configuration

Report ttr encounter to the tower

L
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a I ADDITIONAL PROCEDURF"

WEATHER EVALUATION - TURBULENCE: Moderate or greater turbulence

Detection of windshear is difficult with today's may be associated with the outflow from a
technology. In order for the pilot to successfully microburst.
avoid windshear, it is necessary to develop an - WEATHER RADAR EVIDENCE: Indications of
understanding of the causes and danger signals of weak (green) cells with bases 5000-15.000 feet
windshear. With the exception of a reliable PIREP, AGL which indicate weak precipitation, usually
there is no single indicator which is conclusive proof VIRGA. In addition, in the DOPPLER mode, areas
of a windshear Pilots should understand that the of red (doppler turbulence) surrounding weak
most dangerous form of windshear is a convective precipitation, may indicate microburst windshear
microburst of either the dry or wet type. Some have conditions in their formative stages aloft.

been documented with wind changes in excess of - WINDSHEAR FORECAST: Potential for convec-
150 knots' Because microbursts intensify for several tion; mid level moisture: very dry surface condi-
minutes after they first impact the ground, the tions; 30OF to 50PF temperature/dew point spread
severity may be up to twice as much as that which is (Windshear advisories are prepared by the UA
initially reported. Any airspeed change due to low Weather Center and are included in the weather
altitude windshear should be immediately reported briefing message.)
,to ATC Dry microbursts are especially insidious
since they cannot be detected visually or with Danger Signals of Wet Thunderstorm Micro-
conventional radar, bursts

- PIREPS: Actual wlndshear may be up to twice as
Causes of Windshear % of Threat severe as the PIREP.

- LLWAS: LLWAS sensors are widely spaced
Convective conditions may not defect all mlcrobursts In the airport.
(thunderstorms, rain and and they are prone to false alarms.
snow showers) 65% THUNDERSTORMS: In addition to the well known

hazards of thunderstorms, an estimated 5% of
Frontal systems 15% thunderstorms accompanied by heavy rain and/or

Low altitude jet streams 
5 %/ lightning, contain embedded microbursts.

- LOCALIZED STRONG WINDS: Heavy rain, blow-

Strong or gusty surface winds 5% ing dust, rings of dust, dust devils, tornado like
features, and other evidence of strong local

All other causes (temperature outflow. Visual clues may be obscured by low

inversions, mountain waves, sea visibilities In wet thunderstorm mlcroburst sltua-

breeze circulations, unknown causes) 10% lions.
- TURBULENCE: Moderate or greater turbulence

Danger Signals of Dry Microbursts may be associated with the outflow from a
- PIREPS: Actual windshear may be up to twice as microburst.

severe as the PIREP. - WEATHER RADAR: Search the area above and
- LLWAS: LL WAS sensors are widely spaced and along the takeoff and approach paths for heavy

may not detect al! milcrobursts In the airport area, precipitation.
and they are prone to false alarms. - THUNDERSTORM FORECAST: Although no

- VIRGA techniques currently exist to forecast wet micro-

-TEMPERATURE/DEW POINT SPREAD of 30 to bursts, crews should consider the thunderstorm

500F. forecasts contained in the terminal forecasts and
- LOCALIZED STRONG WINDS: Blowing dust, severe weather advisories as a possible indication

rings of dust, dust devils, tornado like features, and of the presence of wet microbursts.
other evidence of strong local outflow near the

surface.

L
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ADDi rIONAL PROCEDURES
unrreo

ICROBURST WINDSHEAR PROBABILITY MEDIUM PROBABILITY
GUIDELINES Consideration should be given to avoiding. Pre-
The following Table, designed specifically for cautions are appropriate.
convective weather conditions, provides a subjective
evaluation of various observational clues to aid in LOW PROBABILITY
making appropriate real time windshear avoidance Consideration should be given to this observation.
decisions. The observation weighting is categorized but a decision to avoid is not generally indicated
according to the following scale:

HIGH PROBABILITY
Critical attention needs to be given to this
observation. A decision to avoid (e.g. divert or delay)
is appropriate.

PROBABILITY
OBSERVATION OF WINDSHEAR

PRESENCE OF CONVECTIVE WEATHER NEAR INTENDED FLIGHT PATH:

- With localized strong winds
(Tower reports or observed blowing dust, rings of dust, tornado-like features, etc.) ........... HIGH

- With heavy precipitation
(Observed or radar indications of contour, red or attenuation shadow) ..... .............. HIGH

- With rainshower ............ .................................... MEDIUM
With liqhtning ............ ..................................... MEDIUM
With virga ............ ....................................... MEDIUM

- With moder2.e or greater turbulence (reported or radar indications) ... ............. .MEDIUM
- With temperature/dew point spread between 30 to 50 degrees Fahrenheit .............. MEDIUM

ONBOARD WINDSHEAR DETECTION SYSTEM ALERT (Reported or observed) ............. HIGH

PIREP OF AIRSPEED LOSS OR GAIN:

- 15 knots or greater ........... ..................................... HIGH
- Less than 15 knots .......... ................................... MEDIUM

LLWAS ALERT/WIND VELOCITY CHANGE

- 20 knots or greater ........... ..................................... HIGH
- Less than 20 knots ......... ................................... .MEDIUM

FORECAST OF CONVECTIVE WEATHER ....... ........................... LOW

NOTE
These guidelines 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 altitude). The hazard increases with
proximity to the convective weather. Weather assessment should be made continuously.

The clues should be considered cumulative. If more than one Is observed, the probablity weighting
should be increased.

CAUTION
Currently no quantitative means exists for determining the presence or Intensity of microburst
windshear. Pilots are urged to exercise caution In determining a course of action.

• IL ].; K 727 FLIGHT MANUAL 7 n
A-32 HANDBOOK



U AD'DITIONAt PROCEDURES

FSTANDARD OPERATING TECHNIQUES Takeoff
Certain prccedures and techniques can prevent a - Use maximum takeoff thrust instead of riorma!
dangerous flight path sitiition from developing, (reduced) thrust
even if unexpected windshear is inadvertently - Use the longest suitable runway.
encountered. These procedures and techniques are - Consider using the recommended flap setting, 15"
of such importance tnat they should be incorporated This flap setting provides the best overall
into each pilots personal standard operating tech- compromise for windshear recovery capability
nques and practiced on every takeoff and landing, between an on the runway or airborne windshear
whether o not windshear is anticipated. It Is encounter.
imnortant to develop a cockpit atmosphere which - Consider maximizing avail3ble margins between
encourages awareness and effective crew coor- VR and stick shaker through runway selection, flap
dnation, particularly at night and during marginal selection and delayed rotation. The delayed
weather conditions, rotation speed must not exceed either: 1) the

runway limit VR speed or 2) a 20 knot increase. For
Takeoff example, if the actual grcss weight Is 150,000
-. Be alert for any airspeed fluctuations during pounds and the runway limit is 160,000 pounds,

takeoff and initial climb. set the "bugs" for the actual gross weight, but
- Know the all-engine initial climb pitch attitude. remember to rotate at the VR speed for the runway
- Make a continuous rotation at the normal rotation limit weight. A normal continuous rotation to the

rate to this target pitch attitude for all non-engine target pitch attitude should be used.
failure takeoffs. - Do not use any pitch mode of the flight director for

- Minimize reductions from the initial climb pitch takeoff.
attitude until terrain and obstruction ciearance is
assured Landing

- Develop ar awareness of normal values of - Achieve a stabilized approach by 1000 fet AGL
airspeed attitude, vertical speed, and airs )eed - Consider using the recomrranded flap setting, 300
buildup. - Add an approriate airspeed correction (applied in

- The pilot not flying should closely monitor the the same manner as gusts) up to a maximum of 20
vertical flight path instruments such as vertical knots.
speed ind altimeters and call out any deviations - Avoid large thrust reductions or trim changes in
from normal. response to sudden airspeed increases, as these

may be followed by airspeed decreases.
Landing - Consider use of the autopilot for the approach to
- Develop an awareness of normal values of vertical provide more monitorinq and recognition time.

speed. thrust, and pitch.
- Cr:sscheck flight director commands using the RECOVERY FROM INADVERTENT WIND-

vertical flight path instruments. SHEAR ENCOUNTER
- Know the recovery decision criteria and be The following action is recommended whenever

prepared to execute an immediate recovery if the flight path control beccmes marginal below 1000
parameters ace exceeded. feet above the ground on takeoff or landing. As a

- The pilot not flying should closely monitor the guideline, marginal Ilight path control may be
vertic3l flight path "rstruments such as vertical ind,ated by uncontrolled deviations from normal
Speoi dltimeters and glide slope displacement steady state flight conditions in excess of the
and should call out any deviations from normal. following:

PRECAUTIONS - 15 knots indicated airspeed
Whenever the probability of windshear exists, but 500 fpm vertical speed
avoidsn'ice action is not considered necessary, the - 5 degrees pitch attitude,
following precautions are recommended: 1 dot displacement from the glide slope, or

unusual throttle cuosition for a significant period of

L 

time.
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ADDITIONAL PROCEDURES

If flight path control becomes marginal at low 4. MAINTAIN CONFIGURATION
altitude, accomplish the following procedure without Do not change flap, gear, or trim position until
delay The first two steps should be accomplished terrain contact is no longer a factor
simultaneously.

Note

1, THRUST - MAX RATED It is recognized that a change in flap
Aggressively position the throttles to ensure maxi- position may improve windshear recovery.
mum rated thrust is attained. Avoid engine This procedure however, is not recom-
overboost unless necessary to avoid ground mended, since the risk of moving the
contact. When airplane safety has been insured, flaps in the wrong direction or amount is
adjust thrust to maintain engine parameters considered to be greater than the risk of
within specified limits encountering a shear so great that a flap

change is needed for recovery.
NOTE

The following is to be used if an REPORT THE ENCOUNTER
overboost is required: Report the airspeed change, location, attitude and

aircraft type to ATC as soon as practical.
If an engine limitation is exceeded, when
conditions permit, log maximum indica-
tions, if known, and engine indications,
after thrust is returned to the normal
range. Contact SAMPAC for assistance
in evaluating the engine condition.

PITCH - ROTATE TOWARD 150
Disengage the autopilot and rotate smoothly at a
normal rate toward a target pitch attitude of 15
degrees. Stop rotation immediately if stick shaker
or buffet should occur.

If a windshear ir encountered on the runway
during takeoff and an abort is not practical, rotate
toward 150 at the normal rate of rotation by no
later than 2000 feet of useable runway remaining.

3. CONTROL FLIGHT PATH WITH PITCH AS
NECESSARY

Check vertical speed and altitude. If the airplane
is descending. adjust pitch attitude smoothly and
in small increments to minimize altitude loss.
Always respect sticK shaker and use Intermittent
stick shaker as the upper limit for pitch attitude.
Rapidly changirg vertical winds can cause
momentary stick shaker actuation at any attitude.

Control pitch attitude in a smooth steady manner
to avoid overshooting the attitude at which stall
warning is initiated Do not use more pitch than is
necessary to contr<ol the vertical flight path. since
the resulting high drag and inefficient anqle of
attaci, will cause a lower recovery At:,,jde
Control column forces necessary to control theL flight path may vary from a push force to a heavy

pull force Do not follow flight director commands
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aLWG
B-727 FLIGHT MANUAL - HANDBOOK
BULLETIN #175
MARCH 15/88
FROM: DENTK - FLIGHT STANDARDS AND TRAINING

Please insert following the BULLETINS tab. Record on the Bulletin
Checklist.

SUMMER OPERATIONS

GENERAL

Spring and summer are the times when convective weather presents the
greatest problems for United flights, resulting in traffic delays,
re-routing, turbulence, turbulence related injuries and less
frequent but more critical low level windshear.

Turbulence related incidents causing injury to passengers and/or
flight crews from convective weather and CAT were down in 1987 to 68
incidents compared to 87 incidents in 1986. While the trend is
down, we must continue to improve in this area.

Turbulence associated.with thunderstorms can be detected because of
the radar's ability to observe water droplets. The intensity of
turbulence, in most cases varies directly with the intensity of
precipitation.

Radar will detect various levels of precipitation within the storm.
With the non-color radar in the contour mode, heavy rain fall
rates are indicated by the well defined black core. On a color
radar, strong echos will be displayed by a yellow area or possibly
a red area. Plan your deviation path early, and remember,
turbulence can extend several thousand feet above a storm and
outward more than 20 miles. Refer to the FOM, pp. 109-112 for the
suggested margins for avoidance.

TURBULENCE

Clear Air Turbulence Forms in regions of vertical windshear and
temperature discontinuities. One part of the atmosphere that meets
the above criteria is the tropopause. The layer at or just below
the tropopause becomes a favored location for the development of
CAT. Other layers can develop similar wind/temperature profiles
that will result in clear air turbulence. Large temperature and/or
wind variations, particularly over short distances, or any wave
activity, should be viewed as precursors to CAT.

Passenger/Flight Attendant Considerations In Turbulence Whenever
possible, advise the First Flight Attendant before or shortly after
takeoff of anticipated enroute turbulence so that activities can be
planned accordingly.

706 77 FLISNT MANUAL BULLETIN 0175
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When Turbulence Is Encountered If light turbulence, turn on the
seat belt sign and make a PA announcement to advise passengers of
light turbulence, and to request they fasten their seat belts.

If greater than light turbulence, advise the flight attendants on
interphone to check seat belts and then be seated.

INTERNATIONAL OPERATIONS

International Flight Folder Check the high level significant
weather chart for areas of forecast turbulence. This also provides
information on tropopause heights and jet core location, altitude
and speed.

Check the flight folder to see if any sigmet messages have been
included.

Flight Plan Forecast (FPF) Check the FPF for cruise altitude in
relationship to the tropopause, and look for any suspect
wind/temperature patterns. Large changes in wind speed/direction
between fix points are indicative of shears. Large temperature
changes are indicative of tropopause penetration.

ENROUTE - INTERNATIONAL AND DOMESTIC

Check with ATC for reports of turbulence. Monitor temperature and
winds for rapid changes. Treat all wave activity as a possible
precursor of CAT.

Forecasts of turbulent activity, CAT and wave action are available
from Dispatch and are on the weather briefing message.

High altitude charts also depict areas with the most pronounced
exposure to mountain wave turbulence. When mountain wave activity
is forecast or reported, alternate tracks should be considered.

The best source for overall domestic thunderstorm information is the
automated radar summary chart. They are transmitted 45 minutes
after observation time and are available to crews at the major
domiciles.

WINDSHEAR

The causes of windshear are numerous. It is estimated that 20
aircraft are likely to encounter microbursts at Stapleton Airport
below 500 feet AGL in a typical summer. Approximately one half of
the mlcrobursts are associated with weak convection, virga and
mid-level clouds, characterized by little or no precipitation at
the surface. The remainder are associated with thunderstorm
convection, characterized by moderate to heavy rain.

B7 FLIGHT MANUAL 706BULLETIN 175 NAUS|OOKPAGE 2 OF 8



aunirrmo

What The Crew Can DO

Crew actions are divided into three areas: Avoidance,
Prevention and Recovery. Avoidance is common to the takeoff
and approach and includes the assessment of conditions that promote
the correct decision. Prevention is divided into the takeoff and
landing phase and covers recognition and action that will keep a
windshear encounter from developing into a more critical situation.
Recovery includes specific procedural actions when preventative
action is not successful or sudden flight path degradation occurs
unexpectedly.

Avoidance

Carefully access all available information such as pilot reports of
windshear or turbulence, low level windshear alerts, and weather
reports including thunderstorm and virga activity. If severe
windshear is indicated, delay takeoff or do not continue an approach
until conditions improve. Severe windshear is that which produces
airspeed changes greater than 15 knots or vertical speed changes
greater than 500 fpm.

Prevention-Takeoff

- Use the recommended flap setting and know the runway and
performance limits.

- Use max thrust.
- If practical, use the longest suitable runway, provided it is
clear of known windshear.

- Know the all engine initial climb pitch attitude.
- Crew coordination and awareness is very important. Be alert for
airspeed fluctuations during takeoff and initial climb. Such
fluctuations may be the first indication of windshear.

- The pilot not flying should be especially aware of vertical flight
path instruments and call out deviations from normal.

Prevention-Approach and Landing

- Use the minimum landing flap position consistent with field length
and an appropriate airspeed wind correction up to the max
recommended.

- Avoid large thrust reductions or trim changes in response to
sudden airspeed increases, as these may be followed by airspeed
decreases.

- Closely monitor vertical flight path instruments.
- Crew coordination and awareness is very important, particularly at

night or in marginal weather conditions, to ensure flight path
degradation will be recognized immediately.

706 721 FLIGHT MANUAL BULLETIN #175
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Recovery

The flight crew must make the determination of marginal flight path
control using all the information available. This determination is
subjective and based on the pilots' judgment of the situation.
Marginal flight path control may be indicated by uncontrolled
changes from normal steady state flight conditions in excess of:

- 15 knots indicated airspeed,
- 500 fpm vertical speed,
- 5 degrees pitch attitude, or
- 1 dot displacement from the glideslope

Accomplish the following procedure without delay whenever flight
path control becomes marginal.

Simultaneously:

- Disengage autothrottles and aggressively position thrust levers
forward to ensure max rated thrust.
Disengage the autopilot and rotate toward the target pitch
attitude of 15 degrees.

- Control pitch attitude smoothly in small increments to minimize
altitude loss while respecting the stick shaker.

- Do not follow flight director commands.
- Do not attempt to regain lost airspeed until terrain contact is no

longer a factor.
- Do not change configuration until the vertical flight path is

under control. There are enough variables to handle without
adding more.

- Assist other pilots by reporting windshear encounters. Accurate
pilot reports can be a valuable clue to the severity of a
windshear condition.

BULLETIN #175 M FLIGHT MANUAL 706
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MICROBURST WIND SHEAR

Vertical Cross Section Of Microburst Winds
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PREPARATION AND REVIEW

Good preparation, sound flight planning, and heightened awareness
are key factors in avoiding summer weather related incidents. Items

to consider while operating this spring and summer are:

- Discuss with your crew anticipated weather, turbulence, and

delays, and make sure that they are well briefed on their duties.

- Check the POSBD'S and the airport briefing page (SIRD/DD041/STA/
Briefing) for your original destination and alternate airports.

- If the runway is wet and considered slippery, consider using
slippery runway V1 speeds.

706 7M7 FLIGT MAIUAL BULLETIN #175
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- Be aware of possible hot starts.
- Consideration needs to be given to minimal use of brakes during

taxi. A long taxi in conjunction with a long takeoff roll could
cause problems if an abort was necessary. Proper taxi technique
and planning is essential.

- Consideration needs to be given to temperature, runway selection,
flap settings and thrust applications to assure the best
performance.

- Assure that the radar is operating properly during preflight.
- Have the cabin at a comfortable temperature before the passengers
board.

- During landing, be aware of possible hazards of landing on wet
runways with crosswinds or tailwinds.

- If possible, on landing use minimum braking with more reverse
thrust and longer rollouts.

REFFRENCES

1. Flight Manual
1) Runway clutter adjustments
2) Optional V1 for slippery runway
3) Additional Procedures/Bulletins

-Severe Precipitation
-Severe Turbulence
-Static Discharge
-Windshear
-Weather Radar Operations

2. Operating gross weight manual, wet runway landing weights.

3. FOM
pg. 1 52, 52.1 Pilot Briefing Page

59 Dispatching to Wet and Slippery Runways
109-112.2 Weather, Thunderstorms, Turbulence, Radar
113 Static Discharge
114.1-.5 Braking Action and Runway Conditions

Far East chapter - Meteorology Section

4. Video
1) Summer Operations
2) Turbulence
3) Windshear

While the material in this bulletin is not new, it is important that
we review all of the procedures associated with Summer Operations.
Advance preparation will assist in ensuring an impressive safety
record this year.
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B-727 OPERATIONAL CONSIDERATIONS

There is probably nothing more uncomfortable for a passenger than to
board an airplane that is too hot. On pushback, wait until the
Captain asks for #3 engine to be started before turning off the air
conditioning packs. It takes approximately 10 seconds for the duct
pressure to come up while keeping the much needed airflow in the
cabin for the passengers. This summer let's pay particular
attention to passenger comfort in our ongoing effort to give our
customers the best possible service.

Tire Pressure - Indications are only valid after tires, wheels and
brakes have cooled to ambient temperature. This usually requires at
least one hour after the airplane is parked. Considering the way
our airplanes are operated, most of the time you will get an
accurate reading only before the first flight of the day.

Performance Computations - Check the maximum brake energy (MBE)
charts in the flight handbook and see if V1 should be adjusted or if
another flap selection would be better. If the runway is wet,
consider clutter corrections in the flight handbook (T-4-6). If
there is no clutter, consider the slippery runway V1 corrections in
the bulletins (soon to be moved into the flight handbook, T-6.1).
Determine which flap positions are permissible for the gross weight
and existing conditions and decide which flap position is most
suitable for the particular takeoff and departure. (TR-12-6, FHB
A-33).

Ozone - A 727 during April and May is susceptible to high ozone
concentrations in the upper atmosphere. The maximum altitude we can
fly is FL 390. There are also more restrictions for operations in
Canada and Alaska. (FOM pg. 57 and 112.2)

Weather Radar - All of the 727's are equipped with C band radar.
Color radar displays show different levels of precipitation by
different colors. 3 and 4 color radar indicators are installed on
the Advanced and Stretched airplanes. The 4-color sets will display
doppler returns as magenta as opposed to the 3-color red display.
It does not show dry clear air turbulence. If a magenta turbulence
return is displayed, it should be interpreted as a precipitation
return with a minimum horizontal component of 10 knots. Color
displays do not require a contour mode, as the colors give clear
indication of different precipitation levels. On the non-color
radars, switching between contour and normal helps in interpreting
the shape and density of storm cells. A red area is the equivalent
of the black area displayed on the non-color radar screen in the
contour mode. With summer operations, we begin to get reports of
the radar being left on when the crew leaves the airplane. To
ensure an operable radar, sets should be turned off during taxi-in.
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Lower Aft Body Overheat - With warmer weather comes an old problem,
a lower aft body overheat at the blocks. The problem comes from hot
APU air going through the aft airstair area enroute to the packs,
and no cool air getting into the area. On a Standard airplane, the
aft airstair probably is up, :o you can get a ground man to lower it
to admit some cooler air. On the long airplane, the airstair should
be down already, so you might not have many options. If you can get
a gtound air conditioning unit, you can unload the APU by turning
off the packs. The only other thing you could try is to put someone
by the aft entry door to guard it, and then open the door to admit
some cool air to the airstair area. Failing that, the light should
go out during engine start, when the APU is no longer operating the
packs. If it doesn't go out by the completion of engine start, or
comes on during taxi out, there is a fault in the system which
should be investigated and resolved.

Quick Turnarounds - (L&S-4, N-25) Our high altitude airports such as
DEN, ABQ, SLC, and RNO are of particular concern. The 44 minute
cooling period is measured block to block (In to Out time) and is
completely independent of the amount of braking used. The FAA and
Boeing have authorized the redispatching of the airplane without a
44 minute waiting time, if a temperature check confirms that the
brakes do not contain enough energy to melt the thermal plugs. You
can increase the chances for taking advantage of this method by
sending the appropriate MR. code (32480) on ACARS as soon as it is
determined that the actual landing weight will exceed the max.
turnaround weight. Looking up these weights prior to descent and
sending a message prior to landing will assist maintenance in
determining if a quicker turn is possible. Be sure and make a
writeup in the airplane Flight Log.

References

Bulletins or T-6.1 V1 for Slippery Runways
FHA-I, A-3 Radar Operation
T&R 1-49, 50 Radar Panel (Color)
T&R 11-12.1,.2 Radar Panel (Non-Color)
FH A-28 Severe Precipitation
FH A-28 Static Discharge
FH A-29 Severe Turbulence
FH A-30 Windshear
FH A-23 Ozone Reduction
FH A-22 Cabin Ground Cooling
FH A-23 Takeoff with A/C Packs Off (ADV.,Str)
L&S-4, N-25 Quick Turnaround
T&R 12-6 Takeoff Flap Position
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B-727 FLIGHT MANUAL - HANDBOOK
BULLETIN #177
JUN 24/88
FROM: DENTK -FLIGHT STANDARDS AND TRAINING

Please insert following the BULLETINS tab. Record on the Bulletin
Chec.kl ist.

DENVER LOW LEVEL WINDSHEAR ALERT SYSTEM (LLWAS) AND TERMINAL DOPPLER
WEATHER RADAR (TDWR) OPERATIONAL DEMONSTRATION

The Federal Aviation Administration is scheduled to test a Doppler
weather radar system at Denver Stapleton International Airport
beginning approximately July 1, 1988, and continuin g through August.
This system is called "Terminal Doppler Weather Radar," or TDWR.
The TDWR operational demonstration will provide microburst and
windshear alerts identical to the present Denver LLWAS network.
These alerts are runway specific and differentiate for "on-the-
runway," "approach-zone," and "departure-zone" wind conditions. The
departure and approach-zone reports are divided into one-mile
segments from the end of the runway.

An expanded LLWAS network is currently in use at Stapleton. This
system utilizes 12 sensors, and completed a successful demonstration

in the summer of 1987. The system will be used as a backup for the
TDWR demonstration during the summer of 1988. The ultimate goal is
the complete integration of these two systems to provide comprehen-
sive information to the pilot and controller. During the upcoming
TDWR demonstration, the primary windshear alert sensor will be the
Doppler radar, while the runway-oriented wind conditions will be
provided by the LLWAS. The TDWR demonstration will be between 1200
MDT (1800 GMT) and 1900 MDT (0100 GMT) daily. During hours other
than TDWR demonstration, the LLWAS will maintain continuous
windshear surveillance.

Under normal conditions, wind information issued to arrival aircraft
will be the threshold wind for the runway assigned. Departure
aircraft will be issued centerfield wind.

The windshear messages used at Denver will comply with the following

format and examples:

FORMAT

I. THRESHOLD WIND (landing aircraft) - The wind from the sensor
closest to the runway threshold for arriving aircraft.

2. DEPARTURE WIND (departing aircraft) - The wind from the
sensor closest to the departure end of the runway for
departing aircraft.

3. TYPE OF WINDSHEAR - If the detection system identifies a
windshear event as a microburst, the word "MICROBURST" will
be used. All other windshear events will be called

719 727 FLIGHT MANUAL
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4. WIND SPEED CHANGE - The maximum wind speed change along the
specific runway axis will be reported. Wind speed loss will
take precedence over wind speed gain. In the case of
microbursts, this corresponds to the total change from the
point of peak headwind to peak tailwind. Pilots should be
alert to possible microbursts if they encounter increasing
headwinds.

.5. LOCATION - The approximate location of the windshear event
will be given as it applies to each aircraft. Landing
aircraft will receive messages for events along the approach
path or on the landing runway, while departing aircraft will
receive warnings for windshear or microbursts on the
departure runway and in the departure zone. All alerts will
be specific for each runway.

EXAMPLES

1. A microburst event located on the runway will be issued
to an arriving aircraft:

"UNITED 226, MICROBURST AT ERT, THRESHOLD WIND TWO
FOUR ZERO AT FIVE, TWO ZERO KNOT LOSS ON THE RUNWAY."

2. A windshear alert located one mile from the departure end
of the runway issued to a departing aircraft:

"UNITED 210, WINDSHEAR ALERT, CENTERFIELD WIND TWO FOUR

ZERO AT FIVE, ONE FIVE KNOT GAIN, ONE MILE DEPARTURE."

NOTIFICATION OF TDWR DEMONSTRATION ON ATIS

During hours of the TDWR system operational demonstration,
notification will be issued on Denver arrival and departure ATIS
with the following words:

"DOPPLER RADAR WINDSHEAR DEMONSTRATION IN PROGRESS"

LIMITATIONS TO THE SYSTEM

1. The system is not able to detect microbursts before they impact
near ground level.

2. The LLWAS cannot detect windshear events that occur outside of
the wind measuring network; however, events occurring on the
edge of the network which are not able to be distinguished
between windshear and microbursts will be issued as "POSSIBLE
WINDSHEAR OUTSIDE THE NETWORK." A windshear given to a
departing aircraft which is detected on the edge of the network
will be issued: "UNITED 22, CENTERFIELD WIND TWO) FOUR ZERO AT
FIVE, POSSIBLE WINDSHEAR OUTSIDE THE NETWORK.-

727 FLIGHT MANUAL 719
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3. The LLWAS is designed to operate with as many as three sensors
inoperative; however, when one or more sensors are out of
service and windshear/microburst activity is likely (e.g.,
frontal activity, thunderstorms, pilot reports), the ATIS will
include "LLWAS IMPAIRED FOR MICROBURST DETECTION."

4. The TDWR operational demonstration is designed to test the
success of Doppler radar to provide successful windshear alerts.
The testing that occurred at Denver during the summer of 1987
predicts that this system will provide greater than 90 percent
probability of detection and less than 5 percent false alarm
detections of microbursts. To ensure that the highest possible
level of safety is maintained during the demonstration, a
full-time meteorologist will monitor both the TDWR system and
the LLWAS. The meteorologist will be able to insert or delete
alert messages when detections are considered to be in error or
missing.

UA POLICY

During the conduct of this test, as is currently the case, a
"Windshear" alert must be given serious consideration by the flight
crew. All pertinent factors relating to a planned takeoff or
approach must be critically examined before the specific course of
action, e.g., normal procedures, precautions, or avoidance action is
decided upon. (See Flight Handbook Additional Procedures, Windshear
Section)

A "Microburst" alert, however, clearly indicates that avoidance
action is required. A FLIGHT MUST NOT DEPART NOR CONDUCT AN
APPROACH THROUGH AN AREA WHERE A MICROBURST ALERT IS IN EFFECT.
Delay the takeoff or approach until the condition no longer exists
along your intended flight path.

NCAR QUESTIONNAIRE

Attached to this bulletin is a questionnaire prepared by the
National Center for Atmospheric Research (NCAR). Specifically, NCAR
is requesting that this questionnaire be completed and forwarded to
them, any time a flight encounters windshear below 1,000 ft. AGL in
the immediate terminal area or encounters thunderstorm related
turbulence within 40 nautical miles of the airport. Your support in
this area is necessary to further their research and is encouraged.
Extra copies of this questionnaire are available in the FOSR area at
DENFO.
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A QUESTIONNAIRE FOR PILOTS OPERATING INTO OR OUT OF
DENVER STAPLETON INTERNATIONAL AIRPORT

SUMMER, 1988

INTRODUCTION

During the summer of 1988, several organizations, including the National Center for
Atmospheric Research (NCAR) and the Massachusetts Institute of Technology Lincoln Labo-
ratory, will embark on extensive testing of new technology designed to provide improved airport
terminal area weather detection capability, with particular emphasis on low-altitude wind shear
detection and warnings for air traffic controllers and for pilots. In order to evaluate this new
technology, we need the assistance of pilots to provide independent reports of wind shear and
thunderstorm-related turbulence encounters in the Denver, Colorado, terminal area. These
reports will be instrumental in helping us assess the development of the detection and warning
system described below.

The detection system being tested by the Federal Aviation Administration is the Terminal
Doppler (wind-measuring) Weather Radar (TDWR) system, which is expected to provide pilots
with accurate and timely detection of severe low-altitude wind shear events. The FAA is
conducting an operational demonstration of the system after extensive testing at Memphis,
Tennessee, Huntsville, Alabama, and last year, at Denver.

The system is particularly capable of detecting the microburst, a dangerous form of wind
shear that is caused by a sudden downdraft of air from a thunderstorm or a convective cloud
of lesser intensity, which spreads out horizontally near the earth's surface and can cause severe
head- and tail-wind changes for landing and departing aircraft.

The 1988 summer operational demonstration follows a successful test of an enhanced version
of the FAA Low-Level Wind Shear Alert System (LLWAS) during the summer of 1987. The
LLWAS system uses surface wind speed and direction sensing to measure wind shear at the
earth's surface. During the 1987 demonstration, pilots were provided with wind shear alerts in a
new runway-oriented message format that provided an estimate of wind shear intensity. Because
of the high degree of success of the enhanced LLWAS, this system has now been commissioned at
Denver. However, during this summer's Doppler weather radar test period, the LLWAS system
will stand down as an alerting device to allow for a full and independent test of the more capable
Doppler system. The Doppler radar detection system has the advantage of being able to detect
wind shears above the surface and over a much wider area than the enhanced LLWAS system.

The TDWR operational demonstration will commence on 1 July and end on 31 August
1988. During this period, the Denver Airport area will be extensively instrumented with Doppler
weather radars, numerous automatic ground-based weather stations, and a substantial capability
to automatically generate wind shear detection and warning products with the goal of providing
this information to pilots.



YOUR HELP IS URGENTLY NEEDED

Critical to the TDWR operational demonstration will be independent suostantiation of the
presence of significant low-altitude wind shear. In addition, we require identification of any
turbulence encounters by aircraft, but only when these encounters occur within 40 nautical
miles of Stapleton Airport, and only for turbulence encounters associated with thunderstorm
conditions. While the researchers involved in this program will have sensors that will be used to
substantiate the quality of the products, feedback from pilots who actually encounter wind shear
or thunderstorm-related turbulence is required. Two important benefits will thus be secured: (1)
independent verification that significant wind shear or thunderstorm-related turbulence existed.
so that a comparison can be made to the automated alert products; and (2) feedback regarding
the quality of the operational usefulness of the Doppler-derived runway-oriented wind shear alert
messages.

At your earliest convenience following an encounter with wind shear below 1000 ft AGL in
the immediate terminal area, or an encounter with thunderstorm-related turbulence within 40
nautical miles of the airport, please fill out the attached questionnaire and drop it into any U.S.
mailbox (postage is provided). The completed questionnaires will be delivered to:

Dr. John McCarthy, Manager
Research Applications Program
National Center for Atmospheric Research
P.O. Box 3000
Boulder. Colorado 80307-3000

CONFIDENTIALITY

The purpose of the attached questionnaire is to obtain pilbt feedback on warnings or
the absence of warnings of wind shear and turbulence encountered in the Denver Stapleton
International Airport area, between 1 July and 31 August 1988. This information will not be
used for any other purpose. Thank you for your attention to this critical aviation safety matter.



PILOT QUESTIONNAIRE
DENVER STAPLETON INTERNATIONAL AIRPORT

(For use between 1 July and 31 August 1988)

DATE __ AIRCRAFT TYPE __ FLIGHT NO. __ TAIL NO.

TRANSPONDER CODE __ PHASE OF FLIGHT (Circle): ARRIVAL DEPARTURE

WIND) SHEAR AND TURBULENCE ENCOUNTER INFORMATION

1. Did you encounter any significant wind shear below 1000 feet AGL during takeoff or approach?
Yes - No

If "Yes", complete: Approximate time of encounter (Z)
Airspeed Loss (-) and/or Gain (+) - Knots
Altitude of First Encounter _ Ft MSL
Altitude Loss (-)'or Gain (+) Ft
Location: - Over the runway

0-1 mile from the runway
1-2 miles from the runway
2-3 miles from the runway
Beyond 3 miles from the runway

2. Was a microburst or wind shear warning issued to you by ATC at any time during takeoff or approach?
Yes - No - (Circle): Microburst Wind Shear

3. If you answered "Yes" to question 2, please complete the following:

Was the warning useful? Yes - No -

What windspeed loss or gain value did you rezeive from ATC as part of the warning?
(-) or (+) Knots (Circle - or +).

What action(s) did you take after receiving the microburst or wind shear alert message (Please mark
all appropriate choices):

Made an avoidance decision by performing a go-around or delaying departure.
Took precautionary action such as increasing approach refrence speed or departure
target speed.
Took no specific action.

- Other (Please indicate action in the space provided):

4. Did you encounter any moderate or greater thunderstorm-related turbulence within 40 nautical miles
of Stapleton Airport? Yes - No -

If "Yes", complete: Time of encounter - (Z)
Magnitude: Moderate - Severe - Extreme
Altitude of encounter - Ft MSL
Location (DEN VORTAC) Azimuth and Range

We are attempting to improve real-time low-altitude wind shear alerts. Please use the indicated space
on the reverse side for any pertinent comments that you may have (e.g., what additional information
would you like to see on alert messages). Remember, the contents of this questionnaire will be treated
in confidence. Please fold, seal and return this form to us. Your participation and assistance is greatly
appreciated!



SECOND FOLD - SEAL SHUT

NO POSTAGE
NECESSARY

IF MAILED
IN THE

UNITED STATES

BUSINESS REPLY MAIL _ _ _

FIRST CLASS PERMIT NO 612 BOULDER. CO

POSTAGE WILL BE PAID BY ADDRESSEE

National Center for Atmospheric Research
Attn: Dr. John McCarthy, Manager
Research Applications Program
P. 0. Box 3000
Boulder, CO 80307-9986

FIRST FOLD
ADD COMMENTS BELOW:



APPENDIX 5 - ATC/ARTSIII Radar

a. All aircraft profile, 22:07 - 22:08 UTC

b. All qircraft profile, 22:08 - 22:09 UTC

c. All aircraft profile, 22:09 - 22:10 LTC

d. All qircraft profile, 22:10 - 22:11 UTC

e. All aircraft profile, 22:11 - 22:12 UTC

f. All pircraft profile, 22:12 - 22:13 UrC
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APPENDIX 6

a. TD4R Alarms, 22:05 - 22:13 t7PC 11 July 1988

b. GSD Depictionis (22:10 not available)

22:05
22:06
22:07
22:08
22:09
22:11
22:12
22:13

c. Du~al Doppler Radar derived wind vectors

22 :06 :02
22:06:59
22 :08 :03

22: 09 :00
22:10:03
22:11:00
22:11:58
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APPENDIX 7 - Crew Statements

a. Captain's Report, UA862/11 July

b. Captain's Report, UA395/11 July

c. Supplementary Statement From
F/O of UA395

d. Captain's Report, UA949/11 July

e. Captain's Report, UA305/11 July



The following comments were provided by the flight crew of
Flight 862 relative to the microburst encounter:

The microburst alert given by Denver Tower when on
finalapproach at approx. 1000' AGL, Rwy. 26R. Visible rain
shaft ahead. CB to the SW edge of the airport. Executed a
missed approach and held in the clear until weather
improved.

1w
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The following comments were provided by the flight crew of
Flight 395 relative to the microburst encounter:

On a visual approach to 26L at DEN, F/O was flying and we
noted and discussed conditions conducive to windshear.
Considering these conditions, planned approach to be flown
15-20 kts. above Ref. speed. As we approached 26L in the
vicinity of 1000 ft. AGL, the following things happened in
very rapid succession: 1) GPWS sounded twice (F/O made
slight shallowing of pitch and GPWS warning stopped); 2)
tower reported microburst alert with wind speed loss of what
sounded like 50 kts., 3) another aircraft on freq. asked
about a visual to the 35 runways, 4) another aircraft
reported breaking off his approach, and 5) what was virga
before was now reaching ground. As I looked over at the
35's to see if that might be a possibility, we almost
simultaneously encountered the rain that was now falling at
the airport. I called for firewall thrust and flight path,
F/O executed windshear encounter SOP. It quickly became
apparent aircraft was climbing normally, so executed normal
go around SOP. Called tower, told them we were missing on
runway 26L, and were given instruction to turn right to 0100
and climb to 8000 ft. Approach then vectored us out to the
northeast of DEN and cleared us to 14000 ft. Then we were
given holding on the DEN 046/20-30. In the holding area I
called dispatch to inform them of conditions at the airport
and our holding location and LFC time. As we reached 14000
ft., turbulence now reached the level of moderate. Flight
attendants called and indicated numerous passengers were
experiencing discomfort and airsickness and that they were
out of sick sacks. Approach was receiving several
complaints as to the turbulence and lightning that was
occurring in the holding area, so approach vectored us to
the DEN 313/15-25 for holding, which was essentially in the
clear with only light chop. Again called dispatch to inform
them of our new holding location and our fuel status.
Conditions started to improve around 2242Z. After another
aircraft started an approach and everything appeared normal,
we requested an approach and landed at 2253Z.

We were heavy and the ATIS was indicating a slight tail wind
and wind shear alert. Don and I discussed the approach and
we decided if anything to stay a little high and keep our
speed 15 to 20 knots above ref. I was flying and configured
early, but it was still not enough as we were a little
higher than I would have liked over Altur. I used flaps 40
for a short time, and as we approached the glide slope I
went back to flaps 30 and came in with the power. We could
see the cloud and virga over the runways. At some point
below 1000 ft the thwer announced that it was raining at the
field and then that there were indications of a 50 knot



shear. Another aircraft said they were going missed
approach and we got the 'Woop woop, pull up' warning. I
pulled up the nose and increased power from about 3000 lbs.
to 4000 lbs. The warning ceased but the airspeed began to
decrease. Don said, 'Firewall them, let's get out of here.'
I did and the aircraft responded immediately. The go-around
was completed above 500 feet and at no time did the airspeed
decrease to ref.



The following comments were provided by the flight crew of
Flight 949 relative to the microburst encounter:

Approach corridor over Kowa. Crossed Kiowa at 15000 ft.,
250 kts. Turned to north for vectors to land runway 26L.
Cloud over Denver Area with breaks in cloud base, some
virga, and observed rain shaft over DEN airport while on
north heading. Cleared for visual southeast of Buckley ANG
Base to follow a DC-8 by 3-4 miles. Flight conditions -
JFR, good vis. and fairly smooth. Briefed crew on
possibility of windshear. Took flaps and gear as
approaching Altura advised by DEN APP control 'raining at
DEN airport.' Rainshower appeared light as you could see
through it, seeing runway at all times. Was 200'-300' high
on G.S. and carrying flaps 5 and 190 kts. Inside marker,
observed DC-8 execute a go-around and comment maybe it was
because of windshear. Took flaps 25 ° smf jrstf ypert sfbodr
'microburst alert'.



The following comments were provided by the flight crew of
Flight 305 relative to the microburst encounter:

On downwind to 26L we noticed a rain shower east-southeast
of the approach. Turning final we experienced considerable
difficulty slowing the aircraft. While still east of the
shower, Tower reported wind as calm - later 180/4 then
160/6. Some aircraft ahead of us were executing go-arounds.
Tower advised one pilot reported a loss of 80 knots. By
this time we were at or just west of the shower about 1100
feet - started our go-around. The go-around was relatively
flat and airspeed hard to gain - very choppy. Held north
20-30 min. and landed 17L no problem.
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ABSTRACT

Near Denver on July 11, 1988 a moderate reflectivity thunderstorm

produced a microburst of unusual intensity during the test operation of the

Terminal Doppler Weather Radar (TDWR) system. Several aircraft had

inadvertent encounters with the microburst during final approach to

Stapleton Airport, but survived with no damage or injuries. This

microburst and its parent storm are investigated via simulation with the

Terminal Area Simulation System (TASS). Model results show that

intense multiple microbursts formed downwind of the main precipitation

shaft as sublimating snow fell out of overhanging clouds that were

sheared downstream from the main cell. Evolution and structure of the

storm and its microbursts, including hazard indices based on F-Factor, are

investigated in detail and compared with "observed" data from doppler

radar and aircraft flight-data recorders.
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1. INTRODUCTION

Presented in this report is a numerical simulation of an unusual

storm occurring near Denver on July 11, 1988, which was responsible for

five successive missed approaches by commercial aircraft. The structure

of the storm (as confirmed by doppler radar) is unusual in the sense of

previously documented case studies of cumulonimbus storms. The storm

was relatively small in vertical extent, long lived, of moderate radar

reflectivity, and accompanied by light precipitation amounts. However,

the most peculiar aspect of this persistent but benign appearing storm
was its generation of uncommonly-intense microbursts some distance

downstream from the primary precipitation area. One of these

microbursts had near fatal consequences on several of the commercial

aircraft attempting to land at Denver Stapleton airport between 2207 and

2213 UTC. Although there were no passenger injuries and no damage

to the aircraft, four successive jet airliners experienced inadvertent

encounters with an unusually intense wind shear during final approach.
The aircraft successfully executed missed approaches with one airliner

descending to less than 30 m above ground level (AGL) at a distance of

about 1.3 km from the touchdown end of the runway (Ireland 1988).

Terminal Doppler Weather Radar (TDWR) at Stapleton was in test

operation during the storm and detected dangerous wind shear during the

attempted aircraft landings. The peak differential-velocity change detected

by TDWR of about 40 m/s (Klass 1989) is unusually strong relative to

typical Colorado microbursts and underscores the potential danger that

was faced by the approaching aircraft.

This report represents the model investigation of the storm.
Parallel reports are being prepared by the National Center for

Atmospheric Research (NCAI) concerning the observational and radar

analysis of the storm, and by NASA Ames concerning the interpretation

of the aircraft flight recorder data.
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2. MODEL DESCRIPTION

The numerical model used for this simulation is the Terminal Area

Simulation System' (TASS) which is documented in Proctor (1 987a). The

TASS model is a time-dependent, nonhydrostatic cloud model which

consists of 11 prognostic equations: three equations for momentum, one

equation each for pressure deviation and potential temperature, and six

coupled equations for continuity of water substance (vapor, cloud droplets,

ice crystals, hail/graupel, rain, and snow2 ). Salient characteristics of the

TASS model are listed in Table 1.

The TASS model subdivides the precipitating hydrometeors into

three bulk categories (hail or graupel, rain, and snow) each governed by

its own prognostic equation for continuity. As in Cotton et al. (1982), the

hail/graupel category is represented by either high-density hail or

moderate-density graupel, depending upon the particle diameter.

Parameterizations for numerous microphysical interactions and subsequent

latent heat exchanges are included in TASS and listed in Table 2.

The model has been applied extensively to the study of microbursts

(Proctor 1988a, 1988c, 1989a, and 1989b), and has been successfully

validated in five case studies of cumulonimbus convection -- ranging from

longlasting supercell hailstorms to short lived single-cell storms, including

the 1985 Dallas-Fort Worth Microburst storm (Proctor 1987b).

'Also known as the NASA-Langley Windshear Model

2Snow in the TASS model is treated as spherical, low-density graupel-
like snow particles rather than dendritic flakes; see Proctor (1987a) for
details.
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Table 1. Salient characteristics of TASS

Compressible nonhydrostatic equation set

Three-dimensional staggered grid

Storm-following movable mesh

Second-order quadratic-conservative space differencing

Adams-Bashforth time differencing

Explicit time-splitting method of integration

Vertical grid-size stretching

Radiation boundary conditions applied to open lateral boundaries

Filter and Sponge applied to top four rows in order to diminish
gravity wave reflection at top boundary

No explicit numerical filtering applied to interior points

Surface friction layer based on Monin-Obukhov Similarity theory

Smagorinsky subgrid-turbulence closure with Richardson number
dependence

Liquid and ice-phase microphysics

Inverse-exponential size distributions assumed for rain, hail/graupel,
and snow

Wet and dry hail growth

Radar reflectivity diagnosed from model rain, snow, and hail/graupe
fields

Accumulated precipitation advected opposite of grid motion, so as
to remain ground relative

Initialization from observed sounding with thermal impulse

3



Table 2. Cloud Microphysical Interactions

Accretion of cloud droplets by rain

Condensation of water vapor into cloud droplets

Berry-Reinhardt formulation for autoconversion of cloud droplet
water into rain

Evaporation of rain and cloud droplets

Spontaneous freezing of supercooled cloud droplets and rain

Initiation of cloud ice crystals

Ice crystal and snow growth due to riming

Vapor deposition and sublimation of hail/graupel, snow, and cloud
ice crystals

Accretion by hail/graupel of cloud droplets, cloud ice crystals, rain,
and snow

Contact freezing of supercooled rain resulting from collisions with
cloud ice crystals or snow

Production of hail/graupel from snow riming

Melting of cloud ice crystals, snow, and hail/graupel

Shedding of unfrozen water during hail wet growth

Shedding of water from melting hail/graupel and snow

Conversion of cloud ice crystals into snow

Accretion by snow of cloud droplets, cloud ice crystals, and rain

Evaporation or vapor condensation on melting hail/graupel and
snow

4



3. NUMERICAL SPECIFICATIONS AND INITIAL CONDITIONS

The model input conditions were chosen without prior knowledge

of the storm structure, and only one high-resolution experiment with the

3-D model was performed. Preliminary analysis of the results from this

simulation were presented in October, 1988 (Proctor 1988b), only months

after the actual event. The specific input specifications and initial

conditions for the numerical experiment are described below.

Numerical Domain and Grid Configuration

The dimension of the physical grid domain is 18 km in the west-

east direction (x-coordinate), 12 km in the south-north direction (y-

coordinate), and 10 km in the vertical direction (z-coordinate). The

domain is resolved by 36 vertically-stacked horizontal levels, each

separated by a vertical grid spacing stretching from 80 m near the ground

to 475 m near the top boundary. Each level is resolved by 92 x 62 grid

points with a uniform horizontal grid spacing of 200 m. These

specifications should be adequate to resolve most of the major features

of the microburst and its parent storm. [A smaller grid size would be

preferable, but presently, is limited by computational constraints (i.e.,

computer time).]

The model internally computes the translation of the storm and

correspondingly adjusts the movement of the grid. Thus if the modeled

storm changes direction and (or) speed, the translation of the grid is

adjusted to keep the storm centered within the domain. This procedure

allows a reduction of the domain size and reduces the magnitude of

numerical truncation error.
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Model Constants and Microphysical Parameters

In running simulations with the TASS model, it is our philosophy to

refrain from readjusting constants so as to "tweak" the simulation and

force an a priori specification of the storm. However, a few of the model

constants are not invariant from case to case and are defined below.
One set of constants important to the cloud microphysics is the

cloud droplet number density, nco, and their dispersion coefficient, a (see

Proctor 1987a). The values chosen for these two parameters are

respectively, 1000 cm3 and 0.15; values which are typical of continental

clouds and which may be expected in Colorado storms (e.g., Proctor

1987a).

The only other model constants in need of specification are the

surface roughness, set at 10 cm; and the latitude (which affects the value

of the coriolis parameter) which is chosen as 39.70 north.

Initial Sounding

The environmental conditions for the experiment (i.e., temperature,

humidity, wind speed and direction) are taken from the sounding shown

in Fig. 1. The input sounding is only slightly modified from the one

observed at Denver Stapleton, at 2000 UTC, just two hours before the

occurrence of the microburst. The low-level lapse rates for humidity and

temperature in Fig. 1 were slightly adjusted from the original sounding, in

order to agree with surface temperatures and cloud-base heights reported

just prior to the event.

The input sounding indicates a deep adiabatic layer extending from

the ground to about 5 km MSL (3.4 km AGL), dry air near the surface,

and high relative humidity near the top of the adiabatic layer. This type

6



of sounding is not unusual for the Denver area and is similar to other
typical "dry-microburst" soundings (e.g., Wakimoto 1985).

The vertical wind profile represented in Fig. 1 indicates light and

variable winds below 3.6 km MSL (2 km AGL), and west to northwest

winds with speeds greater than 12.5 m/s (25 knots) above 6.1 km MSL

(4.5 km AGL).

Initial Impulse

Cumulonimbus convection is initiated in the simulation by specifying

a thermal impulse within a horizontally-uniform, but vertically-varying

environment. As in previous case studies with the TASS model (Proctor

1987b), a spheroidal thermal impulse is specified at time zero with a peak

amplitude of 1.50 C, a diameter of 5 kin, and a depth of 2.5 km. The
initial impulse is centered at 1.25 km above the ground and horizontally

within the domain.
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4. RESULTS

The model results produced good quantitative and qualitative

agreement with observations of the major storm features. Some of the

comparisons are listed in Tables 3 and 4.

Table 3. Comparison of Simulated and Observed Storm
Characteristics

Simulated Observed

Lifetime Long-lived Long-lived

Cloud Base (AGL) 3.5 km3  3.5 km

Cloud Top (AGL) 7.5 km 9 km

Precipitation Light Light

Radar Reflectivity 50 dBZ Moderate reflectivit

Translation (from) 2800 at 8.5 m/s 2700 at 10 m/s

Eastern Overhang Yes Yes

Rotation Present Yes Yes

Microbursts Multiple Multiple

'An input condition

Storm Characteristics

A persistent but relatively shallow storm develops soon after the
initial impulse is imposed. The cloud base of the storm is at 3.5 km AGL

8



(5.1 km MSL) which is about 300 m above the melting level 3. The cloud

top is at about 7.5 km AGL which is well below the tropopause level.

The 4 km thick cloud is composed of ice crystals and supercooled cloud

droplets, and generates precipitation mostly in the form of snow and
graupel. Rain is produced below the cloud-base level primarily from the

melting of falling snow and graupel. Updrafts in the storm are not much

greater than 10 m/s with much of the cloud and precipitation carried

downstream by the relatively strong winds aloft. The movement of the
modeled storm is from the WNW at 8.5 m/s.

Evolution and Storm Structure

In Fig. 2 a time sequence of the storm radar reflectivity is depicted

in west-east vertical cross sections taken near the center of the storm.
[The x,y coordinates indicated in the figure (ard subsequent figures) are
relative to the position of the initial temperature impulse specified at time

zero.] The main precipitation shaft, located on the western side of the

storm is persistent with time and has values of radar reflectivity greater
than 40 dBZ. An overhang, roughly located between 2 and 7 km AGL,

extends eastward from the main precipitation shaft. After 40 min
precipitation begins to fall from the overhang, reaching the ground after

47 min and producing an intense microburst with a differential velocity of

over 40 m/s. Weaker microbursts are associated with the western
precipitation shaft, even though it is associated with higher radar

reflectivity. Movement with time of the persistent western precipitation

shaft can be noted by the change in the x-coordinate position (Fig. 2).

However, note that the precipitation falling from the overhang (at x - 15
km) has relatively little eastward movement. The location of the intense

overhang microburst, about 7 km to the east of the main cell, compares

favorably with observations of the actual event. As confirmed by radar,

'Height at which the temperature is 273.16 K.
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Table 4. Comparison of Simulated and Observed Characteristic=
of Most Intense Microburst

Simulated Observed

Maximum Velocity

Differential 37 - 42 m/s 34 - 42 m/sob

Maximum F-Factor 0.24 - 0.27 0.19 - 0.25a-b-c

Maximum Outflow Speed 22.3 rn/s 23 m/sd

Peak Radar Reflectivity 40 dBZ 38 dBZ

Peak Temperature Drop 50 C 80 Cd

Peak Pressure Increase 2.64 mb 2.5 mb

onfiguration of Pidar
Echo Elongated E-W Elongated E-W

Location 7 km downstream 8 km downstream
from main echo from main echo

Precipitation at Ground Very light rain Very light rain

Ring Vortex Yes Yes

Contains Multiple-Downdraft
Centers Yes Yes

Expands to Macroburst Yes Yes

Source Region of
Downdraft (AGL) 3.5 - 4.5 km 3.5 - 4.5 kmc

'From TDWR measurements.
"From Aircraft FDR.
cFrom Dual-Doppler analysis.
dMeasured by PAM surface instruments.
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the microburst (which was encountered by the four aircraft on approach

to Stapleton) actually fell from an overhang about 8 km east of the main

cell and produced a velocity differential of over 36 m/sl A sequence of

3-dimensional perspectives in Fig. 3 depicts the fallout of precipitation
from the overhang as simulated in the model.

The main updraft, which generates much of the storm's
precipitation, is located at the rear (western end) of the storm with roots

from the southern flank (not shown). Several weaker updrafts exist

upstream along the northern flank of the radar echo; however, it is

uncertain as to what influence they may have had on the storm.

Figure 4 shows a vertical cross section of the wind vector field prior

to the touchdown of the intense microburst (Fig. 4a) and five minutes later
at maximum outflow intensity (Fig. 4b)'. The snow-field corresponding to
Fig. 4a is shown in Fig. 5. It is apparent from these figures that stronger

winds aloft are acting to transport precipitation downstream from the
western end of the storm. The composition of the precipitation above the

melting level is primarily graupel and hail in the western shaft, while being

primarily snow in the overhang. The latter is true since snow particles

have a relatively slow fall speed compared to either hail, graupel, or rain;

and therefore, can be transported more effectively downstream before

falling to lower levels. For this reason the downstream microburst is
composed mostly of snow particles, which have the potential to rapidly

sublimate and produce an intense microburst under favorable

environmental conditions (e.g., Proctor 1989b). Figure 4 also indicates
horizontal convergence between 2.0 - 4.5 km AGL which is within the

upper portion of the intense microburst downdraft. In Fig. 4b, several

minutes after microburst touchdown, a well developed ring-vortex structure

is apparent near ground level.

'The main storm updraft lies just south of this cross section and is

apparent in Fig. 4 only between 5 and 7 km AGL.
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The near-surface horizontal-wind field prior to and during the

intense microburst is shown in Fig. 6. At 47 min, only weak microbursts

associated with the western precipitation shaft are apparent; but several

minutes later, a vivid star-burst outflow pattern develops from the intense

overhang microburst (located at x - 15 km, y - -5 km). The outflow from

the intense microburst appears roughly symmetric early in its lifetime, but

grows more asymmetric as it expands with time. Other microbursts of

intermediate intensity are evident also, and their individual outflows appear

to coalesce as they expand with time.

The strongest low-level wind speeds are located on the southwest-

southern sides of the intense microburst, although strong winds are

prevalent on the eastern sides as well (Fig. 7). Peak outflow winds on

the western side show the greatest weakening with time, as the intense

microburst expands into a macroburst 5 and subsequently interacts with

other outflows.

At higher altitudes, horizontal wind vectors indicate the presence of

multiple vortices (e.g., Fig. 8). The presence of rotation in the actual

storm was inferred from single Doppler radar measurements, and along

with mid-level convergence, was used as a precursor for aiding in the

detection of the microburst event (Campbell 1989).

Evolution of Storm Peak Values

The time-height cross sections of domain-wide peak values are

shown in Fig. 9. Precipitation first reaches the ground at 30 min

simulation time, 13 min after the first 10 dBZ echo (Fig. 9a). Strong

downdrafts do not occur, however, until 50 min in the simulation (Fig. 9b),

corresponding to the descent of the strong microburst from the overhang

(cf. Fig. 2).

5A microburst becomes a macroburst if the horizontal distance

between diverging outflow peaks exceed 4 km.
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Fig. 9c indicates that peak updraft speeds are persistent with time,

but do not exceed 11 m/s. An intensification of the upward velocity at low

levels after 50 min, is likely due to outflow interactions and the circulation

of the microburst ring-vortex.

Shaded areas in Fig. 9a represent peak values of the vertical

component of vorticity in excess of 0.02 s1. Downward propagation of

peak vorticity from the 4-5 km level coincides with downdraft intensification

and the development of the intense microburst (cf. Fig. 9b).

Operationally, rotation (about a vertical axis) is used as a possible

precursor for microbursts (e.g., Roberts and Wilson 1989); and in the 11

July case, Doppler measurements actually detected the descent of rotation

from storm mid-levels, just prior to the occurrence of the intense

microburst (Campbell 1989).

Driving Mechanism for the Intense Overhang Microburst

As noted earlier, the intense overhang microburst is associated with

snow, as well as very light rain produced from the melting snow. Physical

mechanisms, such as cooling due to sublimating snow, melting snow, and

rain evaporation are investigated by conducting additional experiments6

with the axisymmetric version of TASS 7

rThe additional experiments are set-up similar to those described in
Proctor (1988c, 1989b); i.e., an isolated microburst is initiated by allowing
precipitation to fall from the model top boundary located at 5 km AGL.
Input conditions for these additional experiments assume: the Denver
sounding for environmental temperature and humidity (see Fig. 1); and
a distribution of snow (specified at the model top boundary) which is
approximated from the time-dependent snow field in the 3-D simulation.

7The 3-D version of the model could have been used for these
additional experiments, but doing so would have entailed large
computation costs.
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The baseline case, which is simulated with the axisymmetric model,

indicates similar values compared to the 3-D simulation (see Table 5).

The remaining experiments listed in Table 5 are conducted identical to the

baseline case, except that no cooling (or heating) is allowed for the

process being investigated. The integrated effect of each of the physical

processes is judged by comparing several of the key parameters (such

as KE -- the domain-integrated resolvable kinetic energy) with those of the

baseline case.

Table 5 indicates that the dominant process in driving the

microburst is cooling due to sublimation of snow. Turning off the cooling

due to rain evaporation had only a minor influence, while turning off the
,-ooling from melting had almost no effect. Table 5 also indicates that

elimination of all the cooling processes also eliminates the microburst;

thus, other processes such as precipitation loading appear to have had

little if any influence on driving the microburst.

As discussed in Proctor (1989b), sublimating snow can effectively

generate intense microbursts, if within a typical dry-microburst environment

-- as is apparently true in this case. Also in Proctor (19d9b), it was

demonstrated that different types of precipitation can have a varying effect

on the intensity of a microburst. This may provide a clue as to the

reason why the microbursts associated with the western shaft were weak.

These microbursts were composed primarily of graupel and rain which

may have been less effective in generating intense downdrafts.

Detailed Structure of the Overhang Microburst

This section further examines the structure of the intense

microburst which dropped from the overhang. Comparisons of model

results with reconstructed and observed data from the actual event

suggest strong similarities with the microburst at Denver Stapleton which

forced four aircraft to initiate missed approaches.
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TABLE 5. Axisymmetric model experiments - sensitivity
to cooling and loading

Maximum
Maximum Maximum Surface
Outflow Downdraft Pressure
Speed Speed Increase AV KEa

EXPERIMENT (m/s) (ms) (mb) (m/s) (10' 0 J)

3-D CASE 22.3 -16.9 2.76 42

AXISYMMETRIC EXPERIMENTS

BASE 22.5 -17.1 2.86 45 263

NO MELTING 22.1 -16.7 2.70 44 262

NO RAIN
EVAPORATION 21.3 -16.5 2.36 43 236

NO SUBLIMATION 13.0 -10.9 1.13 26 26

NO COOLING 0.1 -0.4 0.03 0.2 1

aDomain-integrated resolvable kinetic energy at time of maximum outflow.
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Peak Velocity Differential: Matching of observed and model time

Fig. 10 shows the temporal distribution of the peak velocity

differential associated with the intense microburst. Three curves from the

model data are plotted; one each for 1) east-west segments, 2) north-

south segments and 3) northeast-southwest segments. The plotted values

represent the peak velocity differential, AV, along any 4 km segment in

a specified direction. Also plotted are the values from the TDWR radar

(located roughly southeast of the microburst), as well as and peak AV

reconstructed from the flight data recorders (FDR) of the four aircraft

which made east-west penetrations of the microburst. By temporally

matching the curves, we found that 2210 UTC corresponds to 51.25 min

simulation time (see Fig. 10).

Interestingly, data from the model, radar, and flight recorders are

in rough quantitative agreement. All show a sud&.c1 temporal increase in

the magnitude of AV, followed by a gradual decrease. The aircraft data,

however, do show a steeper decrease of AV following the time of

maximum intensity, although this in part may be due to the higher flight

trajectory of the last two aircraft which may have carried them above the

region of peak outflow. However, the model east-west segments,

compared to segments in other directions, do show a relatively steeper

decrease of AV following 52 min (2211 UTC) (Fig. 10).

Differences associated with the direction in which AV is calculated

are apparent in the model data after 50 min, due to flow asymmetries.

The strongest magnitudes of velocity differential (42 m/s) are associated

with the northeast to southwest segments. The maximum value of AV

along the east-west and the north-south segments are nearly the same

as the TDWR estimate of 37 m/s.
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Horizontal and Vertical Structure

Figure 11 shows the detailed horizontal structure of the evolving

microburst at 180 m AGL. At 47 min, roughly 3 min before the first

encounter by the approaching aircraft, little evidence of outflow is present.

By 49 min, a weak radar echo is present at low-levels and outflow is

beginning to accelerate. Maximum intensity is reached at about 52 min,
roughly the time of the second aircraft encounter. Note that after 50 min,

the outflow continues to expand in a roughly symmetrical pattern, even

through the radar echo elongates in the east-west direction. Interaction

with adjacent microbursts is evident at 54 min.

Figure 12 shows the horizontal flow structure of the microburst at

several altitudes above the ground. Note that the wind speeds decrease
with altitude, especially in the east-west direction. Hence, a Doppler-;-adar

beam which is centered a couple of hundred meters above the ground,

would detect a weaker and more asymmetric flow structure than what

actually occurred near ground level.

Figure 13 shows a time sequence of vertical west-east cross

sections taken near the center of the intense microburst. Note the

descent of the downdraft and subsequent intensification of its vortex-ring

structure. Other microburst downdrafts are apparent to the west; thus

-ircraft penetrating the intense microburst from the east would next

encounter extreme turbulence.

The vertical velocity field corresponding to Fig. 13d is depicted in

Fig 14. The mature microburst exhibits a double-peak downdraft with

upward motion along its eastern side. Peak downdraft speeds with

magnitudes of up to 15 m/s are located just below the 1 km level.

17



F-Factor Analyses

A primary threat of microbursts to aircraft is the single or combined

effect of the horizontal velocity shear and downdraft motion. Either of

these effects can penalize the performance of an aircraft, and possibly

result in a critical loss of altitude for arriving or departing aircraft. A very

useful parameter for indicating the severity of the wind shear and vertical

velocity on aircraft performance is the F-Factor (Bowles and Targ 1988):

F = g" DU/Dt - w/Va,

where DU/DT is the rate of change of the horizontal wind component

along the aircraft flight path, g is the acceleration due to gravity, w is the

vertical wind speed, and V, is the air speed of the aircraft. The first term

on the right side represents the contribution of wind shear to the

performance of the aircraft, while the second term represents the

contribution due to the vertical wind. Positive values of F indicate a

performance-decreasing condition, whereas negative values indicate a

performance-increasing situation. An F-Factor of 0.1 or greater is

considered hazardous for most jet transport aircraft (Targ and Bowles

1988).

The above formula can be approximated for easy application to

model data as:

F - g1Vg aU/aR - wN.,

where U/R is the horizontal velocity shear along the fight path, and V9

is the aircraft speed relative to the microburst. The above formula is

simplified further by assuming V. = Va = 75 m/s, a reasonable estimate

of the approach and departure speeds of commercial jetliners.
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"East-west" F-Factors are computed using the above formula and

assuming horizontal east-west trajectories through the model data.

Similarly, "north-south" F-Factors are computed assuming horizontal north-

south trajectories. In Fig. 15, peak values of model east-west F-Factors

are plotted against time and show amazing agreement with F-Factors

estimated from both single Doppler radar (TDWR) and aircraft flight

recorder data8 . From the model data, peak values of east-west F-Factor

below 280 m AGL, exceed 0.1 after 48 min (2207 UTC) with an overall
maximum of 0.24 occurring at 51 min (2210 UTC). The F-Factor values

remain large, even at later times in the simulation, when the outflow has

expanded to become a macroburst. However, low-level F-Factor values

computed from Dual-Doppler radar data (Elmore 1989) appear to

underestimate values derived from the model, single Doppler, and aircraft

data. But for peak F-Factor at higher elevations, agreement with dual-

Doppler radar data is much better (Fig. 16). It may be speculated that

the dual-Doppler data analysis is either too coarse or overly smoothed,

such that the horizontal shear is underestimated. Thus at higher

elevations, where vertical velocity rather than horizontal shear is the

contributor to F-Factor, the comparison is much better.

Also, from Fig. 16 it is important to note that peak F-Factor values

exceed 0.1, several minutes in advance of strong outflow at the ground.
Thus large values of F-Factors below 2 kin, but not yet at the surface,

may provide a useful precursor to microbursts (cf. Figs. 15 and 16).
A time sequence of east-west F-Factor fields through the center of

the evolving microburst are shown in Fig. 17. Note that values of F-
Factor greater than 0.2 first occur aloft (about 1 km AGL) early in

microburst lifetime. The peak values then descend groundward, and later

diminish in magnitude with time as the microburst outflow expands. As

8The F-Factors derived from aircraft measurements do not include
vertical wind, whereas the other curves in Fig. 15 include a vertical wind
estimate at the indicated elevation.
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suggested above, the descent of large F-Factor values from aloft may

provide a useful precursor.

Also in Fig. 17, performance enhancing areas (i.e., negative values

of F-Factor) can be found at low-levels along the periphery of the

microburst outflow. These areas can contribute to the danger of a

microburst encounter, by misleading the pilot and causing him to reduce

aircraft thrust levels.

Since microbursts are unlikely to be perfectly symmetric, the

magnitude and structure of the F-Factor fields can vary according to the

direction in which it is computed. For instance, even though the

microburst outflow is roughly symmetric at 52 min (e.g., Fig. 6b), the east-

west F-Factoi" field differs appreciably from the north-south F-Factor field

(Figs. 18 and 19).

Reconstruction of Aircraft Trajectories and Comparison

with Flight Recorder Data

As mentioned earlier, four aircraft had inadvertent encounters with

the microburst. For comparison, profiles are interpolated from the model

data following the same spatial coordinates as the aircraft (Fig. 20) and

at the time when the aircraft was near the center of the microburst [i.e.,

50 min (2208.75 UTC) for UAL 395, 52 min (2210.75 UTC) for UAL 236,

53 min (2211.75 UTC) for UAL 949, and 54 min (2212.75 UTC) for UAL

305.]9 From dual-Doppler radar data of the microburst (Sand 1988), the

airport runway is estimated to be 400-600 m north of the microburst

center; thus, relative to the model coordinates the runway is chosen at y

-4.5 km (see Figs. 11 and 18).

9'The model profiles are taken at an instant frozen in time, although

the aircraft traversed the actual microburst in about 30 to 60 s.
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The model profiles show reasonable agreement with the
reconstructed aircraft profiles, especially with regard to the diameter

between the major outflow peaks (Fig. 21). A strong shift between head

and tail winds is indicated for the first two aircraft, which encountered the
microburst at somewhat lower elevations than the following two (see Fig.
20). As was true in the TASS simulation of the Dallas-Fort Worth

Microburst (Proctor 1987b, 1988a, 1988c), the model simulation captures
the expansion rate of the microburst extremely well, but fails to reproduce

the high frequency oscillations'.

M "del F-Factors along the same coordinate positions as the
horizontal wind profiles are shown in Fig. 22. The model F-Factors
exceed 0.1 for each of the aircraft. The magnitude of F-Factors would
have been even larger if the profiles were taken further south, closer to
the center of the microburst where stronger downdraft speeds are located.

' 1This lack of agreement may be due to the coarseness of the grid
mesh. The model experiment assumes a horizontal grid size of 200 m
and cannot resolve wavelengths less than 400 m.
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5. SUMMARY AND CONCLUSIONS

The multi-dimensional Terminal Area Simulation System has been

used in the investigation of the Denver, 11 July 1988 Microburst. Results
from the model give good quantitative comparisons with observations as
well as reconstructed data from Doppler radars and aircraft flight data

recorders. Values of some of the parameters from the simulated storm

are listed in Table 6.

The model simulation indicates that the storm is of unusual

structure and produces multiple low- to moderate-reflectivity microbursts.
One of these microbursts was unusually intense, containing strong

downdrafts, outflow, and wind shear; and was driven by cooling primarily

from sublimating snow. F-Factors in the most intense microburst

exceeded 0.2, even before ground contact. This suggests that F-Factors

also could be used as a precursor for strong wind shear at ground level.

The simulated microburst outflow displayed a rough symmetry near the

ground, becoming weaker and less symmetrical with altitude above 80 m.

This suggests potentia! issues for the Doppler analysis of such storms ii

the radar beam is either 1) too broad, 2) at too high of an elevation, or

3) obstructed at low levels by significant ground clutter.
The model proves to be a useful tool in aircraft investigations,

since it provides useful insight into the storm and microburst structure,

and can provide information which is not always apparent from observed

data.
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Table 6. Summary of Simulated Characteristics

Storm

Peak Updraft Speed 11 m/s

Lifetime Long-lived

Maximum Accumulated Precipitation 0.5 mm

Cloud Base / Top 3.5 km / 7.5 km

Propagation (from) 2800 at 8.5 m/s

Microburst

Maximum Outflow Speed (U ,) 22.3 m/s

Diameter between outflow peaks
at time of UX 3.75 km

Maximum Velocity Differential 42 m/s

Maximum Radar Reflectivity 40 dBZ

Maximum Temperature Drop at Surface -5.00 C
(-3.50 C, prior to U,,)

Maximum Pressure Increase at Surface 2.76 mb

Maximum Rain Rate 3 mm/hr

Maximum Downdraft Speed -16.8 m/s at 1 km AGL

Maximum F-Fact 0.24-0.27
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I1I JULY 1988 DENVER SIMULATION
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Fig. 2. East-West vertical cross sections of radar reflectivity taken near
the center of the storm. Time is in minutes after model
initialization and x,y coordinates relative to position of initial
perturbation.



42.5 Min . 49 Min

45 Min5 i

47 Min 51 Min

Fig. 3. Three dimensional perspectives of the lower 2 km of the storm
viewed from the southeast.
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Fig. 4. East-West vertical cross sections of the simulated wind vector
field with radar reflectivity superimposed. The cross sections
are near the center of the storm at a) 47 min and b) 52 min
simulation time. Wind vectors in this and subsequent figures
are ground relative.
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PATHS FOR 4 AIRLINERS AT DENVER, JULY 111988
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Fi g. 20. Aircraft positions relative to the runway (from Wingrove and
Coppenbarger 1989).
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Fig. 21. Horizontal wind profile along the flight path of 4 aircraft (Modifiedfrom original figure from Wingrove and Coppenbarger 1989). Thedashed lines represent the wind profiles reconstructed from theflight data recorders, whereas the solid lines represent themodel x-component winds along the aircraft flight paths.
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Abstract been limited to microburst encounters involving single
aircraft, which can provide wind estimates only over short

Flight and radar position records are analyzed to time periods and along single trajectories.
determine the winds encountered by four airliners that
penetrated ' multi-cell microburst on approach to Recently, flight records have become available from
Denver's Stapleton International Airport. The four four airliners that penetrated a multi-cell microburst while
encounters provide information about the time-varying approaching Denver's Stapleton International Airport on
changes in the strength, size, and location of the the afternoon of July I1, 1988. In addition to the
microburst phenomenon. The results show significant availability of multiple flight records, this incident was
expansion in the size of the microburst and indicate that unique because of the presence of Doppler weather radar
there were fluctuations in the internal wind velocity. At its that was being evaluated at Denver at the 'ime of the inci-
peak strength, as experienced by the second aircraft, the dent. Meteorological soundings were also iailable before
microburst produced a head-wind-to-tail-wind shear of the incident and they were later used as initial conditions
115 ft/sec. The wind patterns derived from the flight-data for an advanced flow-field simulation of the microburst.
analysis are in general agreement with results derived
from Doppler weather radar and from a numerical The four aircraft, all operated by United Airlines
microburst simulation. The data from the four aircraft (UAL), were making visual approaches from the east. As
complement these other findings by providing a more shown in Fig. 1, in the order they approached, the aircraft
detailed analysis of the turbulent wind environment, were UAL 395 (a B-737), UAL 236 (a DC-8), UAL 949

(a B-727), and UAL 305 (a B-727). After encountering
Introduction the microburst east of the runway threshold, all four air-

craft aborted their approaches and initiated go-arounds.4

Low-level microburst wind shear is a continuing Despite the strength of the microburst, there were no
problem that must be better understood in the interest of injuries to those aboard the airliners and no damage to the
aircraft safety. 1-3 In recent years, research efforts have aircraft.
included 1) the development of ground-based systems for
the detection of microburst activity, 2) the development of During the summer of 1988, Terminal Doppler
meteorological models to predict microburst flow fields, Weather Radar (TDWR) was in operation at Denver as
and 3) the analysis of airline flight records of actual part of a test and demonstration project, sporsored by the
microburst encounters, to obtain high-resolution wind FAA, to detect wind shear in the terminal area.5 The pro-
estimates along flight paths. Although these efforts have ject was carried out by the National Center for Atmo-
proceeded in parallel, there has been no opportunity to spheric Research (NCAR) and the MIT Lincoln Labora-
apply each approach to a single wind-shear event. Addi- tory. An additional Doppler radar site, operated by the
tionally, previous analyses of airline flight records have University of North Dakota, together with the TDWR

radar, allowed a dual-Doppler analysis of the microburst
winds. Wind-velocity fields obtained from both single-Aerospace Engineer. Member AIAA. and dual-Doppler scans were provided by NCAR for

Copyright C 1989 by the American Institute of Aeronautic- and comparison with flight data.6 Measurements from surface
Astronautics, Inc. No copyright is asserted in the United States wind sensors, situated in the vicinity of the approach
under Title 17, U.S. Code. The U.S. Goverrmuent has a royalty- paths, were also available.
free license to exercise all rights under the copyright claimed
herein for Governmental purposes. All other rights are reserved
by the copyright owner.



Denver weather soundings, taken about 1 hr before
the aircraft encounters with the microburst, were used to V i =Vx 2+y2
initiate the Terminal Area Simulation System (TASS)
numerical model. 7 This model, developed through the
support of NASA Langley Research Center, provides a is derived from the ATC radar data, and the true airspeed,
three-dimensional prediction of microburst winds.8  Va, is determined from the flight data. This equation

applies when the flight-path angle is small, and when the
i e purpose of this paper is to present relevant wind difference between the ground-axis heading angle and the

ini_,,mation derived from the on-board flight records and wind-axis heading angle is small. This is a verv robust
compare it with data from the ground-based TDWR and solution and applies well along the trajectories considered
surface wind sensors, and the TASS model. Through this in this report.
analysis, a detailed history of the structure and develop-
ment of the microburst is produced. Large-scale The horizontal wind components are determined as
characteristics, such as size and shape, are depicted by the
Doppler data, whereas small-scale characteristics, such as
internal turbulence and peak wind velocities, are shown
by the flight data. W x =X - Va COS \a

The paper first describes the procedure used to calcu- WY = - Va sin '(2

late wind velocity from the flight data. The aircraft trajec-
tories are then discussed, and the results are presented where the heading angle W4 a is measured from the aircraft
showing the important physical characteristics of the gyro and obtained from the foil data. This solution applies
microburst. Finally, flight-path winds are compared with under the same flight conditions noted for Eq. (1), but is
those obtained from the Doppler radar and the numerical more restrictive since it requires further conditions
simulation. wherein the roll and sideslip angles are small. These

conditions are generally met during the stabilized final
Method of Analysis approach, but do not hold after the aircraft starts a turn,

typically over the approach end of the runway in a go-
The aircraft data, obtained through the National around maneuver.

Transportation Safety Board, included both air traffic
control (ATC) radar position data and foil flight-recorder Results and Discussion
data. The radar data included range, azimuth, and mode-C
transponded pressure altitude. From these data, the inertial Aircraft Trajectories and Speeds
coordinates of each aircraft were reconstructed in a
Cartesian frame (x,y,h) with its origin at the end of run- The trajectories of the four aircraft, reconstructed
way 26L at Stapleton. From the foil flight-recorder, pres- from the ATC radar data, are shown in Fig. 2. The upper
sure altitude, indicated airspeed, heading, and normal plot in Fig. 2 shows a plan view (x,y), and the lower plot
acceleration were obtained. The two data sets were syn- shows a side view (h,y). The approximate times at which
chronized through a time-history comparison of the on- each aircraft passed over the runway threshold are also
board recorded altitude and the ATC-transponded altitude. indicated in Fig. 2 (in minutes after the hour). Speed and

altitude profiles for each aircraft, presented as functions of
Because of the limited data set, vertical winds were the distance from the threshold of runway 26L, are shown

not determined, and it was necessary to calculate horizon- in Figs. 3-6. In each of these figures, the upper plot show
tal winds using specialized solutions (developed in Ref. 9) the true airspeed (Va) and the inertial ground speed (Vi).
as follows. The winds along the aircraft flight path are The difference between these two curves is representative
calculated from of the winds encountered. The lower plots show the alti-

tude above-ground-level from both the flight recorder and
the ATC transponder. The microburst winds and subse-

Wfp = Vi - Va (1) quent go-around manuevers, as depicted in Figs. 3-6, are
discussed separately below for each of the four aircraft.

where the inertial ground speed UAL 395. At approximately 2.5 n. mi. east of run-
way 26L, UAL 395 began experiencing an increasing
head wind (difference between airspeed and ground
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speed), indicating its initial encounter with the microburst threshold (Fig. 5). This head wind increased to 60 ft/sec
(Fig. 3). The head wind increased to 40 ft/sec and then over a distance of I n. mi. and was followed by
began decreasing, eventually transitioning to a peak tail wind-velocity fluctuations similar to those experienced by
wind of 30 ft/sec. Thus, the resulting head-wind-to-tail- UAL 236. UAL 949 encountered a maximum tail wind of
wind shear, AV, was 70 ft/sec, and occurred over a 25-sec 20 ft/sec, resulting in a AV of 80 ft/sec within a 45-sec
period, period.

Comments from the crew made after the incident The crew, flying the aircraft faster and higher than
indicate that the airplane was initially flown at a higher- normal, observed an increase in airspeed at the leading
than-normal airspeed and above the glide slope in antici- edge of the microburst. The aircraft, as it encountered the
pation of wind-shear conditions. At a distance of about downdraft, experienced a strong shock accompanied by a
I n. mi. from the runway, a ground-proximity warning sudden loss in airspeed. In response, full power was
sounded and the crew, observing that the airspeed had applied, and the aircraft was rotated and held at a pitch
also begun to decrease rapidly, applied takeoff thrust and angle of 15"-in accordance with standard wind-shear
rotated the airplane to takeoff pitch attitude. The onset of recovery procedure. 3 The flight data show that the go-
rain was noted at this point, the flaps were reduced to 15', around was initiated at an altitude of about 900 ft. with a
and the landing gear was raised. During the rest of the go- sharp pull-up leading to a subsequent gain in altitude to
around, only light turbulence was observed. The flight approximately 1700 ft. Unlike UAL 236, airspeed was
data show that the airplane came within 100 ft of the traded for altitude during the initial part of the go-around.
ground as the go-around was initiated, near the center of
the microburst. Upon the addition of thrust, both airspeed UAL 305 data in Fig. 6 show that UAL 305
and altitude increased simultaneously and the aircraft experienc -d thl la:, severe wind shear, with a maximum
recovered normally. !:,ad wind of 45 ft/sec that eventually transitioned into a

tail wind of 25 ft/sec. This resulted in a AV of 65 ft/sec
UAL 236. The results show that UAL 236 encoun- within 40 sec. Like the previous two aircraft, UAL 305

tered a head wind, at a distance of about 2.8 n. mi. from .'o C.,perienced small-scale velocity fluctuations within
the threshold, that increased rapidly to 80 ft/sec (Fig. 4). the core ol ute microburst.
The head wind then decreased to a tail wind of 10 ft/sec
within a 15-sec period. During the next 25 sec, fluctua- After experiencing difficulty in slowing the aircraft
tions in wind velocity were experienced bef'hre a peak tail down for the approach and hearing the prediction of an
wind of 35 ft/sec was reached. The resulting AV was the 80-knot loss by air traffic control, the crew executed a
largest of all four aircraft-- 115 ft/sec occurring within standard go-around procedure. During the go-around,
35 sec. moderate turbulence was encountered and the aircraft did

not achieve its expected climb performance. Similar to
According to the crew, the airplane w,,s initially UAL 236, UAL 305 remained at a fairly constant altitude

flown at an airspeed that was about 10 knots faster than while traversing the microburst (between 900 and
normal because of observed cloud activity and virga. 1,100 ft), while its airspeed increased.
Upon entering the microburst, the airspeed suddenly
increased and the power was pulled back. At idle thrust, Microburst Development and Structure
the crew noted that the aircraft appeared to be riding on a
smooth wave with increasing airspeed. Anticipating the Figure 7 presents a comparison of the flight-path
sudden loss in airspeed, full power was applied. During winds for the four aircraft. As indicated in the above
the recovery, moderate turbulence was encountered with discussion, the most intense wind shear was experienced
violent jolts that appeared to move the airplane vertically by the second aircraft, UAL 236. The wind profiles sug-
and laterally. The crew noted that the aircraft climbed gest that the microburst activity was spreading out during
very slowly at first despite takeoff power and a nose-up the successive encounters. The distance between velocity
pitch attitude. The flight data show that the go-around was peaks (maximum head wind and tail wind) was about
initiated at about 2 n. mi. east of runway 26L. During the 1.3 n. mi. at the time of the first aircraft encounter and
subsequent recovery, the data show that the aircraft grew steadily to over 2 n. mi. by the time of the fourth
remained near a constant altitude of 700 ft, although its aircraft encounter. During this period of time, the center
airspeed increased markedly. of the activity was drifting eastward, moving from

approximately I n. mi. to 1.7 n. mi. east of the runway
UAL 949. UAL 949 encountrcd an increasing head threshold. Of greatest significance is the finding of

wind at a distance of about 3.5 n. mi. from the runway small-scale wind fluctuations that developed between the

3



time that UAL 395 and UAL 236 traversed the The lowest altitude at which Doppler-derived winds
microburst. Comparing the wind profiles of the last three were available was approximately 600 ft AGL. To obtain
aircraft (Fig. 7), these velocity fluctuations show a similar a comparison of flight-path winds at a lower altitude, data
pattern, with peaks spaced about 0.4 n. mi. apart and from two surface wind sensors were also compared with
occurring near the center of the microburst. Parameters the flight data. The surface site closest to the runway was
describing the occurrence of these fluctuations are shown part of the LLWAS already in operation at Stapleton, and
in Fig, 8. the other was part of the FLOWS mesonet. The winds

measured by the ground sensors are shown in comparison
Figure 8 shows the primary features of the wind pro- to those from two aircraft, UAL 949 and UAL 305, in

files evident in Fig.7, plotted in temporal and spatial Fig. 12. These two aircraft traversed the microburst at
coordinates for each aircraft. The positions, with respect close time intervals but with different trajectories,
to the runway threshold, of maximum tail and head winds UAL 305 approaching 26R was about 0.25 n. mi. north of
for each encounter are designated by DI and D2 , respec- the path on which UAL 949 was approaching 26L. As
tively. Internal peak tail winds, describing the fluctuations shown, the flight-data-derived winds compare remarkably
observed for UAL 236, UAL 949, and UAL 305, are des- well with those from the ground sites.
ignated by d1 and d2.

Dual-Doppler data, constructed at -min intervals,
Comparisons suggest that the microburst activity initially involved a

single cell with a second cell appearing some time later,
The maximum AV encountered by the four aircraft, aligning with the first in the east-west direction. Both

compared with the maximum AV measured by the single Doppler data and flight data indicate that the second
TDWR Doppler radar, is shown in Fig. 9. As can be seen, microburst cell reached the surface at some p .- ,

the maximum AV's from the flight data are somewhat between the passage of UAL 395 and UAL 2.ju (aoout
below those measured by the TDWR. This is to be 10.5 min after the hour). In Fig. 13, horizontal wind vec-
expected, since the maximum AV reported by the TDWR tors, measured by the aircraft, are shown in comparison
is the maximum seen in any one direction by the radar. with the cell locations (depicted by circles). These cell
Results suggest that most of the airplanes did not pene- locations were construed from the dual-Doppler data.
trate the center of the microburst cell(s) and thus did not
encounter maximum wind changes. The pattern of the winds encountered are shown to be

dependent on the track of each aircraft with respect to the
With a single Doppler radar such as the TDWR, only cells. The first aircraft, UAL 395, encountered a cell with

the radial component of the wind velocity can be mea- a center located to the south of its track. With two cells
sured. To provide both components of the wind vectors, developing near the approach path, UAL 236 encountered
along the flight path and in a given altitude plane, data the edge of the eastmost cell and proceeded to penetrate
from the additional weather radar site were utilized. The the center of the cell closest to the runway. By the time
location of the two radar sites with respect to the runways the third aircraft, UAL 949, approached, the two cells had
at Stapleton is shown in Fig. 10. Flight-path winds result- drifted slightly in a southeasterly direction. UAL 949
ing from the dual-Doppler analysis are shown in compari- passed through the northern section of the outermost cell
son with those derived from the flight records in Fig. 11. and proceeded to pass just north of the center of the
Since the minimum resolution of the Doppler data is innermost cell. The trajectory of the last aircraft, UAL
0.25 km, the Doppler-derived winds are naturally more 305, passed well to the north of the center of both
smoothed than those derived from the flight data. Addi- microburst cells. Note that this aircraft was approaching
tional filtering results from the combination of data from 26R, and thus had a track farther north than the previous
the two Doppler radars and from the conversion from three aircraft.
spherical to Cartesian coordinates. Because of the
smoothing involved, the Doppler data do not resolve sub- The fluctuations in wind velocity seen in the flight
tie wind phenomena such as the velocity fluctuations data of the last three aircraft may have been the result of
mentioned earlier. Given these considerations, the either the second microburst cell or secondary ring vor-
Doppler data and flight data show good agreement. tices contacting the ground. As described in Ref. 10, a
Figure 1I also shows the flight-path winds predicted by microburst model based on a multiple-ring vortex struc-
the numerical (TASS) simulation. This model, like the ture can predict horizontal wind fluctuations similar to
Doppler data, does not show the internal wind fluctuations those seen here in the flight data. It appears most proba-
present in the flight data because of a lack of resolution. ble, however, that the wind phenomenon encountered by

4



the aircraft resulted from the two adjacent microbursts 2 Fujita, T. T., "The Downburst," SMRP Research
cells. Paper 210, University of Chicago, Chicago Ill., 1985.

Concluding Remarks 3 "Windshear Training Aid," Federal Aviation
Administration, Washington, D.C., 1987.

From the resulting wind profiles it is evident that very
strong microburst activity was encountered, with a peak 4 Ireland, B., "Microburst Encounter, July 11, 1988,"
head-wind-to-tail-wind shear of 115 ft/sec. Since records United Airlines Flight Safety Investigation 88-46, Denver,
from multiple air.-aft were available, the time-history Colo., Feb. 1989.
development of the microburst phenomenon was evident.
The center of the microburst cells moved from 1 n. mi. to 5"Terminal Doppler Weather Radar Operational
1.7 n. mi. east of the runway threshold during the time of Demonstration," Federal Aviation Administration,
the aircraft encounters. During this time, the size of the Washington, D.C., 1988.
microburst (distance between wind velocity peaks) grew
from 1.3 n. mi. to over 2 n. mi. A significant result of this 6 Sand, Wayne, "11 July Weather and Resulting
analysis is the finding of velocity fluctuations developing TDWR Alarms at Denver, Colorado," Presented at the
within the microburst boundaries. The results for the last Second Combined Manufacturers' and Technology
three aircraft show that these internal fluctuations exhib- Airborne Wind Shear Review Meeting, Williamsburg,
ited a similar pattern, with peaks spaced about 0.4 n. mi. Va., Oct. 1988.
apart. The developing wind pattern measured from the
aircraft is in general agreement with the measurements 7 Proctor, Fred H., "Numerical Simulation of the
from the Doppler radar and with the analytical results Denver 11 July 1988 Microburst Storm," Presented at the
from the numerical TASS model. The aircraft data com- Second Combined Manufacturers' and Technology
plement these other findings by providing a detailed anal- Airborne Wind Shear Review Meeting, Williamsburg,
ysis of the internal velocity fluctuations. The Doppler data Va., Oct. 1988.
were shown to not only validate the flight data but also to
add insight into the resulting wind profiles by suggesting 8 Proctor, Fred H., "Numerical Simulations of an
the presence of a secondary microburst cell. It is very Isolated Microburst. Part I. Dynamics and Structure,"
possible that the appearance of this second downburst Journal of Atmospheric Sciences, Vol. 45, No. 21,
caused the internal fluctuations in horizontal winds Nov. 1988.
observed in the flight data of the latter three aircraft.
Investigation into the behavior of the multi-cell 9 Bach, R. E. and Wingrove, R. C., "Equations for
microburst phenomenon is a subject for further research. Determining Aircraft Motions from Accident Data,"

NASA TM-78609, 1980.
This unique incident at Denver offers a wealth of

information from both an operational and scientific stand- 10 Schultz, T. A., "A Multiple-Vortex-Ring Model of
point. From the experiences of the four aircraft, insight the DFW Microburst," Presented at the 26th Aerospace
into the warning signs and appropriateness of flight pro- Sciences Meeting, Reno, Nev., Jan. 1988.
cedures following an inadvertent microburst encounter
can be gained. Knowledge gained from flight records and
other sources concerning the detailed structure of the
microburst phenomenon can be used to create more real-
istic simulator models and can aid in the development of
both ground-based and airborne wind-shear detection
systems.

References
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Lincoln Lab Radar Weekly Site Summary'

Weather conditions were conducive to thunderstorms, the
temperature was warm. During the 7.1 hours that the Terminal
Doppler Weather Radar (TDWR) was operating, it detected
19 microbursts and three gust fronts. TDWR data were recorded on
tape numbers 375 through 383, the following table is a summary.

Table I -- Doppler Weather Radar Site Summary

Event Time Location Deltav Reflectivity
UTC ran/az m/s dBz

GF 2014 43/195 12
MB 2017 32/210 12 25
MB 2020 85/337 12 45
MB 2059 20/152 20 10
MB 2059 25/168 18
MB 2140 32/305 16 20
GF 2145 21/309 7
GF 2149 26/280 13
MB 2201 15/287 10 10
MB 2209 5/312 26 30
MB 2213 9/317 40 40
MB 2211 3/311 18 15
MB 2214 6/315 18 30
MB 2215 11/302 24 40
MB 2215 16/296 15 45
MB 2220 20/293 12 40
MB 2230 15/302 12 40
MB 2232 13/284 15 20
MB 2245 11/305 11 25
MB 2304 14/085 18 40
MB 2310 11/154 12 30
MB 2348 66/321 16 25

Isaminger, M. A., "WEEKLY SITE SUMMARY," FL2 Radar Site,
Denver, Colorado.



MASSACHUSETTS INSTITUTE OF TECHNOLOGY
LINCOLN LABORATORY

LEXINGTON, MASSACHUSETTS 02173-0073
24 March 1989

Mr. Roland L. Bowles 43C-0992

NASA Langley Research Center
SIS 156A

Hampton, VA 23665

Dear Roland:

Ben Stevens and I want to thank you for the interesting visit we had with you
and David Hinton on March 6th. Thanks especially to David for arranging the
time on the simulator and setting up the cases. The experience of flying through
events of varied location and strength was very helpful in providing insight into
the microburst warning problem and motivated our subsequent discussion.

As promised, I am sending you the data on the July 11, 1988 microburst case
concerning differential velocity and shear. The attached plot shows the velocity
and shear values for the microburst alarm during the period 2205 MDT (first
alarm) through 2220 MDT. These data were derived by examining the shear seg-
ments for each alarm to determine: 1) the segment with the largest differential
velocity and 2) the segment with the largest shear. Recall that divergence
(outflow) regions are made up of radial segments of generally increasing velocity
which are associated together to form a two-dimensional region.

As you can see, the shea - value (although somewhat underestimated by this
calculation) peaks earlier than the differential velocity. Referring to Figure 6 in
the paper by Elmore & Sand, it appears that the F factor is above the hazard
level for the initial alarm at 2205.

Again, thanks for inviting us to Langley and we will look forward to seeing
you at Lincoln. If you have any questions or comments on the data, please call me
at 617/981-3386 or leave a message at 617/981-7430.
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Sincerely yours,

Steven D. Campbell
Staff Member, Group 43

Attachments



11 July 88 Microburst

Maximum Velocity

3-

25

(mis-

200 22b5 2210 2215 22 0 22 5

Maximum Shear
20

is

14

12

AV/,&R 10 wl
(m/s/km)

4

2

1200 2205 2210 2215 2220 2225



11 July 88 Denver Microburst Alana Strengths

Maximumu Velocity Segment Maximum Shear Segmint

Time Velocity Distance Shear Velocity Distance Shear
OWIY) (M/s) (kmn) (m/s/km) Wns) (kan) (ns/C)an

2205 12.8 1.7 7.6 10.9 1.1 10.1

2206 17.5 1.3 13.3 14.7 1.1 13.6

2207 18.7 2.4 7.8 16.8 1.3 12.7

2208 25.7 2.0 12.6 18.7 1.1 17.3

2209 31.7 3.1 10.2 2331.4 16.2

2210 24.6 1.9 12.8 16.8 1.0 17.5

2211 36.1 2.5 14.4 33.4 2.2 15.5

2212 36.9 2.9 12.8 31.5 2.3 13.8

2213 35.3 3.5 10.1 32.1 1.9 16.7

2214 35.3 3.5 10.1 32.1 1.9 16.7 (coast)

2215 24.3 1.9 12.7 21.7 1.3 16.4

2216 22.8 2.3 10.0 14.8 1.1 13.7

2217 24.6 3.0 8.2 19.2 1.3 14.5

2218 23.6 3.8 6.1 15.9 1.2 13.3

2219 22.5 4.0 5.7 18.8 1.4 13.1

2220 20.5 2.8 7.4 14.9 1.2 12.4

2221 24.3 2.5 9.6 12.7 1.0 13.2

2222 25.9 2.8 9.4 17.1 1.3 13.0

2223 25.4 3.4 7.6 17.1 1.1 15.8

2224 19.7 3.2 6.1 18.5 1.1 17.1

2225 18.7 2.3 8.2 16.1 1.0 16.8

2226 18.4 1.7 11.0 16.1 1.1 14.9

2227 19.2 1.7 11.4 11.6 1.0 12.0

2228 18.4 2.2 8.5 14.2 1.2 11.8

2229 15.9 2.3 7.0 12.2 1.2 10.2
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The 11 July 1988 Microburst at
Stapleton International Airport, Denver, Colorado

K. L. Elmore, M. K. Politovich, and W. R. Sand
National Center for Atmospheric Research'

P. 0. Box 3000
Boulder, Colorado 80307

I. Introduction

Just after 4:00 PM local time on 11 July 1988, an intense microburst developed near
Stapleton International Airport in Denver, Colorado. During this time, the Terminal
Doppler Weather Radar (TDWR) Operational Test and Evaluation (OT&E), sponsored
by the Federal Aviation Administration (FAA), was in progress. The TDWR microburst
detection algorithm provided an accurate and timely warning of the microburst to the Air
Traffic Control Tower (ATCT). However, four aircraft penetrated the microburst; they
fortunately traversed the microburst without serious incident.

A microburst is a strong, localized outflow from a precipitating convective cloud.
Microbursts present a hazard to aviation due to abrupt changes in wind direction and
strong downdrafts contained within them. The operational microburst definition during
the TDWR OT&E was a 20-kt wind speed loss over 4 km or less; wind speed losses are
assumed to be manifested as airspeed losses. The largest such loss observed by Doppler
radar is 68 kt, which occurred during the 11 July microburst. The Doppler radar ni-
croburst algorithm running on 11 July indicated an 85-kt loss. Refinements were made to
this algorithm in early August 1988 to improve its performance. The refined Algorithm
reduced the 85-kt loss estimate to 70 kt, matching the dual-Doppler estimate used for
ground truth.

This technical report provides a compilation of available meterological data and some
meteorological interpretations of the intense microbursts that occurred on 11 July 1988 near
Stapleton Airport. These discussions include data from National Weather Service (NWS)
surface and upper air measurements, Cross-chain Loran Atmospheric Sounding System
(CLASS, Lauritson et al., 1987), FAA-Lincoln Laboratory Operational Weather Studies
(FLOWS) mesonet (Wolfson et al., 1987), Low-Level Windshear Alert System (LLWAS)
(Wilson and Flueck, 1986), and data from the FL2 10-cm and UND 5-cm radars. The 11
July weather events are presented in a descriptive narrative emphasizing the inicroburst
occurrence. Data and data sources are given and described. Using dual-Doppler three-
dimensional analyses, the rnicroburst source region and the outflow evolution through its
demise as a hazard are discussed.

' NCAR is sponsored by the National Science Foundation



Other agencies, groups, and authors providing technical reports on the 11 July mi-
croburst include: Lincoln Laboratory, TDWR algorithm; National Aviation and Space
Administration (NASA), analysis of flight recorder data; MESO, Inc., numerical simula-
tion of the event; the Federal Aviation Administration (FAA), flight recorder data analy-
sis; and United Airlines, flight recorder data and pilot response. The information sources
helped clarify the role of some of the physical mechanisms discussed in this report; in other
instances, these served as a starting point for discussions presented here.

II. Available Data

A. Radar

FL2, a 10-cm wavelength Doppler radar operated by the Massachusetts Institute of
Technology Lincoln Laboratory, was used as the test-bed instrument. Doppler radar mea-
sures only radial wind components. Using wind measurements from the low-altitude scans
(0.30, 0.40, and 0.50 elevation), the microburst algorithm flags segments along each beam
that meet microburst criteria. An NCAR-developed technique defines an all-encompassing
best fit ellipse that surrounds adjacent segments and records the maximum wind speed
change within the ellipse. This information is sent to the ATCT and displayed in both
graphic and alphanumeric form (see Appendices A and B). The University of North Dakota
(UND) 5-cm Doppler radar, located about 21 km north of FL2, gathered data during the
project. Scanning patterns of the two radars were coordinated to enable dual-Doppler
post-analysis (see Fig. 1).

During the TDWR OT&E, dual-Doppler radar volume scans were completed approx-
imately every 2.5 min and included elevation angles from 0.3 through 25.9°(UND) or 39.9*
(FL2). The CEDRIC analysis package (Mohr et al., 1986) is used for three-dimensional
wind field synthesis and analysis. Two separate analyses are presented: a "high" and a
"low" resolution analysis. The low-resolution analysis encompasses the greatest area and
is intended to provide an overall depiction of storm morphology. It includes 14 volumes
beginning around 2148 and ending at 22202. The high-resolution analysis is useful for
studying the microburst structure and for comparison between radar data and aircraft
or mesonet data. There are 9 high resolution analyses, beginning at 2200 and going to
2220. All analyses are temporally spaced approximately 2.5 min apart. Raw input Doppler
velocities have been corrected for a deduced storm motion of 10 m s- 1 from 270 ° . The
resulting analyses show ground-relative winds.

The low-resolution, three-dimensional analysis has 400 m horizontal grid spacing and
500 m vertical grid spacing. The lowest effective elevation angle is 0.3 from FL2, placing
the beam center approximately 190 m above the center of the airport. Each pulse volume is
a truncated cone 1 in width and 120 m in radial length for FL2 and 250 m for UND. Over
the airport, both beams are roughly 150 m in diameter. UND scanning was synchronized
with FL2 to enable three-dimensional, dual-Doppler wind analysis. For the high resolution

2 All times are UTC unless otherwise noted.
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analyses, all parameters are identical except the horizontal grid spacing, which is reduced
to 250 m.

Both analyses use a one-pass Cressman objective analysis scheme (Cressman, 1959)
to map radar-measured radial velocity components from spherical range-azimuth-elevation
space to gridded Cartesian space. In both cases, the Cressman influence radius is 1.3
times the grid spacing, which should yield a good ratio between the variance induced by
the Cressman analysis and the pre-existing variance in the data (Stephens and Stitt, 1970;
Stephens and Polan, 1971). Thus, the influence radius for the low-resolution analysis is
520 m horizontally and 650 m vertically. For the high-resolution analysis, the horizontal
influence radius is 325 m.

The grid domain extends from 1.8 km (0.19 km AGL) to 10.8 km (9.19 km AGL) in
both cases. The horizontal domain of the low-resolution analysis extends 2-30 km west
and 1-23 km north of FL2. The high resolution analysis extends 2-16 km west and 1-13
km north of FL2 and is roughly one quarter of the area covered by the low resolution
analysis. Stapleton Airport lies approximately 10-14 km west and 6-13 km north of FL2;
the microburst impact area is on southeast edge of Stapleton Airport and well-centered in
both analysis domains.

Before a consistent w component is calculated from the horizontal winds, u and v
are filtered with a two-dimensional, three-point Shuman smoother (Shuman, 1955). Five
passes are made through the data, yielding a 5 As (where s is the grid interval) horizontal
spatial resolution at the half-amplitude points, as shown in Fig. 2. The Shuman filter
response is given by:

RH = [(1 - sin 2(ir/L))(1 + sin 2 (ir/L))]5 ,

where L is in units of As. The low-resolution analysis resolves motions on a 2-kin scale
(5 x 400 m) and the high-resolution analysis resolves motions on a 1.25-km scale (5 x 250
m). Filtering is chosen to reasonably match the Cressman weighting function.

Another technique, developed by W. Wilson and K. Brislawn, uses a direct least-
squares method to simultaneously map radar velocities from spherical to Cartesian space
and provide u and v components; it has not yet been extended to provide full three-
dimensional wind fields. This technique is used for low-altitude (190 m above ground level
or AGL) analyses spaced approximately 1 min apart (Appendix D).
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B. F-Factor

F-factor is used as the basis for the airborne windshear detection and escape sys-
tems. F-factor calculations presented here are based upon dual-Doppler radar data and
are included for comparison with F-factor derived from flight data recorders

F-factor is a nondimensional parameter derived from the horizontal and vertical winds
and quantifies the effect of wind shear on aircraft performance. F is a function of air-
craft total energy (kinetic plus potential) and the available total energy rate of change.
Performance-decreasirg F-factors are positive and performance-increasing F-factors are
negative. Typically, hazardous F values are those above 0.08.

Here, F-factor is approximated by:

- x TAS ,j
9 TAS'

where O&I/ax is the spatial derivative of u with respect to x, g is the acceleration due
to gravity, ti is the vertical wind provided by the dual-Doppler analyses, and TAS is the
true airspeed of the aircraft (adapted from Bowles and Targ, 1988). F-factor is computed
along east-to-west tracks using 75 m s - I as the penetration airspeed (see Elmore and Sand,
1989, for a description of the calculation of F-factor from radar data). Because aircraft
were approaching from the east, F-factor along tracks that extend from the runways should
be representative of wind shear encountered by the approaching aircraft.

Appendix I includes diagrams of F-factor calculated from dual-Doppler analyses.
These show the size, extent and intensity of expected hazard areas as well as their re-
lation to horizontal and vertical winds. Note that F-factor generally is not dominated by
the vertical or horizontal components at the level shown (190 m AGL); each component
provides an approximately equal contribution to the total value.

C. Surface Mesonet

The LLWAS and FLOWS mesonets together provide 42 stations over a 12 x 20 km
area around the airport. The LLWAS sends data to a central processing and display site
every 6 sec; FLOWS data are available once per minute. The LLWAS alarm messages
generated off line during the microburst are included in Appendix C (these were not
routinely sent to the ATCT during the TDWR OT&E).

Divergence "alarms" were created during post-analysis from the combined LLWAS
and FLOWS sensor network, as described by Cornnman and Wilson (1989). Divergence
calculations are made for 734 triangles and 336 edges defined within the networks. When
divergence within a triangle or edge element exceeds a predetermin ed threshold, it is flagged
and the probable wind shear (dots) or microburst (crosses) locations noted (see Appendix
F). Appendices C and F demonstrate the ability of the surface network to sense this event.

"Robot", a software package developed by the NCAR Field Observing Facility (Corbet
and Burghart, 1988) is also used to analyze the FLOWS mesonet data. This program reads



Common Mesonet Format (CMF) data and produces a number of outputs. Some of these
are contained in Appendix F.

To compare LLWAS winds to radar winds, LLWAS winds are projected onto radi-
als from each radar. These projected winds are plotted against their nearest radar gate
Doppler velocities in Appendix G.

III. Meteorological Conditions

A. Synoptic Setting

The major synoptic scale weather feature is a slowly-eastward-moving shallow trough
over the western United States. Figures 3 and 4 show conditions at 50 kPa, 70 kPa, and
85 kPa at 12 Z and 00 Z on 11 nad 12 July, respectively. At low levels (85 kPa), warm
air is contained in the base of the trough. This feature is barely discernable at 70 kPa
and vanishes above that level. Winds never exceed 10 m s- 1 at any level over Colorado,
Wyoming or Utah and are generally westerly.

This westerly flow advects warm, moist air over the project area throughout the day.
Figure 5 shows data from the National Oceanographic and Atmospheric Administration
(NOAA) thermodynamic profiler located at Stapleton Airport. Using microwave radiom-
etry, this instrument provides vertical temperature and moisture information; equivalent
potential temperature (0e) and mixing ratio contours plotted against height are also shown.

Throughout the day, moisture increase in a deep layer extending from the surface to over
12 km MSL (10.4 km AGL) and reaches a maximum at 2200-2230. The maximum total
precipitable water vapor content for the day is 1.05 cm.

Automatic Terminal Information Service (ATIS) weather messages are included in tile
ATCT voice tapes. Three messages were issued during the time of interest. ATIS-X, issued
at 2145, noted a temperature-dewpoint difference of 50*F. Large temperature-dewpoint
spreads indicate the potential for microburst activity. This difference decreased to 40*F
for the ATIS-Y and ATIS-A messages that were broadcast at 2200 and 2203; which aircraft
monitored which broadcast is unknown. A complete description of aircraft operations is
included in a report by Ireland (1989).
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B. Local Sounding Analysis

A ('LASS sounding site was located at the Weather Service Forecast Office, jist east

of Stapleton International Airport. Two soundings were obtained prior to the microburst:
at 1700 and 2004. The 1700 sounding (Fig. 6) shows a nearly dry adiabatic lapse rate
from 3.4 km MSL, (1.8 km AGL, 68 kPa) to 6.0 km MSL (4.4 km AGL, 49 kPa). A moist
layer (relative humidity greater than 50% ) exists between 5.4 and 6.1 km MSL (3.8 and
5.5 km AGL, 52.5 kPa to 48.5 kPa). There is marginal moist convective instability in this
sounding, with a Lifted Index (LI) of -2. The equilibrium level is near 8 km (6.4 km AGL,
39 kPa). Equivalent potential temperature (9e) for both soundings is shown in Fig. 7; each
trace is labelled accordingly. Above the moist layer, the atmosphere is quite dry and 0.
decreases.

Wind structure at 1700 is also shown in Fig. 6 plotted along the right-hand side of

the sounding. There are two regions of significant winds: one centered near 3.3 km MSL
(1.7 kin AGL, 70 kPa), with 10 m s- 1 winds from 2950, and a layer of northwesterly
10 - 15 m s- i winds above 6.9 km MSL (5.3 km AGL, 43.6 kPa).

Considerable changes occur by 2004, as shown in Fig. 7. Below about 7.25 km MSL
(5.65 kni AGL, 41.6 kPa), the entire sounding has moistened. The temperature lapse rate is

dry adiabatic from the surface to 4.8 km MSL (3.2 km AGL, 57.0 kPa). Stability for moist
convection remains relatively unchanged, with an LI of -2. The convective equilibrium level
is poorly defined in this sounding; a lifted parcel temperature matches the environmental
temperature from about 7.2 km MSL (5.6 km AGL, 41.5 kPa) to nearly 9.5 km MSL (7.9
kni AGL, 31.0 kPa).

Dewpoints have increased between 5.9 and 7.0 km MSL (4.3 and 5.4 km AG1, 50.0 to
43.1 kPa), which affects the Ge profile by increasing Oe throughout the sounding (Fig. 8).

A sharp, absolute minimum Oe of 326 K is present at 7.2 km MSL (5.6 km AGL) and
a relative minimum exists between 4.8 and 5.0 km MSL (3.2 and 3.4 km AGL). Thus,
saturated parcels are potentially cold and will accelerate downward if they originate at
either 7.2 km MSL (5.6 km AGL) or just below 5 km MSL (3.4 km AGL).

Winds in the boundary layer are less than 5 m s- I and are southeasterly from 1.6 to
2.0 km MSL (surface to 400 m AGL), becoming westerly above. Above 5.4 km MSL (3.8
km AGL, 53.0 kPa), westerly winds abruptly increase to 10-15 m s- 1. Above 7.0 km MSL
(5.4 kin AGL, 42.7 kPa), winds have a significantly stronger northerly component.

Using a surface mixing ratio of 6.2 g kg - ' and 31°C temperature, the lifted conden-
sation level (cloud base) is 4.8 kin MSL (3.2 km AGL, 57.1 kPa), and the level of free
convection is 4.9 kin MSL (3.3 km AGL, 56.4 kPa). Rising parcels retain their buoyancy
to 8.0 km MSL (6.4 km AGL, 37.6 kPa).
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B. Local Sounding Analysis

A 'LASS sounding site was located at the Weather Service Forecast Office, jiit east
of Stapleton International Airport. Two soundings were obtained prior to the microburst:
at 1700 and 2004. The 1700 sounding (Fig. 6) shows a nearly dry adiabatic lapse rate
from 3.4 km MSL, (1.8 km AGL, 68 kPa) to 6.0 km MSL (4.4 km AGL, 49 kPa). A moist
layer (relative humidity greater than 50% ) exists between 5.4 and 6.1 km MSL (3.8 and
5.5 km AGL, 52.5 kPa to 48.5 kPa). There is marginal moist convective instability in this
sounding, with a Lifted Index (LI) of -2. The equilibrium level is near 8 km (6.4 km AGL,
39 kPa). Equivalent potential temperature (0,) for both soundings is shown in Fig. 7; each
trace is labelled accordingly. Above the moist layer, the atmosphere is quite dry and 0e
decreases.

Wind structure at 1700 is also shown in Fig. 6 plotted along the right-hand side of
the sounding. There are two regions of significant winds: one centered near 3.3 km MSL
(1.7 ki AGL, 70 kPa), with 10 m s- 1 winds from 2950, and a layer of northwesterly
10 - 15 in s- 1 winds above 6.9 km MSL (5.3 km AGL, 43.6 kPa).

Considerable changes occur by 2004, as shown in Fig. 7. Below about 7.25 km MSL
(5.65 km AGL, 41.6 kPa), the entire sounding has moistened. The temperature lapse rate is
dry adiabatic from the surface to 4.8 km MSL (3.2 km AGL, 57.0 kPa). Stability for moist
convection remains relatively unchanged, with an LI of -2. The convective equilibrium level
is poorly defined in this sounding; a lifted parcel temperature matches the environmental
temperature from about 7.2 km MSL (5.6 km AGL, 41.5 kPa) to nearly 9.5 km MSL (7.9
km AGL, 31.0 kPa).

Dewpoints have increased between 5.9 and 7.0 km MSL (4.3 and 5.4 km AG1, 50.0 to
43.1 kPa), which affects the 0, profile by increasing 0, throughout the sounding (Fig. 8).
A sharp, absolute minimum Oe of 326 K is present at 7.2 km MSL (5.6 km AGL) and
a relative minimum exists between 4.8 and 5.0 km MSL (3.2 and 3.4 km AGL). Thus,
saturated parcels are potentially cold and will accelerate downward if they originate at
either 7.2 km MSL (5.6 km AGL) or just below 5 km MSL (3.4 km AGL).

Winds in the boundary layer are less than 5 m s- l and are southeasterly from 1.6 to
2.0 km MSL (surface to 400 m AGL), becoming westerly above. Above 5.4 km MSL (3.8
km AGL, 53.0 kPa), westerly winds abruptly increase to 10-15 m s- 1 . Above 7.0 kiu MSL
(5.4 km AGL, 42.7 kPa), winds have a significantly stronger northerly component.

Using a surface mixing ratio of 6.2 g kg - 1 and 31"C temperature, the lifted conden-
sation level (cloud base) is 4.8 kin MSL (3.2 km AGL, 57.1 kPa), and the level of free
convection is 4.9 kin MSL (3.3 km AGL, 56.4 kPa). Rising parcels retain their buoyancy
to 8.0 km MSL (6.4 km AOL, 37.6 kPa).



= b4

o o
r-

o 0 0
CO 4O 1

* sII

0) 1 C Iflto



2004
10 - .. ,1700

9 //

i/

I' II

8

M 7
E

w~ 6
0

4

2 
-

1700-1 2004

320 330 340 350

6e (K)
FIGURE 7. Equivalent potential temperature (0e) plotted against height from the 1700 and2004 UTC CLASS soundings.



06

001 0 0 00

I- L



IV. Microburst Observations

A. Overview

Figure 9 shows the expected headwind losses affecting arrivals to runway 26 (26A)
derived from the TDWR algorithm operating on 11 July, the revised algorithm, the least-
squares dual-Doppler post-analysis, and the LLWAS. Encounter times for the four aircraft
that penetrated the microburst are noted.

Direct least-squares dual-Doppler analyses provide wind speed loss estimates above
the 10 m s- ' (20 kt) warning threshold at 2204. These analyses will resolve a wind speed
loss above threshold along a direction other than directly toward or away from FL2. The
revised TDWR algorithm gives an initial warning at 2205, and the original TDWR first
alarmed 1 min later at 2206. The ending alarm times also differ, as do the maximum
calculated wind speed differences. The original TDWR maximum wind speed difference
is 85 kt, compared to the revised TDWR value of 70 kt and the direct least-squares dual-
Doppler value of 68 kt. The maximum LLWAS wind speed loss, measured at the surface
rather than at 190 m aloft, is 45 kt. Reasons for the sudden increase in estimated wind
speed loss near the end of the alarm period generated by the original TDWR algorithm
are not known; the revised algorithm corrected this apparent error.

The first LLWAS microburst alarm occurred at 2210:42, nearly 5 niin after the first
TDWR alarm. There are two major reasons for this apparent discrepancy. First, the
radar detected the microburst prior to its arrival at the surface. Second, the microburst
was east of the 26A threshold and so not optimally located for LLWAS detection. In fact,
one of the LLWAS sensors was near the center of the microburst, effectively removing it
from the network; winds there are never very strong. The microburst remained east of
the other LLWAS stations. Westward progress of the microburst outflow at the surface
appears to have been somewhat impeded by the northwesterly outflow from the main part
of the storm.

Least-squares dual-Doppler radar analyses (centered 190 m above the airport) are
shown in Appendix D. Horizontal wind vectors are provided on a 0.5 ki-resolution grid
around the airport for 1-min intervals covering the microburst detection period. Analyses
of AV for the same time period are also shown. Contours indicate wind speed losses of at
least 10 m s- 1 over at most 4 km.

The first inicroburst begins at 2203 southeast of the airport. This event is not con-
tained within in the airport alarm area. The TDWR algorithm detects it at 2204 (see the
GSD displays in Appendix A). A larger, more intense microburst is first detected by the
TDWR system at 2206. This event maintains a wind speed loss above microburst alarm
levels (10 m s- 1 or 20 kt) until 2248. In post-analysis, the revised algorithm changed the
ending alarm time to 2231. Operated off line, LLWAS did not i:-sue a microburst warning
until 2210:42. The microburst develops rapidly, reacbing a maximum strength (in terms of
wind speed difference across the feature) at 2213. Later, it expands in size and is joined by
several other microburst cores that extend to the west-northwest. Fiorn the least-squares
dual-Doppler analysis (Appendix D), a AV of at least 15 kt is maintained until 2239; AV
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of 10 kt or greater lasts until 2248. LLWAS-generated warnings were sporadic until the
final one at 2249.

The following sections present histories of the microbursts and their parent reflectiv-
ity cells using dual-Doppler and surface mesonet analyses. Three basic flow regimes exist
outside the storm complex: light and variable winds from the surface up to 5 km MSL (3.4
km AGL), westerly winds between 5 and 7 kin MSL (3.4 and 5.4 km AGL), and north-
westerly winds above 7 km MSL (5.4 km AGL). Within the storm complex, environmental
winds become relatively light. When necessary, feature locations are given as [x, yJ pairs
relative to FL2; the x coordinate is in km east, and the y coordinate is in km north of FL2.
Stapleton airport runways are shown by heavy lines. Appendices H-J include analyses of
the three-dimensional dual-Doppler radar data. The airport proper covers an area from
-10 to -14 km in x and 6 to 13 km in y.

B. Microburst Origins: 2130-2202

During these discussions three reflectivity cores within the storm complex will be
identified: A, B and C. The microburst affecting airport operations emanated from core
C. These cores and other features are noted in the figures and in the Appendices.

The microburst-producing complex originated from two 60+ dBZ, cells which formed
around 2130 over the mountains 34 km west of Stapleton. These cells grew and moved
southeastward. By 2147, single Doppler radar data show a line of divergence aloft near
6.6 km MSL (5 km AGL), oriented northwest-southeast and moving to the southeast.
Reflectivity at that level increases just west of Stapleton at 2155, and shortly afterwards
large-scale cyclonic shear is evident at 4.6 km MSL (3 ki AGL) over the airport. Surface
winds are north-northeasterly across the airport (see Appendix E), temperatures are 31-
32°C across the FLOWS mesonet and the air is fairly dry, with 22-25% relative humidity
(RH) values (see station plots in Appendix F.)

Between 2148 and 2200, no reflectivity values in excess of 10 dBZe are near the airport
proper. Reflectivities correspond to those for clear air; there are no hydrometeors near the
surface. The general storm complex is located to the west, oriented in a north-south
direction. At 2148 a 30 dBZ, cell (core A in Appendices H-J) is well west of Stapleton at
190 m AGL. By 2200, core A has intensified to 38 dBZe at 190 in AGL and remains west
of Stapleton Airport. There is weak, large-scale outflow from the main storm complex;
winds over the airport remain light, but have shifted from generally northerly to generally
westerly. However, no significant outflow is apparent on or near the runways. As would
be expected with this flow field, w and F are quiescent near the surface.

At 2200, a second core with a maximum reflectivity of 35.9 dBZe at 6.3 kin MSL (4.7
km AGL) is just southeast of the runways (core B). This core is in an area of generally
westerly winds aloft, previously noted in the 2004 sounding. As is the case during this
entire analysis period, horizontal flow within large regions containing reflectivities greater
than roughly 25 dBZ, is relatively weak. The 37.7 dBZ, core at [-22.8, 14.8] and 6.3 km
MSL (4.7 km AGL) is associated with core A (discussed above).



Maximum reflectivities in this storm are well aloft (9.3 km MSL, 7.7 km AGL) and
barely exceed 40 dBZ,. The 41.0 dBZ, core at this level is not associated with cnre A but.
is a newly developing cell that soon extends to the surface. It is labelled core C and is
associated with a 21 m s- 1 updraft at 7.8 km MSL (6.2 km AGL), the strongest updraft
in the domain. Because this updraft is quite vigorous, it remains relatively erect while
embedded within strong flow. Core A, the older cell, tilts appreciably with height.

Winds are northwesterly in the southern half of the grid and are generally westerly in
the northern half. The northeastern and eastern parts of the analysis domain are empty
because there are no scans at elevation angles high enough to include data at such close
ranges.

By 2202 two small reflectivity cores (B and C) appear near the surface. Core B,
located southeast of the east-west runways, contains a 22.9 dBZ, maximum. It contains
a weak microburst 2.5 km across with a maximum differential just above 10 m s- 1 . This
microburst was observed visually by one of the TDWR OT&E ATCT meteorologists from
the Stapleton ATCT. The vertical velocity associated with this microburst is -3.3 m s- 1
at 190 m AGL, and the maximum F is 0.11.

The second reflectivity core, C, is just east of the eastern end of the east-west runway.
There is no outflow associated with it yet, but it becomes the dominant microburst.

In order to examine the relationship between the reflectivity cores, three-dimensional
displays of reflectivity contours were prepared. Reflectivity above 33 dBZ, is contained
within the stacked horizontal contours (Figs. 10-12). the storm is viewed from the south-
west; The viewer's coordinates are 40 km south, 78 km west of FL2 and at a height of
20.8 km MSL (19.2 km AGL). Figures 10a-g shows these views for the first seven analysis
periods.

Core A is at the western extreme edge of the displayed domain (Fig. 10a). Core C first
appears aloft (6.8 km MSL, 5.2 km AGL) at 2158 (Fig. 10e). The perspective used for these
figures somewhat obscures core C, shown by a heavy dot. A plume of hydrometeors forms a
"bridge" of reflectivity which extends downwind (winds near the radar-detected storm top
were from the northwest) from a combination of cores A, B, and C. The updraft penetrates
into to the layer of northwesterly winds noted in the previous section. These winds have
spread the hydrometeors (most likely graupel) along a line oriented from northwest to
southeast.

Appendix J contains selected vertical cross sections through this storm. Locations for
each cross section are shown by the heavy lines in the corresponding figures from Appendix
H. These cross sections are located roughly along the maximum reflectivity axis just above
the surface. The horizontal axis in all these figures is labelled in km from the cross section
center while the vertical axis is labelled in kni AGL. Locations of features are described
by their location on the horizontal axis and, where necessary, by their altitude.

Figure J1 shows core B aloft at 2148. Because this is the first analysis available,
the origin of this core cannot be traced back prior to this time. The maximum updraft
associated with this core is 10 m s- ' at 6.8 km MSL (5.2 km AGL) just south of the
cross section. There is no well defined downdraft associated with core B at this time. The
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best-defined downdraft in the analysis domain is associated with core A and is also on the
order of 10 m s- 1 at midlevels.

Core C first becomes apparent at 2158 (Fig. J5), 5.2 km above the surface (6.8 km
MSL). In structure it is similar to B in that the updraft supporting it is just to the south,
albeit about 50% stronger with a maximum value of 16.5 m s- ' 7.3 km MSL (5.7 km
AGL). Descent of core C is clearly apparent by 2202 (Fig. J7). By this time core C is
within a -5 m s - 1 downdraft. An 11 m s - ' updraft is associated with a 35 dBZ, core at
7.8 kin MSL (6.2 km AGL). Core B has descended to the surface, but there is no outflow
yet associated with it.

Appendix E shows a comparison between Doppler radar winds and LLWAS winds.
In these figures, LLWAS winds have been projected onto a radial from the radar; radar
winds are then plotted alongside the projected LLWAS winds. Prior to the alarm period,
which began at 2206, the two wind measurements show reasonable agreement, although
the radar-measured wind speeds tend to be higher than those from the surface; this is
expected due to urface friction.

C. Alarm Period: 2205-2215

The 2205 dual-Doppler radar analyses indicate significant changes in the storm struc-
ture. The southeast microburst, B, at the 190 m AGL analysis level, has strengthened and
expanded, containing 15 m s- 1 wind speed differential over 4 km. Maximum reflectivity
at its center is 32 dBZe, the maximum downdraft is -3.1 m s- 1, and the area containing
downdraft greater than -2.5 m s- ' has roughly doubled from the previous analysis period.
Maximum F is about 0.10.

The main microburst is associated with C. Although not yet as strong as the earlier
ndcroburst, it contains a 12-13 m s- 1 wind speed difference over 2 km and a maximum F
of 0.08. This feature is associated with a small -2.5 m s-' downdraft.

At midlevels, Core B descends to 6.3 km (7.9 km MSL) by 2205 (see Fig. J8). The
updraft in the area of lower reflectiviy (between the two cores, centered near 3 km AGL)
increases in intensity; core B is now located on the interface between updraft and downdraft
regions. The previously noted reflectivity bridge is clearly evident, emanating from core
C, which remains aloft. The connection to the decaying core A extends behind this cross
section to the northwest.

Significant differences between the radar and surface mesonet-measured winds become
apparent by 2205. At the level of the lowest radar scan, winds in excess of 10 m s- 1

are measured; winds remain relatively calim at the surface. For example, station 93 (see
Appendix G), which is south of the airport, shows light and variable winds, but winds at
the radar scan level are 4 m s - 1 outbound from FL2 and 10 m s- 1 outbound from UND.

By 2207, the main microburst, C, is by far the most impressive of the two. With
increased east-west extent and a second, stronger reflectivity core displaced eastward from
the initial core, reflectivity has increased by 20 dBZe in the outflow region on the eastern

' Appendiz E shows LLWAS and FLOWS mesonet station number locations.



side of the microburst. Outflow intensity has also increased: from the eastern edge of the
outflow region to its center, the wind speed difference is 13-14 m s' over 2 km. Maximum
downdraft velocity is -3.4 m s-1; the maximum F of 0.09 is displaced slightly eastward,
centered at [-8.0,6.6].

The southeast microburst is decaying rapidly; the maximum downdraft is barely -2.5
ni s - 1 and reflectivity has decreased rapidly in both intensity and horizontal extent. It
should be noted that this rnicroburst was exceptionally short lived, developing from quies-
cence to its maximum value in only 2.5 min and then essentially disappearing only 5 min
afterwards.

The core C microburst continues to intensify through 2210. The maximum downdraft
is -4.5 in s- 1 extending from the eastern outflow edge to the center. Maximum wind speed
difference exceeds 15 m s- 1 over 3 km. Considerably more shear exists, 20-25 m s- 1, across
the micrt.'_ .st in the north-south direction. At 190 m AGL, maximum reflectivity within
the outflow is 36 dBZ, (see Appendix I). A gust front from storms to the northwest is
clearly evident in the northwest corner of the analysis grid. F has increased nearly 50%
from 0.08 in the prior analysis to 0.11; in a span of 5 min, F within the main microburst
grew from practically zero to 0.11.

The strongest downdraft observed during the microburst, -13 m s - 1, occurs during
the analysis centered at 2210. By this time, core C has descended to the lowest radar
scan level. From there, it extends almost vertically up to 7.2 kni AGL, 8.8 km MSL (see
Appendix J). From 7.2 km AGL (8.8 km MSL), a reflectivity plume extends downward
and eastward (towards the right-hand side of the figure) and terminates at the microburst
location. The cross section illustrating this also contains the 13 m s' downdraft at 2.2
km AGL (3.8 km MSL). A radar bright band is centered near this level, caused by melting
of frozen hydrometeors (graupel) from core C. A similar feature is associated with core B.

By this time, the FLOWS mesonet begins to show evidence of the core C mcroburst
at the surface. Between 2209 and 2210, the temperature at station F23 (see Appendix
F) drops 6°C from 29 ° to 23°C, and the wind speed increases from 7 to 15 in s - '. Rel-
ative humidity also increases from 24 to 43%. During the previous minute, wind speed
increased from 3 to 7 m s-1; these winds apparently indicate initial outflow arrival prior
to any temperature or humidity signatures. Several other stations experienced wind speed
increases or abrupt wind direction changes from the previous minute, especially F21 and
F22 (near the eastern and western edges of the niicroburst). These stations did not record
the accompanying thermodynamic changes at this time, however. LLWAS station L7 (Ap-
pendix G) records a sudden rise in wind speed near 2210. These wind speed fluctuations
lag similar radar-measured winds by about 1 min; the first LLWAS alarm, a 35-kt loss on
26A, occurs at 2210:42.

Maximum event intensity occurs within the 2212 dual-Doppler analysis. Reflectivity
near the surface peaked at 38.4 dBZe. The microburst has expanded and intensified;
maximum east-to-west differential velocity is nearly 20 m s- ' over 3.8 kin, the maximum
downdraft at 190 m is -3.8 m s - and maximum F is 0.13. The nV analysis (see Appendix



D) shows an expected headwind loss of 33 m s- 1 (66 kt). This event is the strongest
mnicroburst yet analyzed using dual-Doppler techniques.

Core C reflectivity increases to almost 39.7 dBZe, but outflow beneath it fails to
develop as rapidly or as strongly as core B. This may be due to weak pre-existing cool
outflow at the surface from the storm complex; core C is further to the west than B and
thus is closer to the outflow from the main storm. Core A is not clearly apparent at this
time, being little more than a northwestward extension of the 30 dBZe contour.

At 6.3 km (7.9 km MSL), a single 35 dBZe reflectivity core clearly marks the mid level
of core C (see Appendix H). Two cyclonic circulations are associated with this core along
with significant convergence on the southeast flank. Below this level is an area of general
descent and above it are mostly weak updrafts.

At 9.3 km (10.9 km MSL), maximum reflectivity within core C is 30.7 dBZ, 7 dB
less than the value at 2207. There is still some storm-top divergence associated with core
C, but the updraft beneath it has decreased to little more than 11 m s', a decrease of 2
m s- 1 from its previously analyzed value.

Figures 1 la-d chronicle the vertical development of core C and the descent and inten-
sification of core B. At 2205 reflectivity aloft is associated with B and is not yet reaching
the lowest analysis level. The first signs of core C reaching the surface appear at 2207
and there is a clear link or "reflectivity bridge" between cores C and A. At 2210 core C is
not quite as erect as at 2207; careful inspection shows that the western extreme of core C
has shifted somewhat eastward above 7.3 km (8.9 km MSL). By 2212, core C has a more
pronounced tilt, and reflectivity within core B continues to descend.

From 2210-2220, considerable spatial and temporal variations in wind speed are ap-
parent in the LLWAS. This is especially evident in those stations near the edge of the
nicroburst: LI, L2, L7, and L9. LLWAS stations report winds every 6 s and represent
point values at the surface, while the 1-min radar data resolution, along with the spatial
averaging that takes place within each range gate along a beam, causes temporal smooth-
ing that tends to remove extremes in the wind measurements. Data from these stations
show gustiness which is not resolved by radar measurements; LLWAS data shows higher
maximum microburst wind speeds than those measured by the radars. LLWAS alarms
during this time are sporadic and do not maintain a constant strength (AV = 10 m s'
or 20 kt) as shown in Fig. 9. Cornman et al. (1989) discuss the significance of small-scale
fluctuations in microburst winds.



D. Dissipation: 2215-2300

Alho ulgh 1his event maintains the defined microhurst strength through 222R (uqilig
the revised Lincoln Laboratory algorithm), the parent storm begins weakening well before
this time. The storm collapses and downdrafts continue to "feed" the surface outflow.

By 2215, the niicroburst outflow expands further, extending past the analysis domain
eastern edge. Core C has decreased in areal coverage somewhat while essentially main-
taining peak reflectivity (37 dBZe). Outflow from C, constituting the main microburst,
has become distorted by outflow from the main storm complex and is now quite complex.
Maximum east-to-west velocity differential is down to 15-20 m s- 2 over 6-7 kin; the mi-
croburst has expanded into a macroburst. Its presence is slowing the advance of a gust
front from the main storm complex: towards both the northeast and southwest the gust
front has advanced farther than in the immediate microburst/macroburst vicinity.

Two distinct downdraft maxima are apparent in the 2215 high-resolution horizontal
cross section (Appendix I): near [-9.4,5.21 and [-5.0,7.0], with velocities of -3.2 and -
3.0 m s-- , respectively. Because several downdrafts exist in close proximity, this may be
thought of as a multiple rnicroburst event. The maximum F, 0.11 at this time, is located
almost coincident with the downdraft centered [-5.0,7.0]. A second maximum, 0.09, is
coincident with the downdraft at [-9.4,5.2].

Approaching from the northwest, the gust front occupies the northwest third of the
analysis grid. Associated with it is a performance-enhancing region, with peak F values
of -0.07 to -0.09. The stiongest updraft associated with the gust front has decreased to
little more than 11 m s-' from the prior 13 m s-1 maximum.

A'oft, a single reflectivity core is again observed at the 6.3 km AGL level (7.9 km
MSL), as shown in Appendix H. The convergence region southeast of the core remains
accompanied by a weak downdraft, and in the northern part of the analysis grid flow
remains generally northwesterly. Westerly winds, part of weak outflow from convection
to the west, have returned to the southern 4 km of the domain. The boundary of these
westerlies is moving slowly eastward.

The 30 dBZ, contour has descended from 7.2 km to 6.7 km (8.8 km to 7.3 km MSL).
A well-defined updraft no longer supports core C; none are visible in the vertical cross
section (Appendix J) nor present within a km to either side of it. A general area of 6-7
m s- l updraft remains aloft, no longer ex:tending to the surface.

Flow throughout V region is generally northwesterly at 9.3 km (10.9 km MSL) and
core C, decreases rapidly in area and intensity (see Appendix H). Core C has also begun
to accelerate southeastward. Its maximum reflectivity has decreased to 25.7 dBZ, almost
5 dBZ, down from the previous scan.

The flow field at 2217, shown in Appendix I, has become quite complicated as the
microburst continues to expand. Reflectivities are decreasing with maxima of only 35 to 36
dBZ,. Associated with the outflow region is a bow-echo pattern with minimum reflectivity
near [-9.2,7.4], indicating dry air eihtrainment aloft and hydrometeor extinction through
evaporation or sublimation.



A meaningful differential velocity estimate is difficult because much of the event is
beyond the eastern edge of the analysis domain. There are, however, two distinct hazard
regions associated with this nicroburst: between [-2.0,6.81 and [-5.8,6.8] lies a wind
speed loss of 20-22 m s- I over 3.8 kin, while between [-7.0,5.0] and [-10.2,5.0] a 10-12
m s - 1 loss over 3.2 km exists. The strongest downdraft is -3.3 m s' at [-5.6,6.8].

Along with these two hazardous shear areas are two regions of significant F (see
Appendix I). The easternmost area contains F = 0.11 and the westernmost contains F =
0.09; there is a third maximum at [8.2,6.81 where F is just below 0.09. None of these values
are significantly different from the 2215 analysis.

The southeastward moving gust front is impinging upon the microburst outflow, re-
sulting in a better defined (sharper) leading edge. A broad, northeast-southwest area of
negative F values marks this region, with a -0.10 peak at [-11.0,8.8].

Most reflectivity in descending core B is close to the surface; core C remains suspended
aloft. A -10 m s- ' downdraft, the strongest in this cross section, is 1.7 km AGL (3.3 km
MSL) at 9 kni.

The reflectivity pattern clearly shows that this storm complex has entered the dissi-
pation stage. The 30 dBZe contour has descended another 0.5 km. A reflectivity bright
band is vertically centered at 1.7 km (3.3 km MSL), evidence that most hydrometeors in
this area are melting as they descend. There is general descent below 3.7 km AGL (5.3
km MSL) from -3 kin to the right-hand edge of the cross section. Maximum downdraft
intensity is -8.3 m s- I near 3 kin, vertically centered at 2 km (3.6 km MSL).

The last vertical cross section shown in Appendix J covers the analysis time centered
at 2220; it contains no significant updrafts, and there are none within 1 km of either side
of it. The storm is clearly collapsing: there is downdraft almost everywhere below 5 km
AOL (6.6 km MSL). Maximum reflectivity is located between 1.7 and 2 km AGL (3.3 and
3.6 ki MSL), centered around the melting level.

Near the surface, the reflectivity pattern continues to evolve rapidly and is generally
decreasing, with a maximum value of 35.9 dBZ,. Surface outflow has expanded consider-
ably and become quite complex, rendering any single velocity differential estimate inade-
quate for hazard characterization. At 190 m AGL, most air is generally descending and
this analysis time contains the strongest downdrafts. The two strongest are at [-6.4,7.5]
and [-4.0,6.6], which are both descending at -4.6 m s- '.

Due to these downdrafts, this analysis also contains the largest F values: 0.17 at
[-4.0,7.0], 0.14 at [-6.6,8.0], and 0.12 at [-7.8,6.4]. Patterns of F near the surface are
becoming more complicated, further evidence that this is not a single event but a closely
spaced (temporally and spatially) collection of events.

Temperatures across the FLOWS mesonet slowly decline during this period. The
main nicroburst affected only a few stations, F23, F22 and possibly F21. The rest of
the mesonet is affected by multiple outflow centers, which do not produce intense winds
or temperature falls equivalent to the main nmicroburst. Temperatures decrease 5-8°C
while relative humidity increases by 8-21% over the mesonet. Southwesterly flow over the



northern and central stations and northwesterly flow over the extreme southern stations
(Appendix F) refle't the general southeast-northwest outflow orientation.

The largest temperature drop is from 29°C to 210C at FLOWS station F23, occur-
ring between 2209 and 2211. Proctor (1989) discusses a possible relation between the
microburst-induced surface temperature drop and the outflow wind speed. Using his tech-
nique, an 8°C drop roughly corresponds to a 20 m s- i outflow, which is in fair agreement
with these observations. An earlier Fawbush and Miller (1954) formula yields a 25 m s- 1

estimate.

Storm dissipation is illustrated in Figs. 12a-c. By 2215, the area around core B
containing reflectivity greater than 33 dBZe has decreased substantially as have reflectivity
values aloft in core C. A radar bright band develops by 2217, with an upper limit of 3.3 km
MSL (1.7 km AGL) in the radar analysis; the 0°C level from the 2004 sounding (Fig. 6)
is 3.75 km (2.05 km AGL). Core C is tilting eastward at a steeper angle, and by 2220 the
radar bright band increases more in area while core C rapidly decays.

After 2220, the microburst parent cell dissipates and leaves only weak, low-level di-
vergence. The storm complex develops into a line and moves southeastward. Additional
outflow from new cells, which are weaker than earlier cells, triggers convection on the
southeast end of the line. As it moves away from the airport, the line becomes indistinct,
and precipitation develops over a wide area.

E. Air Parcel Trajectory Analysis

Recail the 2004 sounding (Fig. 6) and the general minimum 6, area at 7 km MSL
(5.4 km AGL). Also recall the presence of two distinct wind regimes at 7 and 10 km MSL
(5.4 and 8.4 km AGL): westerly winds at 7 km MSL (5.4 km AGL) in the northern and
southern thirds of the analysis grid, strong northwesterly winds above 10 km MSL (8.4
km AGL), and weak flow within the active convection. The reflectivity plume most likely
develops as the updraft penetrates the strong northwesterly winds above 10 km (8.4 km
AGL). As the updraft weakens above the equilibrium level, it is sheared downwind and
the hydrometeors carried up to that level (probably graupel) begin t' descend.

Figures 13-15 show air parcel trajectories computed using dual-Doppler-derived winds.
The process of retrieving dual-Doppler winds removes ",vdrometeor motions using an as-
sumed reflectivity-tern-inal fallspeed relationship. Thus, .he trajectories shown are air
parcel trajectories and should not be confused with hydrometeor trajectories. Starting at
2212 and computing traiectories back in time, air parcel locations at 2148 are determined.
Parcels are initiated at 4.2 km MSL (400 m AOL). If initiated at heights much below this,
many parcels exit the bottom of the grid (because w : 0.0 at 190 ni), terminating their
respective trajectories. Many more trajectories than those displayed were examined, but
these are representative trajectories for most parcels within the microburst at 400 m AOL
by 2212.

Three-dimensional perspective views of trajectory ribbons are shown in Fig. 13. Dis-
tances along the z axis are stretched by a factor of 1.5 for these figures. Each axis is
labelled with 25 tick marks. Thas, each tick mark represents 1.12 km in the z direction
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and 0.88 km in the y direction. Each trajectory terminus is labelled with a vertical bar,
and a short dash indicates where each of those bars intersects the surface. The bars then
continue downward until they reach 0 km MSL. Trajectory ribbons are illustrated such
that rotation along the path is indicated by twisting of the ribbon. Along these four tra-
jectories there is little rotation until the parcels approach the ground where flow begins to
diverge.

Figure 14a shows the same trajectories plotted with projections onto each of the three
orthogonal (x,y, z) surfaces. Vertical bars along these trajectories are plotted every 30 s.
Air within the microburst at 2212 clearly originates well aloft and to the west of the surface
outflow.

Figure 14b shows the projection of each trajectory onto the y-z plane. On this figure,
north is to the right so that the viewer is looking toward the west. Three of the parcels
originated at heights between 4.5 and 5.1 km (2.9 and 3.5 km AGL). The fourth, which
appears to have originated at 2.6 km (1.0 km AOL), in actuality did not; the trajectory
prematurely ended due to some missing data in one of the analysis volumes. Two of the
parcels are clearly in updraft at 2200, the earliest analysis time available. None of the
parcels are displaced appreciably north or south until they began to diverge at the surface.

Figure 14c shows parcel trajectories projected onto the z-z plane. East is to the right
in this figure; the viewer is looking north through the trajectory paths. All trajectories
originate between 4.5 and 9 km west of their 2212 position. This places these parcel
origins west and slightly south of core B, as previously shown in Fig. 14b. This makes
sense because within the 2200 vertical cross section the maximum updraft is displaced
somewhat south of the cross section location.

In Fig. 14d, the track of each trajectory is projected onto the z-y plane, and horizontal
displacements of each parcel can be clearly observed. Throughout the analysis time, until
diverging near the ground, these parcels were generally moving toward the east-northeast.

Figures 15a-k show the same air parcel trajectories broken into segments and overlaid
on thret-dimensional reflectivity perspective plots. Using the information from earlier fig-
ures, the general location of each trajectory can be deduced on these two-dimensional pro-
jections. Each trajectory segment is computed over a 2.5-min time interval and projected
onto the reflectivity perspective plot that corresponds to the analyzed volume centered
on that 2.5 min span. For example, the trajectory segments shown in Fig. 15c indicate
the paths taken by the displayed air parcels during the time between roughly 2151:00 and
2153:45, a 2.5-min span centered on 2152:15, the center time of the 2152 analysis.

Previous figures showed that all air parcel trajectories remained relatively well confined
to a narrow east-west corridor between about 5 and 7 km MSL (3.4 and 5.4 km AGL).
Thus, these trajectories are south or, from this perspective, in front of, regions of reflectivity
greater than 33 dBZe.

Early in the analysis period, there are two groups of trajectories: those at midlevels
and those that are slowly ascending from 1-2 km AGL (2.6-3.6 km MSL). These two
groups merge between 2158 and 2200 at a height of 3.4-5.4 km AGL (5-7 km MSL).
At this time, they intersect the developing reflectivity region. By 2202, the air parcel
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trajectories are clearly within the region of reflectivity greater than 33 dBZe and have
begun to descend. After this time, the region of high reflectivity rapidly descends and the
downdraft accelerates until it impinges upon the surface between 2210 and 2212, creating
the microburst.

Figure 16 shows a set of 20 trajectories that are all initiated on a regular 0.75 x 0.75 km
grid centered on the microburst at 2212. This figure shows that no parcel originated from
a height above 6.25 km (4.65 km AGL); none of the origins were above the minimum Oe
level.

To examine this further, trajectories progressing forward with time are initiated within
the general area that reverse trajectories indicate 2212 surface parcels originate at. How-
ever, these air parcels were initiated at heights above 7.2 km (5.6 km AGL). The trajectories
began at 2148. Of the 32 parcel locations chosen for this analysis, only a few descended
a significant distance. All parcels showed significant displacement to the south and east
and most ascended to near echo top. In general, it is likely that no air parcels originating
above the minimum 0, level descended to the surface during this microburst. Yet, it is
quite clear that the hydrometeors did come from above 7.2 km. The region responsible for
most of the cooling and downdraft acceleration is the broad area of low 0, located between
5 and 7 km MSL (3.4 and 5.4 km AGL).

Figure 17 presents a simplified, schematic evolution of this microburst prior to its
arrival at the surface. This figure depicts hydrometeor trajectories, not air parcel trajec-
tories. Hydrometeors form and are carried upward in several strong convective updrafts
that exist in a region where environmental winds are generally light due to effects of pre-
existing convection. As air parcels reach the equilibrium level, hydrometeors continue to
grow until they become too heavy to be supported by the updrafts and begin slowly falling.
However, the strong convective updrafts reach a level of strong northwesterly winds aloft.
These winds then carry the hydrometeor plume east, but more importantly, south of the
preexisting convective area. Thus, as they descend these hydrometeors reach a level of
low 0, air that does not exist within the environment contaminated by convection. As
any liquid water evaporates and the frozen hydrometeors sublimate, air containing them
becomes very negatively buoyant and begins to accelerate rapidly downward, ultimately
reaching the surface as a microburst.

V. Concluding Remarks

On 11 July 1988, atmospheric conditions were conducive to initiation and maintenance
of deep convection. The temperature lapse rate was nearly dry adiabatic to 5.2 km (4.6
km AGL). Warm, moist air aloft advected into the area from the west throughout the day
and winds near the surface were generally easterly, which may have provided extra lifting
at the edge of the mountains to aid in storm development. In the sounding analysis, three
features were evident which contributed significantly to the development of the intense
mcroburst: a region of strong westerly winds with a maximum at 6.8-7.2 km (5.2-5.6 km
AGL), a sharp minimum in 8e at 7.2 km (5.6 km AGL) with a secondary minimum near
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5 km (3.4 km AGL), and a high amount of mid-level (around 5-7.2 kin, 3.4-5.6 km AGL)
moisture.

The parent storm was initiated over the mountains and then moved east-southeast.
Updrafts within this complex carried hydrometeors well aloft into a region of strong north-
westerlies. Slightly west-northwest of the airport a new cell developed that also contained
strong updrafts lifting precipitation particles, presumably graupel, high into the storm
complex. These new hydrometeors were carried to the southeast as they reached the level
of strong northwesterly winds and merged with similar material from earlier convection to
the northwest. As they moved away from the main storm updraft, they fell through fairly
moist air, which retarded their sublimation rate. Near 7.2 km (5.6 km AGL), they reached
a drier layer containing strong westerly winds whele they began sublimating rapidly cre-
ating a region of cool air which began to accelerate downward.

Two descending reflectivity cores were created in this manner. One was carried farther
to the east and eventually descended to the surface ahead of low-level outflow produced
by the main storm cell. Since it descended onto a relatively undisturbed boundary layer,
this outflow became quite intense, and created the strong microburst on 26A. The second
core descended into a boundary layer heavily modified by storm outflow, which resulted
both in spreading it in a northwest-southeasterly elongation and diminishing its intensity.
This was the larger and weaker microburst core south and west of the airport.

These microbursts lasted less than a half hour; outflow from the subsequent line of
cells lasted over an hour. The microbursts clearly originated from a core aloft whose devel-
opment is observed in the dual-Doppler radar analyses. Furthermore, the main microburst
clearly originated when a reflectivity core exited a region that had been heavily modified
by pre-existing convection and entered a region retaining a region of low 0e air at mid levels
as described in the sounding analyses above. Because temperatures were below freezing
in this region, the phase changes that occurred were sublimation and evaporation of su-
percooled liquid water. Sublimation will more effectively cool air than evaporation alone.
This sublimation appears to have created a very cold pool of air aloft much denser than
its environment, possibly explaining the rapid onset and unusual strength of this event.

This report describes the microburst development almost 25 minutes prior to its most
intense period over Stapleton International Airport and nearly 20 min before there was
any evidence of it at the surface. Core C appears after about 7 to 10 min of sustained 7-10
I s-1 updraft in a region roughly between cores A and B. The forcing required to initiate
the parent updraft could have come from a convergence line that existed over the airport
for some time prior to this. It is not yet clear whether or not this updraft is surface-based
or whether it originated well above the surface aided by some forcing mechanism aloft.
Further work is continuing on the the origins of this microburst.
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Figure Captions

FWWTRF 1. Locations of radars anti sulrface mesonet stations during the 1988 TDWR OT,&E
at Stapleton International Airport, Denver, Colorado. The airport runways are
also shown.

FIGURE 2. Response functions for Harming 5 pass and Liese 2 step filters used in dual-
Doppler analyses techniques. The filtering function is plotted against the length
scaled as number of data grid points.

FIGURE 3A-C. NWS upper level data plotted for 1200 UTC, 11 July 1988. a) 500 mb, b)
700 mb and c) 850 mb. Solid lines are constant geopotential height; dashed lines
are constant temperature.

FIGURE 4A-C. As in Fig. 3 but for 0000 UTC, 12 July 1988.

FIGURE 5. Data from the NOAA 6 channel microwave radiometer from 1100 UTC 11 July
1988 through 1100 UTC 12 July 1988. Time runs from right to left. Potential
temperature (0) and total water vapor mixing ratio (q) are shown from the
surface to nearly 12 km MSL.

FIGURE 6. CLASS sounding from 1100 MDT (1700 UTC) 11 July 1988. Data are plotted
on a skew-T diagram. Temperature and dewpoint are shown. Wind barbs on
the right point in the direction the wind is blowing toward. Altitude in km MSL
is shown on the right.

FIGURE 7. Equivalent potential temperature (0e) plotted against height from the 1700 and
2004 UTC CLASS soundings.

FIGURE 8. As in Fig. 6 but for 1404 MDT (2004 UTC) 11 July 1988.

FIGURE 9. Events plotted against time for the 11 July 1988 microburst. A scale for wind
shear difference in knots is indicated on the left. Data sources are indicated.

FIGURE 1OA-G. Three-dimensional reflectivity perspective views of the microburst-produc-
ing storm of 11 July 1988. The viewer is looking toward the northeast and is
located at 40 km west and 78 km south of FL2 and is 19.2 km MSL. The 33
dBZe contour at discrete analysis levels (explained in the text) is contoured.

Analyses for 2148, 2150, 2152, 2155, 2158, 2200, and 2202 UTC during storm
development, are shown.

FIGURE 11A-D. As in Fig. 10 but for 2205, 2207, 2210 and 2212 UTC during the microburst
alarm period.

FIGURE 12A-C. As in Fig. 10 but for 2215, 2217 and 2220 UTC during storm dissipation.

FIGURE 13. Air parcel trajectories obtained from dual-Doppler analysis. The trajectories
are shown in three dimensions with projections on a horizontal plane indicated.

Each tick mark along a trajectory ribbon indicates 30 s of travel.

FIGURE 14A-C. As in Fig. 13 but projections on the [z, y, z) surfaces are shown. Trajectory
projections are shown on a) all three surfaces, b) the y - z surface, c) the z - z
surface and d) the z - y surface.



FIGURE 15A-K. Air parcel trajectory segments projected onto three-dimensional reflectivity
perspective views for air parcels within the microburst at 2212. Each segment.
traces an air parcel for a 2.5 min period centered on the analysis time indicated.

FIGURE 16. A set of 20 trajectories all initiated a 400 m AGL on a rectangular 4 x 5 grid
with 0.75 x 0.75 km spacing. All trajectories are initiated at 2212 and proceed
backwards in time. Time is along the horizontal axis while height is along the
vertical axis.

FIGURE 17. A schematic diagram depicting the evolution of particle trajectories responsible
for the 11 July microburst. The sounding to the left indicates 0e with height
near the time of the microburst. Three-dimensional wind structure aloft may
be deduced by the wind vectors on the left-hand side of the figure immediately
left of the Oe sounding.



Appendix A: Geographical Situation Display (GSD)

These diagrams are printed directly from the display screen at the TDWR
verifier's station and are the displays sent to the airport control tower.
These cover the time period pertinent to the intense microbursts.

The runways are shown as elongated rectangles; when darkened they
indicate an alarmed state. Approaches to each runway, marked in 1 nm
divisions, are also shown and are highlighted when alarmed. Gust fronts
are indicated by long curving lines, wind shear alerts by open ellipses and
microbursts by darkened ellipses. The numerical values enclosed by the
alarms indicate the maximum expected airspeed loss in kt. Precipitation is
shown by shaded areas which correspond to the six Weather Service radar
intensity levels. Range rings are in am.

The correct date and time are given by PDATE and MTIME near the
bottom right of each display. The GSD microbursts are updated every
minute; the gust fronts are updated every 5 m-n and the last update time
is indicated by GTIME.
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Appendix B: TDWR Alphanumeric Alarms

Alphanumeric alarms from the TDWR algorithm are listed; all alarms for
11 July 1988 are included.

For the TDWR alarms, the date and time at the top of the first column
are indicate when these were re-analyzed in playback mode. The date and
time at the top of the second column are the real date and the microburst
alarm update time, from the third column, the real date and the gust front
alarm update time (only every 5 min).

The TDWR data are interpreted as:

WSA 35RA 200 8 10K+ RWY: Wind shear alert, runway 350 right
approach, threshold winds from 200 * at 8 kt, expect airspeed gain of 10
kt on the runway

MBA 35LA 230 6 35k- 3MF: Microburst alert, runway 350 left approach,
threshold winds from 230 0 at 6 kt, expect airspeed loss of 35 kt on 3 mile
final

B-1



TDWR AI.AIIMS fr 3.-AUG-9A, hrmir 15
11wapc-t:3lI-Al11;-R8 15:311:47 rob-t: NO)NE ge-l:: 1ONK

35HA 2114) 9 351,A 2110 9 GA I.U 7

3!;RI1 210U 8 35L1 190 5 So 200 6

17L.A 211 8 17RA 190 5 26A 20U 6
17LD 211 9 17R1) 200 9 260 Lao 7

1 IwapR :il-AIG-80 15:44:1 mhl: J-JIII- 21:35:02 gft: I-JU.-R 21:34:1111

WSA 351A 2013 8 Ink- RWY SLA 200 7 SA 200 S

WSA 3SHf 210 8 10k' RWY WSA 3SLO 220 6 ink, JMO So 1911 7

WSA 171A 210 8 10k- 2MF WSA I7HA 220 6 IOk- 3MF 26A 190 7

NSA 17LD 2UU 8 1Ok' HWY O 17RD 200 7 260 200 5

Ilwamt:30-AUG-88 15:49:26 ab-t:IL-JUL-88 21:40:03 gf t:1L-JUL-89 21:38:%9

35MA 200 7 3SLA 200 7 8A 201) 4

15"t 200 9 35LO 200 7 Al) 220 4

17 A 200 9 J7HA 200 7 . 26A 2211 4

17LD 200 7 17RD 200 7 26., 200 4

IJwa. _:30-AUG-R8 15:55:34 mh_t:1-JIlL-88 21:45204 gft:IJ-JUL-AS 21:44:112

NSA IHA 200 6 10k" HWY NSA 35LA 190 6 1Ok' HNW 8A 190 S

NSA .SHD 2110 6 10k' RNY : NSA 351.D 190 7 10k- RWY R0 1901 6

WSA 17LA 200 6 Ink- IMF WSA 17HA 190 7 I(k- 2MF 26A 190 6

NSA 171,0200 U 1Ok- RNY NSA 17RD 190 6 10k' HWY 260 190 S

TONk ALARMS for 30-AUG-98, hour J6
Jlwas t.30-AUG-B8 16:01:32 mb-t:11-JU,-88 21:50:04 gf_t:)I-JU.-R8 21:49:00

35RA 200 7 * 35.% 200 5 SA 160 S
35ND 190 3 35LD 200 5 a Un J90 6
L7L.A 190 3 17RA 200 5 26A 190 C,

173.D 200 7 . 17340 200 5 260 160 5

Ilwas 11.'0-AIIUG-S 16:08.33 mb-t:11-JUL-S8 21:56:59 qft:tt-JUL-BU 21:54:111
34RA 21)1 7 : 3SA 220 7 wSA $A J80 5 25k- ZMF
35R0 190 4 35LD0 200 5 ,0 200 5
176A 190 4 : JRA 201 5 26A 200 S

1760 200 7 O7RD 220 7 NSA 260 190 S 25k- tHU

liwas t:30-AUG-S8 16:10:57 mb-t:1-JUL-8 21:59:00 f-t:'l-JOI.-ma 21:54:01
35RA 1t0 4 : 35t1A 220 6 UA 180 3
35140 1911 5 JSLU 2(10 5 n oD 200 6
171A 190 S 170A 200 5 26A 200 6
173.0 10 4 17ND 220 6 26D J80 3

11was t:30-AUG-°8 16:13:04 mh-t:11-JUL-8S 22:0t:00 qft:tLt-1UL-S 2105t900

354A 2110 5 WSA 3.LA L90 6 25k- .mr NSA RA 170 4 25k- 2mF
1534j 2t0 a 35Lfr JAO 1 sfo 200 S
171,A 21" R 17RA 140! 3 26A 200 5
17LU 2911 5 NSA 17RD L1 6 25k- 2D WNA 261) 170 4 25k- ImU

1I waw 1: Ill-AlIG-II 16:J4:11 mh t: I J.IIlL-UUR 22: 01:!%* gf lt:J t-JUlI-OR 21: 59t11
UIiA 220 6 WSA ISLA 200 4 2Sk- 3MF @A 170 1

PtAD 2t1n 5 314.a) J90 6 AR 220 6
L7LA 2110 5 17RA 190 6 26A 220 6
17L. 220 6 NSA 17RD 200 4 25k- 2MD 260 170 3

Ilwam t:30-AUG-88 16:15:0U mh-t:t-JUL-U 22:102:57 qf .tI-JUL-68 21:35900
JiHA 190 5 WSA 351.A 170 3 25k- 3MF NSA NA 180 4 25k- 211F

35R0 200 4 3LD 170 S Il) 200 5
171.A 2001 4 17RA 171) 5 26A 200 5
171,0 190 5 WSA 7RD 171) 3 2%k- 2NI) NA 26.) 180 4 25k- IND
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Ilwas t:30-AUU-RO 16:16:08 ob --L:L-im.I,-N 22:04;01 9f t:lJ-JUI.-RR 2.IN:BIIIfl
NSA 3SRA 190 6 25k- 3MF WSA 351.A 210 5 25k- 3mlr WVA NA 160 4 25k- 2347r

3514D 210 5 35L.0 l110 4 WSA 0ND 2211 6 25k- RWY
t71.A 210 5 17MA I80 4 WSA 26A 220 6 2ik- HWY

WSA 17L.0 190 6 25k- 3MB.) WSA 17RD 21t) 5 25k- 1MG WSA 260 180 4 25k- HWY

llwag-t:30-AUG-88 16:17U09 mfbLt:11-JUL-SS 22:05:04 qf 1:t1-JU(L-SO 2t:59-0(0
NBA 35HA OD 7 25k- 3MF NSA 35LA 210 4 25k- 334? WSA RA 190 4 25k- uIWY

3514D 210 6 351.0 210 5 WSA SU 200 5 2Sk- HWY
17LA 210 6 t7B4A 210 5 NSA 26A 200 5 215k- mwv

WSA It7U 160 7 25k- 2MD NSA 1714U 210 4 25k- IMB) NSA 260 190 4 25k- HWY

Ilwas t3:3n-AIIG-89 16:17:29 mbLLI-JI.-BB 22:05:04 5 gtlf -,Bi.-1 22:114:11
1456 30A4 170 7 25k- 3MF WSA 3SI.A 2011 6 25k- 3MF NSA NA 1531 5 25k- H(WY

3S3W 203) 8 NSA 351.0 210 5 10k- HWY WSA 93) 200 5 25k- HWY
17f.A 200 8 WSA 1714A 210 5 t0k. HWY NSA 26A 200 5 25k- HWY

WRA 171.0 )70 7 25k- 2MD NSA 37HV3 200 b 25k- JND WSA 2b3) 180 5 25k- HWoy

liwas It:30-AUG-88 16:18:23 ffbt:L-JUf,-SS 22:06:01 C qfL:11-JUtL-4S 22:04:111t
lIBA 35HA (.80 3 35k- 3IM? MBA JISLA 200 6 35k- 334? MOA RA 170 5 15k- 1HWY

359U 20U1 8 WSA 351.0 200 5 10k. H4WY MOA S0 190 3 35k- HWY
ITIA 201 8 NSA 17RA 200 5 10k. RWY 1 MHA 26A J90 3 35~k- IMF

MbA 173. 0 S 5 35k- 2MV3 MbA 1793) 200 6 35k- 1340 3434 26f 170 5 35k- HWY

liwa. t:30-A00-88 16:L9%31 mbt:11-JUL,-8R 22:06:58 :F 91 t:JJ-JUJL-SB 22:04:01j
NS8A 35RA 190 5 35k- 3M? MBA 351.A 220 5 35k- 3Mr MOA 8A 150 4 35k- IMF7

35140 200 6 NSA 35WO 200 4 10k. HWY NH14 SD 200 7 35k- HWY
17LA6 200 6 NSA 1714A 200 4 t0k. HWY 3414 26A 200 7 35k- LMF

MVA 17LD 190 5 35k- 21ND 18A 17R0 220 5 35k- I340 NSA 260 150 4 35k- HWY

Ilwas t:311-AUG-SB 16i:20:39 tbt:1-J)1.-SB 22:08:03 1 gttI-JU.-88 22:04:01
MH34 35R180is 5 35k- 3M? MPA 3SLA 230 6 35k- 234? P 114A @A 150 3 J31- 3343

35140 210 4 NSA 351.0 210 6 t0k. ANY MBJA 8) 220 7 S50k- HWY
17LA 210 4 WSA 1714A 210 6 10k. HWY NBA 26A 220 7 10k- 234?

MSA 173.0 180 5 35k- 2MG NUA 1730 230 6 35k- IMND NSA 261) 150 3 35k- HWY

Iwas t:30-AUG-SB 16:21:53 mbIt:L1-J01.-RB 22:09:0 rll-oU.B 22:114:01
MbA 35146 2U)1 7 35k- 3IM? 314A 351.A 230 5 35k- 234? HKA @A (:dIU 3sk- 3MV

35140 ealm KRA 351.0 J 011 3 l~k- HWY MIlA 89) 200 5 60k- HWY
171.A 180 3 NSA 17MA 200 4 10k. HWY 3414 26A 200 5 (60k- .1MB

MbA 17L.3 210 8 35k- 2ND MBA O7RD1 230 4 35k- 1340 M14A 260 Calm 35k- HWY

l1was - :30-AUG-88 16:23:08 ob-ti11-JUL-88 22:10:03 qf_t:I(-J0..-A8 22:104:1
NSA 35WA 210 5 1014. 3mr NSA 3SLA 200 4 10k. 3M? I MI4A SA 200 4 50k- 3311

35140 140 3 USA 351.0 210 7 10k. HWY NSIA 50 2011 7 Salt- HWY
171.6 190 3 NSA 1796 210 7 10k. HWY NUA 26A 200 7 50lk- 3341

NSA 173. 210 5 10k. 1IN0 W BA 17140 200 4 LOk* HWY NSA 260 200 4 S~lk- HWY

llwam ft:3fI-AUG-@S 16:23:28 mbt:11-J30b-SB 22:20:03 qf t:11-Jlt.-88 22:00:00
NSA 3514A 210 5 20k. 334? NSA 35tA 200 4 20k. 334? MA 111 200 5S 5k- 334,

35140 190 8 35WO 220 6 MbNA S0 200 6 50k- HWY
171,A 190 S 17RA 220 6 *MHA 26A 200 6 50k- 334?

WSA 173.0 210 5 20k. 2340 WSA 1714D 200 4 20k. 14D NRA 260 200 5 50k- HWY

1iwom e.:3B-AUG-SB t124:09 ob-ft:1.1-JUL--SS 22:11:00 If-t:11-JU1L-NS 2210:00
34A34 imA 213) 3 35kc- 3IM? NSA 351.6 200 5 35k- 234? PIMA BIA 190 4 Ii0k- 3347

35143: 1911 7 NBA 351.0 230 5 35k- H4WY N"A RD 200 5 70k- Hwy
371.6 190 7 1 MBA 1714A 230 5 3Sk- HWY I MM4A 26A 200 5 70k- 3341'

NHA 171.0 210 3 35k- 1IN0 NBA 17140 200 5 33k- HWY MMNS 263) 190 4 I5k- HWY

Ilwassftt34-AUG-88 16s25:23 mb1:.J1-JIL,-0 22:11158 pf:i-.133.-MS 221B000
NA 35146 200 7 45k- 310? NNA 351.6 200 6 45k- 234? NNA BIA 160 4 45k- IMBV

3514u 194 6 MBA 351.0 220 5 45k- HWY NSA SD 200 S 70k- HWY

171tA 19n 6 NS0A 1714A 220 5 45k- HWY NIBA 26A 200 5 79k- IMF
MIIA 373.0 2001 7 45k- 140 MB8A 17RD 200 6 45k- HWY MNRA 26L, J An 4 &Sk- 4WY

lwau :30-AUG-SB 16:26:18 ob-t:11-JUL-S8 22:12:36 9ftt:L-.IUL-@S 22:99!00
"HA 3514A 21U 5 35k- 334? "@A 35I.A 18o S 35k- 234? 34A4 BM 380 5 35kt- 3m?

15"41) calm NSA 351.3 220 7 3%k- HWY NSAA NB) 200 S 711k- HWY
171.A calm MPA 17HA 220 7 3514- HWY MB'A 266 200 S 711k- IMB'

3434 17.3 210 5 3Sk- 1340 NSA 17143 180 5 35k- HWY 3414 263) 180 1 15k- HWY
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Ilwq .': 30-AluU-88 L6:27: -1t ml. t: I I-J.L.-88 22: J4 : 00 gfLI-I L-633.-8 22 - o9:U
NBA 3561A 1903 6 45k- 3MF MBA 35LA 160 3 45k- 3MF NSA SA 170 3 45k- IMF

35HO0210 5 351.0 220 5 NRA 8D 210 5 70k- eHwy
liLA 210 5 17HA 220 5 NSA 26A 2t0 5 70k- IMF

MbA 17LD 190 6 45k- IMD MBA 17R0 160 3 45k- IND NSA 260 170 3 45k- MWY

llwas-t:00-AUO-SS 16:29:40 mb_t?11-JUL-IS 22:15:02 gf-t:11-JUL,-SS 22:09:00
MA 3SIIA 190 6 45k- 3sF NBA 35r.A 170 3 45k- 2N? NSA @A 170 3 45k- 3M?

35RD0 200 7 351.0 200 6 NSA SU 230 5 45k- HWY
VI3A 200 7 17MA 200 6 MNSA 26A 230 3 43k- 3MP

NSA 17LD 190 6 45k- 150 MBA 17140 170 3 45k- 1533 NBA 260 170 3 43k- HWY

llwao-t:30-AUG-86 16t29:00 mb-t:11-JUL-88 22:15102 9ftt:l1-JOL,-8f 22-14:00
NSA 35HA IS0 5 45k- 3M? NSA 35LA Calm 45k- 2m? NBA BA 170 3 45k- 3mv
NSA 3514D 210 6 20k. HWY NSA 351.0 190 6 20k- HWY NRA 8D 220 4 45k- HWY
NSA 171..A 210 6 20k- HWY NSA 17HA L90 6 20k- HWY NSA 26A 220 4 45k- 3M?
MBA 17L10S 5 45k- IND KEA 17HU Calm 45k- IN0 NSA 260 170 3 45k- HWV

l1wan t:30-AUG-88 16s29:42 mb1t:L1-JUL-88 22:16:01 qf 1:t1-JU1L-SB 221t4.00
KRA 39RA 190 S 45k- 3MF MBA ISLA 190 5 45k- 3MF M14A BA 170 5 45k- 3N?
NSA 35331 230 7 20k+ HWY NSA 35WU 160 3 20k. HWY NSA 53) 210 5 45k- HWMY
WSA 17LA 230 7 20k. RWY NSA 17RA 180 3 20k. HWY M14A 26A 210 S 45k- 3M3V
NSA 1714) 190 5 45k- 2ND NBA 17140 190 5 45k- IND, NSA 260 170 5 45k- HWY

Ilwas t:30-AUG-OS 1600!45 *bttli-JUL-88 22:16:56 gft1-UIi.-Bs 22:14:00
NBA 3SRA 190 7 50k- 3M? NSA 35LA 240 5 50k- 35? NSA BA 170 5 50k- HWY
NSA 35340 240 3 20k- HWY NSA 35WO 1830 4 20k. HWY NSA SD 220 5 50k- HWY
WSA 17LA 240 3 20k- RWY NSA 1714A 160 4 20k- RWY t NSA 26A 220 5S 5k- IMF
NSJA 171.0 190 7 50k- 21,1 NSA 17RD0 240 5 50k- IND NSA 260 170 5 50k- HWY

Ilwau t:30-AUG-33 16:31:52 b15-tl-JJL-SS 22ttR:02 9f~:1.-J0L-SS8 22:14:013
NSA 3KHA Calm 45k- 3s , NBA 3SLA 230 3 '5k- 33MV elA IA 160 4 45k- 35?
NSA. 3540 200 7 20k+ HWY NSA 35LW 220 6 45k- HWY NSA 60 210 3 45k- HWY
NSA 17f.A 200 7 20k. HWY NSMA 17MA 220 6 45k- HWY NHA 26A 210 3 45k- 353.'
NSA 1761.1 Calm 45k- IND NSA 17140 230 3 45k- HWY NSA 260 160 4 45k- HWY

11WAR 1:3-~i;N 6:33:00 .3, t: IjI-.331.-NN 22: 1 i: 59 gf-fI1-.,oe.-RR 22:14:111)
M14A 3g34A tqlj 5 45k- 3NF NSA 151.A 230 S 45lk- .1MV NSA RA 1701 4 45k- 10,10
NSA 3SHU 1913 6 203k- HWY ","A 35131 21310 5 231k. HWY NHA 81) IOU 1 4%k- HWy
lISA 17LA 1933 6 20k- RNY WSA 17HA 2133 5 201k- HWY NNA 26A IRV R3 4%k- IMF'
MHA 171.1 1930 5 45k- 2pND NSA 17140 2.10 5 45k- JND NSA 26U J70 4 45k- HWY

Ilwasv 1:333-AU)G-8S 16:33:54 *b-t:1I-JUL-SB 22:20:333 gft: 11-01b16-88 22 1,4: fill
MSA ARHA 190 4 40k- 33.1 NBA 35I.A 210 6 403k- 31,11 NSA BA 160 5 49k- 353.
WMA 15141) 1033 3 203k- HWY lISA 354.0 190 6 201k- HWY NSA RUj 1911 7 411k- HWY
WSA 171.A 3N3O 3 233k. HWY WRA 17RA 10 6 21)k. HWY M14A 26A 193) 7 433k- 3)W
MHA L1313 193) 4 403k- 2ND AMA 17140 21.11 6 40k- IF") NSA 260 160 5 40k- HWY

liwap t:1N1-AIG-RO 16:35:02 m.3, t.: II-Jll--@@ 22:20:59 9fL:J-.tji.-SS 22:133:59
AMA 1914A 1q33 5 45k- 3M? NSA 354.A 200 5 45k- 3M? NSA NA 150 5 45k- 3Mr
NSA 35143) 210 6 20k- HWY NSA 35r4) 230 5 20k. HWY NSA 50 200 6 45k- HWY
WHA 171.A 2133 6 203k. HWY NSA 17R3A 2331 5 20k. HWY NS1A 26A 200 6 45kt- 3M?
M33A 179.0, P133 5 45k- 2ND NSA 17RU 2330 5 45k- INO NSlA 2611 150 5 45k- HWY

liwsmq U33-AlIG-SR l136:30o "_t, L I-JJL-81 22:2l:57 gCt-tI13-,3. 22:11$9
VINA IF33A 1 011 5 20k- JM? NSA 351.A 2233 3 211k- 3Nr NSA RA ISO 5 Silk- 3Mf
W14A 15i33) 3733 4 211k- HWY NSA 35ho3 220) 4 20k- HWY NS4A "0 170 1 50k- HWY
WHA 171.A I3I33 4 20k. HWY NSA 17RA 220 4 201r- HWY 1414K 16A 370 .1 ,.Ol- 3MI,
WSA (1,11 1933 5 20k. HWY. NSA 17H3, 220 3 20k. HWY NSA 260) t53 5 S0k- Oft(

tlwax 3.:33-AU3I-98 J6:36:44 so3, t:l-JUL-AN 22:21:57 ?VS 9? t: 11-.U1.-NNl 22-10159
%4.1A 514A 190 6; 203k- 3M? NSA 35LA~ 230 5 211k- 2mr NSA NA 160 3 Silk- 3N:'
NSA 11143, 33313 5 211k- HWY NSA 351.0 210 4 21fk* HWY N"A 8D )SO 4 Silk- UNY
IMIA 17f.A 1803 5 203k. HWY NSA t7HA 210 4 203k- HWY NSA 26A 1330 4 Silk- IM3F

NSA 171.0 1933 6 20k- HWY NSRA 17140 230 5 20k. HWY NA 260 160 5 Silk- lIWY

I IwA* I 3: 31-A3fI-Ri 16: 3A 1:3 mib.:1Il-.1.-88 22:23:59 9? t: I -Jut-a 22:10:59
P10A 3533A 2133 4 431k- 3M? 0111A 3SLA 220 5 403k- 2N? N"A $A 1330 3 40k- .353.
NSA 1550 210 7 40k- HWY N4SA 351,D Calm 40k- HWY NSA 60 200 4 40k- HWY
MHA t7f.A 20U3 7 40k- HWY NRA 17MA C'alm 40k- HWY NSA 26A 200 4 40k- 3N3'
PU0A 171,0 2133 4 40k- HWY MMA 17140 220 S 433k- MWY NSA 2h0 1S0 3 40k- HWY
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ilwas t:.3(-AtIG-RR 16:39-26 mh-t:I J-JT.1-R 2 2 -25:112 qfl:: 1-ll-l 22:18 -59
MHA 15HA 210 4 35k- 3117 MBA 3SL.A 220 5 35k- 3MV1 MHIA RA (70 .1 Aik- 310I7
WSA 3540 210 6 20k- HWY NSA 351,0 Calm M4k HWY M14A 00 160 5 35k- HWY
USA L71.A 210 6 20k+ HWY WSA 17MA Calm 20k- HWY M64A 26A 180 S 35k- INV
MUA 17L.0 210 4 35k- 1110 NBA 17HU 220 5 35k- 1110 M04A 2610 170 3 35k- HWY

tIwax t:30-AUG-SO 16:4ll28l mb-t:11-JU.-88 22:26:00 qft:1tI-JU1.-R8 22:21:59
MHA 33RA 210 3 35k- 3117 WSA 351.A 210 4 20k- 2117 MHA RA LBO 3 35k- INVr
WSA 350 220 6 20k- HWY WSA 35.13 170 3 20k- HWY MIJA RD 210 6 31k- HWY
WMA 171.A 220 6 20k- HWY WSA IiHAN t7l1 I 201k- HWY MIIA 26A 210 6 35k- 3111'
M11A 17U4) 210 3 35k- 1110 NSA 174U 210 4 20k- HWY "HA 260 180 .I 35k- HW%

Ilwau t:311-AUG-NO 16:41:21 *kb-t1-JUI.-SO 22:26:1111 gfL:J1-JUL-RNt 22t23:59
MSA ANHA 220 3 35k- 3117 NSA ISL.A 210 3 20k. 2117 MHA NA calm 35k- IMF
NSA 33HU 230 4 20k- HWY WSA 35LO 200 4 20k. HWY MbA 0)) 220 6 35k- HWY
NSA 17LA 230 4 20k. HWY lISA 1714A 200 4 20k. IMF MHA 26A 220 6 15k- 1111
imt 1710 220 3 35k- 1110 lSA 1741, 210 3 2ok- HWY M14A 260 calm 35~k- 14WY

liwas t:30-AUG-SO 16:41:48 mb-t:11-JULj-6O 22:26:57 qftull.rjO1-RO 22:2.1:59
NUA 3SHA 200 4 35k- 3"17 lSA ISL.A Calm 25k- 311? MIA RA Calm 35k- 3111
lISA 35HO 230 3 20k. RWY lISA 351,) Calmn 20k- HWY NBA go 210 5 35k- HWY
WSA 17L.A 230 3 20k- HWY "$A 171A Calm 20k. 1111 t MHA 26A 210 5 35k- 3111
NBA 171.0 200 4 35k- 2110 NSA 17ND Calm 25k- 2110 MdA 260 calm 35k- HWY

llwax t:39-AUG-OO 16:42:22 ubt:i1-JUL-88 22:26:57 gftt:11-.IUL.-NO 22:23:59
KRA AtA 190 6 35k- 3M? lISA 35LA 210 5 25k- 3117 MBA SA Calm 35k- IMF7
WSA 3%wu calm 20k- HWY WSA 351,n calm 20k- HWY MHA 8t) 210 7 35k- HWY
WSA 171,A Calm 20k. IMP NSA t7HA Calm 20k- 111F MHA 26A 210 7 35k- IMF7
MMA 171,11 190 6 35k- 2110 lSA 17R0 210 5 25k- 2190 MBA 260 Calmn 35k- HWY

tlwas t:30-AUG-88 16:42:43 mb ttt1-JU.-68 22:211:02 gf 1:11-JUL,-ON 22:2.1:59
MHA 35H 19 5- 3117 WSA 35LA IRO 3 25k- 3111 M14 NA (*aim 35k- 3111
WSA 35mu vat, 20k. HWY NISA 351.0 220 3 201k- HWY NBA 81) 200 6 15k- HWY
NSA 171A Calm 20k- IMF WSA 17RA 220 3 20k. IMP MBA 26A 200 6 35k- 31
NSA 17WO 190 4 35k- 1110 NSA 17ND ILB0 3 25k- 2110 MBA 266o Calm 35k- HWY

MBA 3504A 190 5 35k- .1MF WSA 351A 21111 5 25k- .31F MH4A BA 1711 3 35k- 3117
WIA 3%41) Calm 20k- HWY WSA 351.0 230 5 2(1k. HWY M14A RD 220 7 35k- HWY
MBA IU1A Calmn 20k. IMF NSA 1.7HA 2301 5 20k. 2117 MM 26A 2211 7 35k- IMF
MBA 1710) 190 5 35k- 1110 WSA 1740 21)0 5 25k- 2110 MHA 260 1711 3 '.5k- HWPY

lvwas t:30-AUG-88 16:43:50 mb-1:11-JIJL-88 22:28:56 gf_1:11-JUL,-8O 22:23:59
WSA 33HA 200 5 20k- IMF WSA 35LA 200 4 20k- 3M? MRA BA 160 S 30k- 3F17
WSA 35ND Cam 20k. HWY NSA 35WA Cailm 20k. HWY MBA 61) 230 7 30k- HWY
WSA 17EA Calm 20k. IMP N SA 17R4A Calm 20k- 2117 MBA 26A 230 7 30k- IMF
wsA 17WO 200 5 20k- 3110 USA 17HO 200 4 20k- 2110 NSMA 261) 100 S 30k- HW"Y

llwax t1t30-AOG-88 16s44:37 .b t:lI-JUL-6O 220:02 gf:i.U-S22:23:59
wvA 3SNA Calm 25k- 311? WBNA-35LA 180 3 25k- 3117F MHA NA 200 4 310k- 3117
W8A 35iW0 189 S 20k. RUT NISA 35WO 220 6 20k- HWY I MHA 80 230 6 30k- HWY
NSA t7L.A 180 5 20k. 11M? USA 17MA 220 6 20k- 2Mr MoA 26A 230 6 30k- .INV
NBA 171.0 Calm 25k- 3110 1 SA 17R0 180 3 25k- 2ND0 MHA 2611 200 4 30k- HWY

Ilwas t:30-AUG-8S 16:45:04 ml tlL-JUI.-R6 22:31:-02 9t:1-5l-R22:20:50
WSA 3514A 190 5 25k- 3117 NSA ISLA 220 6 25k- 3M? MHA BA 190 4 30k- 3111'

3540 L90 6 1 351.0 220 6 MBA 00 230 6o 10k- HWY
MiA 190 6 17MA 2201 6 1 IHA 26A 230 6 .Ink- 3111

WSA 171.0 L90 5 25k- 3IN0 WSA 1740 220 6 25k- 2110 MIIA 260u 190 4 30k- HWY

Ilwas tt30-AUU-48 16:45:39 mb1-I1-O22:30:02 91 1:11-.IUL-88 22:26:56i
NBA 350A 150 3 25k- 3117 WSA ISL.A 210 5 25k- 3117 MBA RA 1A0 4 30k- 311F
WSA 3540 190 7 15k. HWY WSA 35t.0 230 6 15k. HWY MHA On 230 6 30k- HWY
NSA 17LA 190 7 15k. HWY lISA LiSA 230 6 15k. HWY M14A 26A 230 6 30k- IMF7
NSA 171.0 180 3 25k- 3110 z WSA 17HO 210 5 25k- 2110 MBA 260 160 4 30k- HWMY

IIwaa 1:3O-AUG0-SO 16:45:59 mb-t:11-JUL-6 22:30:58 9f_ 1-JUG-NO 22:20:5
lISA I5HA 180 4 25k- 311F USA 351.A 210 S 25k- 3117 MHA MA 100 S 30k- HWY
NSA 351w 200 6 15k. HWY WSMA 35U.) 230 4 15k. HWY 11MA 0I) 230 0; I0k- 1(WY
"SA 171.A 2010 6 15k- HWY- WSA 17HA 230 4 15k. HWY MHA 26A 230 6 Ink- 311v

NSA 171.1) LBO 4 23k- 3MI0 W SA 1740 210 5 25k- 2"o? MHA 261) 180 S l0k- HWY
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Ilwa t:30-AUG-SN 16146t40 ml, L:ji-jUL,-SNl 22:30:58 sgtL I-IW. 22128:50
NSA 350A 210 7 25k- 3M? WSA-35(A 230 7 25k- IMV MSA SA LBO 3 30k- HWY
NSA 35HUJ 200 5 15k. HWY VISA 35LO Calm 15k. HWY MHA 0I) 230 6 30k- HWY
NSA t7t.A 200 5 15k. HWY NSA 17RA Calm t5k. IMF MNA 26A 230 6 30k- IMF
WSA 17111 210 7 25k- 3110 WSA LINO 2301 7 25k- 2ND "MA 260 J80 3 30k- HWY

llivejt:30-AUG-8jS16147:07 ub tilt-JUL,-SO 22:3t:57 qfltt.-jUl.-NS 22:28:58
NSA .HA 2 10 4 5k- 3Mr WSA 351A 230 5 25k- 3MF WSA $A 1N0 3 25k- giWY
NSA 33mv 190 4 t5k. HWY NSA 351.0 Calm t5k. HWY NBA No 230 5 25k- HWY
WSA 17LA J90 4 15k- HWY WSA 17MA Calm 15k- LMr NSA 26A 230 5 29k- 31
NSA 17LO1 210 4 25k- 3Mb NSA JIRO 230 5 25k- 2MhI NSA 260 180 3 25k- HWY

llwas t:3fl-AUGOR 16:47t40 mb_1:ill-JUG-SO 22:31:57 gftt:lI-.IUL-SN 22:26:58
NSA ARHA Cal.m 25k- 3M? NSA 351A 240 5 25k- 3m? NSA NA 150 3.25k- HWY
WSA 35RD 190 5 15k. HWY NSA 351.0 Calm J5k- HWY WHA nD 23o 3 25k- HWY
NSA L71A 190 5 15k. tMF NSA LIMA Calm t5k. IMF NSA 26A 230 3 25k- IMF
NSA 17UL0 Calm 25k- 3"D NSA ilou 240 5 25k- 2NID WSA 260 JSO 3 25k- HWY

llwaa-t:30-AUG-00 16:48:35 ab t:tl-JJ1-8S 22:31157 qf till-JUl,-SO 22:28:58
NSA 35RA 190 6 25k- 3m? NSA 35LA 240 4 25k- 3MF NSA NA 170 5 25k- HWY
NSA 35e.0 190 3 15k. HWY NSA 3510 190 3 15k- HWY NSA so) 270 3 25k- HWY
WRA 171.A 19o 3 15k. IMF NSA L7IA 190 .3 15k. 2MV WSA 26A 270 3 25k- 3Mr
NSA 17w.1 1J0 6 25k- 3MD NSA JIRO 240 4 25k- 2MU NSA 260) 170 S 25k- HWY

Ilwa-t:01-AUG-BN 16:51:10 mb t-J1-10L-SS 2231:57 qgttji-sU.-flS 22:2@:58
NSA 35HA Calm 25k- 3M? NSA 3SLA 230 5 25k- 3M? NSA NA 190 3 2Sk- HWY

3MU4 170 5 351.D realm kWSA 8o 230 4 25k- HWY
M71A L10 5 ORHA Calm USA 26A 230 4 25k- AM?

NSA ?i7U Calmi 25k- 3ND NSA LIND 230 5 25k- 2"D NSA 260 J90 3 25k- HWY
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Appendix C: Low Level Windshear Alarm System (LLWAS) Alarms

Alarms from the LLWAS at Stapleton are listed; all alarms for 11 July
1988 are included.

These are coded in the same manner as for the TDWR alphanumeric
alarm messages.
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LLVAS ALARMS for 11-JUL-SI. hour 11
11-JUL-Il 21:21:01

3S3A ISLA S A
3130 3SLO Iso
IlLA 1734, i6k
17LO 1730 3620

11-JUL-IS 21:23:17
USA JSRA Ilk- 2KV VIA ISLA lek- in? & A
VIA 30R 10k- IV? USVA 3ILD lk- NVT sol
USA 17LA 10k- OV! USVA 17RA 10k- RUT IR26
VIA 17LO Lek- RUT USVA 1710 10k- Ivy 260

11-JUL-IS 21:23:44
352A I SlLA $ A
3130 35SLO so0
17LA B 171.A 34A6
17LD 1710O B 26

LLWAS ALAINS for 11-JUL-lI. hour 22
I1-JUL-I8 22:04:41
VSA SRA lk- 2KV USVA )SLk lfk- IMF $ a
VIA 3130 10k- IV? 9 VA SILO 10k- RVT sol
VIA 17LA 10k- NUT 9 s VIA slI ilk- IMP 36A1
VIA 17LD 10k- OUT VIA 1730 I**- RV!T 240

11-JUL-I0 22:05;22
VIA lSlA 10k- XX? 9 VA ILA 10k- INF 6 A
VIA $Sao 10k- RV! 9 VA 35LD Ilk- 3M? 9so
VIA 17LA 10k- BV? 9 SA 1735 1#k- RUT 26A
VIA 17LO 10k- IV? USVA 1730 10k- RV!T 260

11-JUL-SI 22:01:16
VIA 313k 10k- 2KF USVA SSLA iok- 1KV $ A
VIA 3130 10k- IV! B VA 35Lb 10k- RUT sol
WIA 17LA 10k- BVT B VI 172A Lok- RUT USVA 26A l0k- RUT
UIA 17L0 10k- XV1 B VA 1730 1#k- IV? B IA 260 Ilk- RUT

11-JUL-IS 22:06:02
UIA JSRA 10k- 2KF I VA ISLk lk- IMF 9 VA IA 10k- IMF
VIA 3130 10k- BVT I VA 35LO ISE- RUT USVA lb 10k- RUT
VIA 17LA Lek- BUT USVA 173k 1#k-lW 111 VIA 26A lk- RUT
VIA 17LO 10k- BUT asVI 1730 Ilk-lW 9U VIA 26b, ilk- IMR

11-JUL-IS 22:06:23
UIA 313k 10k- 2KV W VA ISLk 1k- IM? $ A
VIA 3130 105- BUT 9 VA SLO lk- RUT so5
UIA 17LA 10k- BUT B VA 173A Ilk- RUT USVA 26k is&- mV
VSA 17LD Ilk- BUT asVI 1733 lk- wV? USVA 260 Ilk- RUT

11-JUL-41 :206:j43
ISRA I SILO & A
3330 SSLo Ill
t7LA 171A USVA ISA 10k- SET
17LO 1730D USVA 260 10k- "V!

11-JUL-S !Z:04:54
3SRA SLk. ORI
)SROD SILD sol
17LA I 173LA I 16
17LO 178 age 36

11-JUL-SI 22:07t11
VIA $SEA 10k- IMF 9 VA SILO lk- MR BI
VIA S92D lek- RUT USVA SILl 10k- RUT 9so
VIA 17LA 10k- OUT 9 SA 171k lk- IMF SSA6
VIA IlLS 1RE- RU! USVI 1719 10k- MIFF 9 26
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L1-JUL-48 20:1
35RA ILA N SA $A 10k- OUT

3333 391.3 USA 60 l0k- RUT

17LA 17RA USA 16A 10k- 2267

111.0 1733D 263

11-JUL-06 22:06:19
ISO& ISLA #A

3930 35L.3 so6
171.3 172iA I&A
17LD0 1733 zoo

11-JUL-66 22:08:46
USA 352A L9k- 3267 pub NSA ISLA 19k- 3M? pub I SA $A 15k. 1267

3590 191.3 USA 63 19k* BUT

17LA 17RiA I SA ISA 19k. 1IMF

USA 17LD 15k- 1263 rob I SA 173D l9k- RUT pub USA 263 15k* RUT

11-JUL-58 22:08:53
USA 35RA 19k- 3IMF USA ISLA 19k- 3267 I SA 6A 10k- IMF7

3SRO 35LO I SA 83 10k- RUT
17LA 172iA USA ISA 10k- 2267

USA 17LD0 19k- 126D ' USA 1333 19k- RUT I SA 263 10k- RUT

11-JUL-48 22:09:00
USA 359A 151- IMP pob 9 USA ISLA 19k- 3MP pub N SA $A 10k- 1267

3500 N SA 35LD 10k- IUT I SA 63 10k- NUT
171.1 9 SA 17RA 10k- BUT N SA 26A 10k- 2267

NSA 171.0 Lk- IND3 pub N SA 1753 19k- BUT pub N SA 26D 16k- RUT

11-JUL-11 :::09:07
USA 33.2 151- IMF7 pub N SA ISLA 13k- IMP gob N SA BA Lok- IMP

35RD 391.3 USA so 10k- RUWT
171.1 172IAI USA 36A 19k- 2267

USAX IILD l5k- 1IN0 pub N SA 1733 19k- BUT pub N SA 263 19k- BUT

11-JUL-33 ::-9:13
USA 3531 Llk- 2267 USA ISLA 13k- S26Y 9 SA #A Ilk- 1267

35RD 3SLD USA g3 10k- RUT
1 71 9A 1711L USA 36A 10k- 2267

USA 172.D 132- 1260 N SA 1733 19k- BUT N SA 263 10k- BUT

11-JUL-IS 2:09:34
USA 3901 152:- IMP 9 USA 39SLA 199- 3267 9 SA BA 10k- IMP

3930 391.3 9 SA 80 10k- BUT pub
17LA I 173A 9 SA 26A 19k- 2267 pub

USA 131.0 15k- 1260D USA 1733 159- BUT I USA Ig3 19k- SUT

11-JUL-68 22:09:41
USA )S3A 19k- 3267 9 SA 39SLA 19k- 3367 NSA $A 10k- IMP

3930 9 SL 39. SA 83 10k- SOT
17LA 17liA 9 SA ISA 19k- 2267

USA 171.0 19k- 1260 9 SA 1733 19k- BUT 9 SA 26D 19k- OUT

11-JUL-89 " -47
USA 33SA 1%k N.. SA ISLA 13k- 326F N SA @A M0- 1117

35RD 391.3 9 SA 63 10k- BUT pub
17LA L IMA 9 USA IGA 19k- 2267 pub

USA 17LD0 15k- 1263 I SA 1733 19k- RUT 9 USA 263 13k- BUT

11-JUL-65 22:09:54
USA 393A 10k- IMP 9 SA ISLA 10k- 3267 9 SA @A lob- 1IRV

3930 391.3 9 SA 63 ilk. mUT
17LA I LISA 9 SA 36A 10k- 226

USA 171.D I**- 1263 N SA 1733, 10k- BUWT 9 USA 263 10k- BUWT

11-JUL-66 22:10:01
USA 3SRA 10k- IMF USA ISLA 1$k- 3267 USA BA 10k- IMF rob

3930 391.3 N SA 53 10k- MU
17LA 17RlA 9 SA 34A 16k- 1267

USA 171.3 10k- 2263 I SA 1733 109- 1263 9 SA 263 10k- BUT gub

11-JUL-8 22:10:14
USA J33A 10k- 3267 9 SA ISLA Solt- 267 # A

17. LA 172A 263
USA 171.0 19k- 1263 11Us, 1703 10k- RUT 9 USA 243 low- DUT

USA 3931 11k- 9267 N SA ILA Ink- 3267 $ A

356D SIL 33. 95
LIL.A I 172A 36iA

USA 171.0 19k- I263D USA 1733, 1$k- BUT 9 SA 263 10k- Dom

11-JUL-68 :::10:3S
USA 3SR.; Ilk- 3267 N SA ISL.A ilk- I267 $A

3530 391.3 to6

17LA1 173A 26iA

USA 171.3 II.- 1263 USA 1733 Ilk- RUT 9 NSA 269 344- BUT

11-JUL-86 22:16t42
USA 293* 10k- 1267 N SA ISLA 20k-3M I" NSA $A Ilk- OUT

3933 9 SL RD. I NA 03 39k- mU

17LA LID N7* SA IS&A 3S- 3267

USA 171.3 Lek- 1263D USA 1133 Lek- N SA Igo ISk- "UT
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USA 3SI 10k I M NSA 35LA 10k- IMP NSMA $A 35k- PVT
,::30 k M 35L0 NBA so 35k- BUT
17LA 17RiA RDMA 26A 3Sk- 3M?

USA 17LD 10k- awl USA 1730 10k- BUT I NSA 260 35k- ART

11-JUL-IS 22:11:02
USA 35MA Lok- 3M? USA ISLA 18k- IM? I MA BA 30k- BUT

333 si 35LO I MBA 40 30k- PVT
17LA 170iA NSMA 24A 3*k- 3M?

USA 17LO Loh- IMND USA 1730 10k- PVT I MA 380 3*k- PVT

11-JUL-80 22:11:09
USA 3SBA Lou- 3M? USA ISLA 10k- 3M? NSMA $A 25k- PVT

3S30 35ILO I MA S3 35k- OUT
17LA 17RiA RDMA 2GA 25k- 3Mr

USA 17LD 10k- IND USA 1733 10k- PUT USMA 23 35k- PUT

11-JUL-86 22:11:23
35RA I SLA I USA BA 28k# SM? pub
3530 ISLO I UBA 00 30k+ Owl pub
17LA I liA I USA 26A 20k. 3M?
111LD 1730 USA 28D 20k+ BUT pub

11-JUL-S 22:11:30
35NA I SLA NSUA tA 28k. SM? pub
35RD 35SLD USA ID 20k. PVT
IILA 17IiA I USA 36A 20k+ 3M?
17LD 1739D USA 30D 29k+ NUT pubk

11-JUL-11 :2:11:43
3 5 :. I SLA USA BA 2$k. OUT
3 58 Ft 351.0 I USA ID 20k* PUT
lI7LA 17RA I SA 26A 20k. 3Mr
IILa 1733 N SA 230 20k. aUT

11-JUL-11 : :11:57
3 5 .\ 5L USA BA 16k- 3M?
3592 35SLOI USA 80 10k- PVT
1 7,LA g lilA *$UA 36A 10k- 3M?
17L0 1730 I USA 25D 10k- BU'T

11-JUL-8S 2:12:04
35A I SLA NSMA BA 35k- 3MF
360I PD 3L MDA 83 25k- PVT

17LA 1 71A N SA 36A 25k- IMF
17LD 1730D MBA 260 25k- PVT

11-JUL-88 2:1:17
USA 35RA 15k- 3MF USA 3SLA 15k- 3M? RDMA BA 25k- 3m?
USA 3530 18k- RUT USA 3510 10k- XWT MBA 00 25k- BU"
USA 17LA 10k- PVT USA 172A 10k- BVT RDMA 24A 2Sk- 3M?
USA 17LD Ilk- BUT USA 1730 1Sk- BUT f MIA 380 25k- BUT

11-JUL-8S 22t12:31
USA 332A 10k- 3M? USA 3SLA 10k- 3M? I MA BA 25k- 3M?
USA 3530 L0k- PVT USA ISLD 10k- BUT NSMA 8o 25k- RUT
USA 17LA 10k- PUT I USA 17RA 10k- BUT RNA 26A 23k- IM?
USA 17LO 10k- PVT USA 1730 10k- PVT I MA 260 23k- PUT

L1-JUL-4S 22!12:44
USA ISA 10k- 3M? USA ISLA 10h- 3M? RDMA $A 21k- IM?
USA 3530 Lou- BUwl USA 3SL3 16k- PVT RDNA 80 23k- PVT
USA 17LA 10k- 3W! USA 173a, 10k- PVT NSMA 26A 25k- 3MF
USA 171D 10k- awl USA L10, 10k- PUT NSMA 20 25k- 3W!

11-JUL-88 22:121
USA 35RA 10k- 3M? USA ISLA 10k- 3M? USA BA 10k-BUTl

3530 I USA 3SLD 1Ok- PVT USA 88 10k- BUT
17 LA NSUA 17MA 19k- PVT USA 26A 10k- SM?

USA 1710 10k- IND USA 1730 18k- BUT I SA 260 IGO- BUT

11-JUL-66 22:53:05
USA ISPA 10k- 3M? USA SSLA &Ok- 2x? N BASA $253k- BUT

3160 USA 3.0 14k- PVT NSMA 863S2k- 3W?
1iLA I SA 17%A Ilk- 3W? NSMA 36A 25k- IMF

USA 1710 14k- IND USA 1710 10k- BUT RNA SOB 35k- OUT

Il-JUL-i: ::t13:11
USA 359.. tlk- 3M? USA ISLA 10k- 3M?4F NSA BA 251k- SW!

35R0 I SLD IRMA 80 35h- BUT
17LA 178iA RDNA BOA 35k- 3M?

USA 17LO 14k- IND I UA 170 10k- MU RDMA 368 23k- MU

11-JUL-88 ::31:I
USA 3 55P. Llk- 3M? USA ISLA 10k- 3M? I SA GA 1sk- IMF gok

35e ISLO USA 80 l0k- Bt
17LA I 171A I USA 26A 10k- 3M?

USA 17L0 ILl)- LSD USA 1733 10k- PuTrl USA 268 10k- BUT gob

11-JUL-IS 22:13:32
USA 3SA 10k- 3M4? USA ISLA 50k- IM? USA IA 30k.* SM? psb

3130 3 5LD0 USA 6b ISO+ BUT
17LA 172A VIUA 34A 3lk. ImpUSA 17L.0 10k- Ing g SA 1738 10k- BUR USA 268 10k- BUm rob
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11-JUL-48 22:13:31
USA Ise A 10b- IMF? USA ISLA l0k- 211? N SA #A ask. DWI

I00D SLO N SA to 2sk* awl
17LA 172iA N SA 2a ask. 211?

NSA 17LO 10k- 1IN0 USA 17RD 10k- AUY USA 260 10k- RUT

11-JUL-Se 22:13:45
USA 3SRA 10k- 311? I SA ISLA 10k- 21? USA $A 25k+ OUT

35RD SLD I SA So 20k. OUT
17LA IliA g SA 26A 10k- 3M?

USA 17LD 10k- 1IN0D USA 1700 10k- OUT I USA 260 10k- Owl

11-JUL-IS 22!13 :92
USA 35RA 15k- 3MF g SA JSLA 150- 2117 g SA $A 20k* 1IMF

35R0 SOLD USA ID 251k. Swl
17LA I 172A I SA 26A 20k- SM?

USA 17LD 15k- OUY W SA 1700 10k- Owl N SA 240 20k- Owl

11-JUL-I8 22:13:09
MSA 3SRA 25k- SM? RDNA ISLA 25k- 211? NSA $A 20k- 211?

3500 SOLD NSA so 20k- OUT
17LA 17RA j NSA 26A 20k- 511?

NSA IlLD 25k- Owl NSA 17R0 25k- OUT NSA 240 I0k- Owl

11-JUL-8I 22:14:06
NSA 33RA 25k- 311? NSA ISLA 20k- 211? ORNA #A a0k- 211?

35RD NSA SLO 20k- Owl N SA so 20k- Owl
17LA I NSA 1711A 20k- Owl NSA 36A 20k- 511?

MISA 17LO Z0k- Owl NSA 1700 20k- Owl NSA 26D 25k- RUT

11-JUL-1. :::14:12
USA 35RA :lk- IMF USA ISLA 20k- 2IM? VIUA $A 10*- 211?
USA 307P' L~k- OUT 1 USA 35LD 150- OUT USA 80 10k- OUT
USA 17L;. 1%I- OUT I SA IINA 15k- 311? I SA 24A 20k- 211?
USA 17LD 20k- OUT N SA 1720 20k- OUT USA 260 20k- Owl

11-JUL-IS :::t4:19
US A 3 5 P.'I- SM? USA )SLA 20k- 211? USA &A a0k- 111F

3501 W SA SILO 10k- Owl N SA 50 10k- Owl
I'LA I USA 172A 15k- Owl 9 SA 26A 10k- 2IM?

USA 17LZ !');- 1110 USA 1700 20k- Owl USA 240 13W- Owl

11-JUL-SO :::14:26
USA 35RA 20k- 51MF USA ISLA 20k- 2M1? N SA $A 10k- IMF?

3000 UOA SLO 10k- Owl N SA 50 10k- OUT
17LA I SA 172A 100- Okwl W SA 24A 10k- 211?

USA 17LD 20k- Owl USA 17s0 20k- Owl N SA 260 10k- Rwl

11-JUL-48 22:14:33
USA LIRA 20k- 311? g UA IOLA 20k- 211? USA sA 10k- 1IMF

3500 I SA SOLO 10k- Owl 9 SA SD 10k- Owl
17LA W SA 17RA 10k- 211P 9 SA 26A 10k- 311?

USA 17LO 20k- Owl USA 1730 20k- Owl NSA 240 10k- Owl

11-JUL-8S 22:14:40
USA 35RA 20k- 3M? 9 SA ISLA 20k- IMF? USA $A 10k- 211?

35RD 9 SA 35LO 10k- Owl I SA 00 10k- Owl
17LA W SA 1700 15k- 211? 9 SA 2EA 10k- 511?

USA 17LO 20k- OWl W SA 1700 20k- OUT I USA 2S0 15k- Owl

11-JUL-SI 22:14:47
USA 35RA 20k- SMP 9 SA ISLA 20k- IMF? USA 8A 10k- 21M?
USA I500 20k- Owl NSA SOLO 20k- OwlT USA so 15k- Owl
USA 17LA 20k- OUT I SA 172A 20k- 3M? USA SEA 10k- SN?
USA 17LO 20k- Owl 9 SA 1700 a0k- OUT 9 USA 240 10k- Owl

11-JUL-S8 22:14:03
USA 35RA 20k- 511? 9 SA ISLA 20k- IM? 9 SA $A 10k- 511?
USA 3500 20k- OUT 9 USA SOLO 20k- OUT I SA s0 10k- Owl
VIA 17LA 20k- OUT N SA 172A 200- 211? " SA 24A 15k- SN?
USA 17L0 20k- Owl 9 SA 1700 205- OWl 9 SA 260 10k- OUT

11-JUL-IS 22:15:07
USA 3ORA 25k- IM? USA lOLA6 20k- SM? USA $A 15k- 211?
USA 5000 150- Owl 9 SA JSLo, 10k- Owl 9 SA 50 10k- OWl
USA liLA 15k- Owl USA 112A 10k- 311? USA SEA 15k- SN?
USA 17LO 29k- Owl USA 1700 a0k- OUT 9 SA 260 10k- OUT

USA 350, 03k- 511? NSUA ISLA 10k- SN? N SA IA 15k- 2n?
USA )SR0 15k- Owl USA ISLO 10k- Owl USA 80 10k- Owl pub
USA 17LA 13k- Owl USA 1711A 10k- 511? 9 SA 34A 10k- JNy
USA kILD 15k- Owl USA 1700 10k- OUWT I SA 240 10k- OUT

11-JULI-S3 :::15:21
USA I!5A 121'- SM? 9 SA ISLA 10k- 511? 9 e US $A 10k- Sn?
USA 3550 15.- RUT 9 USA SILO 10k- OUT I USA 50 10k- OUT pobk
USA 1ILA 15k- OUT 9 SA 170A 15k- SM? USA IEA 10k- IMP Dab
USA IlLD 15k- Owl USA 1700 10lk- OURT 5 USA ago 10k- OUT

11-JUL-SI 2::20~
USA 3SOA Ilk- SM? I SA ISLA 100- SN? V SA @A 10k- 211?
USA 5050 10k- OUT 9 SA SILO Ilk- Owl USA 00 10k- OUTf pub
USA 17LA 10k- Ol USA, 17aA 10k- 511? USA 34A 10k- IN? pob
USA 1iLO 10k- Owl 9 UA, 1703 Ilk- OUT N SA 560 10k- OU"
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11-JUL-8I 22:15:42
USASA 1 5kAI:- ::? g UA 3;LA 15k- N S A1k

USA 53015k-IVY I V A 501k: IVZMUA 601k R ~I k

VS hD 5k IY UA 71 1k IV T UA 30 15- IVTYu

VSIA 1'IA 15k- 3M? pib 17A2SA I::- 211? pb I S A I::1- 21?rpu
US A 5015- VY I SA 5L 1 Wk IVY g VA ID: 10k- 210 p
US 17LD Isk- OUT I SA Il157 M S IA1k N

11-JUL-0122100

WSA .:,I 15k- 21? VA 3SLA 15k- 111? pe NIA IA 10k- ZN?

VA 350 1kSIYI VA 35LO 15k- IVT N SA ID 15k- IUTVY
USA ilLA 5k- IN? UA 17:A I;k- ZM? NSVA IGA 15t- IVYpu
VSA L7LO 15k- IVY pu VA 171 15k - WTY VI UA 260 I0k- ZVI

11-JUL-01 j22:16:02
US A :..A l5k- N? NSVA ISLA 15k- ZN? VIA IA 10k- 2m?
USA 3501- 1V ; VI AL0 15k- IVY NSVA ID I- IVYUSA 17LA 15k- IVY j S VI 71 1sk- ZN Ir VA Za 210, k- ZN?
USA 17LO 15k- RUT VSA 173D 15k- AVY USVA 300 20k- IVY

I 1-JUL-Il 3216::9
VS SSA 15k 3N USA 35LA 15k- ZN? USVA IA 15k- IMF
VSA ;:10 I::- I USVA 33LD 15k- IVT VIA 2D 15k- OVT
US A 17LA 15k - RUT NSVA 1lilA 13k- ZN? VA 3:A 20k- ZN?
VIA 17LO15 LSk-RT USVA 171 15k- IVY N SA 2 0 20k- RVY

11-JUL-8 2216:23
UA3.A I~; NS I VA ISLA 15k- ZN? VIA IA 15k- ZN?

USA 35:. L,- IVF 0 VA :SLO 15k- IUT VIA ID 15k- IVY
VIA 1LA I21 IV. I VIA lAIk- IVF VIA IA 20k- ZNF
WS A I LD 1k- IVVA 171 15- IVY I VA 26D 20k- PVT

11-JUL-I!! -:4
WS A ; 5 A L2 I MF I VA 3SLA 15k- 3M? NSVA IA Ilk- IN?
USA SRC1 L - WV I VA " LD 10k- IVY I VA ID 15k- BUT

US NS. ) RT I VA 17RA Isk- IVT I VA SEA 20k- 3M?
USA 17LD Isk- 1.1 I VA 171 15k- IVY : UA 2 0 30k- IVY

VI A 3O 15 - 3Mr NS VISLA 15k- ZN? VIA IA 15k- IN?
VIA 3510 10k- IVY VIA 3510 10k- IVY VSA SD 15k- IVY
VUASA 1 k IVY VA 17:A I:k- IV:VATI I M?

VIA:W SIO1k IY I VA 173 15k - WVY I VA 26 15kIV

11-JUL-Il 2::44:

US ISA 15 - S I VA ISLA 15k- 2N? NSVA IA Ilk- IVY
WA3:5.10 k_ VIrTNA 35LD 10k- IVY USVA I0 l~k- IVY
NS 1LA I~k RWINA 172A 10k- IVY NSVA IA 15k- 3M?

VIA 17LD 15k- INT VIA 171D 15k- IVY VIA 250 13k- RUT

11-JUL-01 22:10:50
VIA ]itSlA1k- 3M? SVA ISLA 15k- SM? I VA $A l~k- IVY

31L V:A a I 10- IV I VI IA :0k IV
LiA W: VI0lAik V I 10k *m

NSA IiLD 15k- 1IND VSA 1710 I5k- IVY VIA 260 1lk- IVY

11-JUL-Il 22:1:57
SA IS-M SISLA 15k VIA w I A lek- IVY

553A I L SIOk OU VSA 80 Ilk- lUT
17LA NS 17:A I:: VI NA 2:A I:k- 3Mf
II 1LD 15-INI S 170 D IVI UA 2 0 Ilk- AVY

11-JUL-Il 22:17:04
35IA 15 lLA IS IA ;: W

3510 11. AIL ID U
Il.,L:A I ::AA ::A I:
17LD 173D A 20 IW

11-JUL-86 22:17:14
lSIA I 1 SLA VA IA 3k N
351 D SILO I IS D5.lv
17LA. 172A $ A 313k N
17LO I 17 10 VI 3 36- V

VA35:A 3-3? I VA IA1k M USA IA3k N

IA 7LA 17-IY I VA171A Il- VSIVA 26A 3k- ZM? rob
VIA hD 13-IY I VA1733 Il- VSIVA 310 ak- %VY

VIA lS:A I3k- IM VI NA ISLA 15h- 2M? NSVA IA ask- aNp
VI A 35 LI I % - IVY USVA 3ILD Ilk- IVY VIA ODII h M5 V pub
VI A 17LA 1i;. IVT NSVA 17RA I0k- IVY W5 3I6SA Z5k- 3M? pob
VSA 17LD 1~ IV WT VIA 17R0 10k- IVY USVA 260 33k- IVY

11-JUL-Il1 I:

VI LSI 3k 3M? VIA ISLA 10k- 2M? NSVA IA l5k. IN?
IA P.! 350 0IVY WT VIA SLO lk-IVY VIA 19 351. IVY pub

USA 17LA 10h- AVY USVA 1ilA 10k- IVY VIA 36A sit* IMF pub
VIA 11L0 10k- IVY NSVA 1730 Ilk- IUY NSVA 300 36k- IVY
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I1-JUL-80 22:18:46
USA 335* 10k- IN? N SA ISLA 10k- 3M? USA @A 30k. RUT

)S3o MID. N SA S0 ilk. SW? gob

LILA 173A I USA 2GA 300. 3M? pub

USA 17LD 10k- 31N0 USA 1720 10k- &RD N SA 260 30k* OUT

11-JUL-88 22:18:33
NSA ISA 10k- Stir USA SILA 10k- 3mr 13UA $A 30k# RUT

3330 3SLO USA Go 35k. RUT sob

LILA I 173A N SA isA 30k# ZN? rob

USA LILD 10k- 2ND N SA 1730 10k- IND USA 263 Isk- RUT

11-JUL-4S 22:19:00
USA JSRA 10k- 3SN? -I SA ISLA 10k- IN? N SA $A 29k* Ru!

33RD I 311.3 USA SD 25k. SU? pub
17LA I 173*A USA asA 35k+ 2M? pub

NSA 17L.3 10k- IND I SA 1730 10k- RUT USA 260 l3k. RUT

11-JUL-55 22:19-07
USA SA 10k- IN? N SA ISLA 10k- 3MF N SA @A 13k- 2N?

3330 331.0 N SA 53 13k- SW! rob
IfLA I 173A N SA 34A 13k- IN? pub

USA 171.3 10k- IND N SA 1730 10k- Eu? USA 260 13k- wU!

11-JUL-68 22:19:14
USX 3SNA 13k- 3m? N SA ISLA 15k- IM? N SA @A 30k. Eu?

JSRD 331.0 USA SD 30k# RU! pub

17LA I75 IR SA 25* 13k- 3M? pub

USA 171.0 L~k- IND I SA 1733 13k- RU? USA 263 13k- RU?

11-JUL-11 :::19!20
USA 35SA !!k- 3N? N SA ISLA Isk- SR? USA $a 30k# RUT

35NO 351.0 I SA SD 30k+ aRU pub
17.;. I 17RA N SA 26A 30k. iN? gob

USA I1LD Ilk- IND USA 1730 13k- SR USA 240 34k. RU!

11-JVL-13 :::19!27
USA lSRA t; IMF USA ISLA 13k- SHP N SA $A 30k4 RU!

ISR 331.0 N SA 50 30k+ NU! pub
17LA I 17A N SA ZSA 30k. 3M? pub

USA 171.3 L3.- IND N SA 1733 Ilk- RU! N SA 26D 13k- 21!

USA 3SR). 15k- 31N? pub I SA ISLA Ilk- 3M? pub I SA IA 13k- IN?

3333 31.3 USA S0 13k- RU! pub

17LA I 173A N SA ISA 13k- an? pub

USA 171.0 Ilk- IND pub USA 1733 13k- IVY sob us USA 26 s1k- RU!

11-JUL-88 22:19!41
NSA ISM& 20k- INF pub USA ISLA a0k- IN? psb N SA OA 23k. RU!

2533o S ILO, N SA 53 25k. RU! pub
1iLA 171A N SA 36A 23k. ZN? gob

USA 171.3 20k- RU! pub N SA 1730 20k- RUT rob I UA 243 25k. RUT

11-JUL-55 2213:33
USA SSRA 20k- 3Mr rub I SA 33SLA 20k- 3M? pub I NSA @A 23k- 2N?

3333 331.0 NSA so ask- RU!
17L& 17MA RDNA 26A M3- SNy

USA 171.3 20k- RU! pub I SA 1733 20*- RUT rob NSA 260 25k- RU!

11-351.-4S 22,20:01
USA 213* 13k- INV N SA ISLA 13k- 3? NA #A 25k- aN?

332D I 131. NSA sD 2sk- NU!
liLA 17IRA I NSA 36A 25k- SNP

USA 171.0 13k-Ru? UNSA 1730 15k- aU" N SA 243 23k- RU!

11-JUL-56 22:20:08
NSA SA 13k- 39N' I SA SILA 13k- 3M? as N @A 5* k- any

Ma5 SIL 331 N to 5 2k- RUT
17L* 1 7RA RDNA 34A 21k- INr

USA 171.0 13k- IND N SA 1730 13k- a"! NsA ago ask- RU!

11-JVL-88 2213215
us& 313*6 ask- INr I SA ISLA 30k- SNay NSA $A 23k- 3N?

39R0 31.0 RDNA to 33k- RU!

17LA I 173A NSA 25* ask- IRV

USA 17L.3 20k- IND N SA 17R0 30k- SW moNS 263 ask- RU!

ONA lSAA 3k- IM? USA 33* 3b- SOW USA $A Ifk. RUT

3SRD I 31.0 USA S0 Ilk. UN Sob
17LA. 173a USA 26). 301+ IMP gob

USA M17I.3 2k- RU! N SA 1730 ask- oU! N SA 240, 3k, SUR

11-JUL-OS Z::#:
NSA 3sRA :k. IN? NSA ISLA Ilk- IN? RDNA $A 33k- IN?

SIND 29L Nls SA as ask- an?
171.A 1 72A U SA ISA 25k- IN?

NSA 171.0 lik- RU! NA 1733 25k- aU" no& 23 23k- MR!

11-301.-6S 22:2142
NSA 39RA 23k- sN? NSA ISLA 25k- IMP NSA IA 33k- 3M?

2330 I NSA SILO 23k- BUT RDSA 53 33k- Su
17) R NA 173A a3k- But* 6 3k M

NSA 171.0 A9k- WAU! ma NSa 351- a" S 532k U
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11-JUL-40 22:22:04
NSA )SRA 36k- IMF RDNA ISLA 30k- IN? NSA $A 30k- IMF
USA 332D 15k- awl NSA 35L.0 23k- RUTi NSA so 30k- awl
USA 17L.A 13k- RUT RA 17MA I5k- RUT RA IA 30k- IMF
NBA 17L.0 30k- RUT RDNA 1730 30k- RUT NSA 260 30k- Rv,

11-JUL-SI 22:22:24
NBA ]SPA 30k- 3KV NSA ISLA 30k- 3KV NSA $A 30k- IKV
USA 33RD 15k- RU! NSA 3SLD 25k- RUT RDNA SD 30k- RUT
USA 17LA 15k- BU! NBA 17RA 29k- BUT NSKA 26A 30k- 1KF
RBA 17LD 30k- RUT NSA 1710 30k- RU! RDNA 260 36k- MU

11-JUL-IS 22:22:31
NBA 3SNA 3Sk- 3IMF NBA ISLA 35k- 3KV NA IA )5k- 3KV
USA 33RDo 15k- RU! RDNA 35LD0 25k- RU! NoA so 35k- R
USA I7LA6 15k- RUT " NA 170A 23k- BUT NBA 26A 33k- 1KV
NSA 17L.0 35k- AU! NBA 1709 35k- RUT RDNA 200 35k- MU

11-JUL-SI 22:22:44
NBA 33RA 30k- IMF NSA ISLA 30k- IKV RDNA @A 30k- 2Kv,
USA 3SRD 15k- BUT RDNA 351.0 25k- RUT RDNA 00 30k- RUT
USA 17LA 13k- RW! MONB 17%A 25k- RUT NBA 26A 3@k- 1KV
RBA 1710 30k- RUT NDA 1730 30k- RUT RBA 26D 30k- PVT

11-JUL-55 22:22:31
NSA 35SA 30k- 3KV NSA ISLA 30k- 3KV NA $A 30k- 2Xr
USA 350 10k- RUT NBA 35L.0 25k- PVT NBA SD 39k- BUT
USA 17LA L~k- RUT NBA 171A 25k- RUT asNB 26A 36k- SM!
NBA 11LD 30k- RUT NBA 17*0 30k- RUT NBA 260 30k- BUT

11-JUL-i I :::22:35
NBA 335:. 25k- IV O NA 35LA 25k- 3KV NBA $A 25k- IKV
USA 3SR tlk- RUT RA 351.0 23k- PVT RDNA 50 25k- DIM
USA 17LA L-4- RUT NBA 172A 23k- RUT NBA ZSA IS&- OU!
NBA 1710 :5k- RUT asNB 1730 25k- OUT RDNA 26D 25k- Owl

NSA 334:. :z.- 3mr NBA ISLA Z3k- 3KV NBA IA 25k- IN?
USA !571: 1 - RUT USA 331.0 10k- RUT MBA ID 23k- BUFF
USA N .L7.lz- BUT I USA IIVA 10k- RUT RDNA ISA 25k- awl
NBA 1710 :!k- RUT J NA 1730 29k- 3W! NBA 360 25k- RUT

NDA 23RA 30k- 3KV NBA ISL.A 34k- SI NBA IA 30k- 2KV
USA 33RD 10k- RUT RDNA 351.0 25k- OUT NBA 50 30k- BUT
USA 17L.A t0k- RU!T NRA 17WA 35k- 3UT I NBA 25A 30k- IKV
NBA 17LD 30k- BUT I NSA 171R0 30k- OUT NBA 200 34k- OUT

11-JUL-I0 22:23:32
NBA 3SRA 30k- IMF I NA ISLA 30k- 3KV RDNA IA 30k- 2nr

3530 NBA 351.0 23k- RUT NBA on 30k- BUT
IILA NBA 17A 35k- OUT NBA 26A 30k- RM

NSA 17L.0 30k- IND NBA 1 730 30k- RUT RDNA 260 j0k- RUT!

11-JUL-SI 22:23:30
NBA 33RA 25k- 3KV USNA ISLA 25k- IMF NBA $A ask- ?"T

35RD I 351.0 NBA 50 255- MU
17LA 172iA NBA ISA 25k- BUT

RBA 17LD0 25k- IND NBA 1730O 25k- RUT NBA 260 25k- BUT

11-JUL-SI 22:23:43
USA 3311A 15k- 3KV NSVA ISLA Ilk- 3KV I SA IA 3k. MRl

33RD I 351.0 U SA 00 35k# BlUT gob
17LA I IMA USA 26A 353# =F? gab

USA 17L.013k- IND USA no0 15k- BUT I SA 260, lot# MR

11-JUL-SI 22:23:52
USA 35RA 15k- 3KV VIA ISLA 15k- IMV USA $a 30k. 3OFT

3530 331.0 NSA ID 30k, RU! gob
17LA 1711A USA 26A 30k+ 3KV gob

USA 171.0 13k- IND g VIA, 1730 15k- RU! NWUA 250 30k* BUT

11-JUL-I8 22:23:50
USA 35RA 15k- 3NV USA ISLA 13k- 3KV USA IA. 29k# BUR

35RD I SL U5.SVA so ask. BUR Feb
17LA I 171.1 USA 26A 353. 2KV pib

USA 1710 Ilk- IND USA 17RD 13k- 3W!T USA 340 25k# MU

11-JUL-:7 :::24:13
UsA 3sR.A 13k- 3KV USA ISLA 13k- 3KV USA *A 25k. BUT

3)SAO 351.0 USA I0 35k. RUIT gob
17LA 1 72A I USA 24A 3k. 2KV gob

USA 1710 Ilk- RUT N SA 1730 Ilk- RINT I USA ISO 29k. RUI

11-JUL-93 :!:4:110
USA 35.:. IV,- -IMF USA ISLA1 10k- 3KV USVA I& Ilk* BUT

)Sao I 351. USA 00 IS&* MU gob
I1L.; 1 7RA I USA 26A 30k# ZNr pib

USA 1710 L)k- IND g USA 1730 Ilk- MIW USA 23 Ilk* RM

11-JUL-23 2::24:26
USA ISIA 13k- 3KV USA 3ISLA 15k- 3KV N SA a& Set* IN

33RD I 351.0 VIA 60 30k. RU! pib
17LA I72A USVA 26A 30k# 3KV gob

USA 171.0 15k- RUT USA 1720 1Sk- RUT USVA t60 I0k. Not
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vs A SOR 1k- MN? U SA ISLA 20k- IMF NSA $A 25k- IN?

355 3LO ::NA 00 Ilk: lI"

I 7LA 171A. I NS ,1 2k- 3 m?

USA I 7L0 20k- RUT I SA 1730 20k- IVY NSA 10 IS.- awl

11-JUL-IS 22:24,40
VWASOI ::a k- AN? VIA ISLA I3k- IM? NSA IA I3k- IN?

330ISOLO I NSA 30 Ilk- Rvi

tL1 % 17 A RDNA 26A 2:k: ZN?

USA 17L' 23k- aVl USVA 1730 25k- SKY MR&S 26D 2 k- OUT

11-JUL-1 22:24:47
usA, lilA 23k- 3M? VSA ISLA 23k- 3NT NSA @A 23k- IN?

AI 3330 10k- IVY VA 35LO 10k- OUT NSA So 23k- lIW

VUASA 1 0k- IY I VA 17lA 10k- IVY IRNA :6A 23k- N

VIA% 17L. 3: IVUSVA 1730 2 5k- RUT NSA 260 23k- OUT

I11-JUL-81 22:2::53
USA ik3lA 20k- 3M? VsIA L 20k- IMF ADNSA $A 23k- IMF

USA .3R I0k lI USVA 3;L0 10k- Rvi KohSA 23k- IVY

US ILA 10k- Wvi g I 71 0-IY S 1 3k N

:SA 2L 0k- IVYT I VA 102k-IVY I NA 210 2 RkUTV

11-JUL-08 22: 2::7
USA lA 20 3M US VISlLA 20k- M S A2k N

isR 9 VA 3SOLD 10k- BVY 9 NSA 60 2lk- lvi

LILA VIA 172A 10k- RUT RDNA 26A 25k- iW

VSA I ILD :Ok- 1Mb VIA 1710 20k- RUT nthS 21D 23k- RUT

11-JUL-11 -:25:14 M
RS 311RA 15k- 3my NSA ISLA 2Sk- 3M? R NA $A 23k- N

3-.0 NSA 35LO 25k- RUT NA IV 25 k- am?

17LA. NSA 171RA 23k- OUT NSA 26A 23k- IVl

NSA 11%0 25k- END NSA 1720 25k- IVY NSA 210 23k- lvi

11-AUL-l I- I M S3LA 33k- 3M? NSA $A 25k- 3M?

3.:I NSA 35LO 23k- IVY RDNA 00 25k- IVY
Rl.I NA 17IA 23k- IN? NSA 26A 23k- lil?

NSA I LD :51- 1351 NSA 1710 25k- IVY I NSA 210 23k- SV?

11-JUL-9S 22:2;:42- M
kS l~A 2k 1N US VISLA 25k- 3M? RDNA $A a3k- N

VIA 10% 13k- lvI VA 35LD 13k- IVY NSA 50 25k- RVY

USA 1lILA 13k- IN? U SA 172A 133- ZN? RDNA 36)6 23k- 2M

VIA 17LO 25k- RUT USVA 171D 23k- RUT NSA 210 2sk- IVY

I11-JUL-t 22:23:4t
S A 1 23k UNSIVA ISLA 25k- SMF I VA $A 13k- 2N?

VIA ]:A.. 3k I VY A USA 35LD 13k- IVY I A $0 13k- OUT Deb

VIA 17LA 13k- IT VA 17lA 13k- 3MF USA 21A 13k- 3M? gob

VIA 17LO 23k- .1VY "$ is 171 2k- IVY USA 210 13k- IVY

11-JUL-88 32:23:3
VIA :::A I::- 3mr *:VA ::LA 2::: :.Nr USVA IA 23k. lvi

USA 330 1- avi VIA OLD 1I V I VSA S0 23k# WV! pob

USA 17LA 10k- IMF USA 171A 16k- IN? I USA 26A 23k. IM? pib

.SA 17 L 23- lvWIVA 171D 25k- lvi USA 210 10k- IVY

11-JUL-SO 2:25:02
USA 3RA 2 k: 3M? VIA ISLA Ilk- 3MF USVA IA is** IN?

VIA 33 Ik- VY AS VISLO 13k-IVYI W SA 40 ask* IVT gob

VIA lILA. 10.- INT US VI 1A Ilk- ZN? VIA SIA 23k# IN? pab

VIA 17LD 33k- IVY 9 VA 1710 25k- SVY USVA 21D Ilk- IVY

31JL-SI 22:26:09,
VIAJ 3112- FM US VISLA 23k- N? R NA IA 3k- an?

VIA lIL 13- INIlVA 7 a3- 3M? NSA SA ask- lvi

VI A 17LA 23k- I W VA 1710 23k- IVY AD NS A 2 53k- OUT

NA S7ll2-SN Its 17RDSL 33k- SN? NA Ia 35k- 2NT

USI A 30 15k - OD 5 NA 3OLO 25k- IVY NSA lb 39k- lvi

VI A 'TL Ilkk- IN? I NSA 178A 25k- 3M? U sA 36A M3- IN?

NSA 17LD 25k- al NSA 1720 23k- BUT INA 21D 30k- IVY

tI-JU1L-I: ::24

SS:A 33.' k- SMASA ISLA 23k- SN? NSA $A 30k- SN?
VI 'I3 I" - lvi 9 NSA SOL0 25k- IVY NSA 8D Elk- SIT

31SA IlL. I--1: - IN? RDNA 1711A 35k- 3M? "&NA 36A Sea- IN?

NSA IP;LD 2 Sk- OUT RDNA 172D 25k- BVY NSA lob )lk- OVY

11-JUL-Il :::21!29
NSA 315%, :!k- in? RDNA ISLA 23k- SN? RDNA @A ask- 23W
US A 51 L3.- OUT RDNA S3LD 33k- BVT ::NA lb ::: IVY

WSI LA I'. INF NSA lilA 23k- IMF I NA :11 3k INF

NA 3* b- N? 5 NSA ISLA 2sk- SN? NSA CL 23k- IN?

USA 17LA 10k- IN? NSA 17*1 23k- 3M? 9 NSA m1 30k- aN?

No&A M Ii 2k- SI ASNA 1750 Ink- IVY NSA 160 35k- AVY
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1L-JUL-40 22:26:43
2SA 35iA 25k- 3Mr W USA 3SLA 2Sk- 3M? NBA $A 2Sk- 2MF

USA 35D 10k- BW' I USA 35LD 10k- OUY MBA 80 2Sk- IlV
USA 17LA 10k- 2mr I USA 17:A 10k- 2M RDA 24A 35k- 2MW
WSA ILD 25- OUT $A 13D0 25k- ART ISA 26D 25k- UiY

11-JUL-48 22:27:03
MBA 351A 25k- INr R MNA ISLA 2Sk- M? NBA @A 30k- 2MF
WSA 35:D 10k- BUY I MBA 21LD 2Sk- OUT I NBA SD 30k- mwY
WSA 3;LA 10k- 181 I MBA Il:A 25k- IMF I MBA 26A 30k- 2MW
MBA 17LD 25k- RY A MBA 171D 2Sk- iVY I RBA 260 30k- OUT

11-JUL-88 22:27:10
::A ;5A 25k- 3Mr MBA ISLA 25k- IMF MA $A 30k- IMF
WSA 351R 1Sk- IWY MBA )5LD 25k- Ry MBA ID 3Ok- &WY
USA 1iLA 15k- IMr MBA 17lA 2Sk- ZM? MIA 35A 30k- IMF
MBA 17LD 25k- IWY MBA 173D 25k- Ivy RA 26D 30k- IVY

11-JUL-8 22:27:30
MBA OSBA 25k- SMr RBA 35LA 25k- 3Mr I MBA IA 30k- 21M
USA 35:D 15k- IVY MBA 35LD 25k- RUT N MBA &D 30k- OUT
USA iLA 15k- Y MBA lIlA 2Sk- Rl RBA 26A 30k- 2MW
MBA 171LD 2sk- RWT BA 1710 25k- aw i MBA 34D 3Ok- Oi

11-JUL-80 22:27:44
MBA 35RA 2Sk- 3M? :SA 3 A 25k- 3MR I MBA &A 30k- 2MFWSA 350 10k- BUy I MBA 35LD 25k- 1R T MNA 40 30k- OUT
WSA 1 7LA 10k- IWY MB AIlNA 25k- OUY R MBA 26A 30k- 2MW
MBA -kLS 25- WIV R MBA 171D 25k- OUT I NIA 26D 30k- l1i

11-JUL-! ":27:51
MBA 35R ..Sk- 31?mr HA ISLA 25k- 3R NA SA 30k- 2R

3552' MBA 35LD 25k- IVT I MBA SD 30k- Ri
ILA MBA 17RA 25k- DRY MSA 26A 30k- 2Mr

MA I'LD S k- 'D MBA 171D 25k- lR MBA 26D 30k- Oi

11-JUL-3 2 '.8:05
MBA )50, I - 3Mr MBA 3SLA 2Sk- 311? MBA IA )Ok- IMF

3 5 MBA 35LD 25k- RiT N MBA lb 30k- IVY
IL.MDA 271A 2sk- BUY I NA 26A 30k- 2MF

MBA I7LD :- RWY MBA 171D 25k- OUT H NIA 260 30k- Ovi

11-JUL-31 :::Z:11
MBA 35R 3Ok- M? I MBA ISLA 30k- 3M? MBA BA 30k- 2MV

35RD I MBA 351D 30k- iT I MBA 00 30k- lU
17LA R MBA 17.A 30k- :UT MBA ::A :0k- 2MW

MRA 17lD 30k- RWT I MiA 171D 30k- lWY MBA 20 30k- IVY

11-JUL-81 22:20:18
MBA 351A 35k- 3Mr I MBA ISLA 35k- IMF g MBA BA 3Sk- IMF

3510 I MBA 351D 35k- IVY I MBA 80 3Sk- vir
L A A lA 35k- BUY I MBA 26A 35k- 2M?

MBA 17LD 3Sk- 11 A MA 1 35k- MBA 26D 3Sk- OVT

11-JUL-08 22:20:25
MBA 351A 35k- 3M? I MDA ISLA 35k- 3MY NSA IA 3Sk- 2MF
WSA 35RD I0k- BWY I MBA 3SLD 3Sk- OUY MBA 9D 3Sk- lvi
VIA ILA I0k- BUY I MBA l7iA 35k- lvi T MBA 26A 3Sk- IMF
MBA 17LD 3Sk- ID I MBA 171D 35k- OUT MA 240 35k- IY

11-JUL-8 22:28:32
MBA 3:RA 40k- O M MBA 35LA 40k- 3MF NBA IA 40k- 2MW
USA D510 15k- Avi I MA 351.D 40k- RT MA iD 44k- Ol
VIA 7LA 1:k- RWU I MBA 171A 40k- lvi I MBA ZIA 40k- 1r
MBA 17L0 40k- RUT I MBA 1710 40k- iVY 9 MBA 240 40k- RI

11-JUL-80 22:21:39
MBA 1::A 40k- Mr N MBA 35LA 40k- 3M? 9 MBA BA 4Ok- 2MW
WSA 35115k- i I MBA 31.D 40k- NS A MBA ID 40k- BUT
USA 1.A iSk- iWY I MBA A71A 40k- iVW 7 NBA 24A 401- 2MW
MBA L7D 40k- Rlv I MBA 1710 40k- lWWT MBA 2D 40k- iJ

11-JUL-81 22:28:45
MBA 250A I0k- 3M? I MIA ISLA 40k- IMF " BA IA 4ok- IM?wSA 3583 ; 5k- 1: T I hBA 3LD 48k- iVr I MBA OD 40k- :WT
WSA 11LA 15k- 'vi I MBA l7lA 40k- V| MBA : A 40k- 3Mr
MBA 7 :0k- iwA I MBA 1710 40k- l1i I MA 26D 40k- OvT

11-JUL-lI .2:24:52
MBA 15. I .- SM? I MBA ISLA 45k- 3M? r MA BA 45k- IMFV A I. , 30- IVY I MBA 3S1D 45k- IVi Y MBA ID 45k- Bl
WSA LILA 15- i I MBA I7BA 45k- VUT MBA OIA 45k- IMW
MBA 1L1 Ilk- tY I MBA 1710 45k- IU MBA 260 4Sk- lvT

11-JUL-Il '9 :0(
MBA 17RA0., - IM? I MB) ISLA 45k- 3M? 9 MBA IA 45k- IMF
WSA 3S0. Zlt- lvi I MBA 35LD 43k- OUT I RA ID 45k- lUT
USA 1 L, 21k- IVY I MBA 1BA 4Sk- BUT | RDA 34A 45k- 3MF
MBA 171. - UY L RBA 1710 4Sk- IT N SA I4D 49k- I"

11-JUL-I, :;:20:L2
MBA lSlA 40k- IM? I MBA SLA 40k- IMF MBA $A 48k- IMF
VIA OS k- IVY I MBA 31LD 40k- liT | MBA ID 44k- lvi
WSA lLA ISkl VT I MBA :7lA 40k- I: : MBA hA 4Ok- 5MW
MBA 171. 40k- BiU I RNA 171D 4Ok- UY i MA 348 4ok- Blr
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11-JUL-:6 22:29:26
MBA 3SRA 3Sk- 3M? I NBA 3SLA 3Sk- 3Mr NBA $A 3$k- 2Mr
WSA 510 15k- It I MBA 3:0 35k- 1:: MBA ID 3k- :Vr
NSA 17LA 5k- WY N BA lIRA 35k- IVY I MA 26A 39k- 3Mr
KBA hiD 35k- RIY MBA 170 35k- IVY I IBA 260 3Sk- IVY

11-JUL-88 22:29:33
MBA 35 A 3Sk- 3Mr N MSA ISLA 35k- 3M? ::A :A 39k- 23M

35RD I MBA 3SLA 35- : WY 7BA iD 3Ik- IVr
17LA K BA 17RA 3'k- Wy BA I6A 31k- 3M?

NSA 17LO 35k- IND NBA 11RD 3k- .VY BA 260 35k- RlY

IL-JUL-68 22:29:40
MBA 351A 30k- 3My N MBA ISLA 30k- 3Mr I MBA BA 3Ok- ZNr

3510 N MBA 1 LO 30kD s- VY MBA 60 30k- OV
17LA I MBA IlRA 30k- IWY I MBA "A 30k- 3R

MBA h7LD l0k- IMD I MBA 171D 30k- lvi I MBA 260 30k- IlV

11-JUL-86 22:29:41

MOA 3SBA 3Sk- 3M? I MBA 3SLA 3Sk- 3M? I MBA BA 35k- 2HN
350 N MBA ISLO 35k- RWY NBA $0 3Sk- IwY
IlLA MBA lilA 35k- IVY I NBA 26A 3k- 3M?

PIA 17LO 35k- R1W I MBA 1710 35k- D VY I MBA 260 3 k- IWV

11-JUL-86 2.:30:00
MBA 3SRA 3k- 3M? I NBA 3SLA 35k- 3M? I RBA IA 35k- Nr

:SA 3560 15k- AMT NBA 3;LD 3:9- IWT I MBA 60 3k- IVT
WSA ILA I5k- VY I MBA lilA 3 k- VY MBA 26A 39k- 3M?
NBA 17LD 3i- I Y M BA I73D 35k- IWY R BA 26D 3Sk- IVeY

13-JUL-i: ::30114
MB A 35R.. i:- 3M? NSA 39LA 30k 3M? I NSA IA 30k- 2M?
NSA 355 ii)- IVY I MBA 3RLD 30k- IVY I MBA 60 30k-IVY
NSA lII L - IY MB A I 3k- 1 : : MB I 26A 30k- 3MF
NBA IL D 301- k RWI NSA 102D 30k- IVY NBA 26D 30k- IVY

11-JUL-13 30:27
MB A 3 :1 - 3M? M NBA 35LA 25k- 3]M I NSA $A 29k- 2mN
wSA 351RD - RWY MBA 3;LD 25k- RWY I RBA 8D I:k- IWY
wSA LL.' 13-- SVY I MBA AI BA :A 2k- 3N
MBA 1 -.- RV, I MBA 1730 25k- IVY I NBA 260 2 k- MVY

11-JUL-33 :-':30:48
MBA 35. 21k- 3M? I NBA ISLA 25k- 3Mr I NBA $A 25k- 3M?

3510 I NBA 3LD 39k- IWY I NBA 6D 2k- I1
17LA MIA 7RA 29k- IVY I MBA 26A 25k- 3M?

MBA 17LD 25k- IMD N MSA 17itD 2k- IY NSA 260 2k- AVY

11-JUL-80 22:30:;S
MBA 3S6A 25k- 3 MBA 35LA 2Sk- 3M? MBA $A 30k- 2M?

3910 I NSA 3SLD 25k- IVY RDA A0 30k- IVY
17LA I NSA 17IA 2:k- IVY I MBA 2k 3:0k- 3MP

MBA 17LD 2Sk- IMD I NBA 17 0 23k- IVY BA 260 30k- IVY

11-JUL-80 22:31:08

MBA 39RA 25k- 3M? NBA 3LA 25k- 3M? K BA BA 25k- 2M
3RD D ; NBA 35LD 25k- Iw MBA 6D 29k- IVY
ITLA I N:A lilA 25k- :Y I XB 26A 29k- 3P

NBA 17LD 25k- IMD R NBA 171D 2 k- IT I MBA 26D 25k- IWY

11-JUL-8 22:31:22
MBA 391A 2Sk- 3M? R NDA 3LA 25k- 3MF I NBA @A 2Sk- 2Nr

35A D I NSA 35LD 25k- IVY I N AD 80 25k- lRV

17LA I NBA 17RA 2Sk- IWY I RBA 26A 2Sk- 3M?
RBA lTLD 25k- IW I +NBA 17RD 25k- IWT i RA 260 23k- IVY

11-JUL-8 22:31:29
RBA 3:1A 2Sk- 3M? I NBA 3LA 25k- 3N? RBA $A 2$k- 2MF

3910 I MBA 35LD 25k- IVT MSA 0 2Sk- IWT
17LA I NSA I7RA 2Sk- lVY MBA 26A 2Sk- 3R

NBA 17LO 25k- IND NDA 172D 23k- IVY I MBA 26D 25k- IVT

11-JUL-68 22:31:35

NBA 356A 25k- 3M? 9 NBA 2LA 25k- 3MY I NBA $A 2sk- IM?
35D I NSA 35LD 29k- IWY NBA B0 2Sk- IVT

LILA NBA 17tA 25k- IVY I NBA 29A 25k- INr

NBA 17LO Z5k- IMD NSA 172D 25k- WY I NBA 260 2Sk- IVY

11-JUL-l' :.31:42
NBA 15P . .k. i- M I NB MA )LA 25k- 3M? RDNA BA I3k- 3N?

3 55 I MBA 33LD 25k- IVY I MSA AD 23k- IVT
iLA I NA 1i7A 25k- IVY I N:A ::A 3k- IVt

MBA 17LD 25k- IND I NBA 1710 25k- IY I NSA 26D 5k- IVl

11-JUL-13 ::1:96
MBA 3A6:.ZS,- 3M? M RBA 3SLA 29k- 3M NIA IA III- IR

35D NIA 33LD 25k- BV | NBA AD 39k- DIt
17 IL MBA IA 29k- VY I NBA 2A 35k- IR

MBA ILD :'.- 1M 9 NIA 1730 25k- AVY 1 MBA 260 k 1y

I-JUL-15 2::)2:02
KBA |IRA 30k- 3M? I NBA 25LA 30k- 3M? M NIA *A 20k- 2N?

3510 9 NIA iSLO 3k- IVY : :AA i3 '6k- Ir

I'L I NSA :;'A 30k- IVY NBA ZIA 30k- IN?

MBA IlLD Ok- IMD I NSA 17D 30k- IWT N NA 26D 3k- rY
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11-JUL-88 22:32:09
RDA 35RA 30k- 3107 "*NA ISLA 30k- 3Imp I 1A sA 30k- ZN?

35RD I NSA 35LD 30k- RUYT NSA to 30k- 2vi
17LA I NBA LIRA 30k- IVy RDNA 26A 30k- 1IMF

RDA 17LD 30k- RUT I NA 1730 30k- IUT NSA 260 30k- IVY

11-JUL-SB 22:32:23
MBA 331A 30k- 3107 NSA ISLA 30k- 31mp NSA $A 30k- 210r

3310 I NA 35LO 30k- IVY N&A 0D 30k- IUY
17LA I NSA LIRA 30k- IUY I NSA 26A 30k- 1107

RDA 17LD 30k- 1IN0D NSA 1720 IOU- IVY RDNA 24D 30k- IVY

11-JUL-88 22:32:36
NSA 35RA 25k- 3107 NSA ISLA 25k- 310? NSA $A Z5k- 2107

3330 MDNA 35LD 25k- IVY NSA so Z5k- IVY
17LA I NSA 17RA 23k- SI RDA 26A 2sk- 1IM7

NSA 17LD 25k- IVY RDNA 17R0 25k- IVY NSA 240 25k- Iv!

11-JUL-92 22:32:43
MIA 35IA 25k- 3107 MINA ISLA 23k- 3107 NSA $A 25k- 1IM7

3330 RDNA 35LD 23k- RUT NSA ID 2$k- BUT
17LA R NA 17RA 25k- IUY RDNA 26A 25k- 1I07

NBA 17LO 25k- IVY RDNA 1730 25k- IVy RDNA 260 25k- BUY

11-JUL-88 22:32:30
USA 35RA 20k- 310p USA ISLA 20k- 310? N SA $A 25k- 1107

3330 USA 35LO 15k- IVY vs. US o0 25k- AUY
17LA. N SA LIRA 13k- 110MF USA 24A 25k- 1107

NSA 17LO 25k- RVY N SA 1730 20k- BUY N SA 240 25k- IVY

VSA 3331 lik- IVY USA 35LA 15k- IVY USA BA 25k- IMF

USA I7LA. 1.- IVY N SA 17MA 15k- 1IM7 USA 24A 23k- 1IM7
NSA -LD LS:- IVY I SA 17R0 15k- aUl N SA 260 25k- IVY

11-JUL-11 ::3:10
VIA, 35.,, It- 3107 N SA ISLA 15k- 3107P USA $A 25k- 2107
VIA S0P.1 ..- ANY USA 35LD 15k- IVY V SA 00 25k- BUY
USA 17LA 13..- IVY N SA 17lA 15k- 1107 N SA 26A 23k- 1107
VIA 17L0 I'~. IVY N SA 1730 15k- aVy I SA 260 Z3k- RUT

11-JUL-83 22:33:24
USA 35RA 20k- 3107 N SA ISLA 20k- 3107 USA 8A 25k- 2107
USA 3550 13k- RUT USA 33L0 15k- &MY USA so 25k- IVY
USA 17LA 15k- 1107 USA 178A 15k- 2107 USA IGA 23k- 110?
USA 17LD 20k- IVY N SA 1710 20k- IVY I USA 240 23k- IVY

11-JUL-08 22:3351
USA 35MA 20k- 3107 N SA ISLA 20k- 3107 USA IA 20k- 2107
USA 3530 15k- IVY USA 35LD 15k- RVY USA ID020k-IVYT
USA LILA 13k- 1107 N SA LIRA 13k- 2107 N SA 26A 20k- 1107
USA 17LD 20k- IFT N SA 1720 20k- SI USA 260 20k- IVY

11-JUL-88 22:34:12
USA 353A 20k- 310F N SA ISLA 0k- 210F USA IA 15k- 2107
USA 3530 10k- IVY N SA 3SLO 10k- RVY USA 50 13k- IVY
USA 17LA 10k- 1107 N SA LIRA 10k- 2107 USA 26A 15k- 2107
US& 17LO 20k- IVYT NSVA 1730 20k- *MY N SA 240 15k- IVY

11-JUL-SB 22:34:10
USA 35lA 20k- 3107 I SA ISLA 20k- 2107 NSA BA 23k- 2107
VSA 3530 10k- IVY N SA 35LD 10k- RVY RDNA 80 25k- IVY
VIA 17LA 10k- 1107 N SA 172A 10k- 2107 NSA 24A 23k- 2107
USA 17L0 20k- IVY I SA 1720 20k- RI NBA 34D 25k- IVY

11-JUL-IS 22:34:32
USA 533A 20k- 3107 USA ISLA IRA- I107 RDNA $A 25k- 2107
USA 3330 10k- IVY N SA JSLO 10k- IVY NSA so ask- IVY
USA 17LA 100- IMP7 N SA 17lA 10k- 2107 NA 26A 23k- 3107
USA 1LL 20k- RVY USA 1730 20k- IVY RDNA 263 23k- IVY

11-JUL-IS 22:34:39
USA 35RA 23k- 3107 N SA ISLA 25k- 3107 NBA IA 25k- I107
VSA 3330 100- IVY N SA 35LD Ilk- RVY NSA ID 23k- BUY
VSA 17LA 10k- 1IM7 N SA LIRA 10k- 2107 NA 24A Ilk- 2107
USA 17L0 2Sk- IVY USA 1730 25k- VY R NA 240 23k- RVY

11-JUL-11 ::34:53
VIA 33IA. 23k- 3107F USA ISLA IS&- 2107 N SA IA 15k- 2107
USA 3SAC Ilk- RUY USA 3SL 10k- IVY USA IV 15k- IVY
USA LILA 14k- 1IMF USA 173A 10k- I107 USVA 26A 15k- 3107
USA% 17LD 25k- IVY I USA 1730 23k- BVY USA 213 15k- WAY

11-JUL-03 :.''1:07
NSA 350.' - 5107 W SA ISLA 3k- 3107 VIA BA 13k- 3107
USA 3SAO 1)" IVY NSVA ISL0 10k- IVY N SA S0 13k- IVY
VIA LILA LIlk- 1IM7P USA 171.A 10k- 2107 USA 16A 13k- I107
VIA 17LD Z5k- BUY USA 1730 25k- BUY USVA 240 15k- IVY

USAL 35RA 23k- 3Im7p USA ISLA Ilk- I107 RDNA $A 21k- 2107
WOO LO3U10- IVY VIA 3L IlLS1k- IVY RDNA is 3k- IVY

V 17 LA Lk:- 1107 VIUA 171 Ilk- 3IMP MINA 24A 25h- 3107
VSA "17LD I5k- &VY USVA 1733 21k- RVY RDNA 340 350- IVY

C-I12



it-IIIL-0627333
USA 3saA 2sk- 3M? USA ISLA 2 Sit- 3mr ASA 0A )0k- n

USA 3530 10k- KUT gUSA 35LO 10k- NUT RDA 003-NV

USA 11LA l0k- :UV USA 17RA low- awl NSMA 26A 30k- 3m?

USA 1710 13k- NUT IUSA 1730 2sk- NU NA26 0k V

it-JUL-$$ 234:01
WSA 3SNA 25k- 3M? USA 33LA 25k- 3M? NSMA 4A 2Sk- 2"r

USA 35RD 10k- BUT USA 351 10k- NUT NSA go 23k- RUT

USA 17LA 10k- NUT 17A:iA 10k- BUT ::NA 2:X 2::- ZNr

U:A OLD0 25k- NUT gUA732k-NT IMA 260 23k U

l1-juL-NB 22:36:08 S AIk M

UA 35NA 30k- IN? USA ISLA 30k- 3M? as M soN 29k- ZN?

USA I501k V USA 3ISA 10ll- NUT RDNA 26A 35k- NUT

US iA 0 NU S itA a0k NUSMA 360 35k- NT

USA 17LD 30k- NUT USA 110 30k- NUT RA202k U

1-JUL-88 22!34:13NA $ Ik 9

USA lISA 2k- 3M? USAISLA 23k- 3M? INA NArk N

USA 35R0 10k- NUT USA aSL 0k gUoA N 25k- NV!T

UA 35RD 10*- NUT .SA 3LS 10k- RUT NSA 2k2k N

US A I Lo Ow-NV USA IN %A lk- NUT NSA 26h 23k- NMF

NSAU-N 260 2k- aw

USA 3L1as 230- N? USA ISLA 30k- 3M? RDA :A :::- ZN?

USRA 3 0-NT IUAOL k- IN NT I SA ND 30-NT

USAliL 0- NT IUSA ::A11 NT INA 26A 30k: ZNT

US 7, 2k SA A 1 R0- UT NA203k U

A -'l;L 3011 02

USA 3I. I L - 3M? US A I RD 3k 3M? I s NBA60 30k- IN?

UI- 11L_ 1.* NUT4 IRSD3101k-!NA s0 30k- NUT

US. 357L I I2- NUT I USA lSA 3 - N TI N A2k 30k- N?

USA !PC0 301- NUT USA 1730 30k- NUT NSA 260 Sak- NUrT

NSA0L77 266:40- 1

USA 3L5; ;k- M? US 7:SA IS%- SMIFNATA 0- N

USA ~ R 33W. - U SA31 3k U A 030k- NUT

USA 1.LD O'k- NT UA1730 30k- NUT NSA 260 3k U

11JL : :::36:49
US SA30-I? IUSA ISLA 30k- N? RNSA :A 10,k-N

USA 030 0- U USA OSLO 10k- NUT INSA 30 30- IVY

USAliA 01 NT RDS 7*00-I? INA 36A 00*- ZN?

US5A L1. 30L NUr USA 1730 IS*- InUTA303* U

Vi SA3k- 3M? SA ORLD 3k- RU? RNA NA0 30k- ZN?

1U 3 3 1 ! NT( UA OL 13- NUDNA $A 30*- NMF

USA 31LA 5k- NUT USA 17LA 3k - 3M? RDA ItA 30k- ZN?

USA 171 0. - NUT k USA 173 30* No UT NA303k U

NS SNA2k-ZNT NSA RA1 2*- XN MA ::A :k- N

SA lLA 10k NU _ NWA 175 23- IN? A 2*300-ZN

NA I71,0 3k- UT U SA 17No 3 X- UT N IA 26 11k-N"

it-JUL-10 22:37:37

NSA isNA 3@k- 3m? I SA ISLA 70k- )M? ::MA :A 3 IMFZN

US 33 1k-NT USA OSLO 23k- NUT 9NA O 30k BT

USA I LILA1k- BUT NS 73 3k N? 9NA 26A 30k- ZN?
NBA IIL 23k- NT I NS 1730 23k- NV NA36 0k U

USA IA 10-O? IUAISA3k M NSA NA0 3k- RN?

USA 333 10-NT:UA 
OLO 0-NU NA 130- T

US 11: 10:- NU"T USA 1730 30k- NT 9NA303k U

ll-JVL-18 22:7:30 NA)L 51 M D

N:A 3i 2k- ON? Lo N 2 315k- IN? :S A :2k-ZN?1.1

UA );L0 1k- UT 9 S2SO23-NT 9NA 603k-NU

USA %iL 1k- NT 9NA ISA 25k- IN? 9NA 6*3k-3M

NS 7, 5-NT INSA 1730 25k_ NT RNA 60 3k- NT

NS- tA s 3 2%. '%1- OI NA ISLA 25k- IN? NSA A* Ik- IN?

USA Ism0 &O- RUT ::NA SLO 25k- SV! ::NA NOA 3k- NUT

USA 17LA Ik- NUT NSA IlNA 3k- IN? 9 S 6 30 N

NA 17L,0 Z30- UT 9NSA 17RD 33*- NT 9NA302k

1-JUL-90 223:41
SA ISIB:.l:- in? USA ISLA30k- M? RDNA 6* IS- MF

U:A 330 I*:- BT 9USA ISLO Ilk1- NUs NA .33-U

USA I LA 10-NT 9USA 173* ;ck- IN 9t RA 26* 3k- 3M?

USA IL 17. a0-WBT I USA 173 3k- NUT? NSA 26D 3k- NT

USA NA 35*- IN? I S SLA Zsk- IM? NA A 3:%- 3M?

UA 33 I:-NU UAOLO 1:: NUT" 9NA S 01k NUT
UA IlLa 1:- BU2 S 7*1k N B 6. 30k 3M

UA 17110 2s*- NT Ua 1710 33k- SNT 9NA303k

A CSA ~- JTNS 3::



I-JUL-Il 22:31:32
USA 3SA 23k- 3Mr I USA 35LA 25k- 3MF M IRA &A 23k- IN?

USA 35RD 10k- RWT I USA 33LD 10k- PUT I NRA 80 25k- PUT
USA 1ILA 1Ok- RWT U USA l7RA L0k- IM NSA 2GA 25k- IMF
USA 17LD 25k- RUT I USA 17AD 23k- RT g NSA 260 25k- RUT

t1-JUL-I8 22:36:38
USA ASRA 2Sk- IMF USA 3S.A 25k- IMF NSA #A 23k- IMF
USA SIRD 10k- RUT g USA OSLD 10k- RUT RDA so 23k- RUT

USA 1ILA 10k- RUT I USA 17RA Ilk- PUT I NSA 26A 23k- 3Mr
USA 17L0 25k- IWT USA 17R0 25k- PUT I NSA 260 35k- RUT

11-JUL-48 22:36:52
USA 35RA 2Sk- 3MF USA ISLA 25k- AN I NSA GA 2Sk- 3MP
USA 35RD 10k- RUT U USA 33LD 10k- RUT | NSA 80 25k- RUT
USA 17LA 10k- PUT N USA 172A 10k- IM F NSA ZGA 23k- 3MF
USA 17LD 25k- RWT | USA 1710 2Sk- IT | NSA 260 Ask- RUT

11-JUL-1 22:38:59
USA 3SRA 25k- 3M J WSA ISLA 25k- 3MP R SA A 25k- IMF
USA 35RD 15k- PUT I USA 35LO 15k- RUT I NSA 10 23k- IVY
USA 17LA 13k- RUT I USA 17RA 13k- 1M F RA 26A 25k- 3M?
USA OLD 25k- RVT USA 17R0 2Sk- RWT I NSA 260 25k- RUT

11-JUL-Il 22:39:12
USA 3SRA 20k- 3MP USA 3LA 30k- SN? I NSA $A 25k- 3M?
USA 35RD Sk- RUT NSA 3$LD 1Sk- RUW T NRA S0 2Sk- RUT
USA I7LA ISk- RUT U USA 171A 1Sk- IN? 9 NSA 26A 33k- RUT
USA 1ILO :lk- IY | USA 1780 2Ok- RW * NSA 2SD Ik- Bur

11-JUL-i: :::39:26
WSA 35P. :1k- 3M? N SA 3LA 20k- 3M? I NA $A 25k- 3M?
USA 35p. Lk- RUT USA 3IL 13k- RUT I NSA s0 2Sk- Rn

USA 1iLA Lk- RUT I USA 17RA 15k- IN? I NSA 36A 25k- i?
USA 17LD :Ok- RUT I USA 17RD 20k- IWT I NRA 260 25k- RUT

11-JUL-13 39:33
WSA l5R 2k- 3my I USA ISLA 20k- IM i RA $A 2Sk- IMF
USA 35R : - PUT I UPA 39LD 15k- IT I NRA 80 2Sk- RW
SA L-L. I:,- RUT U USA 172A 15k- AI RA 24A 25k- 3M?

USA 1".L :I%- RUT U USA 17RD 20k- IWT | NRA 260 2Sk- RUT

11-JUL-93 22:39:53
USA 35RA :Ok- 3MP I VIA ISLA 20ok- AM P NDA iA 3Sk- am?
USA 3SRD 1Sk- RUT V USA 35L0 13k- RUT 9 NSA ID $Ok- RUT
USA 1ILA 15k- RUT | USA 17RA ISk- IN F NRA 26A $0k- 3MF
USA 17L 20k- RUT 9 USA 170D 20k- RUT N NSA 26 3Sk- RUT

11-JUL-88 22:40:00
USA ASRA 20k- 3M? USA ISLA 30k- AM? P NRA IA I0k- 3M?
USA 3SRD 1Sk- RUT 9 USA 331. 1Sk- RWT N NSA 0 30k- RUT
USA 17LA 1Sk- IRT 9 USA 1IA 15k- IN? NSA 3SA 30k- 3M?
USA 17LD 20k- RUT I USA 171D 20k- RUT i NRA 30 I3k- RUT

11-JUL-8 22:40:07
USA 3RA 20k- 3M? I USA ISLA 3Sk- 3M P NRA iA 2Sk- SH?
USA 35RD lSk- RUT U USA SILO lSk- RUT NSA D Sk- RUT
USA 17LA 1Sk- IVY 9 USA 1IRA 13k- IN? R NA 26A isk- INF
USA 17L0 20k- RUT 9 USA 17R0 20k- RUT 9 NRA 260 2k- IT

11-JuL-8 22:40:13
USA SIRA ISk- 3M? I USA ISLA 1Sk- 3M? RNA $A 2$k- IMF
USA 35RD 1Sk- RUT 9 USA ISLD 1k- RVT NSA I0 k- M
USA 17LA ISk- IT | USA I7RA 13k- IM? NSA 2A 23k- 3M?
USA 17LD 13k- RUT R NSA 171D 13k- IT RA 360 23k- IT

11-JUL-90 22:40:20
USA 3SRA 20k- 3M? N USA ISLA 20k- AMP NSA iA 23k- SM?
USA 35RD ISk- RVT 9 USA SIL ISk- RUT NSA #03 Sk- RUY
USA l7LA 1Sk- RUT I USA 17iA ISk- IMP 9 MIA 2SA 33k- 3MP
USA 17LD 20k- RUT | USA 171D 20k- RUT 9 NSA 260 39k- RUT

I-JUL-88 22:40:34
USA 35RA 20k- IM? USA ISLA 20k- 3M? P USA IA 1Sk- amp
USA 3SRD 20k- RUT J USA 33L0 20k- RUT 9 USA Io 1Sk- RUT
USA ILA 20k- RUT N USA 17A 26k- IM VIA 34A IIk- SMP
USA 17LD 20k- IT 9 USA 1710 30k- RUT USA 360 sk- IUT

11-JUL-11 :::40:41

USA 30.. :')k- 3M? USA ISLA 29k- SM? USA IA 1k- 3M?
USA )IND tik- RUT USA 3SLD ISk- RUT 9 USA lb INk- PUT
USA 17LA 13k- NUT 9 USA 17LA Isk- IN? VIA IGA 1sk- 3M?
USA ILO ZOk- RVT I USA 171D 36k- RI USA IS Ask- RUT

I-JUL-13 :::11:01
USA SI*R* :3*-. M? V USA ISLA 33k- 3M? USA BA Ask- 3MW
USA 35RC L3,- RUT 9 USA 35L0 1k- RIF USA I0 Ask- RU
USA 1ILA Ilk- RUT N USA 17tA 1lk- IN? USA ISA iSk- IN?
USA 17LD S3k- RUT V USA 1730 33k- RUT USA 360 Isk- RUT

11-JUL-18 :::i1:22
USA ASIA 23k- SMP 9 USA ISLA 2k- IM? N SA OA ISk- 3"?
USA 3SRD ISk- RUT 1 0IA 3SLO ISk- WUT USA 00 ISk- RUT
USA 17LA ISk- RVT 9 USA AIDA 13k- IN? USA III 1k- IM?
USA 17LD 23k- RVT V UIA 1710 21k- RUT 9 USA 260 Ask- *UT

C-14



W SA ISLA 20k- IN? N I OA20 N SA $A 15h- IN?

WSA 17LA 15k- :IT? WWSA :;LA0 I::- :WT W. UA 2 A ;Wk SN

:IA 173.0 20k- lvi US VA 173 20k-T US A 240 1:.- : kayI - W

11-JUL-98 22:41:49 M
%S I 25k NNSIVA ISLA 2k N S A1k N

WS ,, 1 I 5k ?VS I 330Ik- IMF NSA $A 13k- V

VIA~~~ 
:iA1k 

v I 11 3-I! g UA :A :WT SN
USA Is:. Ik- =! US 702k V I UA 201k V

US IA 25- N I A :SLA 2Sk- SN? I SA I 1:k-::
VIA ILA0 15k- al I VA SIL ISk- Kvi I VA IO "l-I

NSA 1LDL Ilk- lvi NSVA 17RA 15k- lvi SIA IAO Ilk- ON?

WS 1 3.0 25k SA I LA 71 2k- lvi USVA 2I0 15k- lIM

11-JUL-&I 122:42:24
N:S JSO 25k- SN? I NA :;LA 2k: ONT 9 NA I 25- N

USA 1i11 I,:_ I NSA liA 3- vg NA XA T:- N

NSA 17LO 25k- Iwv! NSA 17.0 1,k- IV! U SA *60 21k- IVT

11-JvL-I22:42:37

NS , S A 2k N I RNA ISLA 25k- SN? R NA $A a5k- 23?

VSA IS.l 15k- ,WVr ::NA 353.0 2:k- Nvi 9 NA 02-lv

W9SA tiLA 10k- I I NAlA2k- lvi ::NAA as5k-N
NSA I'LL' ask- lvi a sA 1710 25k- Owl R NA 140 25k _lvi

li-JUL-9 22:42::7NAIL51-IN S hak M
Na 3::A; 1-: :.N? NSA JSLA 25k- SN? NSA IA 25k- ZN?

USA 151.A L'k- lvi Mik NS A IO Sk- OUT NSA 40A 25k- lIM

RSA I Ll 2'k- awl iNsA 171D 25k- OUT NSA 290 25k- lIT

11-JUL-SI : 054:;
NSA ISP. :'k - S? I NSA ILA 25k- SN? I NSA IA 21k- ZNF

USA 35LD Lk- NYi NSA SILO 25k- NWT NSA 40 25k- lvi

VSA ILA. lik- IU! I NA l7lA 25k- IN? I NA ) A 25k- IN?

NSA R~~!~-I9 NSA 17R0 25k- RWT NSA20 2S'-N 01k- 2vi

NSA 35p'. 2k- IN, NSA ISLA ask- INF NSA IA 25k- 2R7

US 350 L'.k- RV! NSA SILO 21k- lvi NSA ID 23k- Ol

.SA I ILA Lkt- lvi NSA 17lA 35k- 13? NSA ;:A ZSk- 1N?

NSA LL 2!k- IVY R NA 1710 25k- lvi I SA 26 25-lv

11-JUL-SI 2:!43:25

NSA% ;;XA 25k- 3N? NSA ILA I0k- SN? NSA IA ask- ZN?

USA D1 1::- al :% NS ISLD a0k- IV! NSA to ask- OUT

SA 17LA I k DWI NSA R7A 30k- IN? NSA 24A a0k- ZN?

NSA 17Lo 30k- al INSA 173 20k- al NSA 240 30k- RW!

11-JUL-S 22:43:25
NSA::A 30k- SN? NSA SSLA 30k- SN? RD&S IA I0k- IN?

UA 350 15k- IV? I NSA SILO 34k- DWI I NS 30klv

US A 17LA 15k- liI NA 17lA 30k- liM BONA 244 IOU- ZN?

NSA 173.0 30:- SKI IIA 1710 50k- lvi RDA 240 30k- iN

11-JUL-Il 22143t32

NIA InA 2R-DN 9 NA ISLA 23k- SN? NSA IA 5k N

SA 331 D, k l NSA 3. 0 2k- lvi I A to0IOU- am?

VSA 17LA % 01- lvi RDNA 17lA I5k :: I NA ::A 23k- ZN?

NSA 1730 2k- WWI NSA 1710 ):k- viWT I NA 20 25-WT

11-JUL-SI 22:44139

MNSA 3::A 25k SN NSA ILA 25k- SN? RDA Ia alk- ZN?

550 a NSA 3553. 25k- viW N13A 80 23kt- al

liA 1LA 10 V NSA lilA 25k- i I NSA 26A 25k- an?

NSA 173.0 25k- INS NSA 1730 25k- lvi RDNA 260 ask- OUT

11-JUL-4 322:44:40
NSA 3l.I2kS ? NAlLAk- - SN 3 N S A 25k- 2N?

351 D NA 55. 5k- v NSA 50 *$k- lviT

LiLA I NA 17"A 21k li NSA 34a 21k- ZNr

NSA 173.0 ask- lIP NSA 17.0 25k- lvi I A 240 25k- SI

11-JUL-12 :2:45401
NSA SA *5k- IN? I A ILA 21k- INF NSA IA *5k- ZN?

SRO11 5k V NSA SLO a5k- lvi no NSA 50 k- SW!

VIA L.L% 14 li I NA 17:A 25k- lvRWNA 4 25k-IN

NSA 17LO ask- lvi ::NA 170 o 5k viN I NA 20 hl- BUT

11-JUL-IS ::1:4f

NSA :::." I5k- IN? NSA ILA ask- IN? NSA IA a3k- IN?

A SS NtA 53.0D 21k- lvi NSA s ak- av?

U LA I 1: N NSA 17lA 25k- OUT N SA 24A 25k- IN?

NSA 17L.0 I51- INwl NSA 1710o Ilk- lvi RDNA 540 Isk- WV!

11-JUL-US :::4:1
RNSA 5551 21k- SN? NSA 3SLA Ilk- 3N? NSA IA 2sk- IN?

S0l ::NA :ILD 25k- lI 3 NA 5 Ik v

171 NA lIA 351- DI 9 : N A 2A 2k SN

NSA 173.0 21k- IND INA 1720, ask- vI I NSA 240 a1k- lvi

c-1s



NSA 3so SIk- MNr NA ISLA 23k- 2N? NoA $A 25k- IN?

150 I NASLD 2:k- :111T NA a 5-f

NSA 1710 25k- IND NA 1730 23k- BUT g NA 260 ask- awl

11-JUL-I 22:4::34
lnA3k 5k- SN? NSA ISLA 25k- SN? IA $A Ilk- INF

ID I NA I73A 2k SWT ::NA SE ::k- :N?

NSA 17L0 Ilk- IND NSA 1730D 25k- BUT NA 260 ask- M"1

11-JUL-I 22:49:43
NSA 532 2k- 3N? RDNA ISLA 23k- SN? R SA 1A Ilk- In?

3550 R NB ;SLD Z1k- INT I NA 90 I5k- a"U
LI LA I NA 17:A 2::- BUT Mal N :$SA 25kSN

NA 17LO 25k- IND RDUA 1730 a5- awl g SA d6o a"- W

11-JUL-6 22:46:00
NBA D 55A k- SN? NSA ISLA 25k- N? NA $A 25k- IN?

550NAA 35L0 25k- RUT RDNA SD I3k- 351
17Lk NSA 17:A 2:k- :WT I A SEA Z5k- SN?

NSA 17LO 2sh- IAD I SA 173a 25k- RU! J UA 250 25k- RW!

US i l S1k- 3NM VIUA ISLA 15k- SN? I SA $A 15k- IN?
is:,, 5 510 USA 00 15k- BUT
171 LA 173A RNUA 26A 15k- SN?

USA 1710 Ilk- IND I SA 1710 15k- SW? USA 260 15k- RIFT

US A 35a., :.)k- IN? VIUA ISLA 20k- JN? I A IA Ilk- IN?
35RD 35SLD USA ID 15k- ZI
17 L,.I A II& USA 26A 13k- SN?

USA 17.0 :0k_ IND RNA 1730 20k- Sill I SA 210 15k- RIFT

WSA 35P., imp- SNRNA ISLA 20k- SN? USA $A 15k- IN?

1LA. 172A 5 USA 26A 13k- SN?
WSJ% 1,LD IND USA 1730 Zak- aUT RNVA ISO, 15k- 3UT

11-JUL-33 Z::47:31
WSA, SR. 13k- SN? USA ISLA 15k- SN? M SA IA 15k- IMF

35R50 SLO I SA 01k: RIFT
1i~ I7S: 5 : U :.ASA Ilk- IN?

USA 17LD 155- IAND USA 1)0 I5k- ZVI USA 260 15k- 51111

11-JUL-08 22:47:38
USA , so, 20ok- SN? MIUA ISLA 20k- SN? RNUA I& 15k- IN?

IS3 so 5313 USA S0 15k- lilT
.ILA 17%k USA 26* 13k: IN?

USA 17LO 20k- IAD I SA 173 D2Id- RU! I SA a60 1k RIFT

11-JUL-38 22:47:51
RNA 353k 505- SN? 5 SA ISLA 2*k- SN? USA SA Ilk- IN?

11110 31SLO I USA S0 15k- SUI
liL. I ISA *$UA 36A 15k- SNP

USA 1710 20k- 3W! 5 SA 1733 50k- awl USA 24D 15k- Sw!

11-JUL-IS22475

U S I5A2k N? RNUA ISLA INN- INF USA GA 15k- flU!
5530 SLO USA 10 15k- 511!
17LA IIR 17k UA 24A Ilk- SN?

USA 175.0 2*k- IRV M SA 172D III- SW! USA 23 Ask- ZVI

11-JUL-9S 22:40:05
USA 353k 30k- IN? USA ISLA 20k- SN? I A IA 15k- RW!

31D " UA 35.0 lok- NWT VIUA to 15k- 3aw!
171A RNUA 172A &Oh- SW! USA I6* Ilk- SN?

USA 17L0 20k- RU! USA 1733 24k- ZVI RNUA age Ilk- aw!

11-JUL-03 22:312
US A SISA 20k N USA 311k 24k- SNHP USA uA 15k- m"1

3530 USA 3513 15k- 111" W SA D3 15k- SW!
IILA I USA 17RA 1Sk- RU! " UA mE ilk- SN?
IS 1710 24k- IND I SA 1733 26k- MV " UA ISO0 15k- MI

US ," D ~ - N U SA IL 2k- SN? " U A 80 l k- RUT
3530 USA S7LA Ilk- RUT RNUA SA ilk- 3U1

RN A OZk N USA 1720 10k- MUT RNUA 26k 16k- SN

WSA *$025 IS I UA 17L3 I0k- SHP " UA 263 Ilk- BUT

USA 7LA RD& 11S1 SASLA lot- SN? USA 26A Ilk- 5IMF
A17.0 lk INSMA 5315 Ilk- Ii! USA 365 lot- Sw"

"SA ILA 5 t USA ISLA act- BHT " UA UE 1Nk- IN?

US Ilk20-SN USA ISL &Ok- SN? I SA 6A Ilk- IN?
35L.0 5 SA III& Isk- awl " UA 05A ilk- 3"r

USA 1710 29k- 5111 USA 1730 20k- mul 5 UA 260 lob- w"3

C-lb6



VIA JIMA. 24k- IMF USVA 35&.1 2*k- 311? USA $A &Ok- IMF

ISS0 USA 2110 Lek- OUT UsA I0 100- VW

1LCA .1 VA JIMA. 100- BUT USA 36A. 10%- 3MF

VIA 1110 39k- IND USVA 17ao 20k- OUT USVA 269 Lek- m"!

11-JUL-os 22:49:37
VIA iSIA l0k- IMF 9 VA 391.A 2ok- 237 VIA IA 10z- OUT

3130 9 SA 3110 10k- IV! USVA 60 10k- a"!

17LA USVA 17MA lk- 21WT 9 VA lAIk

USA 17LD 20k- 1Mb USVA 1730 20k- OUT I VA 20 10k- OUT

11-JOL-49 22:49:34
352h 39t.A USVA IA l0k- SV!

350I 35LD USVA to 100- ftv!

171 I l~A USVA 36A Lk- IMP

17LD 170 USVA ISO ISO- OUT

11-JUL-Il 22:49:54
I11 IR ISLA1 0 A

33R0 35SLD goI

17LA I 1731 I 51.

17LD 1730 D 260

C-17



Appendix D: Low Level dual Doppler Analyses:
Wind vectors and AV

These are 1 min resolution low level (approximately 190 m AGL) dual
Doppler analyses on a 0.5 km-spaced Cartesian grid during the time of the
microbursts. Minutes after 2200 UTC are shown in each diagram's upper
left hand column. Stapleton runways are indicated.

These diagrams show horizontal wind vectors and contoured AV values'for
the 11 July microbursts. A routine was implemented which searched for
the maximum wind velocity losk across a a 2 km radius circle centered at
each grid point. This maximum AV was assigned to the point, then those
values were contoured to obtain the diagrams shown here.

The lowest contoured level is a AV of 10 m s- 1 (20 kt) , and the contour
interval is 2.5 m s- ' (5 kt). The first contour corresponds to the original
TDWR microburst alarm level and revised TDWR "wind shear" alarm
level. Light shading denotes AV of 15 m s- 1 which corresponds to the
revised TDWR "microburst" alarm. The darker shading indicates AV of
25 m s- 1, the solid area is at /V 35 m s- 1.

This analysis was performed using the NCAR CEDRIC radar analysis
package. Missing data from each individual radar were first filled using a
median filling technique, then unfolded, then smoothed. The smoothing
technique averaged 1 adjacent gate on each side of the beam, and 2 along
the beam for FL2, and 1Xl for UND. The smoothed data were then
remapped onto a Cartesian grid with 0.5 km resolution, then the velocity
components from each radar used to find the true horizontal wind velocity.
This routine was a streamlined version of the processing package described
in the text and was uscd for the summer's ground-trutling exercise.
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Appendix E: Combined LLWAS/FLOWS Surface Mesonet Winds

Wind vectors (pointing in the direction the wind is blowing toward) are
shown in these plots for the times pertaining to the microburst. "L"
numbers are LLWAS stations and "F" numbers are FLOWS stations. A
scale wind vector is shown on each plot. The Stapleton runways are shown.
The plots are centered at the centerpoint (Li) of the runways and the
axes are labelled in km away from that center. Dots indicate approximate
areas for microbursts causing divegence levels above threshold value
(approximately the TDWR "wind shear" alarm level) and crosses indicate
those areas for stronger divergence (approximately TDWR "microburst"
alarm level). Station F13 was not operating correctly throughout the time
period.
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Appendix J: Combined LLWAS-FLOWS Mesonet Data

Wind vectors (pointing in the direction the wind is blowing toward) are
shown in these plots for the times pertaining to the microburst. "L"
numbers are LLWAS stations and "F" numbers are FLOWS stations. A
scale wind vector is shown on each plot. The Stapleton runways are shown.
The plots are centered at the centerpoint (Li) of the runways and the
axes are labelled in km away from that center. Dots indicate approximate
areas for microbursts causing divegence levels above threshold value
(approximately the TDWR "wind shear" alarm level) and crosses indicate
those areas for stronger divergence (approximately TDWR "rnicroburst"
alarm level). Station F13 was not operating correctly throughout the time
period.

E-2



88/07/11-22:03:00 LLWRS-FLOWS MESONET (km x km)

10 I I

0, 1 F2 F q

, 1F1 , /,,,

, 1 \ F l9
1.12 ' 1/.7-

10.

\ F 3 F= I

13

•u1 L, 6a , i g F

I I

v

j l a /Fig

L1 L 7

Uil r r -l~
l' 
-. . .- .-- \

21 v IZ

-10 0 to

E -3
0 II ' s ,  ,

":o P2I3-,l
~ I

E- 3



88/07/11-22:05:00 LLWAS-FLOWS MESONET (km x kmi

10 ,

F,\ I 
2  

F3 F4

F S9 L G S 7,

L \

t I

LI - ZZ

F26 8

-to 0 10

88/07/11-22:06:00 LLWRS-FLOWS MESONET Writ x kmn)

10

F \ F\ i

L12 L 7l

L ,t I , . ,2=

L ,P9

117

o ... 1,0,,. / 9

-4

I *

-ta 0 10

88/0/11-2:0:00 LWE-FL EOE k m



88/07/11-22:07:00 LLWNS-FLOWS ME5ONET (km x km)

10 I I I

F 9 L FIO /71

7116

I U' I S Fi

: L>.Jd 7 rl 20'

L12 L 7I9

LII ZZ FZ' - -...... L 0I 
/  

/ '

LID - F"

I9

1 27

1177I L2 i .

-10 0 10

88/07/11-22:08:00 LLWRS-FLOIS MESONET (km x km)

10 I I

"S\ "\ "77

F 9 F O

*I \ L\ il0 2ls

... 17

0 M 'I\ 20-

L.9
LII ,\ "W . -r' "~ .,. / g72

LIO . ..

S/7

rIn 17 12,11

10 I I
-10 0 I0



88/07/11-22:09:00 LLWfS-FLOWS MESONET (km x km)

10
I 0, I F 2 , I

,,\ ,,\ ,,\ "i\

'\ "F,"F "

Pg L\

FI. .3 ., . .:I

IZ\ 11 L;6ri0. F ,L I F12 F2

I. k I *

"'"\l F22"

10* * *

F S L F S \ P

* . L.L.,.. I

F26 FI Fig

I - - - I

-10 0 10

88/07/11-22: 10: 00 LLWS-FLOW MESONET (km x km)

|0 I I I ' I

IF I"\F 7"\"

L S z I FIO

fix ... iri fill

0 .leis. L I l\ F 20

_-LI LI FN

F I | U

-10 0I,

E-6



88/07/11-22:11:00 LLWRS-FLOWS MESONET Ikm x kin)

10
F IO F 2 F I I

F I F
LI 52 FIO fi

Iri s \ : F\

F17E

.Nl I" , .Z.
Li 12,

"L"D t +
L IZ . l 17 .I Z

L. +' + + + + IN
L ,, ,, + * *

t 4+44+ F +

i,4

F28~
PV27

-tO 0 10

88/07/11-22:12:00 LLWAS-FLOWS MESONET (km x km)

10

"S\ "6\~\ " FS\

FIS i V iS l

t. .1 .. ., . ,V .3

Lit 1 . ,1 .

,7

I L 5

-tO 0 IO

E-h



88/07/11-22:13:00 LLWAS-FLOWS MESONET (km x km)

10 F

L . 5 FI Fi

ILI% L" " 'S

L 4 - . ,L. /L 120

LIZ~ L 92

Il ,I . " + + + + + + /

+ q.&& +LIIF2

i. .... +-..4•4•4.

LaO 1  ,23

-to 0 10

88/07/11-22:14:00 LLWAS-FLOWS MESONET (km x km)

10'9 I

"S\ ,.-,,,Pt\ ,.\

IF L S 1

'12 T- L ?

Xl 1.2 L PLt 4.

I '* .I - - . I *

L 3

# o ... .. + + ,,.

-10 0 10
E-8



88/07/11-22:15:00 LLWRS-FLOWS MESONET (km x kmi)
IO mi,-' I , !

10

PSF 4

F .\L, ... ..

• . . . .. . . IG
L I'I

LI ~ L L7

L ..L . . . . --. .
9 . . . . F23

.... Fi rz:

-to~ 0 1

88/0/1122:6:0 LLW-FLOW MEOE •k x km

109

F L 5 I i

\, :

I *

-0 0 O

88/07/11-22":16:00 LLWRqS-FLOWS MESONET (km x km)

\\vI0n

V,. I ,.0<,\ ,,\

"7----

o 0 ,:0
LIZ : "E-9

"\::1,: :\,,,:/,

r ,

' I * I * I I

-to 0 D0
E-9



88/07/11-22:17:00 LLWAS-FLOWS MESONET (km x km)

10 I I

F ~~ I 3 F 4

F 13 -fig

L 3 l ~
P13, "FIB

FIB Fig

IO

Io\.,. , . ....... .
"

F24\~ 2

F26/

I

-10 0 t0

88/07/11-22:18:00 LLWAS-FLOWS MESONET (km x km)

o I 4 i

.. .fig

** 15 v I I O\
- ' -

I

o I *

L 10

-to 0 to

E-10



88/07/11-22:19:00 LLWAS-FLOWS MESONET (km x km)

10 I '

F 3 F

F s 6~ a 21- F 8

, , ... ' --fo F,, ,,

3 /
li l - ,A F .. --

r • t e + + +

LIO

\ I

F26

-100 10

88/07/11-22:20:00 LLWAS-FLOWS MESONET (km x km)0I Z 1120

L2 \L7 . . ,
L -.-.--- \ :: +

•2 Va . Fn

m\ /,/,
P27/ Z]

i I , I I

-10 0 to

E-11



88/07/11-22:21:00 LLWRS-FLONS MESONET (km x km)

101.

F~~~ S r 3-

_ FIS \

Fla FIS

.. .. .t.2,.' .. .
0tl , F, ,, ,.. ....g"'

L l . . . . .t - - -. . . . -. . , . .F2
LIZ - - L IL

FZS

F26 F.Z s

I I , tI

-t0 0 10

88/07/11-22:22:00 LLWRS-FLOWS MESONET (km x km)

10

F I - JZ--'K ~'

F i s/ F 2 ..----
"\

Pig k is FIG

..L  
F

--,.-.. FO U.,I,

LILZ

A2.2

• * " I .. .*

-10 0 10

E-12



88/07/11-22:22 :00 LLWfl.-FLOVIS MESONET (km x km)

10

F . - 'i - FI"

F 9 L 5 F 10---

I. FI F II 
/

F13 F FI5

0 LFI B I..~2.

/I F 19

, 2 XF, + + + +

I ,

Htb 0 tO

88/07/11-22:23:00 LLWRS-FLOWS MESONET (km x km)

10
OFIsI< 3 F-.N

F 1 F

L 3
fi FIB

FIB \.,2, .7+ + +

LI ...... ....--... $+ +
U1. . . . . . .

* * +

-10 0 to

E-13



88/07/11-22:21:00 LLWRS-FLOWS MESONET (km x km)

3 4

L S - F 
a 

F I I lo --.... /

FISF IS41 t Fi

L 3

FIBig . 20

&12 -..71, . . :7:

LI " *, :" . . " " " z

F24 .

F7 . .

-10 00

88/07/11-22:25:00 LLWRS-FLOWS MESONET (km x km]

10 --- -I-

IF~

fil

Fil -l Fig

r. g.Fill

* • LIZ +

* +

+I\ + * zl

FMs

-t0 0 10
E-14



88/07/11-22:26:00 LLWS-FLOWS MESONET (km x km)

0 I , I I ,*

M I Its*..**J

F a .---.

0 • I • • •, 2

. ... .

\L\

724

F26 2 7 20

-IO I

-t0 0 10

88/07/11-22:27:00 LLWRS-FLOWS MESONET (km x km)

10 ,

F 3 ----

pis

L it * 
71fLI ........ ...........

• .: "" n3

*24\/ON

/727

* ,I I I

-tO 0 10
E-15



88/07/11-22:28:00 LLWAS-FLOWS MESONET (km x km]
tO, I I I

FF a

F 9F

LF 3

F 
14FIFIB/

.*TI . 2
.. . . . .,-" 23

"I ' I a '  " I

+ + + L - ,9 ~ e .

F27

-10 0 10

88/07/11-22:29:00 LLNAS-FLOWS MESONET (km x km)

10 , , ,

F IIF 3

IF S

IF~ ~ ~ 9 l ---

L1 3 
2

'<L: :" :
++ I' ++ +  . . . . . .P

+#4 + + +N.

+ +, + . .* ., Z++

F25 2 f

\ 1 27 P2

I i I

-tO 0 10

E-16



88/07/11-22:30:00 LLWRS-FLONS MESONET (km x km]

10 I I '

: I, - 8 :

Fla/ /.A>-. FIG'

03 1 F20/

0 FIa *

LII .... + + , FZZ

F11

F26 
F 

ZI

,I I I I I

-10 0 10

88/07/11-22:31:00 LLWNS-FLOWS MESONET (km x km)

10 I ' I

F, , 2 .
,,.

-

o ,, LI 4<I

* 's

-I0 0 IO
E-17



88/07/11-22:32:00 LLWRS-FLOWS MESONET (kin x kin)
o I ,-I -

10.1
F 2 3

F g F fit

F6

FLi t..... - FI /

.<, : , . J ::::
o ~F-IS*

LIZ ••

..... ...

* ,, *F::1 .

FZ6

" FZ:, /F''e

-10 0 10

88/07/11-22:33:00 LLWRS-FLOWS MESONET (km x km)

10

iOF I F Z F

F s FS
F

,f.ie ,/O t /
o I/ / ..

'Ll
,, . F2Isi::: " LS/ ;,

" l 4l ....... . ..

*F269

-10 0 IO

E-18



88/07/11-22:3q:00 LLWAS-FLOWS MESONET (km x km)

10 #m 
= '=

F0 I ' I i F 4

- Ft "' 6 7FF17

. / / '' I Iz /

F13. F16 /

7I6 F 20

S . .. .:* . . • ..
•*Fd ... B...7 .

126

-10 0 10

88/07/11-22:35:00 LLWRS-FLOWS MESONET (km x km)

10 I I I

i B F10 L I I

01 0 I0

-12.L .. . /F2

10 * 0



88/07/11-22:36:00 LLW:S-FLOWS ME3ONET (km x km)

10 I I

F 9 ~ 1 1

. .S . . F l
F l. F/ig .

.,i .. . " " ",1 22 .,

.... + - ,.. .F+
+..•L19 +,..

. . .• F21 . . . . .

S I I i

-10 10

88/07/11-22:37:00 LLWRS-FLOWS MESONET (km x km

0 I I I I

S ,/r e

o',...l * •P/20

* "* *l * * .. . . . .. II

+ •• + + + "I"

+49+. . . .

t I I *( I P2I

-tO 0 10

E-20



88/07/11-22:38:00 LLWAS-FLOWS MESOMET (km x km)]

10

L S It.I. F 2

FI Fig

. . LI 9

.F FS.
\e27\\

-to 0 10

88/07/11-22:39:00 LLWAS-FLOWS MESONET (km x km)]

1011

FF

F~~~ 
SZ.7 i

L >

L12/;: 72

7222

726 F2 j2

-100 10

E- 21



88/07/11-22:qO:00 LLWRS-FLONS MESONET Ikm x km)

10

A 2S

,O , ZI,P/ °S •/ I/~

iFill

.. IZ -.. . 7
Lit: f1.8 ----- L / F~Z

. " .. ............

I .

F26 \ F 2

-10 0 10

88/07/11-22:l1:00 LLWPS-FLOWS MESONET (km x km)

10
!0 , ' F I , 2"

PI Flo2 Fit

S Fie

L1 L : *FI . ~ // •/

*~~~ L~Z .:T:~ ..

.1 . , . : . 1 .. .,.9

I I
-to 0 10



88/07/11-22:42:00 LL!-,qS-FLOW, rESONET fI,,m x km)

F i F Z/ F3

-/ F68

14

L122

. . . . . -- '9. 2

F24

-10 1 10

I10Z I / * ,

'S6

1~ lI: FIOS' 1

2 ~ 7.16L.

1 22/

. L6 12S

-t0 0 10

E-23



88/07/11-22A:OO:0 LLWRS-FLOWS MESONET (km x kmn)

10

FIO Pa

. . 2. . .L.72

'24

25 F2S\

-10 0 10

88/07/11-22:qS:00 LLWRS-FLOWS MESONET (km x kin)

10

L Z FL X's7/

E- 24..



Appendix F: Surface sensor measurements from FLOWS

These plots show time series of temperature, relative humidity, average
and maximum wind speed and wind direction (from true north) for the
FLOWS mesonet stations. Axes are marked in the appropriate units.

The station locations are shown in Appendix J. Station F30 was located at
the FL2 radar.
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Appendix G: LLWAS/Doppler Radar Winds

These plots show wind speeds from the twelve LLWAS stations and from
the FL2 and UND radars. U (easterly) and V (northerly) components are
shown for the 6 sec LLWAS data in the upper panels. The lower panels
show the wind components in the radial direction from each of the two
project radars, with the 1 min radar data, from the gate nearest each
LLWAS station, superimposed as asterisks.

LLWAS station locations are shown in Apendix E..
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Appendix H: Dual Doppler Radar Low Resolution Analyses

These plots show horizontal wind vectors with radar reflectivity contours
overlaid for 0.19, 4.69 and 7.69 km AGL (1.8, 6.3 and 9.3 km MSL). X
alld Y axis labels are in km east and north of the FL2 radar, respectively.
The top line above each plot gives the date, time, altitude ACL and
overlay field. On the right are the contour levels (values followed by 's')
and maximum field value (value followed by 'x'). A scale wind vector
is provided in the lower right hand corner. Relative minima ('L') and
maxima ('H') of the contoured field are indicated on the diagrams.

The analysis techniques used to produce these plots are described in the
text.
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Appendix I: Dual Doppler Radar High Resolution Analyses

These plots show hiorzontal wind] vectors with radar reflectivity, vertical
velocity arnd eaist--west F-factor contours overlaid for 0.19 kin AOL (1.8
kin MISL). X and Y axis labels are in kin east and north of the FL2 radar,
respectively. The l-op line above each plot gives the date, time, altitude
AG.L and ovwrlav field. (Disregard the title 'low resoluition' on the third
line above the plots.) On the right are the contour levels (values followed
by 's') and maximum field value (value followed by 'x'). A scale wind
vector is provi led in the lower right hand corner. Relative inininia ('L)
and maxima ('H') of the contoured field are indicated on the diagrains.

The anialYsis techniques used to p~rodluce these plots are described in the
text.
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Appendix J: Dual Doppler Radar Vertical Cross-sections

These plots show vertical cross-sections of radar data along the lines

indicated on the plots in Appendix H. The plotted wind vectors represent

the horizontal and vertical components within the displayed plane. X and

Y axis labels are in kin east from the centerpoint of the cross-section,

and the altitude AGL in kni, respectively. The top line above each plot

gives the date, time, and overlay field. On the right are the contour levels

(values followed by 's') and maxiuinin field value (value followed by 'x').

A scale wind vector is provided in the lower right hand corner. Relative

minima ('L') and maxima ('1-') for the contoured field are indicated on the

diagrams.

The analysis techniques used to produce these plots are described in the

text..
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