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Appendix C

Emerging Technologies Analysis

Introduction

The purpose of the emerging technologies analysis is to provide an assessment of the
current status of future aviation technology and procedures. It focuses on those
technologies and procedures that might be able to provide greater airport capacity,
especially at airports with closely spaced parallel runways, separated runway centerline to
centerline by 750 to 3,000 feet apart).

Most of the new technologies and procedures are in the early stages of development. It is
therefore necessary to provide a prediction of the likelihood of the procedure actually
being implemented, and the timing of that implementation. Most predictions are
difficult. This one is especially so, since politics and world and airline economics would
play a large role regarding whether or not these new procedures would ever come to

fruition, and when that would happen.
The following are the primary sources for this paper:

e 2007 to 2011 FAA Flight Plan Charting the Path for the Next Generation

e Road map for Performance Based Navigation Evolution for Area Navigation
(RNAV) and Required Navigation Performance (RNP) Capabilities 2006 to 2025
(July 2006 version 2.0)

e Discussions and Proceedings from ATC 2008 (Amsterdam March 11 to 13,
2008).

General Overview of Air Traffic Management Change

Air traffic management is undergoing significant change throughout the world. The two
leaders in this endeavor are the United States and Europe. In the US, the Federal
Aviation Administration (FAA) is starting to implement the NextGen system (Next
Generation Air Transportation System). The system in Europe is called SESAR (Single
European Sky Air Traffic Management Research). Other countries are also involved, but
NextGen and SESAR are the primary systems. This paper would focus on the NextGen
system.
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One of the big issues the aviation industry faces is standardization of systems. Even
though NextGen and SESAR are similar, they also have differences. One of the common
themes of the 2008 air traffic control conference was that a true world-wide system
should be adopted. A very strong entity or leader is needed to make that happen. The
developers of NextGen and SESAR are coordinating with each other, but no entity has
emerged as a world leader. The International Civil Aviation Organization (ICAO) could
play that role, but that was not the consensus of those speaking at the ATC 2008
convention. Some indicated there would need to be another major world aviation
agreement, similar to the Chicago Convention, in order to provide the discipline and
focus to move the system forward. With this background in mind, the NextGen system is

discussed.

FAA NextGen System

Two of the key initiatives of NextGen are Required Navigation Performance (RNP) and

Automatic Dependant Surveillance System-Broadcast (ADS-B).

RNP
In simple terms, RNP is a new way of providing on-board air navigation systems for
aircraft. The system primarily uses the Global Positioning Satellite (GPS) System for
deriving the navigation signal, though it can also take advantage of other systems.
RNP allows for more flexible air navigation routes in all phases of flight, and more
precision in the en-route phase, than can be provided by land-based navigation
systems. It also offers curved routes that cannot be supplied by land-based systems.
This is one key initiative that would provide more airspace capacity through tighter

and more precise routings through the airspace.

ADS-B
ADS-B provides a new means for aircraft surveillance, which is one of the primary
means ATC uses to separate and sequence aircraft. The current method of aircraft
surveillance has been RADAR. This technology scans a geographic area and
determines aircraft position by reflected signals and transponder responses. These are

pulsed radio signals that equipment on the aircraft provide when scanned by RADAR.

DRAFT 1/23/2009



Ted Stevens Anchorage International Airport Master Plan Study Report

In ADS-B, aircraft send position information to ATC sensors, which collect the
information and display it on an air traffic controller’s display screen. The ADS-B
equipment on the aircraft sends information on location, speed, altitude, and aircraft
identification and equipment. With ADS-B, the position information is much more
precise than with RADAR, and the information is updated much quicker. This is
expected to allow reduced separation standards between aircraft in the future. ADS-B
has two primary components: ADS-B IN and ADS-B OUT. These components are

discussed later.
The NextGen plan includes many other initiatives. Among those are the following:

e Required Communication Performance (RCP) involving improved ATC /aircraft
communication using systems such as data links

e Required Surveillance Performance (RSP)

e Required Total System Performance (RTSP)

e Automated 4-D trajectory systems that would allow ATC to provide better aircraft
sequencing and routings, especially in the en-route environment

e Improved dissemination of weather information to aircraft crews

e Improved dissemination of aircraft traffic information to crews

e Research into wake turbulence monitoring

However, RNP and ADS-B are the primary building block components for NextGen.

How NextGen is Expected to Increase Airport Capacity

By providing precise navigation and surveillance capabilities, NextGen is expected to
make much more efficient use of airspace. This would be accomplished by precise
routings and reduced separation standards. Some of these improvements can be
completed in the near term, while others would take more time. These kinds of
improvements can help airports that are in dense airspace areas, and/or are affected by
airspace capacity issues. For airports where the issue is closely spaced parallel runways,
more advanced and future technologies than are currently envisioned by NextGen are the

only solutions that are generally regarded as feasible.

DRAFT 1/23/2009



Ted Stevens Anchorage International Airport Master Plan Study Report

Issues with Implementing Future Technology

In order to understand the issues and problems with getting advanced and future
technologies on line, a discussion follows of three key areas: technology, procedures and

regulations, and aircraft equipage.

One logical question is whether or not there are any current technologies outside of
NextGen that might offer promise for reduced capacity. These are discussed later in this

report.

Technology
The technology most likely to provide greater capacity for closely spaced parallel
runways will allow pilots to simulate visual flight conditions while flying under
Instrument Flight Rules (IFR) conditions. If this technology can be accomplished,
aircraft can presumably achieve the same capacity to closely spaced parallel runways
as they can today during visual conditions, while on a visual approach. The only
significant capacity constraint to visual approaches is wake turbulence, which is

discussed later.

The most promising technology for “Synthetic Visual Approaches” involves ADS-B,
possibly combined with Enhanced Flight Visibility Systems (EFVS). As mentioned
previously, ADS-B has two components: ADS-B IN and ADS-B OUT.

ADS-B OUT involves aircraft equipment that sends a signal to land-based ADS-B
receivers regarding the aircraft’s position, altitude and other data. ATC can use this
for more precise surveillance and control of air traffic. While this will allow better
use of airspace in general, it will not allow the precision required for simultaneous
independent IFR approaches in instrument meteorological conditions (IMC) to

closely spaced parallel runways.

ADS-B IN equipment receives ADS-B and other data into the aircraft. This involves
ADS-B transmissions from other aircraft in close proximity, and uplink of air traffic
data from ATC that provides information on all traffic in the vicinity, both derived
from ADS-B and other sources such as RADAR. The ADS-B IN equipment can also
provide weather information and other data. Since ADS-B provides the pilot with

essentially instantaneous information on the relative position, speed and altitude of
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nearby aircraft, a pilot could use the ADS-B IN display to provide information as
good as or better than what is obtained with the naked eye. Presumably a visual
approach could be conducted during IMC. While some believe this might be enough,
others believe some sort of synthetic vision through a heads-up display might also be

required.

This technology is already being used in a test phase by UPS. UPS has equipped a
number of aircraft in its fleet with both ADS-B IN and OUT equipment. In one
application, they have received approval to use ADS-B for assistance in flying visual
approaches. The current approval requires that the procedure still be flown under
visual conditions. The benefit is that if an aircraft on visual approach loses sight of
the aircraft it is following, due to haze or excess lights on the ground at night, for
example, that aircraft can still continue the visual approach using ADS-B IN
information. The normal requirement is that a pilot needs to notify ATC immediately
when they lose sight of the aircraft they are following. ATC must then re-apply IFR

separation, which often involves breaking the aircraft out of the approach.

This procedure is far from allowing “Synthetic Visual Approaches” during IMC, but

it is an impressive first step.

Procedures and Regulations
The procedure described above is part of the NextGen system. As indicated earlier,
NextGen is a system for the US. Especially for an airport like Anchorage, that has a
very high percentage of international traffic. It is very important that all aircraft
flying to Anchorage be equipped and trained to use the equipment and procedure.
Europe and its SESAR system might be able to participate and develop procedures,
but ICAO will ultimately need to adopt the framework and set the umbrella standards.
Also, all carriers flying into Anchorage must have their pilots trained, and their airline
approved to fly the procedure. The timetable for something like this has not been

established yet, but it is expected to be a long process.
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Aircraft Equipage
This is probably the second-most difficult item to accomplish following establishing
rules and procedures. The only way for the “Synthetic Visual Approaches” to work

properly is to have all aircraft equipped.

A lesson can be learned from the implementation of the Precision Runway Monitor
(PRM) at Minneapolis/St. Paul International Airport (MSP). The PRM was installed
at MSP to allow simultaneous independent approaches during IMC to MSP’s parallel
runways 12R/30L and 12L/30R, which are separated by 3,380 feet. PRM did not
require any significant equipment in the airplane, but it did require pilots to be
trained. The major carriers at MSP went through the training, but other large airlines,
who only had a few flights a day at MSP did not feel training all their crews on the

procedure was economically justified.

This became a very high workload item for ATC. They had to hold aircraft that had
not been trained in use of PRM, and then eventually suspend PRM procedures while
they worked non-trained aircraft into the airport. At Anchorage, aircraft not equipped
with ADS-B IN and OUT would not be able to fly the procedure. It is possible that
an aircraft with ADS-B IN and OUT and with a trained crew could closely follow an
aircraft that had only ADS-B OUT, but they would not be able to catch or pass the
other (ADS-B OUT only) aircraft, as that aircraft would not have adequate
information on the plane coming up beside them. Hence, for all practical purposes, a
large majority of aircraft will need to be equipped with ADS-B IN and OUT for this
to work. Anything less will create an unacceptably high level of workload for air

traffic controllers.

At the ATC 2008 conference, an estimate for avionics required to meet NextGen was
quoted at 14-20 billion euros ($22 to $31 billion at current exchange rates). The cost

to aircraft in Europe to meet SESAR is estimated at 12 billion euros.

An additional issue called the Avionics Conundrum was cited by Neil Planzer, Vice
President of ATM Strategy for Boeing. The Avionics Conundrum refers to the lack
of a single set of absolute standards and requirements. The issue is similar to the
1980s competition between Beta and VHS standards for video cassette recorders
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(VCRs). It is also similar to the more recent competition for high definition DVD
standards, whether Blue Ray or HD DVD technology.

Mr. Planzer indicated that most new planes being delivered today are not being
supplied with many of the avionics required for NextGen, since Boeing and Airbus
cannot tell their customers which system will ultimately be adopted. It is very
expensive to buy multiple systems, with the hope that one of them will be the correct
one. The Conundrum is further exacerbated by the fact that retrofitting aircraft with
new avionics is much more difficult than building the avionics into the aircraft
initially. It was indicated at the conference several times that new avionics and
technologies will have to make business sense to the airlines or they will never be

implemented. Airlines will not buy equipment that can only be used at a few airports.

At Anchorage, if the “Synthetic Visual Approaches” can be ultimately approved by
agreeing on the procedures, rules and regulations, the airlines and other stakeholders
all need to buy and install the equipment and train their flight crews. The systems for
air carrier and large business jet aircraft are expected to be an electronic flight bag
system, which will be part of the flight management system. As mentioned earlier, a
synthetic vision system using a HUD display may also be required. For smaller
business aviation and general aviation, the ADS-B IN equipment will likely consist of
a display similar to, or perhaps the same as, the display being used for Capstone. It is
not clear if a simple display like that will be adequate for the “Synthetic Visual

Approaches”, even if the synthetic vision system is not required.

The current proposed rulemaking which FAA has out, for transition to the NextGen
system, calls for aircraft that will be operating in specified airspace to have ADS-B
OUT equipment by 2020. No requirements are set yet for installation of ADS-B IN
equipment. It is hard to envision ADS-B IN being mandated before 2025.

Avoidance of Wake Turbulence

Wake turbulence rules need to be applied any time a “heavy” or a Boeing 757 is
involved, and runways or flight paths are less than 2,500 feet apart. During a visual
approach, pilots accept responsibility for wake turbulence separation and are allowed to

use their own judgment regarding how closely they want to follow another aircraft. It is
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not uncommon for an aircraft on a visual approach to a closely spaced parallel runway, to
fly fairly close to a “heavy” aircraft on the adjoining runway, when the pilot feels
confident that wind and other conditions are such that he can avoid the wake from the
other aircraft. That is not likely to be the case for a “Synthetic Visual Approach.”
Additional procedures and rules will be needed if wake turbulence can be mitigated most

of the time, in the same manner it is for true visual approaches.

A technical memo on research associated with wake turbulence avoidance is attached.
As indicated in that report, there are no near term solutions to the type of “Synthetic
Visual Approach,” described above. However, solutions could come on line about the
same time as the other technologies and procedures necessary for “Synthetic Visual
Approaches.” One technology being used to conduct wake turbulence analysis is a
system developed by Lockheed Martin, called Wind Tracer. It uses a Doppler Lidar to
detect and measure wake turbulence and wind shear. In the near term, this technology
could be used to help controllers decide when wake turbulence avoidance needs to be
applied to closely spaced parallel runways. It has not been mentioned anywhere in the
literature, but perhaps in the future this technology could be uploaded into the ADS-B IN
display. This information could then be used so that pilots could fly “Synthetic Visual

Approaches” with confidence that they are avoiding wake turbulence.

Current Technologies to Increase Airport Capacity

There are some current technologies, that do not fully solve the issue of instrument
approaches to closely spaced parallel runways, but that can increase airport capacity at
ANC, by allowing the airport to operate in “visual conditions” for a greater percentage of
time. These are briefly discussed below.

Simultaneous Offset Instrument Approaches
Simultaneous Offset Instrument Approaches (SOIA) uses existing technology to gain
greater capacity to closely spaced parallel runways. It employs an offset localizer
(LDA) with glideslope to keep aircraft separated by 3,000 feet laterally (current
minimum separation for parallel runways during IMC) for as long as possible. This
means the plane on the LDA approach is coming in to the runway at an angle, and
slowly getting closer to the final approach course for the other runway.
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The procedure also uses PRM, which is monitored by air traffic controllers who can
instruct aircraft to break off the approach if they stray off course and have the
potential of getting too close to another aircraft. The procedure requires an aircraft
execute a missed approach when it meets the point of 3,000-foot separation between
the approach courses, if it does not have visual sight of the other aircraft and the
runway. Aircraft must have 30 seconds to see the aircraft on the adjacent runway
prior to the missed approach point, and aircraft must also be established on the
landing runway centerline at least 500 feet above ground level. Due to all these
requirements, the minimums for flying the procedure, while a distinct benefit, are not
as low as would normally be desired. The minimums for the procedure at San
Francisco International Airport (SFO) are 1,127 feet above ground level (AGL), and 4
miles visibility. However, there is a note that the procedure is not authorized below
2,100 mean sea level (MSL) and 4 miles visibility. This is presumably due to the
requirement to see the other aircraft for 30 seconds prior to the missed approach

point.

Minimums at Anchorage might be better, as obstructions might not be as bad as at
SFO. One potential solution at Anchorage is to implement the PRM approach. As
ADS-B IN and OUT comes on line, a logical first step might be that aircraft equipped
with ADS-B IN could use that as the means for “acquiring visually” the aircraft they
will be following on the adjacent runway. That would eliminate the 30-second
requirement, and perhaps provide lower minimums. A second logical step might be
to reduce the separation standards for the distance between approach courses to

something less than 3,000 feet, which would again lower the minimums further.

Simultaneous Offset Instrument Approaches with High Approach Landing
System/ Dual Threshold Operations (HALS/DTOP)

HALS/DTORP is discussed in the attached technical memo on wake turbulence. This
procedure helps avoid wake turbulence issues on closely spaced parallel runways.
One technique used by the procedure is to stagger runway thresholds. This keeps one
aircraft higher than the adjacent aircraft on the adjoining runway, which normally
avoids wake turbulence issues. Since the runways 7R and 7L at ANC already have a

significant stagger, and since the airport has a high percentage of “heavy” aircraft, the
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SOIA procedure may work well by adopting the HALS/DTOP procedure. SOIA may
also be a good interim solution to use for the proposed parallel to Runway 14/32. To
employ SOIA with HALS/DTOP on 14/32 would require some degree of staggered or
displaced threshold. It is not certain at this time if the amount of required stagger

could be applied to those runways.

Use of RNP for Closely Spaced Parallel Runways
RNP has been proposed as one means for conducting IMC to closely spaced parallel
runways. However, it is unlikely those proposals are for runways with the existing
and anticipated spacing at ANC. A typical minimum value for RNP, as used by air
carriers with special certification is in the range of 0.09 to 0.1 nautical miles. That
means the aircraft will stay (for RNP 0.1 for example) within 0.1 miles of course 95%
of the time, and within 0.2 miles 99 percent of the time. The plane could stray off
course as much as 676 feet 5% of the time. That would obviously put the plane too
close to an aircraft approaching a parallel runway that is only separated by 750 feet.
Presumably, the RNP would have to meet standards such that the plane would never
stray more than 300 feet from centerline, for a runway pair with 750 foot separation.
This would require an RNP value of 0.025. This level of accuracy for RNP does not
appear to be viable for the near future. Even if it could be achieved technically, many
other difficult procedures would need to be worked out and agreed upon, and all
participating aircraft would have to have this level of RNP equipment.
One promising use of RNP for the near term is RNP Parallel Approach Transition
(RPAT). This essentially performs the same function as SOIA, except the procedure
is done without the need for ground based NAVAIDS. The negative is that the
minimums will likely not be lower than SOIA, and all aircraft need to be equipped to

do the procedure.

Conclusion/Summary

There are promising technologies being developed, that may allow near simultaneous
instrument approaches to closely spaced parallel runways in the future. However, there
are many hurdles to overcome before this can happen. These involve developing

standards for the equipment that will provide the technology, developing the rules and
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procedures to be used, and finding the funding and making a strong enough business case
for the aircraft operators to spend the considerable funds that will be required to equip

aircraft.

Achieving a system by 2025 is possible, but very unlikely. That date was offered by
some of the expert speakers at ATC 2008, as the earliest a system is envisioned. A more
likely date is 2030 to 2035.
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Appendix D
FAA Traffic Management Unit (TMU)

FAA initiated a TMU at ANC in 2007 to help meter arrival traffic during peak operating
periods. The TMU supported an additional air traffic controller at the Anchorage
TRACON to meter arriving flights into two arrival streams. One arrival stream utilizes
Runway 7R, while the other utilizes Runway 14. In order to accept arrivals on these two
runways, all departures, including heavy jet aircraft, utilize Runway 7L while the TMU is
in operation. Though this operation provides additional arrival capacity during peak
periods (typically weekdays between 11 AM and 1 PM), it requires that all ANC
departures during the period utilize Runway 7L and depart over the Municipality instead
of over water. Further studies of this operation would determine whether it is viable for
use during longer periods of the operating day and what potential noise impacts may be
associated with this operation and whether it is a viable long term capacity enhancing

alternative.
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