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SUMMARY

Today, commercial space launch and reentry operations are rapidly increasing worldwide. Because of this, the FAA has set a goal to move beyond segregation of these operations and towards integrating them into the National Airspace System (NAS). However, as an outcome of a recent Safety Risk Management (SRM) panel, it was determined that the FAA Air Traffic Organization (ATO) uses safety requirements that are different from the requirements of the FAA Office of Commercial Space Transportation (AST). Furthermore, since AST provides ATO with the airspace that must be sterilized during launch and reentry operations, it was determined that the FAA was operating with an existing high hazard in the NAS.

Faced with the prospect of having to develop much larger aircraft hazard areas (AHA), ATO proposed the Acceptable Level or Risk (ALR) concept to the FAA Safety Management System (SMS) Executive Council to allow these two different safety standards to coexist.

ALR was approved by the Executive Council for temporary use, and ATO is currently working on an implementation plan.
1.
INTRODUCTION

1.1 When NASA first began to launch rockets through the NAS back in the 1960s, they would carve out an area of airspace for the FAA to miss to make sure no aircraft flew through while the rocket launched. As time progressed, commercial operators began looking to launch rockets, and the Commercial Space Transportation office was formed. This office was tasked with setting standards for commercial operators to meet, which included the areas that FAA would miss called aircraft hazard areas (AHA). Also during this time, Commercial Space Transportation was moved under the FAA as a line of business, and is today known as AST. Concurrently, the Air Traffic Organization (ATO) was formed as a line of business in the FAA and was tasked with developing a Safety Management System (SMS). While AST had the specifications for the level of required safety that would protect the public codified into the Code of Federal Regulations (CFR), ATO proceeded with creating a comprehensive SMS policy. These two standards evolved independently, and are therefore different.
2.
DISCUSSION
2.1
Background: Whenever there is a space launch or reentry, large amounts of airspace called AHAs, are established to keep aircraft away from the danger. These AHAs are large and disruptive to the NAS, requiring many aircraft to be rerouted during the space operations. Faced with rapidly increasing commercial space activity, the FAA was looking for ways to reduce the size of these AHAs.
2.1.1
However, back in 2016, a Safety Risk Management (SRM) Panel was convened to determine the effects of the different safety standards of AST and ATO. The panel determined that since AST was providing AHAs built to a standard of 1 x 10-6 (which is a mathematical way of saying one in a million), and since the ATO SMS policy is 1 x 10-9 (one in a billion), there is an existing high hazard in the NAS. 
2.1.2
Because of the determination of the SRM panel, a change would be required in the way aircraft are kept away from space launches and reentries. Since the stated goal of the FAA was to reduce the size of AHAs, there was widespread acknowledgement that it would not be a good idea to now increase the size of them by a factor of one hundred. So a group of mathematicians from the ATO Safety office convened to determine if there was a way to make these two varying safety standards coexist. Their proposal was the Acceptable Level of Risk, or ALR, concept.
2.1.3
ALR was proposed by the ATO to the FAA SMS Executive Council back in January 2017. The FAA SMS Executive Council approved the use of ALR for six months, and established a cross-lines-of-business workgroup called the ALR Tactical Team. The mission of the team was to evaluate the ATO proposal and deliver a recommendation whether the use of ALR should continue beyond six months. Once the ALR Tactical Team determined that ALR should continue, they were further tasked with determining which commercial space operations should be allowed to use ALR. 
2.1.4
In December 2017, the FAA SMS Executive Council adopted the recommendations of the ALR Tactical Team, which allowed the continued use of ALR on a temporary basis for all the recommended launch and reentry operations. 
2.2
ALR: The Specifics: ALR differs from the current ATO safety standard in two ways. The first is that under ALR, aircraft are allowed to be exposed to a probability of a fatality up to 1 x 10-7. The second is that ALR introduces the concept of collective risk to the ATO. 
2.2.1
Different Standards: AST and ATO use different mathematical requirements for determining their safety standards, but they also use different assumptions while building their respective models. While the ATO standard of 1 x 10-9 is more conservative than the AST standard of 1 x 10-6, the assumptions that AST uses to build its mathematical models are more conservative than the ATO assumptions. AST uses a concept known as continuous presence, which means that if debris were to fall outside the AHA, there is, by definition, an airplane there to be hit by it. The ATO standard takes into consideration the fact that aircraft are moving, and therefore there is only a probability that an aircraft would be hit by debris that falls outside the AHA. The AST standard is also more conservative in that it is designed to prevent a collision that causes a casualty, whereas the ATO modeling requires protection against a fatality. Finally, AST models using a B747 aircraft; a large, conservative assumption. 
2.2.2
Because of the differences in modeling, the AST standard of 1 x 10-6 is almost equivalent to 1 x 10-7 when measured using ATO modeling, but not quite. However, with a few restrictions, ATO is able to allow aircraft to fly right up to the AHA, measured at 1 x 10-6. When an aircraft is traversing the area between the 1 x 10-6 and the 1 x 10-7 contours, which is known as the Transitional Hazard Area (THA), the only variable that causes the risk to rise above 1 x 10-7 is if the aircraft is inside the THA too long. The restrictions required to keep aircraft from being in the THA too long are: 
1)
 Aircraft in the THA must not be on a course that is within 30 degrees of parallel to the space vehicle trajectory.

2)
Holding, loitering, and helicopters are prohibited inside the THA.

3)
No ATC services will be provided to airports that lie within an active THA.
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2.2.2.1
Figure 2.2.2.1 In this figure, the 1 x 10-6 AHA is indicated in red, the 1 x 10-7 THA is indicated in yellow, and the launch site is indicated by the black dot. The solid black lines show where routes may and may not be flown. The launch trajectory, as indicated by the dashed black line, is evident.
2.2.3
Special Case: There are some launches (e.g., Blue Origin with the New Shepard rocket) in which the AHA will almost be round. In these cases, there is no horizontal launch path, so there is nothing against which to measure 30 degrees. Therefore, when there is no measurable launch path, a risk buffer is added around the AHA and there is no THA. This larger AHA assures that no aircraft will be exposed to a risk higher than 1 x 10-7, with no additional restrictions required.
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2.2.3.1
Figure 2.2.3.1 This figure shows an AHA with no measurable launch trajectory. In this case, a risk buffer is added, indicated by the thick black ring around the AHA. The risk buffer expands the size of the AHA and eliminates the THA.

2.2.4
Collective Risk: Since the beginning of the FAA SMS system, all risk has been considered at the individual aircraft level. However, with the allowance for increased risk tolerance to select aircraft, collective risk was incorporated into the ALR concept to ensure the system remains safe. This collective risk standard was developed to establish that the use of ALR would not increase the probability of a fatality in a timeframe to match the average life span of a person. For the purpose of these calculations, 80 years was used to measure average lifespan, and a 95% confidence interval was used. Based on these criteria, the number of aircraft that can be exposed to ALR risk is limited to 6412 in any rolling twelve-month period. 
2.3
Mission Type Summary: The ALR Tactical Team compiled a list of every launch and reentry mission type being used, as well as every known type being considered in the foreseeable future. The team also determined that the three criteria that needed to be considered for this evaluation were:
1)
Can an AHA be calculated?

2)
Does the flight path of the space vehicle have sufficient horizontal component that an angular difference can be determined between it and aircraft?

3)
Is enough known about this type of operation to determine if ALR will work?
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2.1.3. Capsule Reentry

2.1.4. Expendable Launch Without Fly-Back
2.1.5. Horizontal Orbital

2.1.6. Captive Carry Orbital *

2.1.7. Horizontal Suborbital

2.1.8. Captive Carry Suborbital *

2.1.9. Vertical Launch Suborbital Expendable Booster
2.1.10. Vertical Launch Suborbital Reusable Booster
2.1.11. Winged Reentry **

2.1.12. Stratospheric Manned Balloons

2.1.13. Balloon Launch
2.1.14. Point-to-Point -

2.1.15. Tube and Rail Launchers -

*AHA can be computed for the point from which the launch vehicle is released from the aircraft.
** During reentry, the vehicle makes turns that are not always predictable and the AHA does not extend to the phase of flight in which the
turns are made.




2.3.1    Figure 2.3.1: As can be seen in the table above, the first five mission types meet all of the selected criteria and ALR may be used without modification. The next four types, all suborbital missions, do not have a horizontal vehicle path, so ALR may be used with a risk buffer modification. The final missions are either beyond the understanding of the ALR Tactical Team or, in the case of Winged Reentry, an AHA is computable but the vehicle may make unpredictable turns. So for the final five mission types, ALR will not be used and ATO will employ its current safety standard.

2.4
Post ALR: As stated previously, ALR was approved temporarily by the FAA SMS Executive Council. Furthermore, there is no expiration date after which the application of ALR must cease. This was done intentionally to give enough time for the FAA to develop some capabilities that will allow AHAs to be significantly reduced in size, thereby enabling ATO to return to the traditional SMS policy.
2.4.1
Space Data Integrator (SDI): The Space Data Integrator is a tool that will allow ATC to track the location, status, and health of launch and reentry vehicles. This information will be very helpful, but used alone it will not allow for a reduction in the size of AHAs. SDI is currently in the FAA acquisition management system process, and is being administered by the Program Management Office.
2.4.2
Hazard Risk Assessment and Management (HRAM): In the event of an off-nominal event, HRAM would be able to take the information provided by SDI and create a Refined Hazard Area (RHA) in real time. The RHA would depict a much more accurate location of the debris field than the AHA, and would automatically be drawn onto the controller’s scopes. These RHAs would be much smaller than the current hazard areas since they would only protect for the actual debris field generated by the off-nominal event. They would also include a countdown timer to inform controllers when the debris is calculated to begin falling through the NAS. This would allow controllers to utilize most of the airspace under launches and reentries, and only move aircraft from the area in case of an off-nominal event. HRAM was simulated using Human-in-the-Loop testing at the Tech Center in Atlantic City, New Jersey, back in 2014. The results were promising, indicating that controllers were able to move aircraft as necessary after an off-nominal event using the tool.
3.
CONCLUSION

3.1
The differing safety standards of AST and ATO have greatly complicated commercial space launch and reentry operations through the NAS. ATO answered this concern with the ALR concept, which will allow the two standards to coexist until longer-term technological advances become available. Once these technological tools are available, ATO will be able to return to the traditional SMS standard.

4.
ACTION BY THE MEETING

4.1
The meeting is invited to: 

a) Note the content of the paper. 

