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1. EXECUTIVE SUMMARY

The U.S. navigable airspace is part of the Nation’s critical infrastructure and is a limited national
resource that Congress has charged the Federal Aviation Administration (FAA) to administer in the
interest of the public to ensure safety and its efficient use. With ever increasing traffic and forecasted
demand from both existing and new operators, National Airspace System (NAS) users have become
progressively sensitive to inefficiencies. This is underscored by the rapid evolution of commercial
space transportation and new entrants, for which airspace segregation stresses current NAS
management practices and systems. The FAA recognized the need to develop an improved
framework to facilitate equitable access while better balancing the respective needs of the wide
variety of airspace users. During the course of deliberations, a number of other rulemaking activities
took place that will further inform integration of NAS operations.

The Airspace Access Priorities (AAP) Aviation Rulemaking Committee (ARC) was chartered to
provide recommendations for criteria that may be used to ensure equity in considering competing
airspace access requests and accommodating operations on a diverse group of operators with widely
varying flight systems. These currently include Government, commercial, business, and general
aviation; space transportation, airports and spaceports, unmanned aircraft system (UAS) operations,
and balloon operations. The AAP ARC was also tasked to provide input on improved capabilities to
manage the airspace, including tools, operational practices, and where necessary, policies, to
minimize potential airspace conflicts. This supports FAA consideration of the respective constraints
across the community of stakeholders to meet their respective needs.

The ARC agreed that prioritization was not the most effective way to manage competing needs for
NAS access, but that optimization is preferred. While full integration of all NAS users is the goal, it
may not be achievable in the near term. The ARC envisions prioritization to be primarily reserved
for tactical issues in daily NAS operations for all stakeholders.

The ARC recommendations summatized in Table 1 below atre intended to enhance communication,
data sharing, and collaboration between the FAA disciplines and among the NAS operators, and
allow for more efficient optimization and utilization of the NAS through enhanced tools and
capabilities. Recommendations are intended to improve the integration of operations into the NAS
in the near-term, with the insights gained to inform future integration of new entrants. The
recommended changes would enable a future NAS state where air traffic management shifts from
segregation to integration, utilizing much smaller protected airspace while implementing the
capability to dynamically close airspace and protect from hazardous events.



Table 1: Summary of ARC Recommendations

Recommendations

Implementation Details

Rulemaking and Process Considerations

Accelerate efforts to allow more efficient
use of airspace needed for spaceflight
operations

Mandated equipage should be established
through regulatory or rulemaking process
only

Convene follow-on ARC to further advise
on measures to achieve full integration of
the NAS

Committee Establishment

Within 30 days of submission of the AAP
ARC Final Report, establish a Steering
Committee to advise the FAA on policy
and strategy regarding airspace access and
integration

Within 60 days of submission of AAP
ARC Final Report, establish a space
operations committee to recommend
appropriate information to be exchanged
with the FAA for more dynamic airspace
management and situational awareness

The Steering Committee should:

o Take the form of collaborative decision-making forum

o Develop Terms and Guidelines for Participation in the collaborative
process

¢ Review and provide ongoing feedback to FAA on the implementation of
ARC-recommended NAS improvements

o Make recommendations on planning information/data for sharing with
FAA and other stakeholders

o Develop data standard that establishes recommended elements and
formats for the automated exchange of operational data for input to the
collaborative process

¢ Reevaluate Aircraft Hazard Area calculation assumptions

The Space Committee should focus on:

o Further defining the data sets and metrics moving forward to assess
applicability of new entrants

o Methods of achieving near-term improvements on airspace operations
through the use of improved information exchange

NAS Automation Changes

Implement the ability to create dynamic
airspace areas on controller automation
systems that can identify potential conflicts
between airborne flight trajectories

Implement decision support tools in the
automation systems for air traffic
controllers and managers

Dynamic Airspace Areas:

o Initial input may come through web interface

o Capability to share annotations from one radar position to another
within the air traffic control (ATC) facility should not be dependent on
ingestion source inputs being fully deployed

¢ Enable automated dynamic display and sharing of nominal and off-
nominal hazard areas on air traffic controller and traffic manager
displays

o Hazard areas created or modified should be pushed to air traffic
controller displays and updated in real time as appropriate

Decision support tools should include mission status timers, airspace
activation and deactivation, indicators and conflict probe alerts to identify
affected aircraft




Recommendations

Implementation Details

Procedures and Training should be
developed to enable future automation
capabilities

Procedures and Training should include:

o Procedures for air traffic controllers and traffic managers to use when
managing nominal hazard areas that allow maximum use of the affected
airspace before or after spaceflight operations

o Procedures for air traffic controllers to clear airspace when necessary in
case of off-nominal debris-generating event

e Training for air traffic controllers and traffic managers to ensure
proficiency in the application of the applicable tools and procedures

Tools and Capabilities

Implement a Hazard Risk Assessment and
Management (HRAM)-like capability
available to ATC to allow for dynamic
airspace management

Implement and enable an Space Data
Integrator (SDI)-like capability that allows
the industry to share telemetry data with
ATC systems and should be deployed to
process telemetry to be supplied to HRAM
and other automation platforms as
necessary

HRAM-like capabilities should:

o Calculate nominal pre-mission SAAs and make results available

e Establish online portal

o Utilize improved operator information to activate and deactivate special
activity airspace (SAA)

¢ Enable HRAM to receive and process real-time tracking data from
vehicles

o Deploy the HRAM capability for real-time debris mitigation

o Leverage the real-time debris response capability

This SDI-like capability would:

¢ Be required for real-time off nominal response capability
e Provides situational awareness to ATC

Data and Information Sharing

Implement a NAS operational airspace
utilization assessment for planning and
post-analysis capability and make it
available to operators online

Implement a Collaborative Decision
Making (CDM)-like process for providing
advanced notification time prior to an
event requiring SAA

Ensure sharing of real-time spaceflight
status, including readiness forecasts prior
to flight, with other NAS users

Implement procedure updates for tactical
information exchange between space
operators and the FAA regarding on-time
operations to enable more dynamic
airspace activation/deactivation

This utilization assessment should:

o Utilize nominal aircraft hazard areas (AHA)/SAAs and provide
operators with NAS assessments

¢ Be developed and tested with input from various NAS users and
stakeholders

Advanced Notification should:
e Be given 72 hours prior to SAA activation
o FAA policy of 4 hour notification for smaller impact areas

Process timeline for sharing:
e Interim: utilize hotline
e Mid-term: Automation
o Far-term: Full integration

Updates for on-time operations should:

¢ Within 6 months of procedural development, be validated by running
demonstration

e Include training at air traffic facilities to avoid rerouting aircraft too
early, ensure prompt recovery when SAAs are deactivated




2. BACKGROUND

The ARC roster included a wide range of participants across the National Airspace System (NAS)
user community—commercial, business, and general aviation; space operations, airports and
spaceports, unmanned aircraft system (UAS) operations, and balloon operations. A full list of ARC
members and observers is included in Appendix A. While these diverse interests were represented in
the plenary sessions (the dates of which are also listed in Appendix A), the UAS community was
under-represented in the three task groups that were formed to address specific issues in support of
the ARC. Nevertheless, the task groups did consider that sector throughout discussions and called
upon UAS representatives when needed. The three task group focus areas and taskings are described
in Section 2.3.

2.1. OBJECTIVES (Scope)
The FAA tasked the AAP ARC to:

1. Review historical and projected growth in operations for the respective stakeholders, along
with the methods currently used by the FAA to accommodate requested operations in the
NAS.

2. Review the respective operational needs and constraints across the community of
stakeholders for access to the NAS to meet their respective objectives. This review should
include any representative quantified or characteristic indicators (i.e., “metrics”) that are
used in the community to measure needs, constraints, and impacts.

3. Provide specific consensus recommendations and their supporting rationale, including any
potentially applicable metrics that will assist the FAA in developing policy to make airspace
prioritization decisions when needed between various operations that are requested.

4. Prior to the ARC sunsetting, submit a recommendation report.

The stated objectives of the AAP ARC were to “assist the FAA in developing criteria that may be
used to consider competing requests for airspace access. In addition, the examination, development
and recommendation of methods (quantifiable and non-quantifiable) that can be used to
accommodate different operations and support operational decisions regarding the prioritization of
airspace access will further these goals.” A copy of the ARC’s charter is included as Appendix B.

2.2. ASSUMPTIONS

The ARC deliberations yielded the following assumptions as the ARC evolved and developed

recommendations:



e The scope of this ARC’s efforts considers all NAS users: commercial aviation, general aviation

(GA), business aviation, helicopters, space operations, U.S. Government operations, UAS,

balloons, gliders, etc.

e The ability to safely conduct operations within the NAS remains the priority.

e The NAS is a limited national resource to which all users should have fair and equitable access.

e All NAS users are important to public interest and their growth should be supported.

¢ International operations outside the U.S. Flight Information Region are outside the ARC’s scope.

e The Department of Defense (DoD) normally operates like other NAS operators when outside

special use airspace (SUA).

2.3. ARC TASK GROUPS

In addition to the plenary meetings of the full AAP ARC, three task groups were formed and met

separately to address the specific issues they were tasked to consider. Table 2 below includes a

summary of each task group’s focus area and tasking. The findings and conclusions of the individual

task groups were presented to and considered by the full ARC and form the basis of the ARC’s

recommendations. Task Groups 1 and 2 generated individual reports, copies of which are included

in Appendix D and Appendix F, respectively.

Table 2: Key Task Groups Commissioned by the ARC

Task | Focus Area Tasking
Group
Evaluate ongoing work and future technologies in each domain that contributes to
1 Airspace |NAS optimization. Construct a description of the NAS that incorporates these
Optimization |improved processes, procedures and technologies including how airspace design and
air traffic management will be affected.
Operator |Evaluate constraints, challenges and limitations faced by operators in the Balloon,
) Constraints | Commercial Space, UAS, and traditional manned aviation sectors. Provide a clear
and description of constraints, challenges, and limitations faced by each industry sector that
Limitations |impede seamless integration of all operations in the NAS.
Build on the work of the Airspace Optimization Task Group and the Operator
Constraints and Limitations Task Group to provide a final ARC report that includes:
e Recommendations to improve traffic flow management and reduce or eliminate
restrictions for all NAS operators, including a collaborative process wherein all
NAS operators participate.
3 Criteria

o Criteria to be considered by the FAA Air Traffic Organization when considering
implementation of a policy or policies that ensure safe, efficient, and equitable
procedures for balancing capacity and demand among all operators in the NAS.

o Applicable metrics and associated thresholds to be established related to NAS
access priority decisions.




2.4. CURRENT STATE OF THE NATIONAL AIRSPACE SYSTEM

The NAS is the busiest and most complex airspace in the world. In a given year, approximately 15.5
million flights operate in the NAS. In 2018, 36 space launches and 3 reentries transited the NAS.
The NAS is a system of systems consisting of: air navigation facilities, equipment and services,
airports or landing areas, acronautical charts, information and services, rules, regulations and
procedures; technical information and manpower; and material. The network also includes system
components that the Government shares with operators. (See Table 3).

Table 3: NAS Overview
Note: The numbers referenced in Table 2 were accurate as of time of report finalization

Infrastructure Approximate Number
Airports 19,624
Aircraft (Large, regional, and General 216,082
Aviation)

Unmanned Aircraft 1,314,768
En route Control Centers (ARTCC) 21

Center Radar Approach Controls (CERAP) 4

Terminal Radar Approach Facilities 160
Ground Based Navigational Aids 2,856
Oceanic Control Centers 3

FAA Air Traffic Controllers 14,695
Other FAA Employees 30,530
Pilots 594,366
Remote Pilots 121,126
US (fixed) Launch/Reentry Sites 14

Annual Space Launches/reentries 39
Military Flights in the NAS 2,000,000+

The Air Traffic Control (ATC) system, which is a principal component of the NAS, comprises a
vast network of surveillance; automated data processing, navigation, and communication equipment;
and air traffic control facilities. More than 14,000 air traffic controllers control aircraft in the system
and provide critical data throughout every stage of operation. They work in the 160 terminal radar
control facilities, the 21 air route traffic control centers that manage aircraft in the en route
environment, and the 3 oceanic control centers. The Air Traffic Control System Command Center
(ATCSCC) in Warrenton, Virginia, monitors and manages the flow of air traffic throughout the
NAS, producing a safe, orderly, and expeditious flow of traffic while minimizing delays. The NAS
also includes thousands of navigational aids throughout the United States that provide critical
location information to pilots at all stages of their operations.

The nation’s 19,624 airports are key components of the NAS, as they serve as gateways to air travel.
Because the NAS functions as an interdependent network, delays at these airports can quickly create
a “ripple” effect of delays impacting other airports across the country. For example, flights
scheduled to take off from these airports may be delayed due to weather or limited airspace.



Similarly, an aircraft late in leaving the airport where delays are occurring may be late in arriving at its
destination, thus delaying the departure time for that aircraft’s next flight.

The current NAS continues to reflect its origins as a system where aircraft flew directly between
ground-based navigational aids along FAA-defined routes. The existing airspace structure and
boundary restrictions strongly reflect the constraints that communication and computer systems
imposed as the NAS developed over the past 80 years. The advanced information technology
available today, such as satellite navigation systems onboard aircraft, digital communications, and
computer decision-support systems, enable the potential for increasing airspace capacity, improving
aviation safety, and providing efficiencies to aircraft operators and service providers. The FAA is
working to harness this new technology by transitioning the NAS from a ground-based system to a
system that uses ground-based, satellite-based, and airborne systems. Making this transition requires
that procedures, roles, responsibilities, equipment, and automation functions evolve into a structure
that gives users greater flexibility in planning and conducting flights.

Depending on the intended use and type of aircraft, the FAA provides rules for operation, licenses,
permits, waivers, or for common carriage transportation, the FAA certifies the aircraft and its
maintenance. The FAA also regulates the NAS’s practices, and licenses personnel, such as
commercial pilots. The FAA further ensures public safety by licensing all commercial space launch
and reentry activities, and licensing commercial space launch and reentry site operations.

Additionally, the FAA instituted Collaborative Decision Making (CDM), which is a joint
government/industry initiative aimed at improving air traffic flow management (TFM) through
increased information exchange among aviation community stakeholders. CDM is comprised of
representatives from government, general aviation, airlines, private industry and academia who work
together to create technological and procedural solutions to the TFM challenges faced by the NAS.

CDM is an operating paradigm where TFM decisions are based on a shared, common view of the
NAS and an awareness of the consequences these decisions may have on the system and its
stakeholders. There are two central tenants to CDM: that better information will lead to better
decision-making, and tools and procedures need to be in place to enable air navigation service
providers and the flight operators to more easily respond to changing conditions. By sharing
information, values, and preferences, stakeholders learn from each other and build a common pool
of knowledge, resulting in decisions and actions that are most valuable to the system. CDM plays an
integral part in Air Traffic Management and is instrumental for global harmonization.

The NAS is a shared public resource operated by highly skilled professionals from the U.S.
Government and industry. As the NAS has evolved, the systems and tools used to manage it have
not kept pace with growth in the aviation or space industries. The growing demand for airspace
access necessitates updated systems and tools to enable efficiencies for operations in the NAS.



Prior to our country’s successes over the last decade in capturing a majority share of the commercial
space launch market, the majority of space launches in the United States were undertaken in support
of the U.S. Government. The emergence of commercial launch and reentry activities has highlighted
the need to more efficiently integrate space activities into the NAS. Coordinated efforts between the
U.S. Government and industry are underway (e.g., this ARC) to find solutions that improve the
integration and efficiency of the NAS while promoting safety.

Space vehicles are complex machines that rely on highly volatile propellants, move at very high
speeds, and are exposed to extremely high dynamic forces during launch and reentry. In addition, a
large percentage of space vehicles have either been recently developed or are still in development
and testing. Space vehicles are not required to meet the same reliability requirements as aircraft.

Both vertically- and horizontally-launched space vehicles, as well as reentry vehicles, require
segregated airspace for their transit. Airspace closures are also associated with landing/return of
launch vehicle components, reflecting the time and space required for the launch or reentry vehicle
components to transition through controlled airspace back to the Earth’s surface. In some cases,
components fall back to Earth without active flight control; in others, reusable components may
return under power to the landing site. In either case, vehicle controllability is limited, and it is
generally not possible for these components to avoid collisions with other airborne vehicles or

objects.

Historically, launch airspace closures have been fixed for the duration of launch activities. The
closures start at a pre-determined time prior to launch and conclude after the spacecraft leaves
controlled airspace and transitions to suborbital or orbital phases of flight.

When a space launch or reentry occurs, NAS inefficiencies are amplified by the heritage approach
used to protect air traffic from spaceflight. Specifically, the FAA segregates the airspace around a
launch or reentry trajectory. While segregation is effective for maintaining safety, it’s extremely
inefficient for NAS utilization, particularly without timely dissemination of real-time activity. Simply
stated, too much airspace is closed for too long, and real-time information about launch and reentry
is not available to air traffic controllers and NAS users.



3 DISCUSSION

3.1. PRIORITIZATION VS. OPTIMIZATION

Use of the word “prioritization” in the name of the ARC reflects the current state with respect to
airspace management among NAS users, particularly between aviation and spaceflight operations.
For example, the traditional closure of large volumes of airspace around planned space launches or
reentries can necessitate rerouting of some air traffic. Conversely, periods of high commercial
aviation demand (e.g., holidays) can constrain planning for some commercial space operations.
Prioritization assumes a choice must be made between operations; however, recommended process
and system enhancements will enable improved access of multiple NAS user sectors and an
associated evolution from airspace segregation to optimization and dynamic management.

As such, the ARC consensus was that airspace optimization should be the primary objective of
airspace management regarding aviation and space transportation going forward. Prioritization
would continue to be a routine element of tactical airspace management, just as weather and

emergencies are today.

The ARC determined the use of prioritization could be minimized with the goal of a fully integrated
NAS. After a review of existing prioritization schemes in use in the NAS, including those used by
ATC (e.g., operational priority: first come, first served), the DoD (e.g., SUA scheduling), airspace
hierarchy (e.g., Class B airspace applies when overlapping Class E airspace), and right-of-way rules
for aircraft, the ARC decided it would not be valuable or effective to create a new prioritization
schema. Therefore, the ARC focused on the strategic goal of optimization due to the efficiency and
operational gains that could be achieved.

All Users Participate in Optimization

To achieve optimization, the FAA needs a systematic and integrated approach to manage multiple
concurrent needs for NAS use. An integrated approach is important to ensure events and user
requests for airspace access across the NAS are evaluated appropriately and, if necessary,
decontflicted. A systematic approach also ensures all NAS users are considered in airspace
management decisions based on operational capabilities, system efficiency and public interest.

Information the FAA needs to accommodate multiple NAS users includes:
e The duration of overlapping needs to use the NAS
e The specific airspace access being requested by each NAS user
e Communication, navigation, and surveillance capabilities required for the operation
e Whether the flight, mission or operation changes dynamically or is inflexible

e Vehicle maneuverability and flight characteristics, including responsiveness to real time
change requests.

e Vehicle reliability



Based on the information provided, an optimized accommodation scheme and airspace conflict
mitigations can be identified to reduce or negate inefficiencies in the NAS.

Airspace Use Considerations

With the goal of full NAS user integration, there will be instances in which optimization is not
possible; managing the NAS while accommodating concurrent airspace needs from multiple users
may require the FAA to consider a range of factors including:

e National security or defense operations

e Disaster response / medical emergency

e Government operations/ National need (missions performed by or for the government)
e Frequency of opportunity (e.g. launch window is once every 15 days)

e Predicted air traffic volume and downstream effects

e Impact of delay to mission success (e.g., miss launch window for interplanetary mission,
schedule integrity for airlines, etc.)

e Accumulated delay for a specific user
e Input from affected facilities and Air Traffic Control System Command Center

e First come, first served

3.2. NAS USER, AIRSPACE AND SYSTEM CONSTRAINTS

One of the three task groups formed under the ARC developed a report outlining key sector
characteristics, constraints, and limitations associated with various current and prospective users of
the NAS. These users included manned aviation (inclusive of airports and heliports), commercial
space (inclusive of spaceportts), balloon operators, and UAS/remotely piloted aircraft systems
(RPAS) operators, with their associated constraints summarized below.

Common Challenges and Constraints Across User Groups

The Task Group found that historically there have been challenges in effective communication and
collaboration among the user sectors, particularly between commercial space and manned aviation.
There are many causes of these challenges—including “siloed” regulatory and operational
environments, rapid proliferation of new operators, especially in the commercial space and drone
sectors, and resource constraints. These challenges contribute to inadequate coordination among
sectors, which results in inefficient, un-dynamic, and conflicting airspace needs. These challenges
also impede effective advanced planning of “missions” that could balance various sectors’ airspace

access requirements.
Both NAS users and Federal government agencies (e.g., DoD, NASA) face negative consequences

of financial and resource constraints that affect operations research and development of new
capabilities; and regulatory refinement.

10



Weather Constraints

Weather plays a significant role in determining how operations will utilize the NAS. Severe weather
limits how airspace can be used on a given day or during a given hour. Conditions dictate runway
use at airports and route selection between origin and destination airports. Weather also affects the
ability of a space vehicle to launch or reenter. Because the weather is uncontrollable, operators must
be flexible, adapting their operations to environmental conditions and being prepared for
contingencies that may develop while en route.

Manned Aviation Constraints

All manned aviation users have a substantial number of long-established regulatory and statutory
requirements they have to meet to assure they safely operate in the NAS. These include aircraft
certification, aircraft equipage, flight crew training, medical, flight planning, and air traffic control

requirements.

In addition, to ensure the safe and efficient operation of the NAS, the FAA, aircraft operators, and
airport operators, over decades and with substantial investment, have developed air traffic rules and
procedures; airspace structures; navigational aids, air traffic control tools, systems, and
infrastructure; and airport infrastructure. These elements that define the NAS impose limits on how,
when, and where manned aviation operations can take place.

Aviation operators also face financial constraints and typically attempt to reduce the costs and
increase the efficiency of their flight operations by seeking faster or more direct routes between their
origins and destinations to improve efficiency, reduce fuel consumption and emissions. Airspace
closures and other limits on access to the NAS that increase flight times or increase airspace
congestion and delays, exacerbate these constraints.

Additional discussion of constraints specific to scheduled commercial and on-demand business and
general aviation manned operations are included in the Task Group 2 report.

Spaceflight Constraints

Space operators face a variety of operational constraints related to their mission requirements. These
include:

e Jaunch and reentry timing is constrained by orbital mechanics that are dictated by mission
objectives. For example, missions to the International Space Station have limited launch and
reentry windows; if missed, launch or reentry may need to be delayed until at least the next day
when the desired intercept trajectory can be achieved. Planetary missions, which have complex
trajectories and can involve the use of the Earth, Moon or other planets to accelerate their

11



spacecraft, face even more stringent constraints in terms of launch timing. If these missions miss
their launch windows, they can be delayed for years - literally until the planets realign to suit the
trajectory. Similarly, spacecraft reentries are subject to extremely tight deorbit time constraints to
reach the targeted landing site.

e Launch and landing trajectory requirements can constrain an operator’s choice of sites. For
example, spacecraft with payloads that need to achieve geostationary orbits need to be launched
from facilities that enable the spacecraft to reach positions over the Earth’s equator. Similarly,
payloads that need to be positioned in polar orbits need to be launched from facilities where the
spacecraft can achieve orbits aligned with respect to the North and South Poles. Reentry sites
are similarly constrained by the orbit from which the spacecraft is returning.

e Commercial space operators perform extensive safety risk assessments of their launches and
reentries in accordance with procedures established by statute and further defined in regulations,
orders, and advisory circulars published by the FAA’s Office of Commercial Space. These safety
assessments are focused on the protection of people and property on the ground, in aircraft, and
in marine vessels near the launch or reentry site and beneath the vehicle’s flight trajectory. To
manage safety risks and meet FAA safety criteria, launch and reentry sites are often located in
rural or coastal areas with flight paths that carry spacecraft over oceans or sparsely populated or
unpopulated areas. These risk assessments are time consuming and mission-specific.

e Space vehicle dynamics can also impose operational constraints due to high velocities, rapid
acceleration, and limited maneuverability while under rocket power.

The current regulatory framework—specifically obtaining commercial space launch licenses and
safety approvals under Title 14, Chapter I1I of the Code of Federal Regulations (CFR), requires
analyses and approval processes for what are oftentimes very similar launch operations. These
approval processes are indirectly related to the airspace access issues considered within Task Group
2 in that launch and reentry licenses or permits are a necessary prerequisite to commercial space
operators gaining access to the airspace. Launch sites operated by other federal agencies (i.e., DoD,
National Aeronautics and Space Administration (NASA)), require their own approval processes
separate and apart from those required by the FAA, adding to regulatory complexity.

Balloon Operator Constraints

Balloon releases are based on a number of flight conditions, as are most NAS users. When faced
with delays, real time communication with ATC can be very similar to traditional NAS users.
Balloon operations can accept most ATC instructions, and accept release times, if known in
advance, much like flow control delays faced by aviation industry. The primary difference is the time
on runway’. But those are not uncommon with other NAS users, like Military, UAS, mix of heavy
vs. light aircraft, and others. (Example: 4 minutes wake turbulence delay for a light aircraft departing

12



behind a heavy/super aircraft. Balloons normally need a 5-minute release window, not a massive
impact). Communication with ATC and other users can ease these concerns with little impact. The
FAA needs to ensure that times and effects on other users are accurately assessed. Although
balloons climb at the same rate as most GA aircraft, and their route of flight is predictable, balloons
are treated as exceptions to normal NAS operators when they could fit in much like other users.

UAS/RPAS Operator Constraints

UAS/RPAS operators seeking to conduct operations in controlled airspace face the following
constraints and limitations:

e Uncertainty in the regulatory framework that could account for a rapidly-evolving and diverse
array of UAS, with a wide array of physical and aerodynamic characteristics, performance
capabilities, propulsion systems, and control systems

e Limited definition of air traffic operational procedures for integrating UAS operations with
manned aviation operations in controlled airspace

e Removing the onboard pilot enables UAS to conduct missions that have not been seen before in
the NAS. Examples include ultra-long duration flights at high altitudes; long-duration, slow-
moving surveying or monitoring flights over specific locations (referred to by some as “mowing
the lawn” because of flight patterns that resemble back and forth patterns of lawn mowers); and
intra- and inter-urban passenger and cargo flights that begin and end not at airports or heliports,
but rather at homes or businesses in urban or suburban neighborhoods. The new types of
missions that UAS will be able to fly coupled with differences in performance characteristics
between UAS and manned aircraft, create additional challenges with respect to the prioritization
of airspace access between UAS and manned aviation. For example, a slow flying UAS
conducting a photogrammetric survey mission over a large area (“mowing the lawn” as
described previously) could conflict with manned aircraft that need to transit that same airspace.

A more extensive discussion of the constraints various types of UAS/RPAS operators face can be
found in the Task Group 2 report.

3.3. DATA AND COLLABORATION

The ARC believes integration, through optimization, is the goal, but realizes segregation is still the
reality for many future stakeholder operations. Communicating airspace segregation to other
operators is critical to the FAA notification of these restrictions. The fundamental communication
mechanism the FAA uses, a Notice to Airmen (NOTAM), presents a challenge with communicating
information given its static representation of what may be a dynamic situation. However, operators
and pilots must treat the NOTAM as the authoritative source for that activity, and will normally plan
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their operation based on such NOTAMs, so publishing the NOTAM adequately in advance is

critical.

After conducting a review of various FAA-imposed notification timelines and holding discussions of
what an ideal timeline would be for users, we determined the notification timeline must vary based
on the expected airspace utilization of the operation. For example, the Super Bowl has a significant
effect on operations, so flight restrictions and required routes are generally published seven days in
advance. The ARC determined a 72-hour notification for large NAS events, like space launches, was
an ideal compromise between a proponent and other users. This amount of time for large,
uncharted flight restrictions allows the spectrum of other users to find ways to utilize airspace
around the segregated operation.

The current 4-hour minimum notice documented in FAA Order 7400.2, Procedures for Handling
Airspace Matters, was considered sufficient for smaller airspace areas. This policy is utilized
primarily for charted SAA activation, but can be applied to other types of activity. Other local
factors and mitigations beyond SAA size should be considered when determining if a shorter
notification period is acceptable.

Collaborative Planning and Scheduling

Despite the significant impact of spaceflight operations on the NAS, there is currently no integration
of spaceflight schedule forecasts to inform NAS planning. While spaceflight schedule information is
available months in advance, aviation operators typically receive notice of a forthcoming launch or
reentry event only days before the operation. At that point, it is too late for operators to reallocate
resources; instead they must tactically respond to interruptions in traffic flow. If aviation
stakeholders had more advance notice when a spaceflight event might occur, they could deploy
resources or make changes to adapt to the potential disruption of their flight schedules.

Various U.S. government agencies already maintain schedules of commercial and government
spaceflight operations. Much of the spaceflight forecast is also available to the public, published on
websites for space enthusiasts. Pooling this existing spaceflight schedule information, along with
associated airspace requirements, would help integrate the NAS and provide greater visibility into
potential impacts for all NAS users.

Tactical Information Sharing

The management of airspace closures should be improved through better real-time information
exchange with operators and enhanced air traffic controller decision support tools. Currently,
airspace closures follow a pre-determined schedule, with airspace closed for operation and aircraft
rerouted before the window is activated. However, the operator has additional planning information,
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already available to the FAA that could be used to dynamically close the airspace at a shorter time
horizon.

The FAA is currently collaborating on development of procedures that enable more flexible airspace
management. Dynamic launch windows (DLWSs) allow air traffic controllers to adapt to changes in
launch time, leveraging real-time operator communications to maximize use of the SAA prior to
activation. The Space Vehicle Operations (SVO) Concept of Operations (ConOps) refers to this as
“Just-in-Time Activation” and proposes automation support for enabling this capability. Time-based
launch procedures (TBLPs) utilize flight safety analysis data to evaluate when airspace is no longer
subject to hazard. This allows re-opening of airspace after a launch or reentry, and should be further
optimized to reduce unnecessary reroutes or delays once the risk to NAS users has passed.

3.4. TOOLS AND CAPABILITIES

Automation — Planning

During mission planning for all NAS users, which can span a period of years to days before an
operation, stakeholders need to have access to NAS impact assessment tools. A summary of
capabilities currently in development is shown in Appendix H. Industry access to such tools could
provide significant benefits for planning spaceport locations and launch dates to optimize NAS use
and mitigate impacts on other operations in the NAS. While certain missions have little flexibility in
scheduling, there are others that may benefit from the ability to predict and avoid peak NAS impact
dates or times. An effective NAS impact assessment requires defined aircraft hazard area
dimensions; therefore, any tools developed should include the ability to calculate nominal hazard
areas because many commercial space operators either do not determine these airspace volumes
themselves, or do not produce them far enough in advance of a mission to be useful for NAS
planning.

Automation - Operations

NAS optimization will require new tools and procedures. The ARC reviewed several prototype
tools, shown in Appendix H, that could enable the use of much smaller protected airspace for
nominal space launch and reentry, augmented with the capability to dynamically close airspace and
safely move NAS traffic away from hazards in the case of off-nominal events. To enable smaller
preemptive airspace closures, the capability for off-nominal debris response is critical. Debris
Hazard Volumes (DHVs) are envisioned' to be used in the rare case of a space vehicle anomaly or
other event that generates debris falling through the NAS that could pose a hazard to other NAS

! Larson, et al. “Protecting Aircraft In Real-Time from a Launch or Re-Entry Failure.” 34th Space Symposium, Colorado
Springs, Colorado, 16-19 April 2018. Space Foundation, 2018, www.spacefoundation.org/sites/default/files/tech-track-
papers/Latson-Erik_Protection of Aircraft.pdf.
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users. While the SAA is envisioned to contain nominal spaceflight operations, the DHV is proposed
as the real-time, off-nominal airspace volume that would be created in response to an unexpected
debris-generating event. The capability to calculate a DHV in real-time during an off-nominal event
is critical to the goal of reducing the size and duration of nominal SAAs.

The key features for accommodating spaceflight operations in NAS management automation tools
are:

e Pre-mission calculation of optimized nominal SAAs utilizing improved methodology and the
assumption of a real-time debris response capability for off-nominal events.

e Real-time position of the space vehicle during NAS operations is made available to automation
for use on ATC and Air Traffic Management (ATM) displays, as appropriate in off-nominal
events.

e Real-time calculation of DHVs when an off-nominal event occurs.

e Automated display of SAAs and DHVs on ATC and ATM displays, as appropriate.

Improvement of aircraft hazard area calculation and management would yield by far the greatest
NAS benefit of any reviewed by the ARC. The aircraft hazard area size and duration directly affects
the number of aircraft rerouted or delayed, and reduction of these large preemptive airspace closures
would produce results ranging from significant reduction of NAS impact, to near elimination of the
impact.”

In addition, the development of a debris response capability utilizing DHV's calculated in real-time
in the event of a space vehicle breakup should be an integral strategy to reducing nominal airspace
closures. The debris response capability would also provide additional enhancement to NAS safety
in those rare cases where nominal airspace closures do not currently provide protection, such as in
the case of unplanned satellite reentries or the 2003 Space Shuttle Columbia breakup.’

As NAS users have started collaborating, it is clear the Next Generation (NextGen) Air
Transportation System has the opportunity to contribute to integrated, safe, and efficient use of the
NAS, not only for spaceflight, but for all operations in the NAS. It is important that new entrants,
such as UAS and urban air mobility vehicles, continue to integrate into the NAS.

2 Colvin, Thomas J., and Juan J. Alonso. "Near-Elimination of Airspace Distuption from Commercial Space Traffic
Using Compact Envelopes", AIAA SPACE 2015 Conference and Exposition, AIAA SPACE Forum, (AIAA 2015-4492)
3 Lin, Mark Y. Y., Erik W. F. Larson, and Jon D. Collins, “Determination of Debris Risk to the Public Due to the
Columbia Breakup During Reentry,” Columbia Accident Investigation Board Report, Vol 2, Appendix D.16, September
2003.
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3.5. METRICS

The following metrics are defined to evaluate the effects of spaceflight operations on other NAS

users.

For commercial aviation operators, serving the needs of the passengers (shippers in the case of
cargo) is dependent on being able to meet scheduled flight times. Therefore, evaluation metrics
should be directly related to the following: flight time, miles flown, fuel consumed and emissions,
weight restrictions in cases where additional fuel is required, and passenger delays. Flight delays
propagate into the aviation carrier’s system and create additional impacts, which include regulatory
compliance with flight duty time of flight crewmembers, missed connections, availability of airport
facilities (gates, passenger handling), and the completion of the aircraft scheduled use for the day.

Similarly, for commercial space operators, being able to meet customer commitments is dependent
on meeting scheduled operations timelines that are already significantly constrained. Launch delay
costs can be incurred, including range availability, propellant consumption, extended launch site
equipment use, and additional shifts for hundreds of operations personnel. Customers are also
impacted by loss of revenue from space-based assets that do not reach their destinations on time to
provide paid services.

As the FAA makes a determination on the metrics to evaluate, it is important to consider the
cumulative impacts by evaluating the previous system interruptions. This will also support the
business and need for developing a process for integrating all users.

Table 4 summarizes ARC-recommended metrics both for consideration in decision-making to
accommodate airspace requests, as well as for post-operation assessment. While much of this data is
currently available, it may not be current practice to share with FAA or other operators, as noted in
the data availability column. Data sources have also been included since data may reside in
distributed locations and be disseminated by various entities. The metrics are grouped into four
categories: vehicle flexibility, SAA charactetistics, system/operator impact, and NAS efficiency.

Table 4: NAS Prioritization and Optimization Metrics

Metric Decision- |[Post-Op Data Availability Data Source Notes
Making |Analysis
Vehicle Flexibility
Capability to deviate X Planned/on-demand data available | Operators
from intended but not shared with FAA; not
trajectory incorporated for space vehicles
Ability to loiter X Available but not shared for all Operators
operators

Time required to X Available but not shared Operators Could be used
reconfigure for same tactically to allow
day launch attempt pass-through traffic
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Metric Decision- [Post-Op Data Availability Data Source Notes
Making Analysis
SAA Characteristics
Dimensions of X X Available and shared. NOTAMs
airspace area/volume
Operational X Available and shared NOTAMs Bound hazard
window(s) times, but may
include margin
Duration of planned X X Available, commercial space Operators, for nominal
airspace closure operators share with FAA Ranges operations
Advance notification X X Available and sometimes shared, | Operators,
(e.g., weeks before but not usually available to ATO | Ranges,
start of operation) Spaceports
System/Operator Impact
Cost to delay or X X Available, not currently shared by | Operators Often proprietary,
reschedule operation commercial space, UAS, some some public estimates
manned operators available
Additional miles X X Available and tracked/shared for | FAA, May need to be
flown due to reroutes manned aviation, N/A for space Operators expanded to other
operator types
Mission scrubbed or X Data available but not tracked. Operators, Needed to truly assess
delayed due to SAA Probably should be tracked for Ranges, what kind of airspace
violation consolidated review/assessment Spaceports should be activated
by CDM-like group. per mission.
Delays (both direct X X Data available Operators,
and indirect). For FAA ATO
carriers these are
delayed arrivals and
departures, including
propagated delays
NAS Efficiency
Actual duration of X X Available FAA Nominal or off-
airspace closure nominal
Access restrictions to X X Anything over 15 minutes delay Operations | May not cover
NAS (i.e., is captured in OPSNET, airport/ Network unplanned impacts.
takeoff/launch) ramp closures may be available (OPSNET), | Should be limited to
at airport level, Airports, restrictions that are
Launch/ captured by OPSNET,
landing TMIs, closures,
facilities, NOTAMs
Traffic
Management
Initiative
(TM™I),
NOTAMs
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Metric Decision- [Post-Op Data Availability Data Source Notes
Making Analysis
Airspace demand X X Auviation forecast data available Operators, Space mission
and shared, space forecasting data | FAA, ranges, | schedules sometimes
available but not necessarily spaceports changed to avoid peak
shared, historical demand data demand
available but not shared
Resiliency of X Data available from two previous | FAA Consolidated metric
airspace operational metrics. to measure progress,
recovery (ratio of encourages latest
actual vs. planned closure, earliest
closure time) release
Next available X Available but not always provided | Operators Could include near
opportunity and far term
Spaceflight schedule X Available but not reported Operators, Addresses changes
reliability (on- ranges prior to start of
time/first-time with operations. Reasons
reasons for scrub), include: 1-weather, 2-
could be categorized range issue, 3-vehicle
by vehicle, maturity issue, 4-payload issue,
level, facility 5-collision avoidance
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4. ARC RECOMMENDATIONS

At the time the AAP ARC was deliberating, several other Aviation Rulemaking initiatives were
underway that could have pertinent and potentially helpful recommendations to enable greater
optimization of the NAS. One example of overlapping benefit came from the UAS in Controlled
Airspace ARC. In that ARC, automation recommendations were included to support the normalized
operation of UAS in controlled airspace to enable dynamic airspace management. This automation
capability has been needed for decades and would benefit many existing and new operators while
enhancing optimization. It is likely other ARC recommendations will have benefits leading to greater
airspace and NAS optimization, and we encourage the FAA, in collaboration with industry and
government stakeholders, to move forward with implementation of those recommendations that
provide benefit beyond just one sector of the industry and provide benefit NAS wide.

Similar to the UAS in Controlled Airspace ARC automation recommendation, dynamic activation
and deactivation of airspace during both nominal and contingency operations enables optimized
ATC procedures for all operations in the NAS. The capability to dynamically “push” the display of
the SAA boundaries directly to air traffic controller and traffic manager displays, would greatly
improve the safety and efficiency of NAS air traffic management.

The ARC recommendations include two very short-term items shown in Table 5, consisting of
establishing industry and FAA workgroups to provide guidance on how all NAS operators can be
integrated into collaborative planning and operations processes. Other recommendations, shown in
Table 6, endorse implementation of mid- and long-term automation tools, capabilities, and
processes that will enhance optimization of the NAS. Some mid-term items are already in the NAS
NextGen enhancement planning stage or are already in development; see Appendix H for tool
descriptions. While such technologies may have been developed specifically to integrate space
operations, they support integration of all NAS users and a variety of flight systems. The long-term
items will build upon those enhancements and move the NAS closer to full integration of all users.
The development and implementation of tools and capabilities will enable a future NAS state in
which air traffic management shifts from segregation to integration with separation assurance.
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Table 5: Summary of Recommendations for Establishment of Committees

Committee Description

Implementation Details

The ARC recommends that within 30
days of the submission of the AAP ARC
Final Report, the FAA establish a
Steering Committee (SC) to advise the
FAA on policy and strategy regarding
airspace access and integration.

The SC is intended to focus on items at the strategic level and
set the course and vision for the FAA on mid- and long-term
strategies for airspace access and integration.

The ARC recommends that within 60
days of the submission of the AAP ARC
Final Report, the FAA establish a CDM-
like space operations committee
(including operators, DOD, and NASA)
to recommend appropriate information to
be exchanged with the FAA for more
dynamic airspace management and
situational awareness and to help
implement the details charted by the SC.

Take the form of a CDM-like group or a similar forum

Develop Terms and Guidelines for Participation in the
collaborative process

Review and provide ongoing feedback to FAA on the
implementation of NAS improvements

Make recommendations to the FAA on the appropriate planning
information/data for sharing with FAA and other stakeholders

Develop data standards that establish recommended elements
and formats for the automated exchange of operational data for
input to the collaborative process
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Table 6: Summary of Recommendations on NAS Automation, Process & Tools

Interim State (within 6 months

Interim State-

Future State (within 3 years

Future State —

Recommendation . Enabling of ARC report)- Enabling
of ARC report) - Segregation Technologies* Optimization Technologies*
Automation- Utilize operator/facility planning | web-interface, | Implement capability to NEAP/ACACP
Planning data (as determined by proposed | NEAP/ calculate nominal planning
Implement committee) as input into the ACACP SAA:s.
automation to existing CDM process
|mprove_ N/A N/A Implement web interface for N/A
foreca§t|ng o input of operator mission plans
poten_tlal NAS and dissemination of calculated
conflicts planning SAAs across ATC
sectors and facilities
Automation- Develop proposal and plan for HRAM Implement SAA and DHV HRAM
Operations implementation of SAA and airspace classifications and
Implement DHYV airspace designations. define associated procedures.
falutomatio_n to Exploit draw feature for SAA | N/A Implement capability to SDI, Advanced
INCréase alrspace | siatic display on existing ATC 