The accident description by the IFTCA Team

By Christoph Gilgen Skycontrol (Swiss ATCA)

Whenever an accident occurs, in particular involving two controlled flights, controllers ask themselves many questions such as: How could two aircraft be at the same altitude and at the same location in a rater remote geographical spot and in a sector that has a relatively low traffic density?

When the IFTCA team arrived in Brasilia, in October 2006, the members started to observe the control sectors. The more we talked to the control of the Brasilia ACC, the clearer our view became. The triggering event was without a shadow of doubt the loss of the Mode A and C retunrs of the Legacy jet, shortly after its passage over Brasilia VOR. This failure occurred at 19.02 UTC at of roughly 25 NM North of Brasilia. The Lagcy, wa established at FL 370 on the UZ6 airway to Manaus.

In order to understand the subsequent events, it is necessary to explain the configuration of the ATC ground system and the software in Brasilia is designed in such a way that controllers have two levels (or altitudes) indicated on their radar labels:

Figure 1:

Normal radar label at Brasilia ACC

In the middle-line of the label are the altitude indications and to the left is the first 390, is the transponder Mode C altitude. The second 390, on the right-hand side shows the system altitude, or “ATC altitude”. In Brasília ACC this is most strangely not the cleared level, but the flight plan level (FPL) of the aircraft. It is a mix between an entry level (e.g. from an adjacent unit or sector), the clared level of the flight, and finally the “flight plan level” that is displayed to the controllers. The controllers have the ability to change this level if they clear an aircraft to a different flight level (controller input). There are some occasions, however when the ATC-system automatically updates and changes this level. For example, if the aircraft passes a waypoint where the FPL in question requires a level change. This was exactly the accident scenario when, due to a change of airway direction, the flight had to change according to the FPL from an odd to an even level. This automatic level change in the system happens without any direct controller input.
Additionally, this automatic change is not shown in any prominent warning colour or special feature, just the “normal colour and fonts”. It is, therefore, rather difficult to see immediately that the ATC-system has changed something. Most ACCs and modern ATC-system in the world have only one level shown to the controllers working the system (except the Mode C indication) and this is the so-called “CLEARED fl”, MOST OF THE time referred to as “CFL”. This information is very relevant as it is the guarantee that the controllers, the ATM-system on groun, and the crews in the air are working with the same levels and possess the same information.
For the Brasilia ACC, this particular software operation does not normally cause a problem when all runs well, anda when Mode C is received by the system. The automatic level changes of the system are sooner or late caught up by the controllers when they scan the flights and detect the discrepancy between the left – and right-hand levels in the aircraft label.

On the 29th of September 2006, however, the situation did not end as described above. As the Legacy continued to be clared and fly at FL370 and passed the Brasilia VOR, the automatic level change feature was activated. From this moment, the radar label of the Legacy now showed two different levels, albeit for a short while: FL370 (Mode C) to the left and FL 360 (system level) to the right as the Legacy’s FPL – level. Unfortunately the Legacy transponder disappeared at 19.02Z. It appears that the normal “mitigation” of such a discrepancy, however, did not work this time, and from then on there was a difference of 1000 feet between the level shown by the ATC-system and the aicraft’s actual and clared flight level.
Due to the loss of the transponder reply, another unusual feature of the Brasilia ACC radar system was activaded: the unit’s military primary radar. This is a special radar that specialists call “3-D”. It is not only able to show the geographical position of a blip as all primary radars do (range and azimuth), but has a special feature that permits a calculation of the altitude of the targets. The height detection is based on the measurement of the angle of elevation of the target. This, howevwe, is a rather imprecise process and, as for the azimuth detection, the furter the target is away from the radar site the more inaccurate the result will be. Radar specialists have indicated tha variations and errors of 4000, or even 5000 feet, at a range of 200 NM from the radar site are normal.
Shrotlu after 19.02Z when the Brasilia ACC stopped receiving the Legacy’s SSR-transponder replies, the Brasilia military 3-D radar took over. Based on what we were shown, the call-sign correlation was only lost for a few seconds as a valid primary track was displayed shortly afterwards with full correlatrion of the call-sign (based on the SSR-track that was previously there). There are, in fact, only two small differences that can be noted on the Legacy’s track indication that the radar returns of the Legacy are only detected by primary radar. Firstly, the symbol of the radar blip is no longer a + surrounded by a o, but only a +. This symbol (+) indicates to the Brasilia ACC controllers that this is a primary radar blip only.
The following changes in altitude indication the occurred to the Legacy target. Where the Mode C should be shown (to the left) a calculated primary radar altitude is now displayed (the 3-D indication). Next to it, to the right, the erroneous FPL altitude of the label remains the same, at FL360. Between the two numbers, however, there is now a Z shown, meaning Mode C report missing. Under normal circuntances with a SSR-track present there would be = (witch would mean “maintaining level”). The rest of the label continued to be shown to the controllers with the same colours scheme and the same fonts. One of the major problems, also very confusing, is that at several stages of the tracking of N600XL (without SSR-replies) the calculated primary 3-D altitude displayed by the system to the controllers indicated exactly 360. This would indicate, therefore, no discrepancy to the ATM-system FPL-altitude shown to the right of the label.

Figure 2:

Reconstructed radar picture (time shown is local)

Shortly after picture was taken, around 19.10 a change of controllers took place at the ACC and a new controller took over. We are still almost 45 minutes before the collision and the Legacy flight is about 40 miles North of Brasília. It is still established at FL 370, but shown on the labels at FL 360. There was now a period of about 20 minutes where no communication, or attempts to communicate, took place between ATC anda the Legacy. The intermediate accident report (see page 7) indicates that’s as from 19.26 ATC tried to contact N600XL numerous times. From 19.48 the Legacy crew had also started to make various attempts to contact ATC. There are strong indications that the Legacy was that moment at the limits, or even outside the VHF-coverege of Brasilia-ACC.
At the boundary between Manaus ACC and the ACC-Brasilia both Centres were aware that the Boeing 737-800 of Fol-Airlines was approaching the Legacy-jet in the opposite ATC-system, however, and the exchanged estimates of the flights a vertical separation of 1000 feet existed. IFATCA team’s observation indicated that for the controllers of both Aera Control Centres the losses of two-way communication and the bad intermittent radar returns are “normal and frequent occurrences”. We were told that all the operators workings the relevant sectors were apparently working the relevant sectors were apparently aware of these difficulties.

The two aircraft both establishe on the entreline of Airway UZ 6, hit each other at FL 370 at 19.56.54 UTC in the airspace of Manaus ACC, just North of the line of jurisdiction with Brasilia ACC anda close to the waypoint “Nabol”.
