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DRAFT FINDING OF NO SIGNIFICANT IMPACT
LANDING AND RECOVERY OF THE BOEING STARLINER SPACECRAFT AT
EDWARDS AIR FORCE BASE, CALIFORNIA
Pursuant to the Council on Environmental Quality regulations for implementing the procedural
provisions of the National Environmental Policy Act (NEPA), Title 40 of the Code of Federal
Regulations (CFR) Sections (§§) 1500-1508; the United States Air Force (USAF) 1 Environmental
Impact Analysis Process (EIAP), 32 CFR Part 989; and the Procedures of Implementation of NEPA
for the National Aeronautics and Space Administration (NASA) (Title 14, CFR, part 1216 subparts
1216.1 and 1216.3), the Department of the Air Force (DAF) and NASA, as the lead agencies, have
prepared an Environmental Assessment (EA) (attached) to identify and evaluate potential effects of
emergency landing and recovering the Boeing Starliner spacecraft and crew at the Rogers Dry Lake
Bed at EAFB in Kern County, California. The DAF is the federal land owner for this action. NASA,
as the proponent of this action, is contracting with Boing to shuttle astronauts to and from the
International Space Station. Boeing will be required to obtain a re-entry license from the Federal
Aviation Administration (FAA) for the Starliner, therefore the FAA was a cooperating agency on
this action, ensuring analysis complied with their NEPA regulations as defined in FAA Order
1050.1F, Environmental Impacts: Policies and Procedures.
Purpose and Need (EA §§ 1.3 and 1.4, page 11): The purpose of the proposed action is to allow for
the landing and recovery of the Starliner spacecraft and flight crew at EAFB for emergency
scenarios beginning in early 2022. Routine missions would begin upon completion of two test flights
and take place up to two times per year. EAFB would only be used as an emergency landing site for
scenarios where the alternative is to land the Starliner in the ocean. EAFB is the only terrestrial site
available for a failure of the launch rocket during ascent that prevents the Starliner from reaching a
stable orbit and forces an early return in the first three orbits after launch. Spacecraft failures or crew
medical emergencies could also drive the need to perform an emergency landing at EAFB.
DESCRIPTION OF THE PROPOSED ACTION AND ALTERNATIVES
Selection Criteria for Alternative Sites (EA § 2.2, page 13): To be considered a reasonable
alternative, the location for the Starliner landing had to meet the following criteria:
1. The 4 km radius clear landing area free from obstacles. This was determined to be the
smallest available area needed to protect for landing dispersions based on the winds of the
day to ensure that the Starliner has a safe environment for landing.
2. An acceptable area outside this 4 km radius landing area to allow for additional landing
opportunities on days when the wind blows parts jettisoned from the spacecraft during the
landing sequence outside the 4 km radius.
3. Preferably, in a controlled environment like a military range for ease of establishing
protected keep out zones and for allowing use of DoD personnel and equipment during
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landing and recovery operations. Also for the ease of negotiations, one owner familiar with
the NASA Human Space Flight Program.
4. Near a Level 1 Trauma Center, within a one-hour Medical Evacuation (MEDEVAC)
capability to provide the best possible care for an injured astronaut.
5. Access for recovery – no standing water or extremely muddy/soft soil for large portions of
the year to maximize the number of landing opportunities.
6. Acceptable weather/winds, that fit within the wind restrictions established for safely
landing the Starliner, for a large portion of the year.
7. Geographic location for a 51.6 degree inclination mission, the latitude trajectory limits of
the ISS, and allowing for the SM disposal in the Pacific to ensure the SM pieces that survive
re-entry to not impact on land.
8. On the proper trajectory to allow for a terrestrial landing in the event of an Atlas V rocket
failure late in the launch sequence that prevents the Starliner from reaching a stable orbit
that allows either docking with the ISS or targeting one of the other identified landing sites
Criteria 8 drove the need for a landing site in the vicinity of Los Angeles California. Criteria 1-3 lead
to an evaluation of three sites at EAFB (Rogers Dry Lake Bed, Rosamond Dry Lake Bed, and the
Precision Impact Range Area) and a fourth site at the Naval Air Weapons Station at China Lake. Site
investigations showed none of these areas fully met the selection criteria. A screening of each site
against the selection criteria (EA Table 2-1, page 14) showed the Rogers Dry Lake Bed site was the
only site to fully or partially meet all the criteria. This site has a small number of obstacles within the
4km landing zone but those were evaluated and determined to be an acceptable risk for an
emergency landing. It also has seasonal flooding but is dry for a majority of the year so this was also
deemed acceptable. The other three sites all had multiple obstacles within the 4km landing zone
(criteria 1) and/or not enough adjacent land for the landing of jettisoned parts (criteria 2).
Note there are four other landing sites (Dugway Proving Grounds in Utah, Willcox Playa in Arizona
and two at White Sands Missile Range in New Mexico) available for planned landing of the Starliner
that are covered under separate EAs. All landings would be targeted to one of these four sites if
possible prior to attempting a landing at EAFB .
Proposed Action Alternative – Rogers Dry Lake Bed (EA § 2.7, page s 17-24): Under the
Proposed Action Alternative, the Boeing Starliner would land at the Rogers Dry Lake Bed for three
emergency scenarios: an Atlas V rocket failure late in the launch sequence that prevents the Starliner
from reaching a stable orbit that allows either docking with the ISS or targeting one of the other
identified landing sites; a Starliner or ISS failure that prevents docking; an ISS, Starliner, or crew
medical emergency that requires the need for the Starliner to land on short notice. For the latter two
scenarios, Boeing would attempt to target one of the other landing sites if available and only target
EAFB to prevent a water landing.
An uncrewed Orbital Flight Test 2 (OFT-2) mission is scheduled for the first half of 2022 followed
by the Crewed Flight Test (CFT) scheduled for later in the year. OFT-2 is the first mission requiring
the availability of EAFB as an emergency site. Routine missions would begin upon completion of
the CFT mission and take place 1-2 times per year however, given EAFB would only utilized for
emergency landings the likelihood of having a landing at EAFB is small.
ii
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An emergency landing and recovery operations of the Starliner and its flight crew would include
landing and recovery of the flight crew from the Starliner; securing the Starliner until arrival of the
Boeing recovery forces; recovering the Starliner and jettisoned parts for shipment back to Kennedy
Space Center (KSC); and repairing any damage to the lakebed if required. The landing and crew
recovery takes a few hours and utilizes 20-30 EAFB personnel. Recovery of the spacecraft from the
lake bed would take place 3-4 days later after the arrival of the Boeing shipping container and
involves around 10 EAFB and Boeing personnel. This is followed by configuring the spacecraft for
final shipment to KSC, which takes around 7 days and involves 5-10 Boeing personnel.
Boeing has established a contract with EAFB to fund Air Force support to this action. Upon
notification of an emergency landing EAFB personnel would clear the landing zone, perform a
safety check to ensure the spacecraft is safe to approach, recover the flight crew, and cover the
spacecraft to protect it until the Boeing recovery team arrives to remove the spacecraft and the
jettisoned parts from the landing site.
The spacecraft and all jettisoned hardware would be collected and removed from the landing site,
unless a decision is made to leave the smaller jettisoned parts in the field to minimize impacts to
cultural sites and animal habitat due to vehicle traffic. Based on their composition these would have
no significant impacts to the environment if left in place. No impacts are anticipated to the historic
part of the lakebed utilized as part of the proposed action. No damage is expected to the lakebed.
Only small divots and depressions were visible at the landing locations of the various parts during
the first Starliner landing at White Sands Missile Range, the deepest being 2-3 inches. The only
evidence of the proposed action will be tire tracks and depressions or holes caused by the impact of
the various pieces of the Starliner. These will disappear when the lake bed floods. Should lake bed
repairs be needed they will done utilizing EAFB repair processes.
Infrastructure requirements for the landing and recovery activities would not exceed EAFB’s
existing infrastructure resources. All power and water, as well as sanitation capability in the form of
portable toilets if needed, would be brought to the site by the EAFB recovery team and removed at
the end of the recovery operations. After removal of the Starliner from the lakebed, the Boeing team
would utilize an EAFB or NASA hangar, if available, or set up a tent in a parking lot for up to 10
days to perform that activities needed to process the spacecraft for shipment.
No Action Alternative (EA § 2.5, page 16): Under the no action alternative no emergency landings
would occur at EAFB. This would reduce the landing opportunities for the Starliner and increase the
chance of a water landing should the Starliner be required to make an emergency landing. Under this
alternative, the FAA would not issue Boeing a license for Starliner operations at EAFB. The No
Action alternative provides a baseline against which the Proposed Action Alternative can be
compared to.
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ENVIRONMENTAL CONSEQUENCES
Environmental analyses focused on the following resource areas: Air Quality; Biological Resource;
Climate; Department of Transportation Act, Sec 4(f); Land Use and Airspace; Physical Resources;
Cultural Resources; Noise, Noise Compatible Land Use, and Vibration; Socio-economics;
Environmental Justice and Children’s Health and Safety Risks, Visual Effects; Infrastructure and
Utilities;
Hazardous Materials, Hazardous Waste, Solid Waste, and Pollution Prevention; and Human Health
and Safety.
Farmland and Coastal Areas were dismissed from further analysis within the EA due to these not
being present at EAFB. Mineral and Energy Resources were also dismissed as the proposed action
would not result in the development of new facilities or result in consumption of natural resources
other than the vehicle fuel used during the recovery operations. Table 3-1 on page 25 of the EA
provides the rationale for dismissal.
Air Quality (EA § 3.1, pages 26-30) and Climate (EA § 3.3, page 37): EAFB has an arid to semiarid climate with abundant sunshine, relatively low humidity, modest rainfall, and relatively mild
winters typical of low latitude arid areas. The proposed action is located in the Eastern Kern Air
Pollution Control District (EKAPCD). The portion of the EKAPCD that includes EAFB is currently
in nonattainment status for ozone.
During the landing and recovery operations air emissions would be generated from vehicle and
portable generator combustion, man-made dust, and, should a failure occur, fluid release from the
Starliner (hydrazine or ammonia) or recovery vehicles (diesel or gasoline). Emissions are well below
the de minimis levels set by the NEPA regulations for all pollutants and greenhouse gases for the
appropriate containment classification (EA Table 3-2, page 29). Dust suppression methods would be
utilized if necessary. Boeing is responsible for cleanup of any spilled hazardous material. Airspace
closures associated with reentries would result in additional aircraft emissions mainly from aircraft
being re-routed and expending more fuel. The amount of time that affected aircraft spend being rerouted would be short-term and the number of aircraft that would be impacted per reentry would not
be expected to produce additional emissions that would have a notable impact on climate.
The Proposed Action would not result in exceedance of any air quality standards or permit levels and
therefore would not result in significant air quality impacts.
Biological Resources (EA § 3.2, pages 30-36): There are 50 plant associations at EAFB, of which
main plant communities are creosote bush scrub, saltbush scrub, Joshua tree, and mesquite. There
are 19 sensitive plant species of interest listed on the California Natural Diversity Database (EA
Figure 3-2, page 33). None of these species is present in the 4km radius area of the landing zone.
Mohave Spineflower, Desert Cymopterus, Yellow Spinecape, Mojave Wooly Sunflower, Sagebrush
Loeflingia, and Rosamond Eriastrum, as well as the Joshua Tree, which is under consideration for
addition to the database, are present in the jettisoned parts extension. There is no federal protection
for these species at this time and there are no known Endangered Species Act (ESA)-listed plant
species in the study area.
iv
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The U.S. Fish and Wildlife Service (USFWS) website was consulted in August 2020 to complete an
Information for Planning and Conservation (IPaC) search which provided a current list of potential
threatened and endangered species (TES) and migratory birds that may occur at the proposed landing
site and within the sonic boom footprint of the Starliner. One federally threatened species, the desert
tortoise, designated under the ESA is of concern on EAFB. The desert tortoise is a permanent
resident and has critical habitat within the landing zone. Desert tortoise densities vary throughout
the base, with the highest densities mostly concentrated in USFWS designated critical habitat
comprising about 60,800 acres on base (EA Figure 3-3, page 33). The Mohave ground squirrel is
currently a threatened species under the California Endangered Species Act (CESA). On EAFB, the
Mohave ground squirrel population distribution is widely scattered east, west and south of Rogers
Dry Lake in creosote bush scrub and saltbush scrub habitat (including desert tortoise critical habitat
on the Precision Impact Range Area southeast of the lake bed (EA Figure 3-4, page 34). In addition
to the federal and state listed species listed above there are 3 reptile, 45 bird, 7 mammals, and 3
invertebrates listed as California species of concern that are present on EAFB (EA Appendix H, page
239).
The interior of the lakebed, including the landing site, is entirely barren of vegetation. There are
areas of Barstow Woolly Sunflower and Desert Cymopterus within the landing area of the pieces
jettisoned from the Starliner during the landing sequence, however these are few in number and
spread mostly on the outskirts of the landing zone where items will only travel in higher wind
scenarios. In all proposed activities, ground vehicles would use existing roads when available, and
travel a single in-and-out path when traveling off-road. Off-road traffic would be restricted in
accordance with EAFB regulations to minimize disturbance to vegetation. Recovery operators would
be instructed to minimize disturbance of vegetation and avoid Joshua Trees during the recovery of
the jettisoned pieces of the spacecraft. If necessary EAFB biologists would accompany the recovery
members to ensure sensitive plants are avoided.
The Starliner landing and recovery activities have the potential to impact animal species, including
the desert tortoise, bats, other non-ground dwelling and ground-nesting birds (including any
migratory birds present), primarily from vehicle traffic. The probability of directly hitting fauna with
the spacecraft or jettisoned pieces is inherently low. The activities would involve only limited aerial
activity, consisting of the spacecraft and jettisoned pieces parachuting or falling to the ground, which
would pose little threat of bird or bat collisions or mortality to ground animals. The desert tortoise
and Mohave Ground Squirrel habitats overlap parts of the landing zone, particularly to the east and
southeast of Rogers Dry Lake Bed where jettisoned parts could land depending on the winds during
landings. The main risks to either the tortoise or squirrel would be from the vehicles. The recovery
operators would use existing roads to the extent possible to reach the jettisoned parts locations.
Recovery personnel would be provided desert tortoise awareness training prior to accessing Edwards
AFB or the project area. The operators would be instructed to be watchful for and avoid any
tortoises or ground squirrels encountered during the recovery of the jettisoned pieces of the
spacecraft. Desert tortoise authorized biologist would survey/flag any off-road vehicle access trails
required to collect jettisoned parts. While individual mortality may occur, regional populations of
species would not be affected. Landing activities would affect only a limited portion of the total
available habitat within EAFB.
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The Proposed Action would not result in any long-term impacts to the local flora and fauna and
therefore would not result in significant biological impacts.
Department of Transportation Act, Section 4(f) (EA § 3.4, pages 38-39): Part of the landing
zone for the Starliner includes the National Landmark portion of Rogers Dry Lake Bed (EA Figure
3-10, page 48). The Starliner also creates a sonic boom, equivalent to a clap of lightning that could
be heard in large parts of California under the flight path.
The proposed action would not result in a use (physical or constructive) of any Section 4(f) property.
While recovery operations could take place in the portion of Rogers Dry Lake Bed that is designated
a National Historic Landmark (and thus is a Section 4(f) property), operations would be temporary,
lasting only a few hours or days, and occur a maximum of two times per year. Recovery operations
would not create any long-term physical impacts on the lakebed. Any damage to the lakebed would
be repaired by the U.S. Air Force. The U.S. Air Force controls public access to Edwards Air Force
Base, including the lakebed, and therefore the proposed action would not affect public access to the
National Historic Landmark. The sonic boom generated prior to landing would be 1-2 seconds in
duration and, while possibly noticeable, would not cause any impacts or damage to any Section 4(f)
properties due to the small magnitude of the overpressure (maximum of 0.5 pounds per square foot
(psf), somewhat less than a clap of thunder). Therefore, sonic booms generated during reentry would
not result in a constructive use of any Section 4(f) property.
The proposed action would not result in a use of nor any in significant impacts on Section 4(f)
properties.
Land Use and Airspace (EA § 3.5, pages 39-43): There is no new permanent construction as part
of the planned action. The proposed action would utilize existing EAFB pad and road infrastructure
with utilization of the lakebed and landing zone extension for landing and retrieving the various
parts of the Starliner. The spacecraft and all jettisoned hardware would be collected and removed
from the landing site unless a decision is made to leave the smaller jettisoned parts in the field to
minimize impacts to cultural sites and animal habitat due to vehicle traffic. Existing roads and paths
would be used to the extent possible when retrieving all parts. No impacts are anticipated to the
historic part of the lakebed utilized as part of the proposed action. Only small divots and depressions
were visible at the landing locations of the various parts during the first Starliner landing at White
Sands Missile Range, the deepest being 2-3 inches. The only evidence of the proposed action will be
tire tracks and depressions or holes caused by the impact of the various pieces of the Starliner. Only
small divots and depressions were visible at the landing locations of the various parts during the first
Starliner landing at White Sands Missile Range, the deepest being 2-3 inches. These will disappear
when the lake bed floods. As part of the Boeing contract with the Air Force, any damage caused to
the lakebed during landing would be repaired if necessary using the EAFB repair process.
The proposed action would involve over flight of the base from the west to the EAFB landing site on
Rogers Dry Lake Bed. Activities would fall inside the scope of normal activities within EAFBcontrolled airspace. Close scheduling and coordination from Edwards Air Traffic Control would
minimize any airspace conflicts with other concurrent operations being conducted at Edwards. All
airspace re-entry operations would comply with the necessary notification requirements, including
vi
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issuance of Notice to Airmen and Notice to Mariners . FAA temporary closures of existing airspace
may be necessary to ensure public safety during the proposed operations.
The proposed action would not result in significant impacts related to land use or airspace.
Physical Resources (EA § 3.6, pages 43-47): Rogers Dry Lake Bed is considered a floodplain due
to seasonal flooding (EA Figure 3-8, page 44). Executive Order 11988, Floodplain Management,
requires federal agencies to avoid to the extent possible the long and short-term adverse impacts
associated with the occupancy and modification of flood plains and to avoid direct and indirect
support of floodplain development wherever there is a practicable alternative. Emergency landings
would always be targeted to one of the other Starliner landing sites whenever possible. Based on the
selection criteria for the landing sites, there is no practicable alternative to utilizing Rogers Dry Lake
Bed as a landing site when a landing at EAFB is required as the only alternative is to land in the
ocean. This would increase the risk to the crewmembers as search and rescue forces would need to
deploy to locate the Starliner. It could take up the 24 to recovery the crew from an ocean landing and
several hours after recovery to transfer them to a Level 1 Trauma Center. A landing at EAFB allows
transfer of the crew to a trauma center within two hours of landing. Any damage to the lakebed
caused by a landing would be repaired to put the lakebed back to its original state; therefore, the
floodplain would not be affected by the proposed action. In addition, the lakebed would not be
utilized during periods of the year when it is flooded. Boeing notified the public via newspaper ads
in January 2020 of the need for utilizing the flood plain for landing of the Starliner and requested
comments. No comments were received.
The landing and recovery activities could result in soil compaction or erosion and de-vegetation
caused by the spacecraft and jettisoned hardware impacting the soil and accessing of the sites with
the vehicles needed to recover the crew, Starliner, and jettisoned parts. In all proposed activities
ground vehicles would use existing roads when available, and travel a single in-and-out path when
traveling off-road. Equipment used would be inspected frequently for petroleum, oil, and lubricant
leaks and, if needed, appropriate containment would be placed underneath equipment when not in
use. Any damage to the lakebed that occurs during landing and recovery operations will be repaired
so as not to affect the floodplain.
Overall, the proposed action would not significantly affect the water resources, geology and soil in
the area.
Cultural Resources (EA § 3.7, pages 48-51): Previous cultural surveys of the landing site,
including both the 4km radius circle and the jettisoned parts landing zone extension, were reviewed
and a new survey of approximately 1370 acres, within the inner 2 km radius of the 4k circle and
along the shoreline of the lakebed was performed in 2020. The new survey also included an
eligibility recommendation for seven known sites within the landing zone. No new cultural resources
were found during the survey and none of the sites evaluated was recommended as eligible. There
were an additional 41 sites identified outside the 4km radius landing zone of the Starliner but within
the jettisoned parts landing zone extension. Of these 31 are identified as eligible, 3 not eligible, and 6
undetermined.
EAFB performed consultations of the action with the State Historic Preservation Officer and local
tribes. On July 21,2021 the SHPO concurred with the Air Force finding of no adverse effects on
vii
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historic properties from the project (EA Appendix G, page 237). Tribal consultation with the Tejon
Indian Tribe, the San Manuel Band of Mission Indians, the Colorado River Indian Tribe, the
Morongo Band of Mission Indians, and the Chemehuevi Indian Tribe resulted in comments received
from the San Manuel Band of Mission Indians expressing concerns over the culture history and the
characterization of two sites. Boeing and the DAF provided additional documentation on these sites
and the possible impacts from a Starliner landing. On July 2, 2021 the DAF received documentation
confirming that the tribe’s concerns were adequately addressed and that there are no remaining
issues regarding site eligibility.
A large portion of the Starliner landing zone would be within the NRHP portion of Rogers Dry Lake
Bed. Based on previous Starliner testing, including the OFT mission landing impacts (EA Figures 35, 3-6, and 3-7, pages 41-42) minimal damage is expected to the lakebed. However, should the
lakebed be damaged by any of the pieces of the Starliner during landing, the damage would be
repaired and the lakebed put back to its original state using EAFB internal repair processes. All
pieces of the Starliner spacecraft would be recovered and removed, if found or unless a decision is
made to leave some parts in place. It may not be possible to find and recover all of the mortar lids
and sabots due to their small size should they land off the lakebed. Due to the materials used in the
construction of these pieces, they do not pose any environmental impacts to the area.
No significant impact to cultural resources is anticipated.
Noise and Noise -Compatible Land Use (EA § 3.8, pages 51-54): Landing recovery vehicle traffic,
portable generators, and recovery operations generate noise and vibrations. In addition, the Starliner
spacecraft would generate a sonic boom during atmospheric reentry to the EAFB landing site,
approximately equivalent to a clap of thunder.
Due to the short timeframe of the activities, no long-term high levels of noise are generated. Any
loud noise or vibration generated during landing and recovery activity would be one time and very
short in duration, and are not be expected to significantly affect the local people or wildlife.
The proposed action would be consistent with current land use and below the significance noise
thresholds so would not result in any significant noise impacts.
Socioeconomics (EA § 3.9, pages 54-55) and Environmental Justice and Children’s
Environmental Health and Safety Risks (EA § 3.10, pages 55-56): No significant impact to
employment, population, and economic activity is expected from the proposed action. The current
level of socioeconomic activity would not significantly change or be adversely affected. Personnel
working in support of the proposed activities would include military, civil servants, and contractors.
Proposed activities would provide very small socioeconomic benefits for the counties around EAFB
due to the small number of NASA personnel who would travel to the landing site to retrieve the
astronauts and the 5-10 Boeing personnel who would travel to and spend up to two weeks in the area
for the recovery of the Starliner. The proposed action would not result in an increase in population or
employment levels in the area nor impact community or emergency services in the surrounding
region.
The proposed action would not have a significant impact on EAFB air quality, noise, soils and other
environments as identified above. Direct impacts are not anticipated to extend outside the boundaries
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of EAFB to the surrounding communities, with the exception of the sonic boom which is very short
term in nature, low in magnitude, and would occur only when an emergency landing is necessary at
EAFB. Surrounding communities would not be adversely impacted by the presence of recovery
personnel temporarily relocated to support landing and recovery.
The proposed action would not significantly impact socio-economic activity nor result in impacts
related to environmental justice and children’s environmental health and safety risks.
Visual Effects (EA § 3.11, page 56-57): The proposed action would have a slight impact on light
emissions at the landing site for those instances where the Starliner lands after sunset or late enough
in the day that the crew recovery operations would extend past sunset. For these instances, portable
lighting would be required around the landing site until recovery operations are complete. Spacecraft
recovery from the lakebed would always take place during daylight hours. The planned action would
have no long-term impacts on the visual environment as the recovery team removes all parts of the
spacecraft from the landing site with the possible exception of any mortar lids and mortar sabots not
found. There are no visually or light-sensitive receptors in the project’s region of influence.
The proposed action would not result in significant visual impacts.
Infrastructure and Utilities (EA § 3.12, page 57-58): Infrastructure requirements for the landing
and recovery activities would not exceed EAFB’s existing infrastructure resources. All power and
water, as well as sanitation capability in the form of portable toilets if needed, would be brought to
the site by the EAFB recovery team and removed at the end of the recovery operations. After
removal of the Starliner from the lakebed the Boeing team would utilize an EAFB or NASA hangar,
if available, or set up a tent in a parking lot for up to 10 days to perform that activities needed to
process the spacecraft for shipment.
Water and septic system use would have a minor increase under the proposed action during the
period when 5-10 Boeing personnel are present post landing to process the Starliner for shipment.
All existing facilities are considered sufficient to handle an increase in demands for services under
the proposed action. No major changes to the demands for public services (e.g. fire protection, solid
waste disposal) are anticipated under the proposed action.
The proposed action would have no significant impact to infrastructures or utilities.
Hazardous Materials, Hazardous Waste, Solid Waste, and Pollution Prevention (EA § 3.13,
pages 58-60): The proposed action would require the use of hydrazine, ordnance, Galden (a
perfluoropolyether heat transfer fluid), coolant and ammonia within the Starliner and fuel in ground
vehicles and equipment. Solid waste and potentially biohazard material would also be generated.
Unless a failure occurs that would allow a release, all hazardous material would remain in the
spacecraft for transport back to the Boeing facility at the Kennedy Space Center in Florida and
therefore have no impact to EAFB or its surrounding areas. Under the proposed action, removal of
all waste, hardware, debris, and other hazardous or potentially hazardous material would be the
responsibility of Boeing.
Nonhazardous waste would be handled as solid waste or non-regulated waste. All Air Force
generated solid waste at EAFB is collected and disposed of in the EAFB operated landfill. All
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nonhazardous waste from privatized housing is hauled to off Base landfills. Nonhazardous waste
from contractor projects that are not regular ongoing activities is generally hauled off Base as well,
but disposal in the EAFB operated landfill may be considered on a case by case basis. The only
petroleum, oil, and lubricants used during the landing and recovery operations would be contained in
support equipment, generators, cranes, and vehicles. The established Air Force Flight Test Center
Oil and Hazardous Substance Spill Prevention and Response Plan would be followed for both
pollution prevention and in the unlikely event of accidental spills. Health and safety risks would be
minimized by following established EAFB procedures.
The proposed action would not result in significant impacts related to hazardous materials,
hazardous waste, solid waste, and pollution prevention.
Human Health and Safety (EA § 3.14, pages 60-61): As a safety precaution, recovery personnel
would remain outside the landing zone until after the landing of the spacecraft and all jettisoned
pieces. Upon landing, the landing team would reposition to a location approximately 500 feet
upwind of the Starliner. After confirmation from the astronauts that the Starliner systems have been
powered down, a safety assessment team in protective gear would perform the initial safety
assessment. If hazardous conditions are detected the safety assessment team would determine the
source of the hazard and mitigate the hazard, if possible. If unable to mitigate the hazard, the EAFB
Fire Crash Rescue team would assist in mitigating the hazard and to perform toxic spill or
contamination cleanup. Once the area around the Starliner is deemed safe, recovery personnel would
reposition around the spacecraft and commence recovery operations. Proper personal protective
equipment would be used, as needed, by personnel working on the project and applicable EAFB
safety procedures would be followed.
Any public viewers of a landing would be kept outside of EAFB and would not be affected by the
landing. All areas located on EAFB and inside of the EAFB landing zone would be cleared and all
access to the area on the day of landing is controlled by EAFB Flight Safety.
The proposed action would have no significant impact on human health and safety.
Mitigation Measures (EA § 4, pages 62-63): As the proponent for this action, NASA and Boeing
are responsible for ensuring mitigations and management actions are fully funded, in place, and
being carried out as identified above and within §4.0 of the EA. In addition the DAF will prepare a
Mitigation and Monitoring Plan (MMP). The MMP will be developed within 90-days subsequent to
this document. The MMP is a living document and as such will be updated by the DAF throughout
the life of the project. It is expected mitigation monitoring will generally consist of adherence to
permit and reporting requirements and on-the-ground inspections. The DAF will evaluate the
effectiveness of these monitoring methods and revise as necessary to address deficiencies discovered
during these inspections.
Scoping and Public Review : A 30 day scoping comment period was performed due to the potential
impacts of utilizing the floodplain on Rogers Dry Lake Bed. Boeing notified the public via
newspaper ads in the Bakersfield Californian and Antelope Valley Press in January 2020 of the need
for utilizing the flood plain for landing of the Starliner and requested comments. No comments were
received.
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A Notice of Availability will be published in the Antelope Valley Press and Florida Today kicking
off the 30-day public review period of the draft EA and Finding of No Significant Impact. In
addition, the DAF and NASA will notify other federal, state, and local agencies, organizations, and
interested members of the general public of the availability of the draft documents via the California
State Clearinghouse. Printed copies will be made available at the Edwards AFB library; the
Palmdale City Library; the Rosamond, California City, and Mojave branches of the Kern County
Library; the Lancaster branch of the Los Angeles County Library; the Barstow branch of the San
Bernardino County Library. Electronic copies will be made available from a NASA website.
Letters and emails with written comments on the draft EA received during the public review period
will be considered by the DAF and NASA and will be addressed in the final EA.
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FINDING OF NO SIGNIFICANT IMPACT
Based on review of the facts and analysis summarized above and contained within the findings of the
EA, the DAF and NASA finds the proposed decision to allow landing and recovery of the Starliner
spacecraft and its flight crew will not have a significant impact on the natural or human environment
at the Rogers Dry Lake Bed at EAFB. Therefore, an environmental impact statement is not required.
In addition, the DAF and NASA made a Finding Of No Practicable Alternatives (FONPA) to
conducting the Proposed Action Alternative within the floodplain as described in the attached EA.
NASA has taken all practicable measures to minimize any impacts to the floodplain by not allowing
any landings to occur during times of year when the lakebed is flooded.. This analysis fulfills the
NEPA, the President’s Council on Environmental Quality 40 C.F.R. §§ 1500 – 1508, the USAF
EIAP regulations 32 C.F.R § 989, NASA NEPA regulations 14 CFR § 1216.3 and Executive Order
11988, Floodplain Management.

X
Janet E. Petro
Director
Kennedy Spaceflight Center

X
RONALD J. ONDERKO, P.E.
Command Senior Civil Engineer
Logistics, Civil Engineering and Force Protection
Air Force Materiel Command
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ABSTRACT
Prepared in accordance with the National Environmental Policy Act of 1969 (NEPA), this Environmental
Assessment (EA) evaluates the proposed landing and recovery of the Boeing Commercial Crew
Transportation System (CCTS) Starliner spacecraft on the Rogers Dry Lake Bed at Edwards Air Force
Base (EAFB) in California. The NASA and the DAF are the co-lead agencies for this EA and the FAA is a
cooperating agency.
This EA analyzes impacts on the environment of a site at Rogers Dry Lake Bed for the landing of the
Starliner and documents three others that did not meet the selection criteria. Under the Proposed Action
Alternative, the Boeing Starliner would land at EAFB under certain emergency scenarios to prevent a
landing in the ocean. The No Action Alternative, under which no landing would take place at EAFB and
existing conditions would continue, is also analyzed in the EA to provide a baseline against which impacts
potentially resulting from the action alternative can be compared. The Proposed Action Alternative is the
NASA’s Preferred Alternative. Detailed discussions of impacts on physical, biological, and social
resources potentially resulting from each of the alternatives are presented in the EA. This EA will also be
used as part of Boeing’s request for an FAA license to support Starliner spacecraft landings at EAFB.

2

The Department of the Air Force (DAF) was established as the parent agency for both the USAF an d the U.S. Space
Force on 12/20/2019. USAF is still utilized in this document when referencing titles of regulations or documents that
were in place before the agency name change.
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1.0 Purpose and Need
1.1 Introduction
This Environmental Assessment (EA) has been prepared to evaluate the potential environmental impacts
from the proposed landing and recovery of the Boeing Commercial Crew Transportation System (CCTS)
Starliner spacecraft on the Rogers Dry Lake Bed at Edwards Air Force Base (EAFB) in California for
certain emergency scenarios that would result in the need to land the Starliner at EAFB to prevent a
landing in the ocean. The proposed action would include performing recovery activities for the Starliner
Crew Module (CM) and its crew post-landing. An additional area outside this 4km radius circle, but still
on EAFB property, would be utilized when needed due to winds for landing of parts that jettison from the
CM during that landing sequence. Boeing is developing the Starliner to ferry astronauts to and from the
International Space Station (ISS) as part of the National Aeronautics and Space Administration (NASA)
funded Commercial Crew Development (CCDev) initiative. Four additional landing sites would be
provided by White Sand Missile Range (WSMR) in New Mexico (2 sites), Willcox Playa in Arizona, and
Dugway Proving Grounds in Utah that allow for both nominal end of mission and emergency landing
capability. All landings would be targeted to one of these four sites if possible prior to attempting a
landing at EAFB. Due to the need to have the individual landing sites available at different times to
support the program schedule, the separate Department of Defense (DoD) locations involved, and the
Army request to produce the EA for the Dugway location, Boeing recommended and NASA concurred
with developing separate EA’s for each selected location (listed below). Other sites were evaluated but
failed to meet one or more of the criteria required for a landing site (See section 2).
Boeing Starliner Environmental Assessments for the Primary Landing Sites






Environmental Assessment for Boeing Commercial Space Transport Testing at U. S. Army
Dugway Proving Ground, Dugway, Utah (April 2016)
Supplemental Environmental Assessment for Boeing Commercial Space Transport Landing at U.
S. Army Dugway Proving Ground, Dugway, Utah (March 2019)
Commercial Crew Transportation System (CCTS) Environmental Assessment For the Boeing
Starliner Launch from Cape Canaveral Air Force Station and Landing and Recovery at the U.S.
Army White Sands Missile Range (June 2019)
Commercial Crew Transportation System (CCTS) Supplemental Environmental Assessment
For the Boeing Starliner Landing and Recovery at the U.S. Army White Sands Missile Range
(August 2020)
Commercial Crew Transportation System (CCTS) Environmental Assessment For the Boeing
Starliner Launch from Cape Canaveral Air Force Station and Landing and Recovery at the U.S.
Army Willcox Range (July 2019)

The Commercial Space Launch Act of 1984, as amended and codified at 51 United States Code (U.S.C.)
50901–50923, authorizes the Secretary of Transportation to oversee, license, and regulate commercial
launch and reentry activities, and the operation of launch and reentry sites within the United States or as
carried out by U.S. citizens. Section 50905 directs the Secretary to exercise this responsibility consistent
with public health and safety, safety of property, and the national security and foreign policy interests of
the United States. In addition, Section 50903 requires the Secretary to encourage, facilitate, and promote
commercial space launches and reentries by the private sector. As codified at 49 Code of Federal
Regulations (CFR) § 1.83(b), the Secretary has delegated authority to carry out these functions to the
FAA Administrator.
NASA and the DAF are acting as the co-lead agencies for this EA, with the FAA acting as a cooperating
agency.
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This EA has been prepared in compliance with the following:








National Environmental Policy Act (NEPA) of 1969, as amended (42 U.S.C. Sections43214370d)
The National Historic Preservation Act (NHPA) of 1966, as amended (16 U.S.C. Section 470)
The Council on Environmental Quality (CEQ) NEPA implementing regulations (40 Code of
Federal Regulations (CFR) Parts 1500 to 1508)
The Procedures of Implementation of NEPA for the National Aeronautics and Space
Administration (NASA) (Title 14, CFR, part 1216 subparts 1216.1 and 1216.3)
The NASA Procedural Requirement (NPR) for Implementing NEPA and Executive Order (EO)
12114 (NPR 8580.1).
Federal Aviation Administration (FAA) Order 1050.1F , Environmental Impacts: Policies and
Procedures
CFR Title 32, Part 989, Air Force Environmental Impact Analysis Process (EIAP)

The first three test missions of the Starliner spacecraft (one complete in December 2019, the other two
scheduled for 2022) are under oversight of NASA. For follow -on operational missions, Boeing intends to
apply for a commercial space license from the FAA to support Starliner spacecraft landings at EAFB.

1.2 Location and Setting
EAFB is located in the Antelope Valley region of the western Mojave Desert in southern California. It is
approximately 100 miles northeast of Los Angeles, California. The base occupies an area of
approximately 308,000 acres or 470 square miles. Portions of the base lie within Kern, Los Angeles, and
San Bernardino counties. It is the home of the Air Force Test Center and is the Air Force Materiel
Command center of excellence for conducting and supporting research and development of flight, as well
as testing and evaluation of aerospace systems from concept to combat. It operates the U.S. Air Force
Test Pilot School and is home to NASA's Armstrong Flight Research Center and considerable test
activities conducted by America's commercial aerospace industry. EAFB includes the Rogers Lake and
Rosamond Lake dry lakes. These have served as emergency and scheduled landing sites for many
aerospace projects including the Bell X-1, Lockheed U-2, Lockheed SR-71 Blackbird, and the Space
Shuttle. Rogers is the larger of the two dry lakes, encompassing 44 square miles (110 kilometers2 (km2))
of desert, and is the location of the proposed action to land the Boeing Starliner spacecraft (Figure 1-1).
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Figure 1-1: Edwards Air Force Base Location
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1.3 Purpose of the Proposed Action
The purpose of the proposed action is to allow for the Boeing Starliner landing and recovery at EAFB
beginning in 2022 to provide a landing site for Boeing’s Starliner spacecraft and NASA’s astronauts to
return to Earth for certain emergency scenarios, as identified in section 1.4. This allows a terrestrial
landing opportunity at EAFB for these cases, thereby avoiding the need to land in the ocean. The Starliner
is one of the crew transport vehicles for access to the ISS to replace the retired Space Shuttle capability.
An uncrewed Orbital Flight Test 2 (OFT-2) mission is scheduled for the first half of 2022 followed by
the Crewed Flight Test (CFT) later in the year. OFT-2 is the first mission requiring the availability of
EAFB as an emergency site. Routine missions would begin upon completion of the CFT mission and take
place 1-2 times per year.

1.4 Need for the Proposed Action
Boeing identified a need for a Starliner landing site to cover the scenario of an Atlas V rocket failure late
in the launch sequence that prevents the Starliner from reaching a stable orbit that allows either docking
with the ISS or targeting one of the other identified landing sites. The limited cross range capability of the
Starliner, the trajectory of the ISS, the need for the service module section of the Starliner to target an
ocean landing, and the need to return to the ground within 3 orbits of the launch drives this landing site to
be in the vicinity of Los Angeles, California.
This landing site would also be utilized for two additional scenarios that force an emergency return from
orbit of the Starliner:



A Starliner or ISS failure that prevents docking. For this scenario Boeing would attempt to target
one of the other landing sites if available and only target EAFB to prevent a water landing. In this
scenario a landing will take place within the first four days of the mission.
An ISS, Starliner, or crew medical emergency that requires the need for the Starliner to land on
short notice. Similar to the previous scenario, Boeing would attempt to target one of the other
landing sites if available and only target EAFB to prevent a water landing.

1.5 Cooperating Agencies
As the landowner of the landing site, the Air Force is responsible for its real property assets and
infrastructure in support of the landing and recovery of the Starliner spacecraft at EAFB. Under the
proposed action the EAFB would provide the personnel and equipment necessary to recover the flight
crew and protect the Starliner CM until the arrival of Boeing recovery personnel. A support contract has
been established between Boeing and EAFB for Air Force support to the proposed action.
The FAA licenses and regulates U.S. commercial space launch and reentry activity, as well as the
operation of non‐Federal launch and reentry sites, as authorized by chapter 509 of Title 51 of the U.S.
Code. To ensure the safety of the Starliner’s reentry, the FAA is also responsible for creating airspace
closure areas in accordance with FAA Order 7400.2M. The FAA also conducts several reviews during the
license application evaluation process before making a determination on the license, including a safety
review and a review of financial responsibility requirements. The FAA has previously provided a license
to United Launch Alliance (ULA) for Atlas V launches from Cape Canaveral Space Force Station
(CCSFS)3 . The FAA licenses required for this action are listed in Appendix J.

3

The environmental impacts of launching the Atlas V, among several other rockets, from SLC-41 were analyzed in
the 1998 U.S. Air Force (USAF) Final Environmental Impact Statement for the Evolved Expendable Launch
Vehicle Program and 2000 USAF Final Supplemental Environmental Impact Statement for the Evolved Expendable
Launch Vehicle Program (USAF 1998, 2000). The FAA was a cooperating agency on both Environmental Impact
Statements (EISs) and formally adopted them to support issuing launch licenses to vehicle operators for launch
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1.6 Scoping
Rogers Dry Lake Bed is considered a floodplain due to seasonal flooding. Executive Order 11988,
Floodplain Management, requires federal agencies to avoid to the extent possible the long and short-term
adverse impacts associated with the occupancy and modification of flood plains and to avoid direct and
indirect support of floodplain development wherever there is a practicable alternative. Due to the
proposed action impacting a floodplain, a Finding of No Practicable Alternative (FONPA) would also be
required along with the Finding of No Significant Impact (FONSI). In anticipation of the need for a
FONPA, Boeing notified the public via newspaper ads in January 2020 of the need for utilizing the flood
plain for landing of the Starliner and requested comments. No comments were received.

1.7 Distribution and Review of the Draft EA
Results of the agency and public review of the draft EA will be included in the final version of this
document.

1.8 Conclusion
This EA provides NASA, the DAF, and the FAA with the documentation of environmental impacts
associated with the Starliner landing and recovery at EAFB. The decision to be made by the agencies is:
(1) Approve a FONSI and FONPA based upon the proposed analysis contained within the EA; (2)
Determine a FONSI and FONPA are not applicable, resulting in the need for an Environmental Impact
Statement (EIS); or (3) Select the No Action Alternative.

operations described in the EISs. At the time the 1998 and 2000 EISs were prepared, Starliner reentry was not
anticipated, and thus was not included in the analyses. In 2018, as part of the environmental review for evaluating
ULA’s launch license application for Atlas V launches at SLC-41, the FAA prepared a Written Re-evaluation (WR)
of the EISs. The WR concluded that the contents of the EISs remained current and substantially valid and the
decision to issue a launch license to ULA for Atlas V launches from SLC-41 did not require the preparation of a new
or supplemental EA or EIS. The FAA issued ULA a license on June 1, 2018, and the license expires on May 31,
2023. This license authorizes ULA to conduct Atlas V launches at SLC-41 with payloads, including the Starliner.
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2.0 Proposed Action and Alternatives
2.1 Proposed Action
The proposed action is to perform post-landing recovery activities for the spacecraft on the un-crewed test
flight and the crew and spacecraft for crewed flights, including recovery of several parts jettisoned from
the spacecraft during the landing sequence.
The FAA’s proposed action is the issuance of a vehicle operator license to Boeing for reentry and landing
at the EAFB site. The FAA’s proposed action also includes its issuance of temporary airspace closures to
ensure the safety of the spacecraft as it passes through the National Airspace System.

2.2 Selection Standards
NEPA and the CEQ regulations implementing NEPA mandate the consideration of reasonable
alternatives for the Proposed Action. “Reasonable alternatives” are those that also could effectively meet
the purpose and need for the Proposed Action.
Boeing completed a review of potential landing sites at multiple locations throughout the western U.S.
using the following criteria:
1. The 4 km radius clear landing area free from obstacles. This was determined to be the
smallest available area needed to protect for landing dispersions based on the winds of the
day to ensure that the CM has a safe environment for landing.
2. An acceptable area outside this 4 km radius landing area to allow for additional landing
opportunities on days when the wind blows parts jettisoned from the spacecraft during the
landing sequence outside the 4 km radius.
3. Preferably, in a controlled environment like a military range for ease of establishing protected
keep out zones and for allowing use of DoD personnel and equipment during landing and
recovery operations. Also for the ease of negotiations, one owner familiar with the NASA
Human Space Flight Program.
4. Near a Level 1 Trauma Center, within a one-hour Medical Evacuation (MEDEVAC)
capability to provide the best possible care for an injured astronaut.
5. Access for recovery – no standing water or extremely muddy/soft soil for large portions of
the year to maximize the number of landing opportunities.
6. Acceptable weather/winds, that fit within the wind restrictions established for safely landing
the CM, for a large portion of the year.
7. Geographic location for a 51.6 degree inclination mission, the latitude trajectory limits of the
ISS, and allowing for the SM disposal in the Pacific to ensure the SM pieces that survive reentry to not impact on land.
8. On the proper trajectory to allow for a terrestrial landing in the event of an Atlas V rocket
failure late in the launch sequence that prevents the Starliner from reaching a stable orbit that
allows either docking with the ISS or targeting one of the other identified landing sites
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2.3 Screening of Alternative
The following alternatives were initially identified that could potentially meet the purpose and need:




At EAFB
o Rogers Dry Lake Bed
o Rosamond Dry Lake Bed
o Precision Impact Range Area (PIRA)
Naval Air Weapons Station at China Lake

The selection standards described in Section 2.2 were applied to these alternatives to determine which
alternative(s) fulfill the purpose and need for the action (Table 2-1). Those items listed as “acceptable” do
not completely meet the criteria, but an assessment has determined the risk to the Starliner landing is low.
Table 2-1: Evaluation of Reasonable Alternatives
Selection Criteria

Rogers

Rosamond

PIRA

China Lake

1

Acceptable

No

No

No

2

Yes

No

No

No

3

Yes

Yes

Yes

Acceptable

4

Yes

Yes

Yes

Yes

5

Acceptable

Acceptable

Yes

Yes

6

Yes

Yes

Yes

Yes

7

Yes

Yes

Yes

Yes

8

Yes

Yes

Yes

Yes

2.4 Detailed Description of Alternatives
2.4.1

EAFB Alternatives

Three sites at EAFB were assessed, as shown in Figure 2-1. The inner circles show the 4 km radius
landing zone for the CM. The outer circles show the 15 km radius circles used in the analysis of possible
landing zones for the jettisoned parts.

2.4.1.1 Rogers Dry Lake Bed (labeled EAFB Center on Figure 2-1)
The lake bed provides an adequate 4 km radius landing zone for the CM within the lake bed. There are
small number of obstacles within the 4 km radius but these are along the outer rim of the circle and are
considered an acceptable risk for emergency landings. There is also an acceptable area to the east,
southeast, and south to allow space for a jettisoned parts landing zone when needed due to winds. This is
the direction the parts are most likely to travel based on historical prevailing winds at EAFB.

2.4.1.2 Rosamond Dry Lake (labeled EAFB 2 on Figure 2-1)
The lake bed cannot accommodate a 4 km radius circle for the CM. The rougher terrain on the shoreline
areas to the north and south only allow an approximately 3.5 km radius area on the lake bed. It also does
not provide adequate area surrounding the lake bed to allow a landing zone for the jettisoned parts except
to the north and directly east. The prevailing winds at EAFB are historically from the northwest, which
would blow the parts off the lakebed to the southeast and onto private land off the base. This would limit
the landing opportunities available at this site based on historical winds.
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2.4.1.3 Precision Impact Range Area (PIRA) (labeled EAFB 3 on Figure 2-1)
The PIRA area also does not provide adequate space for a 4 km radius CM landing zone. The southern
part of this landing zone has some rough terrain due to some washout areas. Trying to move the circle
farther north encroaches on Martin Road and the Air Force Research Lab (AFRL) area. There are also
several obstructions in this landing zone. Similar to Rosamond Lake Bed, this location also does not
provide adequate area to allow for an acceptable landing zone for the jettisoned parts before encroaching
on private land outside the base. This would limit the landing opportunities available at this site based on
historical winds. This landing zone also has a much greater potential to impact the desert tortoise as the
4km circle encroaches on critical habitat.
As a result of the above, it was determined the Rogers Dry Lake Bed was the best alternative at EAFB for
an emergency landing site.

Figure 2-1: EAFB Alternatives

2.4.2

Naval Air Weapons Station at China Lake Alternative

One alternative at China lake was assessed as shown in Figure 2-2. The inner circle shows the 4 km radius
landing zone for the CM. The outer circle shows the 15 km radius circles used in the analysis of possible
landing zones for the jettisoned parts.
China Lake has several roads and other structures in the 4km landing circle needed for the CM. It also
does not have available area to allow for an adequate landing zone for the jettisoned parts based on
historical prevailing winds without impacting on other base structures or going off base onto private land.
This would limit the landing opportunities available at this site based on historical winds.
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Figure 2-2: China Lake Alternative

2.5 No Action Alternative
No emergency landings would occur under the No Action Alternative. This would reduce the landing
opportunities for the Starliner and increase the chance of a water landing should the Starliner be required
to make an emergency landing. Under this alternative, the FAA would not issue Boeing a license for
Starliner operations at EAFB.

2.6 Alternatives Eliminated from Further Consideration
As result of the above, it was determined the Rogers Dry Lake Bed is the only acceptable alternative in
this area of the United States that could be utilized for emergency landings caused by a failure of the
launch vehicle. The other two alternatives at EAFB and the alternative at China Lake do not have enough
area available to provide an adequate landing site for the CM or the jettisoned parts. As Rogers Dry Lake
bed can support this scenario, a decision was made to also target it for other emergency landing scenarios,
as described in Section 1.4, where a landing there eliminates the need to land the Starliner in the ocean.
Rogers Dry Lake Bed does have seasonal flooding that would prevent a landing there when flooded.
Should an emergency landing be required during those periods of time the landing would be targeted to
the ocean. No further analysis was done for the other three alternatives and only a detailed analysis of the
Rogers Dry Lake Bed alternative is included in this EA.
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2.7 Details of the Proposed Action
2.7.1

Activities to be Performed

An emergency landing and recovery operations of the Starliner and its flight crew would include:
A. Landing and recovery of the flight crew from the Starliner.
1. As soon as FAA and DAF are notified of an emergency landing, all parties will
immediately start the necessary coordination, including the closure of airspace
necessary to complete the reentry, in accordance with the Letter of Agreement
(LOA).
2. EAFB would be notified at least 3 hours prior to an emergency landing and would
muster equipment and personnel outside the landing zone.
3. Crew recovery would take 1-2 hours post landing utilizing pickup trucks,
fire/crash/rescue, ambulances, and (if landing at night) light carts.
4. The CM would be covered with an environmental cover. Power would be supplied by
an EAFB-provided portable generator.
5. Parachutes would be recovered and bagged, utilizing pickup trucks.
B. Securing the Starliner until arrival of the Boeing recovery forces
1. EAFB would provide 24/7 security to prevent access to the area around the CM
which would utilize vehicles and light carts.
2. Boeing personnel would arrive as early as the day after landing.
3. The Boeing shipping container would take up to 3 days to arrive from WSMR.
C. Recovering the Starliner and jettisoned parts (unless a decision is made to leave any in place)
for shipment back to KSC.
1. Recovering the Starliner from the lake bed would take 1 day utilizing a crane, flatbed
pulling a trailer, and pickups.
2. Preparing the Starliner for shipment would take up to 10 days. This would take place
in a hangar at EAFB, if one is available, or in a Boeing-provided tent that would be
set up in a non-interference location along the flight line or in a parking lot.
D. Repairing any damage to the lakebed if required
Boeing has established a contract with EAFB to fund Air Force support to this action. The proposed
action would be performed by current EAFB staff. Boeing is required to apply to the FAA for a license
for all commercial missions that begin after completion of the three test flights. Therefore, the FAA action
of issuing Boeing a license for reentry and landing at the EAFB site is considered part of the proposed
action analyzed in this EA.

2.7.2

EAFB Landing Location

The center of the landing area is located at a latitude of 34.950 degrees and a latitude of -117.883 degrees
(Figure 2-1). The Starliner CM would be targeted to land within a 1 km radius circle around this center
point although, to allow for margin based on the winds on landing day, a 4km radius landing zone from
the center point would be available. Based on historical winds at EAFB several small pieces that are
jettisoned during the parachute deployment process could land up to 12 km from this center point during
the winter months that experience higher winds. This would require landing zone cutouts be established
for landing at EAFB to ensure no parts of the spacecraft go outside the approved landing zone. After
consultation between Boeing and the Air Force, a “keyhole” has been established outside the 4 km radius
landing zone that allows use of EAFB when the winds could push the jettisoned items outside the 4km
landing area. The 1 km (in red) and 4 km (in red/yellow) radius circles and the total approved landing
zone for EAFB (in yellow) is shown in Figure 2-3. Note the “keyhole” was established out to 15km from
the center point to the southeast based on preliminary analysis on the travel distance of some of the
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smaller parts. The most recent analysis limits this distance to 12 km but the original keyhole was kept to
allow for margin in that direction.
A wind forecast at landing would be generated using both available weather service forecasts and data
provided by any weather balloons that could be launched at the landing site prior to landing, time
permitting. The forecast winds would be utilized by the Mission Control Center in Houston to both
determine if conditions are acceptable for landing the CM and to predict the landing locations of each part
of the Starliner jettisoned during the landing sequence. The predictions include dispersions. Table 2-2
shows the acceptable weather landing conditions for the CM. Figure 2-4 shows an example of the output
of the model for an historical wind case at EAFB. Should any part of any box fall outside the approved
landing zone boundary EAFB, Boeing and NASA management would determine if the landing can
proceed or the Starliner would be targeted to the water. The example shown would allow for the landing
to proceed. This landing location data would also be utilized by EAFB and Boeing personnel retrieving
the jettisoned parts to minimize the area that must be traversed during their recovery. This map would
also allow EAFB to determine if any of the parts landed in potentially sensitive areas so a decision could
be made whether to leave those parts in place. More information on the model used to predict the landing
areas for the jettisoned parts can be found in Appendix F.
All airspace reentry operations would comply with the necessary notification requirements, including
issuance of Notices to Airmen (NOTAMs) and, if necessary, Notices to Mariners (NOTMARs) , as
defined in agreements required for a license issued by the FAA. A NOTAM provides notice of
unanticipated or temporary changes to components of, or hazards in, the National Airspace System (FAA
Order 7930.2S, Notices to Airmen [NOTAM]). Similarly, the National Geospatial-Intelligence Agency, in
conjunction with the U.S. Coast Guard, publishes NOTMARs weekly and as needed, informing the
maritime community of temporary changes in conditions or hazards in navigable waterways.
Boeing has executed a Letter of Agreement (LOA) with Albuquerque Air Route Traffic Control Center
(ARTCC), Los Angeles ARTCC, Oakland ARTCC, Anchorage ARTCC, Salt Lake ARTCC, Joshua
Control Facility, Air Traffic Control System Command Center, Utah Training and Test Range, White
Sands Missile Range, Edwards Air Force Base, and Fort Huachuca to accommodate Starliner reentry. The
LOA outlines coordination responsibilities and procedures for all signatories prior to, during, and upon
completion of a reentry including any associated airspace closures. The proposed action would not require
the FAA to alter the dimensions (shape and altitude) of the airspace. However, temporary closures of
existing airspace will be necessary to ensure public safety during the proposed operations. Reentries
would be infrequent (up to two per year in any given year), of short duration, and scheduled in advance as
much as possible to minimize interruption to airspace and waterways.
For all reentry missions, the FAA and Boeing would take steps to reduce the airspace closure duration as
the mission unfolds. First, Boeing plans to conduct its reentry at the beginning of its reentry window.
While Boeing may request a window that spans hours to have more opportunity to work around weather
or technical issues, Boeing would make every effort to reenter as soon as it is ready in the reentry
window. While percentages are not readily available, far more reentries occur at or near the reentry
window opening than the closing. As the reentry unfolds successfully, the FAA incrementally releases
airspace as it is no longer affected. For example, the airspace nearest the reentry point can generally be
released within minutes of reentry as the spacecraft descends along its trajectory. In practice, the FAA
attempts to divide airspace closures into subsets that can be released incrementally in time, as well as
geographically based on airspace boundaries. In doing so, the actual closure times are often significantly
smaller than projected maximum values defined in a given NOTAM.
For the above reasons, significant environmental impacts of the temporary closures of airspace and
waterways under the Proposed Action are not anticipated.
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Table 2-2: Landing Weather Limits

Weather Criteria

Limit

Emergency Near-Surface Steady and Peak Wind
(Altitude = 110 Ft Above Ground Level (AGL))

≤ 23 Knots (11.8 M/S)

Temperature

≥ 15 Deg F (-9.4 C)

Ceiling/Visibility

≥ 1000 Ft (305 M) / 1 Nautical Mile (1.9km)

Precipitation

None Within 35 Km of Center Point

Thunderstorm

None Within 35 Km of Center Point

Lightning

None Within 35 Km of Center Point

Public Road
RR Tracks

Crew Module Targeted
Landing Zone
Crew Module Total Landing
Zone

Starliner Jettisoned Parts
Total Landing Zone
EAFB boundary

Figure 2-3: Edwards Total Landing Area
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Figure 2-4: Example Output from Jettisoned Parts Landing Area Prediction Model

2.7.3

Starliner Description

Boeing's CCTS Starliner spacecraft is being developed in collaboration with NASA's Commercial Crew
Program. The Starliner is designed to accommodate seven passengers, or a mix of crew and cargo, for
missions to low-Earth orbit. For NASA service missions to the ISS, it will carry up to four NASAsponsored crew members and time-critical scientific research. The CCTS system consists of three
segments: the Starliner spacecraft, the Atlas V launching rocket, and the ground support infrastructure.
The Starliner segment includes the CM and Service Module (SM). This segment supports the flight crew
through launch, on-orbit, and return operations. The CM and several jettisoned parts (unless a decision is
made to leave any in place) are the only portions of the Starliner that are recovered at the end of a mission
at one of the terrestrial landing sites. They are returned to the Kennedy Space Center (KSC) for
refurbishment and processing for a future mission. The Starliner is reusable up to 10 times with a sixmonth turnaround time.
Boeing will build, integrate, test and service the Starliner in the Commercial Crew and Cargo Processing
Facility (C3PF) at KSC before transporting it to the CCSFS for integration onto the Atlas V rocket. The
Starliner launches flight crew and cargo from Space Launch Complex (SLC) 41 at the CCSFS, maneuvers
in orbit to rendezvous with the ISS, and docks for up to 210 days. It returns to either a primary or backup
terrestrial landing site at the end of each mission. For an emergency landing that does not allow time for
targeting one of the four nominal end of mission landing sites, the landing will take place at EAFB if
possible. The Boeing Landing Recovery Team (LRT) will deploy to EAFB to recover the CM and
jettisoned parts following any emergency return landings at that location.
The Starliner spacecraft jettisons several pieces of hardware during the landing phase of the mission
(Figure 2-5). The Forward Heat Shield (FHS) (less than 10 ft. in diameter, less than 2 feet tall, and less
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than 350 pounds) would jettison at approximately 30,000 feet altitude and parachute to the ground under
two pilot chutes (each less than 10 feet in diameter and weighing less than 15 pounds). The CM drogue
parachutes (2 chutes each less than 25 feet in diameter and weighing less than 75 pounds) would jettison
at approximately 8000 feet altitude just before deployment of the main parachutes and continue to the
ground. Three additional pilot chutes, identical to the FHS chutes, pull out the main chutes before
releasing and continuing to the ground. Seven mortar lids (thin plates less than 18 inches in diameter and
weighing less than one pound) and several mortar sabots (less than 18 inches and weighing less than 3
pounds) would jettison at various altitudes as part of the FHS and parachute deployments described above
and would free fall to the ground. The Base Heat Shield (BHS) (less than 15 ft. in diameter, less than 4
feet tall and weighing less than 1700 pounds) would jettison at approximately 4400 feet altitude and
would free fall until ground impact. The three main landing parachutes (less than 110 feet in diameter and
weighing less than 200 pounds) would jettison at CM landing. All jettisoned pieces would land within the
approved landing zone. All items would be located and recovered, if possible. It may not be possible to
find and recover all of the mortar lids and sabots due to their small size and the large area of the landing
zone for these parts. Based on where these parts are predicted to land, a decision may also be made, after
consultation between Boeing management and EAFB environmental personnel, to leave some of the
smaller jettisoned parts in the field to avoid potential impacts to cultural sites and desert tortoise habitat
caused by driving vehicles to find these parts. The composition of the jettisoned items do not pose any
environmental concerns.
The CM contains hazardous material in the form of residual hydrazine, unused explosive devices,
ammonia, and heat transfer material.
The CM lands on airbags that deploy just prior to landing. The weight of the CM at landing is less than
16,000 pounds, including dry weight, crew and cargo.
The above landing sequence is identical for an emergency water landing except additional air bags would
inflate. For a water landing, a center airbag would inflate for stability and buoyance and air bags at the top
of the Starliner inflate if needed to upright the capsule should it flip over after main chute deploy. Only
the CM and crew are recovered after an emergency water landing. All jettisoned parts of the spacecraft
will sink.
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Figure 2-5: Starliner Landing Sequence

2.7.4

Landing Recovery Forces Description and Tasks

The Mission Control Center (MCC) in Houston controls the Starliner while on orbit. Should an
emergency landing be required at EAFB, the MCC will notify landing site personnel of the impending
landing. The crew recovery would be performed by EAFB personnel, vehicles and equipment with
possible augmentation by local Boeing personnel and, if time permits, members of the Boeing LRT if
they can arrive at EAFB before the landing. EAFB would perform the recovery activities with current
base personnel. Boeing will also stage some equipment at EAFB needed to ensure the CM is safe for crew
egress and to cover the CM after crew extraction.
The activities needed for the recovery are:







Performing a check to ensure the CM is not leaking hydrazine propellant.
o Boeing would provide a hydrazine monitor for use by EAFB personnel in protective gear
Grounding of the CM to eliminate any electrical charge that might build up during entry.
o Boeing would provide the grounding equipment for use by EAFB personnel
Accessing and opening the hatch.
o Performed by EAFB personnel
Egressing the crew and sending them to a local hospital either via ambulance or life flight
helicopter.
o Performed by EAFB personnel
Closing the hatch.
o Performed by EAFB personnel
Covering the CM with a protective cover.
o Boeing would provide the cover for installation by EAFB personnel
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o

EAFB would provide a generator and portable air conditioner to provide conditioned air
to the cover until the CM is recovered at the landing site.
 The vehicles involved in the above post landing activities would consist of:
o 4 pickup trucks
 1 for jettisoned parts and parachute retrieval and towing a light cart if needed for
nighttime operations
 1 to carry the safing equipment and environmental cover and towing a light cart
if needed for nighttime operations
 1 to carry the hatch protection equipment and be utilized for hatch access
 1 to tow the portable generator
o 1 Fire/Crash/Rescue Truck
o 2 Ambulances for transport of the crewmembers
o All of the above vehicles and the generator would be provided by EAFB
o All of the above vehicles would travel to the CM and return to base at the end of the crew
recovery with the exception of the trucks used for jettisoned parts and parachute recovery
 Providing security around the CM until arrival of the Boeing recovery team.
o Performed by EAFB personnel
o This could consist of either a vehicle parked at the CM 24/7 or periodic drive-by
The Boeing recovery personnel and the CM and BHS/FHS shipping containers would arrive at EAFB 23 days after landing. These personnel, with support from EAFB, will perform the following activities
once on site:











Collect the remaining jettisoned parts
Establish a CM preparation area either in an EAFB hangar if one is available or in a Boeing tent
set up along the flight line or in a parking lot.
o If the tent is used EAFB would provide a portable HVAC/generator to provide tent
inflation and conditioned air
Transport a trailer with a portion of the CM shipping container to the landing site.
Utilizing a crane, put the CM onto the shipping container.
Utilizing a crave, put the FHS and BHS onto a trailer or in a pickup
Move the CM off the lake bed to the preparation area.
Configure the CM, FHS, and BHS for shipment.
Final load of the CM, FHS, and BHS into the shipping containers for shipment back to KSC.
Loading of Boeing equipment for shipment back to WSMR.

For the above CM and parts recovery activities the vehicles would consist of:





1-2 EAFB-provided or Boeing-rented pickup trucks to collect the jettisoned parts
An EAFB-provided crane used to:
o Remove the top from the Boeing shipping container at the prep area
o Lift the CM at the landing site
o Lift the FHS and BHS at the landing site
o Lift the CM at the preparation area
o Lift the FHS and BHS into their shipping containers
o Reinstall the top of shipping container at the end of processing in preparation for shipping
the CM back to KSC
Two EAFB-provided forklifts used to:
o Unload a Boeing container at the preparation area containing equipment needed to
prepare the CM for shipment back to KSC
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o Move the bottom of the shipping container from a Boeing contracted delivery low boy
semi-truck to and EAFB provided flatbed for transport to the landing site
o Lift the CM and the shipping container bottom off the flat bed at the preparation area
o Load the FHS and BHS into
o Lift the CM in the shipping container onto a Boeing contracted delivery low boy semitruck for final shipment back to KSC
An EAFB-provided truck and trailer to take the bottom part of the shipping container to the
landing site and return with the CM to the preparation area
An EAFB-provided truck and trailer to transport the FHS and BHS from the landing site to the
preparation area
All vehicles supporting the CM recovery would make one trip to the CM and return to base
The 1-2 vehicles supporting jettisoned parts recovery would travel to/from the areas identified in
the jettisoned parts landing map (example in Figure 2-4) to recovery the parts.

2.8 Determination of Significance
Determination of significance as used in NEPA requires consideration of both context and intensity of the
Proposed Action as described in the CEQ regulations Section 1508.27. The significance of an action was
analyzed relative to society as a whole (human, national), receptors, the affected region, the affected
interests, the locality, and any other relevant aspects. In addition, the severity of impact was considered
including:
-

The degree to which the proposed action affects public health, safety, or the environment (or has
the potential to do so)

-

Unique characteristics of the geographic area (such as proximity to historic or cultural resources,
park lands, prime farmlands, wetlands, endangered or threatened species/habitat, or ecologically
critical areas)

-

The degree to which the possible effects on the human environment are highly uncertain or
involve new, unique or unknown risks

-

Whether the action is related to other actions with individually insignificant but cumulatively
significant impacts

-

Whether the action threatens ability to comply with applicable federal, state, or local law or
requirements.

In addition, the FAA uses thresholds that serve as specific indicators of significant impact for some
resource areas. FAA actions that would result in impacts at or above these thresholds require the
preparation of an EIS, unless impacts can be reduced below threshold levels. Quantitative significance
thresholds do not exist for all impact categories; however, the FAA has identified factors that should be
considered in assessing the significance of impacts on the environmental impact category (FAA Order
1050.1F, Paragraph 4-3.3). Because the FAA plans to adopt this EA to support its environmental review
of Boeing’s license application, the FAA’s significance thresholds are considered in the assessment of
potential environmental consequences in this EA.
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3.0 Affected Environments and Environmental Consequences
This section describes the affected environments and the potential environmental consequences of the
proposed action by comparing these activities with the potentially affected environmental components for
the EAFB landing site. To assess the potential for and significance of environmental impacts from the
proposed activities, a list of activities was developed (Table 3-1) and the environmental setting was
described, with emphasis on any special environmental sensitivities. Program activities were then
compared with the potentially affected environmental components to determine the environmental
impacts of the proposed landing and recovery operations.
The region of influence for all affected environments for this EA is the area within the boundaries of
EAFB with the following exceptions:
For Department of Transportation Act, Section 4 (f), Biological Resources, Noise and Noise-Compatible
Land Use, and Airspace, the region of influence also includes the area within the sonic boom footprint
shown in Appendix C.
For Socioeconomics, Environmental Justice, and Children’s Environmental Health and Safety Risks, the
region of influence also includes the surrounding areas of California’s Kern, Los Angeles, and San
Bernardino Counties.
Table 3-1: Resources Considered for Evaluation in this Environmental Assessment
Resource Area

Analyzed in
Detail in
This EA

If Yes, EA Section Number

Air Quality
Biological Resource
Climate
Department of Transportation Act, Sec
4(f)
Land Use and Airspace
Physical Resources
Cultural Resources
Noise, Noise Compatible Land Use,
and Vibration)
Socioeconomics
Environmental Justice and Children’s
Health and Safety Risks
Visual Effects
Infrastructure and Utilities
Hazardous Materials, Hazardous
Waste, Solid Waste, and Pollution
Prevention
Human Health and Safety
Farmland

Yes
Yes
Yes
Yes

3.1
3.2
3.3
3.4

Yes
Yes
Yes
Yes

3.5
3.6
3.7
3.8

Yes
Yes

3.9
3.10

Yes
Yes
Yes

3.11
3.12
3.13

Yes
No

Coastal Area

No

Mineral and Energy Resources

No

3.14
No farmland is present in the area affected by the
proposed action
No coastal areas are present in the area affected by the
proposed action
The proposed action would not result in the
development of new facilities or result in consumption
of natural resources other than the fuel used during the
recovery operations.

If No, Rationale for Dismissal
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3.1 Air Quality
3.1.1

Affected Environments

Air quality at EAFB is regulated by the U.S. Environmental Protection Agency (U.S. EPA).
EAFB is located within the jurisdiction of three air districts: Eastern Kern Air Pollution Control District
(EKAPCD), Mojave Desert Air Quality Management District (MDAQMD), and Antelope Valley Air
Quality Management District (AVAQMD). (Figure 3-1).
Due to the location of the landing area, all proposed action activities would occur in the eastern portion of
Kern County in EAFB, under the jurisdiction of the EKAPCD. As a result, maintaining air quality would
be conducted in accordance with the regulatory requirements of the EKAPCD.
Air quality is determined on several factors including the type and amount of pollutants emitted into the
atmosphere, the size of the air basin, and prevailing meteorological conditions. The significance of
pollutant concentrations is determined by comparing ambient measured concentration levels to the
National Ambient Air Quality Standards (NAAQS). These standards represent the maximum allowable
atmospheric concentrations that may occur, while ensuring protection to public respiratory health and
welfare under reasonable margins of safety.
Under the NAAQS, the U.S. EPA has developed numerical air emission concentration standards for seven
criteria pollutants under provisions of the federal Clean Air Act of 1970 (CAA) (42 U.S.C. 7401–7671)
and the 1990 Clean Air Act Amendments (Public Law 101-549). The criteria pollutants include ozone
(O3 ), particulate matter less than or equal to 10 microns/respirable particulate matter (PM 10 ), particulate
matter less than or equal to 2.5 microns/fine particulate matter (PM2.5 ), carbon monoxide, nitrogen
dioxide, sulfur dioxide, and lead.
The U.S. EPA tracks air quality on an ongoing basis and designate areas or basins as either attainment or
nonattainment, based on the measured concentration of criteria pollutants. A maintenance area is defined
as a geographic area of the United States and territories previously designated nonattainment pursuant the
CAA Amendments of 1990 and subsequently re-designated in 40 CFR Part 81 to attainment, meeting the
provisions of section 107(d)(3)(E) of the Act and has a maintenance plan approved under section 175A of
the Act. An area may be designated as marginal, moderate, serious, severe, or extreme nonattainment
depending upon the level of pollutant concentrations. Likewise, if standards are achieved for pollutants in
a particular area, the area is designated in attainment. Areas designated as unclassified when standards
have not been established, or when there is a lack of monitoring data for criteria pollutants. Unclassified
areas are treated as attainment areas until proven otherwise.
The action will fall within the Eastern Kern County severe 8-hr Ozone Nonattainment Area within
EKAPCD and does not fall within any other nonattainment or maintenance area.
Beginning in 2012, NEPA project reviews must consider greenhouse gas emissions (GHG) in addition to
criteria pollutants during environmental assessments. GHG include air pollutants commonly associated
with climate change, but not limited to carbon dioxide, methane, nitrous oxide, hydrofluorocarbons,
perfluorocarbons, and sulfur hexafluoride.
To ensure compliance with relevant federal air regulations each air quality control district enacts their
own rules and regulations. Local air districts use Title V federal permit programs and stationary source
new source review (NSR) permits, such as an authority to construct and permit to operate, as means of
enforcing air quality rules and regulations. For EKAPCD, NSR is implemented under Rule 210.1, New
and Modified NSR and Rule 210.1A Major New and Modified Stationary Source Review (MNSR).
These rules establish project limits based on a significance level that may require emissions are mitigated
thorough the use of control technology or other offsets. EKAPCD recommends using offset limits in these
rules as guidance for establishing de minimis thresholds in project reviews, because these are more
stringent than the NEPA de minimis thresholds.
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EASTERN KERN COUNTY AIR POLLUTION
CONTROL DISTRICT (EKCAPCD)

Figure 3-1: EAFB Air District Boundaries

3.1.2

Environmental Consequences

Impacts resulting from the proposed action would be considered significant if they cause levels of air
pollution that cause an exceedance of permit limits or regional air quality standards. Impacts would also
be significant if the action would cause pollutant concentrations to exceed one or more of the NAAQS or
would increase the frequency or severity of any such existing violations (FAA Order 1050.1F).
The proposed action utilizes EAFB as a potential emergency landing site beginning with either the OFT-2
or CFT mission followed by regularly scheduled missions anticipated to take place 1-2 times/per year.
Crew recovery activities would take place on the lake bed post landing and take 1-2 hours. The CM
would then be covered with an environmental enclosure inflated by a portable generator for up to 3 days
while the Boeing shipping container is transported to EAFB. Recovering the CM and jettisoned parts
from the lake bed is a 1 day event and requires a crane and semi-truck. Preparing the CM for shipment
takes up to 10 days and will take place either in an EAFB hangar, if one is available, or in a Boeingprovided tent. If a tent is required, it will be inflated by an EAFB-provided generator. The action takes
place entirely within the EKAPCD with the exception of the travel necessary to move the Boeing
shipping container and equipment to/from EAFB. EAFB recovery vehicles and portable generators would
be the primary emission sources. No new stationary sources of emissions will be built or brought on base
for the project.
The Starliner spacecraft lands under parachutes. Reentry of the Starliner would not generate GHG
emissions. No propulsion jet firings take place below approximately 30,000 feet altitude. This is of
primary importance to the FAA’s action due to its analysis of emissions within the mixing height. In
general, the mixing height is defined as the vertical region of the atmosphere where pollutant mixing
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occurs. Above this height, pollutants that are released generally do not mix with ground level emissions
and do not have an effect on ground level concentrations in the local area. Per FAA-AEE-00-01, DTS-34
(Consideration of Air Quality Impacts By Airplane Operations at or Above 3000 feet AGL; September
2000), emissions above 3,000 ft. AGL are not considered for local or regional air quality impacts because
3,000 ft. AGL is a reasonable approximation of the nominal mixing height.
During the landing and recovery operations air emissions would be generated from vehicle and portable
generator combustion, man-made dust, and, should a failure occur, fluid release from the Starliner
(hydrazine or ammonia) or recovery vehicles (diesel or gasoline).
Dust or soil particulate matter disturbance would occur at the landing site for the Starliner spacecraft, at
the impact sites for the items jettisoned before landing, and from the recovery vehicles. However, only
small quantities of dust would be generated during these short events. Recovery personnel would
maintain speed limits on unpaved roads on base between 5 and 35 miles per hour (mph) according to the
posted speed limit and use water trucks once or twice a day to keep soil damp on frequently traveled
unpaved roads (more than 20 vehicle trips per day). The maximum speed limit on unpaved roads that do
not employ dust control measures is 15 mph. Chemical/organic stabilizers and dust suppressants would
not violate State Water Quality Control Board standards and be accepted by, EPA, and the local District.
Cleanup of project-related dirt track out or bulk material spills on publicly maintained paved surfaces
would be accomplished within 24 hours. Impacts to air quality from dust would be negligible.
The Proposed Action would require the use of portable generators to supply appropriate power at the
landing site. These generators are included in the EAFB air permits and would be operated in accordance
with the applicable regulations and operating restrictions. The Air Force registration for tactical support
equipment (TSE) is shown in Appendix J. The list is a snapshot of the base TSE inventory. EAFB is
allowed to add / remove TSE equipment throughout the year without modifying the permit as long as the
items meet the following definition:
“Military tactical support equipment is owned by the U.S. Department of Defense and/or the U.S. military
services and used in combat, combat support, combat service support, tactical or relief operations, or
training for such operations. Examples include, but are not limited to, internal combustion engines,
associated with portable generators, aircraft start carts, heaters, and lighting carts”
EAFB obtained concurrence with the EKAPCD Air Pollution Control Officer that the use of TSE
equipment for Starliner recovery after an emergency landing at EAFB is within the definition of tactical
support under relief operations.
Emission calculations were done using individual pollutant emission rate data from a combination of the
Air Emissions Guide for Air Force Mobile Sources Methods For Estimating Emissions Of Air Pollutants
For Mobile Sources At United States Air Force Installations (June 2020)and AP-42: Compilation of Air
Emissions Factors, depending on pollutant, as shown in Appendix E. Air Force projects normally require
the use of the Air Force Conformity Applicability Model (ACAM) for emissions calculations. However,
after discussion with EAFB it was determined this model isn’t suitable for calculating emissions for this
project. Table 3-2 shows the total estimated emissions generated by Boeing and EAFB-provided vehicles
for each landing at EAFB. Appendix E shows the detailed calculations for each emission source.
Calculations include the Boeing-provided semi-truck used to transport the Starliner shipping container
from KSC and return, a second semi-truck used to transport the recovery trailer from WMSR and return,
4 Boeing California rented vehicles for employees travelling to/from Lancaster, and a crane, generator,
and two forklifts provided by EAFB. Other EAFB support vehicles and equipment provided from base
assets are not included as the proposed use would be comparable to daily operations. The majority of the
emissions will take place outside California as the semi-trucks bringing the CM recovery equipment
travel from WSMR and return to either WSMR or KSC.
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Table 3-2: Air Emissions Calculation Table

Total Emissions per Landing (lbs.)
NOx
SO2
CO
ROG
PM
PM10
PM2.5
CO2
NH3
Source
Vehicle Emissions
17.14
4.64
49.56
0.12 NR
1.44
1.32
14694
0.28
Non-California
Fugitive Dust Emissions
4.86
0.93
0.23
Total (lb)
17.14
4.64
49.56
0.12
4.86
2.36
1.55
14694
0.28
Total (tons)
0.01
0.002
0.02
0.0001
0.0024
0.001
0.001
7.35
0.0001
Vehicle Emissions
5.72
1.11
25.63
2.02 NR
0.68
0.46
5867
0.22
Fugitive Dust Emissions
5.20
1.08
0.23
California
Equipment Emissions
0.32
0.00
0.21
0.03
0.32
0.01
0.01
61.76
0.00
Total (lb)
6.03
1.11
25.84
2.06
5.51
1.77
0.70
5929
0.22
Total (tons)
0.003
0.001
0.01
0.001
0.003
0.001
0.0004
2.96
0.0001
Total Project
0.01
0.00
0.04
0.00
0.01
0.00
0.00
10.31
0.00
NEPA and General Conformity Thresholds
Emissions Summary (ton/yr)
Location
Project TPY

CO

NOx
0.01

PM2.5

SO2

0.003

0.003

0.001

0.0004

0.001

0.001

70

70

100

100

25

100

100

100

25

NEPA Thresholds for
EKAPCD

100

50

General Conformity
De Minimis
Thresholds

100

100

PM

PM10

VOC

CO 2e
2.965
25,000

NOX-Nitrogen Oxides, SO2-Sulfur Oxides, CO-Carbon Monoxide, ROG-Reactive
Organic Gases, PM-Particulate Matter, PM10-Paticulate Matter/≤10 microns, PM2.5Paticulate Matter/≤2.5 microns, CO2e-Carbon Dioxide, NH3 -Ammonia, VOC-Volatile
Organic Compounds
When the totals are doubled to take into account a maximum of two landings per year these estimated
emissions are well below the de minimis levels set by the CAA regulations for all pollutants and GHG for
the appropriate containment classification. (EPA, De Minimis Tables)
During these landings and subsequent recovery phase, hydrazine or ammonia (from the spacecraft) or fuel
or coolant (from the vehicles or generators) may be released to the air should a failure occur that causes a
leak. A typical Safety Data Sheet (SDS) for each of the hazardous materials are located in Appendix A.
Note: the title page for the NASA Explosive Bolt Assembly sheet lists it as a Material Safety Data Sheet
(MSDS) but the subsequent pages are labeled SDS.
Air Force personnel would conduct a hydrazine sniff check in protective gear to ensure the spacecraft is
safe to approach. In the event of a fuel leak from the Starliner spacecraft, the actual hazard distances
would depend on the amount of hydrazine released, meteorological conditions, and emergency response
measures taken. A downwind plume of up to ¾ of a mile wide and 6+ miles long could result depending
on wind conditions. A dispersion model of potential hydrazine releases has been performed to establish
the worst-case hazard scenarios assuming 90 pounds of hydrazine remaining on the spacecraft following
the landing is released in the atmosphere. Note the maximum remaining hydrazine for a typical ISS
mission is 55 pounds (Details of the dispersion models are available in Appendix B). Standard Operating

29

DCC1-012991-01

Date: 11/19/2021

Procedures (SOPs) are being developed, including having recovery personnel in personal protection
equipment approach the spacecraft with sniffers to determine the presence of any free hydrazine. The
procedures will document the distances at which it would be safe to establish perimeters around the
spacecraft during the sniff tests. Establishment of and adherence to these SOPs would minimize potential
hazards to recovery personnel in the unlikely event of an unplanned propellant release. The low likelihood
of such an occurrence and the implementation of approved emergency response plans would limit the
impact of such a release. In addition, the remote location of the site and the prevailing weather conditions
provide the time and distance required to disperse the pollutants to non-hazardous levels before reaching
inhabited areas. Boeing would be responsible for final cleanup and disposal of any hazardous waste.
The ammonia present on the spacecraft is contained in several heat pipes used in the cooling system.
Release would only take place in the unlikely event of a weld failure or puncture of the heat pipe. The
maximum amount of ammonia in the largest heat pipe is less than 12 grams.
In the event of a fuel leak from an EAFB-provided vehicle or generator, EAFB SOPs will be utilized to
contain and clean up the spill.
Fire suppression, hazardous materials emergency response, and emergency medical teams would be on
site during landing and recovery operations.
The proposed action does not include any new or modified stationary sources emissions.
Airspace closures associated with reentries would result in additional aircraft emissions primarily from
aircraft being re-routed and subsequently expending additional fuel. However, emissions from aircraft
being re-routed would occur above 3,000 feet (the mixing layer) where NAAQS would not be applicable;
therefore, no impact to air quality would occur from aircraft re-routing from airspace closures.
With regards to potential departure delays, airspace-related impacts could increase up to a maximum of 2
times per year; however, only a negligible amount of emissions would be generated from any aircraft
departure delays associated with reentries. Therefore, any air emissions increase from departure delays
are not expected to result in an exceedance of a NAAQS for any criteria pollutant. It is likely that
grounded aircraft would not have its engines idling during such a foreseeable delay, further minimizing
increases in air emissions. Emissions from aircraft being re-routed would occur above 3,000 feet and thus
would not affect ambient air quality. Therefore, airspace closures associated with reentries are not
expected to result in significant air quality impacts.
In summary, the Proposed Action would not result in exceedance of any air quality standards or permit
levels and therefore would not result in significant air quality impacts.

3.1.3

No Action Alternative

Under the No Action Alternative, no Starliner reentry activities would occur at EAFB. Therefore, the No
Action Alternative would not result in air quality impacts at the EAFB landing site or the surrounding
area.

3.2 Biological Resources
3.2.1

Affected Environment

Biological resources include native and introduced plants that comprise various vegetative habitats, the
animals that are found in such habitats and the natural environment that support wildlife populations.
EAFB manages biological resources that are typical of the western Mojave Desert. The plant and animal
species that characterize the desert community can occur in previously disturbed areas around the base,
including areas surrounding existing structures and road shoulders.
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EAFB manages non-federally listed species through the use of general conservation measures outlined in
the Integrated Natural Resources Management Plan for Edwards Air Force Base, California, Air Force
Test Center and any future revised INRMP.
Migratory birds are protected under the Migratory Bird Treaty Act (MBTA) (16 U.S.C. 703- 712) and
Executive Order 13186, Responsibilities of Federal Agencies to Protect Migratory Birds (11 January
20111). Migratory birds typically build their nest on roofs, on ledges above doors and building entrances
and along eaves of occupied and abandoned buildings and other facilities and in nearby trees planned for
removal during construction activities. Migratory birds, their active nests, eggs and young in the nest are
protected under the MBTA from being harmed, removed or killed without a depredation permit from the
USFWS.
The U.S. Fish and Wildlife Service (USFWS) website was consulted in August 2020 to complete an
Information for Planning and Conservation (IPaC) search which provided a current list of potential
threatened and endangered species (TES) and migratory birds that may occur at the proposed landing site
and within the sonic boom footprint of the Starliner.
The U.S. Fish and Wildlife Service Biological Opinion (BO) for: Operations and Activities Edwards Air
Force Base, California (8-8-14-F-14, dated March 11, 2014, see appendix B) addresses the effects on the
federally threatened desert tortoise and its critical habitat and states that: “Overall, the operation of
Edwards Air Force Base, as described in this biological opinion, including the development of solar
energy facilities, is unlikely to adversely affect the recovery of the desert tortoise.” The BO covers the
proposed activity. The Biological Opinion notes that over a 16 year period only 5 desert tortoise
mortalities occurred.

3.2.1.1 Flora
There are 50 plant associations at EAFB, of which main plant communities are c reosote bush (Larrea
tridentata) scrub, saltbush (Atriplex spp.) scrub, Joshua tree (Yucca brevifolia), and mesquite (Prosopis
spp.) (EAFB Integrated Resource Management Plan (INRMP) 2020). There are 19 sensitive plant
species of interest, listed on the California Natural Diversity Database (shown in Figure 3-2 and listed in
Appendix H). None of these species is present in the 4km radius area of the landing zone. Mohave
Spineflower, Desert Cymopterus, Yellow Spinecape, Mojave Wooly Sunflower, Sagebrush Loeflingia,
and Rosamond Eriastrum, as well as the Joshua Tree which is under consideration for addition to the
database, are present in the jettisoned parts extension. There is no federal protection for these species at
this time and there are no known Endangered Species Act (ESA)-listed plant species in the study area.
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Landing Zone Boundary

Figure 3-2: EAFB Sensitive Plant Species

3.2.1.2 Fauna
3.2.1.2.1 Endangered Species
One federally threatened species, the desert tortoise (Gopherus agassizii), is of concern on EAFB. The
desert tortoise is a permanent resident and has critical habitat within the landing zone. Desert tortoise
densities vary throughout the base, with the highest densities mostly concentrated in the designated
critical habitat comprising about 60,800 acres on base (Figure 3-3). Critical habitat designated by the
USFWS is defined as “the specific area within the geographical area occupied by the species, at the time
it is listed in accordance with the provisions of section 4 of the ESA, on which are found those physical or
biological features essential to the conservation of the species and which may require special
management considerations or protection” (16 USC § 1532). Critical habitat is, in general, less disturbed
and has higher levels of protection and more restrictions in its use.
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Landing Zone Boundary

Figure 3-3: Desert Tortoise Critical Habitat

3.2.1.2.2 Birds Protected Under the Migratory Bird Treaty Act
Per the USFWS IPaC website, the following migratory birds protected under the Migratory Bird Treaty
Act could be present at EAFB during certain portions of the year:
 Allen's Hummingbird (Selasphorus sasin)
 Burrowing Owl (Athene cunicularia)
 Clark's Grebe (Aechmophorus clarkia)
 Costa's Hummingbird (Calypte costae)
 Golden Eagle (Aquila chrysaetos)
 Lawrence's Goldfinch (Carduelis lawrencei)
 Le Conte's Thrasher (toxostoma lecontei)
 Long-billed Curlew (Numenius americanus)
 Marbled Godwit (Limosa fedoa)
 Mountain Plover (Charadrius montanus)
 Rufous Hummingbird (selasphorus rufus)
 Whimbrel (Numenius phaeopus)
 Willet (Tringa semipalmata)
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3.2.1.2.3 Mohave Ground Squirrels
The Mohave ground squirrel is currently a threatened species under the California Endangered Species
Act (CESA). On EAFB, the Mohave ground squirrel population distribution is widely scattered east, west
and south of Rogers Dry Lake in creosote bush scrub and saltbush scrub habitat (including desert tortoise
critical habitat on the Precision Impact Range Area southeast of the lake bed (Figure 3-4).

Landing Zone Boundary

Figure 3-4: Presence of Mohave Ground Squirrel

3.2.1.2.4 California Species of Concern
In addition to the federal and state listed species listed above there are 3 reptiles, 45 birds, 7 mammals,
and 3 invertebrates listed as California species of concern that are present on EAFB (see Appendix H).

3.2.1.2.5 Sonic Boom Footprint
Appendix H shows the federally listed species and whether there is critical habitat within the footprint of
the sonic boom as shown in the USFWS IPaC system.
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Environmental Consequences

Impacts resulting from the proposed action would be considered significant if:
1. The U.S. Fish and Wildlife Service determines that the action would be likely to jeopardize the
continued existence of a federally listed threatened or endangered species (TES), or would result in the
destruction or adverse modification of federally designated critical habitat (FAA Order 1050.1F)
2. The proposed action would cause substantial mortality or displacement of species
3. The proposed action would cause substantial damage to vegetation communities.
The environmental effects analyzed in the following sections were not significant.

3.2.2.1 Flora
The interior of the lakebed, including the landing site, is entirely barren of vegetation. As shown on
Figure 3-2, there are areas of Barstow Woolly Sunflower and Desert Cymopterus within the landing area
of the pieces jettisoned from the Starliner during the landing sequence, however these are few in number
and spread mostly on the outskirts of the landing zone where items will only travel in higher wind
scenarios. Figure 3-7 shows the damage done to the ground from the mortar lids, sabots, and FHS door on
the flight test that landed at WSMR in December2019. These are the parts that could travel to these areas
depending on the winds on the day of landing. While individual plants could be damaged if hit by a
jettisoned part the chances are small given the size of the landing zone. A larger area could be affected by
gaining access to and recovering these pieces. Pickup trucks will be utilized for the location and recovery
of jettisoned pieces. In all proposed activities, ground vehicles would use existing roads when available,
and travel a single in-and-out path when traveling off-road. Off-road traffic would be restricted in
accordance with EAFB regulations to minimize disturbance to vegetation. Recovery operators would be
instructed to minimize disturbance of vegetation and avoid Joshua Trees during the recovery of the
jettisoned pieces of the spacecraft. If necessary EAFB biologists would accompany the recovery members
to ensure sensitive plants are avoided. If determined prudent by EAFB biologists, some smaller jettisoned
parts could be left in the field to further minimize impacts to vegetation due to vehicle traffic. The mortar
lids are aluminum and would not degrade. The FHS lids are graphite composite covered with Nomex felt
and ceramic fiber insulation. While this material can degrade it would take many years. As a result, these
would have no significant impacts to the environment if left in place.
Overall, there would be little near-term and no long-term significant impacts to site vegetation.

3.2.2.2 Fauna
The Starliner landing and recovery activities have the potential to impact animal species, including the
desert tortoise, bats, other non-ground dwelling birds and ground-nesting birds, primarily from vehicle
traffic. The maximum number of landings at EAFB annually is two times. The probability of directly
hitting fauna with the spacecraft or jettisoned pieces is inherently low. The activities would involve only
limited aerial activity, consisting of the spacecraft and jettisoned pieces parachuting or falling to the
ground. The largest part, the CM, travels around 18 mph once the main chutes deploy at 8000 ft. altitude.
Other jettison parts travel faster (see appendix F) but all land within an 8-minute window. These would
pose little threat of bird or bat collisions or mortality to ground animals.
Excess surface water runoff during the rainy season periodically accumulates on the lakebeds as standing
water. During these conditions, migratory birds may use the lakebed as a resting stop. However, during
these times the lakebed would be unsuitable for Starliner recovery so landing would be targeted to one of
the alternate landing sites or the ocean.
Small mammals, ground-nesting birds, reptiles, and amphibians could be injured or killed by vehicles
during landing and recovery operations. To minimize project-related mortality of wildlife, vehicles would
keep to existing roadways whenever possible. Landing and recovery personnel would be instructed not to
collect, harm or harass any wildlife species. Any active bird nests would be avoided.
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The only TES animal that could be impacted within the landing zone is the desert tortoise. The southeast
portion of the landing zone extension overlaps the desert tortoise critical habitat (see Figure 3-3).
Tortoises could still be present in other parts of the landing zone. While it is unlikely any would be
present on the lakebed itself, they could be present in the area of the landing zone to the east and south of
the lakebed where some of the jettisoned parts could land. There are also areas within the jettisoned parts
landing zone where Mohave Ground Squirrel have been sighted (see Figure 3-4). The main risks to either
the tortoise or squirrel would be from the vehicles. If determined necessary by EAFB biologists, only the
larger jettisoned parts (forward heat shield and drogue parachutes) would be recovered if they land off the
lakebed. Based on the most recent Boeing analysis, the maximum distance these larger parts could travel
from the center of the landing zone is approximately 5 km, which only overlaps the northwest part of the
tortoise critical habitat, and only then if the winds are blowing in a southwesterly direction on the day of
landing. As a result, the areas disturbed by the recovery of these jettisoned parts will be very small
compared to the overall habitat available. Figure 3-6 shows the damage done to the ground from two of
the jettisoned mortar lids that could travel farther into the tortoise habitat depending on the winds on the
day of landing. A total of six parts could land into this area. While an individual animal could be injured
or killed if hit by a jettisoned part the chances are small given the size of the landing zone. These smaller
jettisoned parts could be left in the field to minimize habitat impacts from vehicle traffic. These are
composed of aluminum or composite material, ranging in size up to 17 inches in diameter and weighing at
most one pound, and will not have any adverse effects on the environment. The recovery operators would
use existing roads to the extent possible to reach the jettisoned parts locations. Recovery personnel would
be provided desert tortoise awareness training prior to accessing Edwards AFB or the project area. The
operators would be instructed to be watchful for and avoid any tortoises or ground squirrels encountered
during the recovery of the jettisoned pieces of the spacecraft. Desert tortoise authorized biologist would
survey/flag any off-road vehicle access trails required to collect jettisoned parts. Only desert tortoise
authorized biologists are allowed to handle desert tortoises. At night crew recovery activities in vegetated
habitat would require the presence of a desert tortoise authorized biologist.
A larger area, and therefore more species, would be affected by the sonic boom. The footprints for the
sonic boom are shown in Appendix C. The maximum sonic boom footprint is 0.5 psf, which is equivalent
to something less than a clap to thunder, and would take place at most two times per year. Given this
small amplitude, the sonic boom would have no effect to any ESA-listed species or critical habitat.
Noise from the sonic boom, vehicles, and general human activities would cause some disruption to
wildlife found in the project areas. Many small mammals and reptiles would likely react to unexpected
noise by retreating underground. Larger mammals and birds would likely temporarily vacate the area
(Larkin 1996). Therefore, the localized and temporary nature of increased noise and ac tivity would not
have a significant long-term effect on fauna inhabiting the landing areas.
While individual mortality may occur, regional populations of species would not be affected. Landing
activities would affect only a limited portion of the total available habitat within EAFB.
In summary, the Proposed Action would not result in any long-term impacts to the local flora and fauna,
nor violations of the MBTA, and therefore would not result in significant biological impacts.

3.2.3

No Action Alternative

Under the No Action Alternative, no Starliner reentry activities would occur at EAFB. Therefore, the No
Action Alternative would not result in biological resource impacts at the EAFB landing site or the
surrounding area.
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3.3 Climate
3.3.1

Affected Environment

Located in the Antelope Valley region of the western Mojave Desert in Southern California, EAFB has an
arid to semi-arid climate with abundant sunshine, relatively low humidity, modest rainfall, and relatively
mild winters typical of low latitude arid areas. Rainfall through the year is light and insufficient for any
growth except desert vegetation. Brief local summer thunderstorms also occur. The average annual
rainfall at EAFB is around 15 cm (6 in). Temperatures at EAFB are generally warm in the summer and
mild during the winter. High temperatures in the summer average in the mid-high 90’s F. High
temperatures in the winter average in the high 50’s F. The lowest temperatures occur in December and
January, when nighttime temperatures can drop below freezing.
GHGs have varying global warming potential (GWP). The GWP is the potential of a gas or aerosol to trap
heat in the atmosphere; it is a measure of the total energy the emissions of 1 ton of gas will absorb over a
given period of time (usually 100 years), compared to the emissions of 1 ton of CO2 (USEPA 2018). The
reference gas for GWP is CO2; therefore, CO2 has a GWP of 1. The other main GHGs that have been
attributed to human activity include CH4, which has a GWP of 28, and N2O, which has a GWP of 265
(Myhre et al. 2013). CO2, followed by CH4 and N2O, are the most common GHGs that result from
human activity. CO2, and to a lesser extent, CH4 and N2O, are products of combustion and are generated
from stationary combustion sources as well as vehicles. The following formula is used to calculate the
Carbon Dioxide Equivalent (CO2e).
CO2e = (CO2 x 1) + (CH4 x 28) + (N2O x 265)

In 2019, U.S. GHG emissions totaled an estimated 6,558 million MT of CO2e (USEPA
2021).Environmental Consequences
The FAA has not established a significance threshold for climate, nor has the FAA identified specific
factors to consider in making a significance determination for GHG emissions. There are currently no
accepted methods of determining significance applicable to commercial space launch projects given the
small percentage of global GHG emissions they contribute (FAA Order 1050.1F).
The Starliner spacecraft lands under parachutes. Reentry of the Starliner would not generate GHG
emissions. No propulsion jet firings take place below approximately 30,000 feet altitude. There would be
exhaust from recovery vehicles and portable generators, including GHG, as well as some dust caused by
the movement of the recovery vehicles during the landing and recovery operations (See Table 3-2). GHG
emissions total less than 3 metric tons per year assuming two landings, well below EPA de minimus
levels. Airspace closures associated with reentries would result in additional aircraft emissions mainly
from aircraft being re-routed and expending more fuel. These emissions include CO2, which is a GHG.
Based on Boeing’s proposal, airspace-related impacts could increase up to a maximum of 2 times per
year. The amount of time that affected aircraft spend being re-routed would be short-term. In addition, the
number of aircraft that would be impacted per reentry would not be expected to produce additional
emissions that would have a notable impact on climate. Therefore, the increases in GHGs caused by
short-term airspace closures during reentries is not expected to result in significant climate-related
impacts. Project emissions would not alter the global climate or climate at EAFB. In addition, climate
change would not affect the proposed action or exacerbate any of the potential effects caused by the
proposed action.
Thus, the proposed action is not expected to result in significant climate impacts.

3.3.2

No Action Alternative

Under the No Action Alternative, no Starliner reentry activities would occur at EAFB. Therefore, the No
Action Alternative would not result in climate impacts at the EAFB landing site or the surrounding area.
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3.4 Department of Transportation Act, Section 4(f)
3.4.1

Affected Environment

Section 4(f) of the U.S. Department of Transportation Act of 1966 (now codified at 49 U.S.C. § 303)
protects significant publicly owned parks, recreational areas, wildlife and waterfowl refuges, and public
and private historic sites listed or eligible for listing on the National Register of Historic Places. Section
4(f) provides that the Secretary of Transportation may approve a transportation program or project
requiring the use of publicly owned land off a public park, recreation area, or wildlife or waterfowl refuge
of national, state, or local significance, or land of an historic site of national, State, or local significance,
only if there is no feasible and prudent alternative to the use of that land and the program or project
includes all possible planning to minimize harm resulting from the use.
The proposed action will take place entirely within EAFB, with the exception of the sonic boom footprint.
Part of the landing zone for the Starliner includes the National Landmark portion of Rogers Dry Lake Bed
(see Figure 3-10). The sonic boom areas contain the following potential Section 4(f) properties (see
Appendix C for the sonic boom footprints):
The sonic boom footprint for a southwest approach to EAFB covers parts of the Angeles and Los Padres
National Forests as well as other park land southwest of EAFB. It also covers large portions of the cities
of Los Angeles, Thousand Oaks, Palmdale, and Lancaster as well as other towns containing potential
Section 4(f) properties along the path. Only EAFB and parts of Palmdale and Lancaster are within the
max overpressure area created by the sonic boom.
The sonic boom footprint for a northwest approach to EAFB covers parts of the Sequoia National Forests
as well as other state parks along a path northwest of Los Angeles to EAFB. It also covers large portions
of Mohave, California City, and other towns containing potential Section 4(f) properties along the path.
Only EAFB and California City are within the max overpressure area created by the sonic boom.

3.4.2

Environmental Consequences

Impacts would be significant if the proposed action involves more than a minimal physical use of a
Section 4(f) resource or constitutes a “constructive use” based on an FAA determination that the project
would substantially impair the Section 4(f) resource (FAA Order 1050.1F). Substantial impairment occurs
when the activities, features, or attributes of the resource that contribute to its significance or enjoyment
are substantially diminished.
For Section 4(f) purposes, a proposed action would “use” a property in one of two ways:
 Physical use: the action physically occupies and directly uses the Section 4(f) resource. An
action’s occupancy or direct control (via purchase) causes a change in the use of the Section 4(f)
resource.
 Constructive use: the action indirectly uses a Section 4(f) resource by substantially impairing the
resource’s intended use, feature, or attributes.
The proposed action would not result in a use (physical or constructive) of any Section 4(f) property.
While recovery operations could take place in the portion of Rogers Dry Lake Bed that is designated a
National Historic Landmark (and thus is a Section 4(f) property), operations would be temporary, lasting
only a few hours or days, and occur a maximum of two times per year. Recovery operations would not
create any long-term physical impacts on the lake bed. Any damage to the lake bed would be repaired by
EAFB. The DAF controls public access to Edwards Air Force Base, and manages the lake bed, and
therefore the proposed action would not affect public access to the National Historic Landmark. The
proposed action would not require closing any public roads that provide access to a Section 4(f) property.
The sonic boom generated prior to landing would be 1-2 seconds in duration and, while possibly
noticeable, would not cause any impacts or damage to any Section 4(f) properties due to the small
magnitude of the overpressure (maximum of 0.5 pounds per square foot (psf), somewhat less than a clap

38

DCC1-012991-01

Date: 11/19/2021

of thunder). Therefore, sonic booms generated during reentry would not result in a constructive use of any
Section 4(f) property.
In conclusion, the proposed action would not result in a use of a Section 4(f) property. Therefore, the
proposed action would not result in significant impacts on Section 4(f) properties

3.4.3

No Action Alternative

Under the No Action Alternative, no Starliner reentry activities would occur at EAFB. Therefore, the No
Action Alternative would not result in Section 4(f) impacts at the EAFB landing site or the surrounding
area.

3.5 Land Use and Airspace
3.5.1

Affected Environment

Land may be used for a variety of activities including commercial, recreational, industrial, and military.
Specialized land uses may include radio transmission areas, explosive ordnance ranges, and airfields. The
General Plan, Edwards Air Force Base lays out the long-range development at EAFB. This plan
establishes the goals, policies, plans, and anticipated actions regarding the physical, social, and economic
environment.
The term airspace is described as the aboveground region used for transit of aerial vehicles. Airspace is a
finite resource that can be defined spatially and temporally when describing its use for aviation purposes.
At EAFB, the Edwards Air Traffic Control is delegated management and control (e.g. air traffic control
and scheduling) of the airspace in the area described for the proposed action.

3.5.1.1 Land Use Restrictions
DAF land use policies and guidance are only applicable to lands under DAF control. Policies established
for airfields are similar to the criteria established by the FAA for development surrounding civilian
airports. The EAFB Planning and Zoning Committee grants final siting approval for all construction
related projects. Installations are also required to ensure that all structures and facilities conform to the
airfield and airspace clearance criteria defined in United Facilities Code 3-260-01, DOD Airfield and
Heliport Planning and Design. The instruction specifies criteria and standards for planning, developing,
and siting airfield facilities, including support facilities.

3.5.1.2 Airfield Operations
Flightline operations are carried out by the 412th Test Wing (TW) and 95 Air Base Wing (ABW). The
412 TW is the direct mission organization of the AFTC that is responsible for test/integration and
evaluation of manned and unmanned aerial systems, subsystems, and components. The 95 ABW is the
support unit on EAFB that is responsible for communications; civil engineering; transportation, including
loading and unloading armament and supplies; fuel supply; security police; and fire protection.
The 412th Operations Group plans and conducts all flight test activities for the 412 TW. The 412th
Operations Group also advises the 412 TW on air traffic control matters, and airfield and airspace
management, including flight management.
Use of the EAFB airfield is limited to authorized personnel only, such as the DAF, other government
organizations, and contractors. Airfields are used to develop, test, and fly aircraft. Authorized government
and private vehicles operate on the roads, taxiways, and runways. Pedestrian traffic occurs on the airfield
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with the heaviest concentration being in and around the hangars. The period of greatest use on the airfield
occurs during weekdays.

3.5.2

Environmental Consequences

The FAA has not established a significance threshold, nor has it identified specific factors to consider, for
land use. The determination that significant land use impacts exist is normally dependent on the
significance of other impacts (FAA Order 1050.1F).
There is no new permanent construction as part of the planned action. The proposed action would utilize
existing EAFB pad and road infrastructure with utilization of the lakebed and landing zone extension for
landing and retrieving the various parts of the Starliner. The largest land areas impacted are around the
CM and BHS, both of which are 15 feet in diameter, and the FHS, which is 9 feet in diameter. These
require the most vehicle traffic to recovery. The CM and BHS would land within 4 km radius landing
zone on the lake bed. The FHS would typically land within the lakebed, however a small number (less
than 1%) of 3000 wind cases analyzed went outside the 4 km circle with two cases landing at
approximately 5 km from the center of the lakebed in higher wind scenarios. The total footprint of all
other jettisoned parts, minus the parachutes, is approximately 10 square feet. The spacecraft and all
jettisoned hardware would be collected and removed from the landing site, unless a decision is made to
leave the smaller jettisoned parts in the field to minimize impacts to cultural sites and animal habitat due
to vehicle traffic. No impacts are anticipated to the historic part of the lakebed utilized as part of the
proposed action. The only evidence of the proposed action will be tire tracks and depressions or holes
caused by the impact of the various pieces of the Starliner.
The recovery convoy would consist of the vehicles and trailers needed to deliver the Boeing safing
equipment, provide hatch access to egress the crew, pull an generator trailer and light carts, a fire truck
and ambulance and, when the CM is recovered, a semi-truck and trailer and large crane for lifting
operations. Figures 3-5, 3-6, and 3-7 show the impacts to the surface from the test flight that landed at
WSMR in December 2019. Only small divots and depressions were visible at the landing locations of the
various parts, the deepest being 2-3 inches under the BHS.
As part of the Boeing contract with the DAF, any damage caused to the lakebed during landing would be
repaired if necessary using the EAFB repair process. Hazardous materials and hazardous wastes would
be recovered immediately, transported, and disposed of by Boeing. Nonhazardous waste would be
handled as solid waste or non-regulated waste. Waste disposal is addressed in section 3.13 of this EA.
The proposed action is compatible with existing land use designations at EAFB. There would be no long
term affect to the land or change to the land use designations from the proposed action.
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Figure 3-5: Base Heat Shield and Forward Heat Shield Impacts
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Figure 3-6: Mortar Lid, Sabot, and Forward Heat Shield Door Impacts

Figure 3-7: Crew Module Impacts
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Impacts on airspace and scheduling from the proposed action would be minimal. The proposed action
would involve over flight of the base from the west to the EAFB landing site. Activities would fall inside
the scope of normal activities within EAFB-controlled airspace. Close scheduling and coordination from
Edwards Air Traffic Control would minimize any airspace conflicts with other concurrent operations
being conducted at Edwards. All airspace re-entry operations would comply with the necessary
notification requirements, including issuance of NOTAMs and NOTMARs. The Proposed Action would
not require the FAA to alter the dimensions (shape and altitude) of the airspace. However, temporary
closures of existing airspace may be necessary to ensure public safety during the proposed operations.
Notice via NOTAMs and NOTMARs would assist general aviation pilots and mariners in scheduling
around any temporary disruption of flight or shipping activities in the area of operation. Landings would
be infrequent (only when an emergency landing in needed and EAFB is the only land option), cause
airspace closures of 1-2 hours, and scheduled as far in advance as possible given the emergency nature of
the landings to minimize interruption to airspace.
For the above reasons, significant environmental impacts of the temporary closures of airspace are not
anticipated.
In summary, the proposed action would not result in significant impacts related to land use or airspace.

3.5.3

No Action Alternative

Under the No Action Alternative, no Starliner reentry activities would occur at EAFB. Therefore, the No
Action Alternative would not result in land use or airspace impacts at the EAFB landing site or the
surrounding area.

3.6 Physical Resources
3.6.1

Affected Environment

3.6.1.1 Water Resources
The Proposed Action would not affect wetlands, or wild and scenic rivers, as none of these are located
within the area affected by the Proposed Action. Therefore, these water resources are not considered
further. This section focuses on floodplains, surface water, groundwater, and water quality.
Rogers lakebed is considered a floodplain due to seasonal flooding. The floodplain is outlined in blue in
Figure 3-8. Executive Order 11988, Floodplain Management, requires federal agencies to avoid to the
extent possible the long and short-term adverse impacts associated with the occupancy and modification
of flood plains and to avoid direct and indirect support of floodplain development wherever there is a
practicable alternative.
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Figure 3-8: EAFB Floodplain Boundaries
Water resources describe the quality, quantity, source, and use of water at EAFB. This includes drinking
(potable) water, wastewater, and storm water. Water quality is protected under the Clean Water Act 1972
(Federal Water Pollution Control Act), Safe Drinking Water Act 1974, and Code, Division 7, Water
Quality. The sources of water on EAFB include groundwater, Antelope Valley-East Kern Water Agency
water, treated wastewater (irrigation), and storm water. EAFB has various facilities dedicated to water
resources. They include: six chlorination points for potable water, numerous potable and non-potable
water storage tanks, two operating Waste Water Treatment Plants (WWTP) (Main Base and AFRL with
associated evaporation ponds), and storm water retention ponds.
EAFB has been subdivided into six storm water management units (SMU): Main Base Flight line, Main
Base Miscellaneous, South Base, NASA/Armstrong, AFRL, and North Base. These units are defined as
nonphysical in that the boundaries reflect tenant lease areas and other organizational areas. In addition to
the SMUs, eight storm water drainage areas (SWDA) have also been delineated in the Storm Water
Pollution Prevention Plan, Edwards Air Force Base, California. These SWDAs include the Main Base
Flight line South, Main Base Flight line Central, NASA/Main Base Flight line North, South Base, North
Base, Piute Ponds, Small Arms Range, and Main Base Outlying Region. These SWDAs are delineated
with respect to topographical features. The SWPPP describes each drainage area in detail including
watershed association, area covered, containment structures and areas, and facility association.
Industrial wastewater is liquid waste resulting from industrial processes: paint stripping, metal plating,
maintenance and repair, aircraft and vehicle cleaning, power or heat plant operations, boiler and cooling
water discharges, and oil and solvent recovery operations. Wastewater conveyed to the WWTP is required
to meet specific pretreatment standards established to ensure that pollutants entering or passing through
the WWTP will not have an adverse effect on the treatment process or contaminated sludge (Edwards
AFB Instructions 32-601, Wastewater ).
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3.6.1.2 Geology and Soils
Geologic resources consist of naturally formed minerals, rocks, and unconsolidated sediments. Soil refers
to the uppermost layers of surficial geologic deposits and is developed by the weathering of those
deposits. Concerns associated with the geologic setting at EAFB include availability of borrow sites for
fill material, projects located in the vicinity of geologic faults, land subsidence, and disturbances to
Environmental Restoration Program sites and associated remediation equipment.
The U.S. Department of Agriculture prepared a soil survey of EAFB for the U.S. Army Corps of
Engineers (1997). The report reveals that the erosion hazard rating for soils found in the area range from
slight to severe for wind erosion and slight to moderate for water erosion. The soil types at EAFB and
within the Starliner landing zone are shown in Figure 3-9.
Land subsidence features appear on the dry lakebeds in the form of surface cracking, fissures, solution
cavities, and small surface depressions. The subsidence features are associated with surface water runoff
after rain shower events and subsequent groundwater flow through the lakebed sediments. Erosion of the
lakebed substratum occurs when groundwater flows through the sediments causing void spaces. When
these void spaces collapse from the weight of the overburden, subsidence features appear at the surface.
Subsidence features tend to increase in number and magnitude during storm water runoff and drainage
onto the lakebed areas . Runways on the dry lakebed that are affected by subsidence features are shut
down until surface repairs are made. During shutdown periods, the runways cannot be used for
emergency landings or flight test operations.
The Mirage Valley Fault is a northwest trending fault that extends from South Base through Main Base.
The fault is seismically dormant with no record of earthquake activity along its trace. Earthquakes have
occurred along local faults in the vicinity of EAFB with magnitudes less than 4.4 on the Richter scale
with no reported damage to structures. Near Bissell, approximately 2 miles northwest of the base, an
earthquake of 4.6 to 6.5 on the Richter scale was recorded. The earthquakes were accompanied by ground
motion with little or no ground displacement or structural damage to buildings (95 ABW, 2009b).
Numerous minor faults are known, or suspected due to their trends, to be present within the boundaries of
EAFB.
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Figure 3-9: EAFB Soil Types

3.6.2

Environmental Consequences

3.6.2.1 Water Resources
Impacts to floodplains would be significant if the proposed action causes notable adverse impacts on
natural and beneficial floodplain values as defined in defined in Paragraph 4.k of Department of
Transportation (DOT) Order 5650.2, Floodplain Management and Protection. Impacts to surface waters
would be significant if the proposed action would (1) exceed water quality standards established by
federal, state, local, and tribal regulatory agencies; or (2) contaminate public drinking water supply such
that public health may be adversely affected. Impacts to groundwater would be significant if the proposed
action would (1) exceed groundwater quality standards established by federal, state, local, and tribal
regulatory agencies or (2) contaminate an aquifer used for public water supply such that public health
may be adversely affected. (FAA Order 1050.1F)
As documented in section 2, EAFB is the only landing site in a suitable location to allow a safe terrestrial
return of the Starliner and crew should a failure of the Atlas V occur during the launch phase that prevents
the Starliner from reaching the orbit of the ISS. This would cause the need for an early return to EAFB
within the first three orbits of the Starliner. The only alternative is to land in the ocean, which increases
the risk to the crewmembers as search and rescue forces would need to deploy to locate the CM. It could
take up to 24 hours for search and rescue forces to arrive on scene and recover the crew from an ocean
landing and several hours after recovery to transfer them to a Level 1 Trauma Center. A landing at EAFB
allows transfer of the crew to a trauma center within two hours of landing. Therefore, there is no
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practicable alternative to using EAFB as a landing site for the Starliner for this emergency case. For other
emergency landings EAFB would only be targeted if the other landing sites are unavailable due to the ISS
trajectory and bypassing EAFB would require a water landing which caused added risk to the crew for
emergency landing scenarios. Landings of the Starliner at EAFB would not be planned for those times of
the year when standing water is present on the lakebed. Should standing water be present when EAFB is
needed for an emergency Starliner landing, the landing would be targeted to the ocean. Any damage to
the lakebed caused by landings during the non-flooded months would be repaired to put the lakebed back
to its original state; therefore, the floodplain would not be affected by the proposed action. Boeing
notified the public via newspaper ads in January 2020 of the need for utilizing the flood plain for landing
of the Starliner and requested comments. No comments were received.
No permanent water bodies (e.g. stream, creeks) occur within the landing area. Therefore, surface water
would not be affected by any of the proposed activates. It is unlikely there would be quantities of
groundwater of any significance. In the unlikely event of an accidental petroleum, oil, lubricant (POL)
spill, contaminated soil would be cleaned using established site procedures. In the unlikely event of a
hydrazine spill, Boeing would be responsible for cleanup, removal and disposal of all contaminated
material. Groundwater would not be contaminated such that water quality standards would be exceeded,
and no aquifers used for public water supply would be affected. Given the lack of water resources, it is
unlikely that the proposed action would impact water resources.
All water needed for the recovery activities would be transported to the landing site by the landing
recovery personnel. All wastewater generated by the recovery operations would be removed in
accordance with applicable EAFB regulations.
In summary, the proposed action would not result in significant impacts on water resources.

3.6.2.2 Geology and Soils
The landing and recovery activities could result in soil compaction or erosion and de-vegetation caused
by the spacecraft and jettisoned hardware impacting the soil and accessing of the sites with the vehicles
needed to recover the crew, CM, and jettisoned parts. The landing impacts are expected to be minor based
on the impacts made at WSMR during the OFT mission as show in Figures 3-5, 3-6, and 3-7. On OFT,
which had relatively light winds, all the jettisoned parts landing within approximately 150 meters of the
CM. Higher winds would spread the parts out farther. Current Boeing analysis shows that the farthest any
jettisoned part would carry based on historical winds is approximately 12 km from the center of the
landing zone. Most of the soil disturbance will be caused by the vehicles driving from the EAFB flight
line to the landing site and subsequent retrieval of the jettisoned parts. Any significant holes made in the
surface would be repaired. EAFB equipment used for landing recovery activities would be inspected in
accordance with established site procedures for POL leaks and, if necessary, appropriate containment
would be placed underneath equipment when not in use. In the unlikely event of an accidental POL spill,
contaminated soil would be cleaned using established site procedures.
Should surface cracking or fissures be present on the lakebed that would make landing and recovery of
the Starliner hazardous, the landing would be waved off until the fissures are repaired or diverted to an
alternate landing site.
Overall, the proposed action would not significantly affect the geology and soil in the area.

3.6.3

No Action Alternative

Under the No Action Alternative, no Starliner reentry activities would occur at EAFB. Therefore, the No
Action Alternative would not result in physical resource impacts at the EAFB landing site or the
surrounding area.
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3.7 Cultural Resources
3.7.1
3.7.1.1

Affected Environment
Cultural Resources

Cultural resources are defined in AFMAN 32-7003, Environmental Conservation , as historic properties
(any prehistoric or historic district, site, building, structure, or object as defined by 36 CFR Part 800
included in, or eligible for inclusion in, the National Register of Historic Places, whether or not such
eligibility has been formally determined), including artifacts, records, and material remains related to such
a property or resource; cultural items as defined in Native American Graves Protection and Repatriation
Act; American Indian, Eskimo, Aleut, or Native Hawaiian sacred sites as defined in EO 13007, Indian
Sacred Sites; archaeological resources as defined in the National Historic Preservation Act of 1966; and,
archaeological artifact collections and associated records as defined in 36 CFR Part 79, Curation of
Federally-Owned and Administered Archaeological Collections..
Prehistoric period sites include villages, temporary camps, rock shelters, milling stations, lithic deposits,
quarries, cremations, rock features, and rock art. Historic period archaeological sites include refuse
deposits, rock cairns, railroad grades, roads and trails, abandoned mines and homesteads, rock alignments,
wells, and military sites. There is one National Historic Landmark on EAFB, which is in the northern
portion of Rogers Dry Lake (Figure 3-10).

Figure 3-10: National Historic Landmark on Rogers Dry Lake Bed
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3.7.1.2 Prehistoric Archaeological Resources
A number of American Indian groups are known ethnographically to have used the Antelope Valley to
hunt and gather food from areas surrounding prehistoric Lake Thompson (precursor to Rosamond and
Rogers Dry Lakes) and groundwater springs that occurred in the region. The groups known to have
inhabited the region included Kawaiisu, Tataviam, Kitanemuk, and Vanyume or Desert Serrano.
Additional information on these groups can be found in the Cultural Resources Overview and
Management Plan of Edwards AFB, California, Volume 1, Overview of the Prehistoric Cultural
Resources (Earle et al., 1997).
Prehistoric period sites include villages, temporary camps, rock shelters, milling stations, lithic deposits,
quarries, cremations, rock features, and rock art. These sites have been evaluated in ongoing site
evaluations by the Environmental Management Cultural Resources group.

3.7.1.3 Historic Resources
Historic land use in the Antelope Valley was limited to mineral exploration activities until the middle of
the 19th century. During the late 19th and early 20th centuries, land use activities in the area of EAFB
included precious metal exploration, development of railroad rights-of-way, ranching, and homesteading.
Evaluation of historic sites on EAFB is ongoing and conducted by the Environmental Management
Cultural Resources group.
Significant dates in the historic development of the EAFB area were:
a. 1909–The town of Muroc was founded and located east of the present-day air traffic control
tower on the Main Base Flight line.
b. 1910–The Atchison, Topeka, and Santa Fe Railroad, between Mojave and Barstow, was
constructed across the dry lakebed and passed through the town of Muroc.
c. 1928–The Muroc area was used for military exercises.
d. 1934–A bombing and gunnery range was established at Rogers Dry Lake adjacent to the
Muroc area.
e. 1941–The Muroc Bombing and Gunnery Range headquarters was established on the west shore
of Rogers Dry Lake (currently South Base).
f. 1942–Muroc Flight Test Base was established as a separate facility at the northern end of
Rogers Dry Lake (currently North Base).
g. 1943–The bombing and gunnery range was renamed Muroc Army Air Field.
h. 1947–Muroc Army Air Field was combined with Muroc Flight Test Base and renamed Muroc
AFB.
i. 1949–Muroc AFB was renamed Edwards AFB.
j. Mid-1950s–The majority of base operations was moved to new facilities that comprise the
current Main Base.

3.7.1.4 Review of Cultural Resources
Previous cultural surveys of the landing site, including both the 4km radius circle and the jettisoned parts
landing zone extension, were reviewed and a new survey of approximately 1370 acres, within the inner 2
km radius of the 4k circle and along the shoreline of the lakebed was performed. The new survey also
included an eligibility recommendation for seven known sites within the landing zone. No new cultural
resources were found during the survey and none of the sites evaluated was recommended as eligible.
There were an additional 41 sites identified outside the 4km radius landing zone of the CM but within the
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jettisoned parts landing zone extension. Of these 31 are identified as eligible, 3 not eligible, and 6
undetermined.
Due to its size (several thousand sq. mi. for all footprints) and the small amplitude of the sonic boom
generated by the Starliner during re-entry (max 0.5 psf, somewhat less than a clap of thunder), no review
was done for all cultural resources within the sonic boom footprints show in Appendix C. In general, for
well-maintained structures, the threshold for potential damage from sonic booms is 2 psf; below 2 psf,
damage is unlikely (Haber and Nakaki 1989 ). Therefore, the sonic booms would not affect historic
properties..

3.7.2

Environmental Consequences

Impacts resulting from the proposed action would be considered significant if they were to:
1. Adversely affect known cultural resources eligible for inclusion into the National Register of
Historic Places (NRHP).
2. Damage or impact previously unknown and recorded cultural resources eligible for inclusion in
the NRHP.
3. Cause substantial unauthorized artifact collection by recovery personnel.
4. Adversely affect known Traditional Cultural Properties on EAFB. These are eligible for
inclusion in the National Register because of an association with cultural practices or beliefs of a
living community that are rooted in that community’s history and are important in maintaining
the continuing cultural identity of the community.
The FAA has not established a significance threshold for cultural resources. Factors to consider when
assessing the significance of potential impacts on cultural resources include whether the action would
result in a finding of adverse effect through the Section 106 of the NHPA consultation process. However,
an adverse effect finding does not automatically trigger preparation of an EIS (FAA Order 1050.1F).
A large portion of the Starliner landing zone would be within the NRHP portion of Rogers Dry Lake Bed.
Based on previous Starliner testing, including the OFT mission landing impacts shown in Figures 3-5, 36, and 3-7, minimal damage is expected to the lakebed. However, should the lakebed be damaged by any
of the pieces of the Starliner during landing, the damage would be repaired and the lakebed put back to its
original state using EAFB internal repair processes. All pieces of the Starliner spacecraft would be
recovered and removed, if found or unless a decision is made to leave some parts in place. It may not be
possible to find and recover all of the mortar lids and sabots due to their small size should they land off
the lakebed. Due to the materials used in the construction of these pieces, they do not pose any
environmental impacts to the area.
No known eligible cultural resources are within the 4km radius landing zone of the CM. 31 eligible and 6
undetermined sites are within the jettisoned part extension. Over half of these are more than 8 km from
the center of the landing zone where jettisoned parts would only travel in high wind cases. The chances of
a part impacting one of these is inherently low given the small number of sites, the small number of parts
and the overall size of the landing area combined with the fact the Starliner would only land at EAFB in
an emergency situation. The chances of the Starliner or a jettisoned part landing on any unknown cultural
site is also inherently low. EAFB personnel would determine if EAFB archeologists are required to be
part of the recovery to provide guidance should a known cultural resource be impacted or a previously
unknown resource encountered.
EAFB performed consultations of the action with the State Historic Preservation Officer (SHPO) and
local tribes, in accordance with Section 106 of the NHPA. The SHPO concurred with the DAF finding of
no adverse effects from the project to historic properties. A copy of the concurrence correspondence is
included in Appendix G. Tribal consultation with the Tejon Indian Tribe, the San Manuel Band of
Mission Indians, the Colorado River Indian Tribe, the Morongo Band of Mission Indians, and the
Chemehuevi Indian Tribe resulted in comments received from the San Manuel Band of Mission Indians
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expressing concerns over the culture history and the characterization of two sites. Boeing and the DAFprovided additional documentation on these sites and the possible impacts from a Starliner landing. The
DAF received documentation confirming that the tribe’s concerns were adequately addressed and that
there are no remaining issues regarding site eligibility.
No historic properties will be affected by this action.

3.7.3

No Action Alternative

Under the No Action Alternative, no Starliner reentry activities would occur at EAFB. Therefore, the No
Action Alternative would not result in historical or cultural impacts at the EAFB landing site or the
surrounding area.

3.8 Noise and Noise-Compatible Land Use
3.8.1

Affected Environment

Hazardous noise exposure occurs when workers are present in areas where ambient noise levels
exceed 85 decibels. Title 29 CFR Section 1910.95, Occupational Noise Exposure, states that
protection against the effects of noise exposure should be provided when the sound levels exceed
those shown in the regulation. Figure 3-12 compares the relative noise of common sounds.
There are many flight operations at EAFB that generate noise. Aircraft operations and
machinery/equipment including, but not limited to, skids, grinders, pneumatic hammers and drills,
concrete saws, vibrating compactors, bulldozers, backhoes, graders, and cable plows are the primary
sources of noise in flight line areas. Noise is also generated by general vehicle traffic on roads.
Aircraft takeoffs and landing are the main noise generators on the Rogers Dry Lake Bed.
The sonic boom would extend past the boundaries of EAFB and potentially be noticeable in the areas
shown in the footprints in Appendix C.
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Figure 3-11: Relative Noise Comparisons

3.8.2

Environmental Consequences

A significant impact would occur if the proposed action would increase noise by day-night average sound
level (DNL)4 1.5 decibels (dB) or more for a noise sensitive area5 that is exposed to noise at or above the

4

DNL is the 24-hour average sound level, in decibels, for the period from midnight to midnight, obtained after the
addition of ten decibels to sound levels for the periods between midnight and 7 a.m., and between 10 p.m. and
midnight, local time.
5

A noise sensitive area is an area where noise interferes with normal activities associated with its use. Normally,
noise sensitive areas include residential, educational, health, and religious structures and sites, and parks,
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DNL 65 dB noise exposure level, or that will be exposed at or above the DNL 65 dB level due to a DNL
1.5 dB or greater increase, when compared to the no action alternative for the same timeframe (FAA
Order 1050.1F).
Landing recovery vehicle traffic, portable generators, and recovery operations generate noise and
vibrations. In addition, the Starliner spacecraft would generate a sonic boom during atmospheric reentry
to the EAFB landing site. Sonic booms are measured in pounds per square foot (psf) of overpressure. This
is the amount of the increase over the normal atmospheric pressure which surrounds us (2,116 psf/14.7
psi). At one psf overpressure, no damage to structures would be expected. Overpressures of 1 to 2 psf are
produced by supersonic aircraft flying at normal operating altitudes. (NASA Armstrong). Booms in the
0.2 to 0.3 psf range could be heard by someone who is expecting it and listening for it, but usually would
not be noticed. Booms of 0.5 psf are more likely to be noticed, and booms of 1.0 psf are certain to be
noticed. The local public may be concerned about property damage. The most common sonic boom
property damage is to fragile items like glass. The probability of a 1 psf boom breaking a typical
residential window is somewhat less than one in a million (Hershey, 1974). Rare minor damage may
occur with 2 to 5 psf overpressure. As overpressure increases, the likelihood of structural damage and
stronger public reaction also increases. Tests, however, have shown that structures in good condition have
been undamaged by overpressures of up to 11 psf. Sonic booms produced by aircraft flying supersonic at
altitudes of less than 100 feet, creating between 20 and 144 psf overpressure, have been experienced by
humans without injury. (Armstrong 2014).
Appendix C contains details of the dispersion of the sonic boom. As shown, the maximum sonic boom
overpressure caused by the Starliner spacecraft is 0.5 psf and will take place at most 2 times per year.
This equates to a DNL of 24 dB, well below the FAA threshold of 65 dB. Therefore, the sonic booms
generated during reentry would not result in significant noise impacts.
Due to the short timeframe of the activities, no long-term high levels of noise are generated. Any loud
noise or vibration generated during landing and recovery activity would be one time and very short in
duration, and are not be expected to significantly affect the local people or wildlife.
Airspace closures associated with reentry could result in temporarily grounded aircraft at affected airports
and re-routing of en-route flights on established alternate flight paths. The FAA has rarely, if ever,
received reportable departure delays associated with reentries. Aircraft could be temporarily grounded if
airspace above or around an airport is closed. Ground delays are also used under some circumstances to
avoid airborne reroutes. If aircraft were grounded, noise levels at an airport could temporarily increase as
the planes sit idle. Also, depending on the altitude at which aircraft approach an airport, there could be
temporarily increases in noise levels in communities around an airports. However, aircraft would travel
on existing en-routes and flight paths that are used on a daily basis to account for weather and other
temporary restrictions. Re-routing associated with reentry-related closures represents a small fraction of
the total amount of re-routing that occurs from all other reasons in any given year. Any incremental
increases in noise levels at individual airports would only last the duration of the airspace closure on a
periodic basis and are not expected to meaningfully change existing day-night average sound levels at the
affected airports and surrounding areas. Therefore, airspace closures due to launches are not expected to
result in significant noise impacts.
The proposed action would be consistent with current land use and below the significance noise threshold
listed above so would not result in any significant noise impacts.

recreational areas, areas with wilderness characteristics, wildlife and waterfowl refuges, and cultural and historical
sites.

53

DCC1-012991-01
3.8.3

Date: 11/19/2021

No Action Alternative

Under the No Action Alternative, no Starliner reentry activities would occur at EAFB. Therefore, the No
Action Alternative would not result in noise impacts at the EAFB landing site or the surrounding area.

3.9 Socioeconomics
3.9.1

Affected Environment

Socioeconomic resources are the economic, demographic, and social assets of a community. Key
elements include fiscal growth, employment, housing, construction materials, and retail services. The
economic impact region for EAFB is the area located within 75 miles of Main Base, and includes portions
of Los Angeles, Kern, and San Bernardino Counties. The majority of socioeconomic impacts from base
activities would be expected to occur within the Antelope Valley area.

3.9.2

Environmental Consequences

The FAA has not established a significance threshold for socioeconomics. Factors to consider when
assessing the significance of potential socioeconomic impacts include whether the action would have the
potential to:







Induce substantial economic growth in an area, either directly or indirectly (e.g., through
establishing projects in an undeveloped area);
Disrupt or divide the physical arrangement of an established community;
Cause extensive relocation when sufficient replacement housing is unavailable;
Cause extensive relocation of community businesses that would cause severe economic hardship
for affected communities;
Disrupt local traffic patterns and substantially reduce the levels of service of roads serving an
airport and its surrounding communities; or
Produce a substantial change in the community tax base. (FAA Order 1050.1F)

No significant impact to employment, population, and economic activity is expected from the proposed
action. The current level of socioeconomic activity would not significantly change or be adversely
affected. Personnel working in support of the proposed activities would include military, civil servants,
and contractors. Proposed activities would provide very small socioeconomic benefits for the counties
around EAFB due to the small number of NASA personnel who would travel to the landing site to
retrieve the astronauts and the 5-10 Boeing personnel who would travel to and spend up to two weeks in
the area for the recovery of the CM.
The proposed action would not result in an increase in population or employment levels in the area nor
impact community or emergency services in the surrounding region. Therefore the proposed action would
not significantly impact socio-economic activity.
Purely social and economic effects are not required to be analyzed under NEPA. Even if NEPA
recognizes socioeconomic impacts from re-routing aircraft due to reentries, such impacts would be similar
to re-routing aircraft for other reasons (e.g., weather issues, runway closures, wildfires, military exercises,
and presidential flights). Potential socioeconomic impacts include additional airline operating costs for
increased flight distances and times resulting from re-routing aircraft and increased passenger costs as a
result of impacted passenger travel, including time lost from delayed flights, flight cancelations, and
missed connections. Alternatively, restricting or preventing a reentry event would have socioeconomic
impacts on Boeing. Operations would not result in the closure of any public airport during the operation
nor so severely restrict the use of the surrounding airspace as to prevent access to an airport for an
extended period of time. Given existing airspace closures for launches are temporary and the FAA’s
previous analyses related to the National Airspace System (NAS) have concluded minor or minimal
impacts on the NAS from reentries, the FAA does not expect airspace closures from Boeing’s proposal
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would result in significant socioeconomic impacts. Furthermore, local air traffic controls would
coordinate with airports and aircraft operators to minimize the effect of the reentry operations on airport
traffic flows as well as traffic flows in en-route airspace.

3.9.3

No Action Alternative

Under the No Action Alternative, no Starliner reentry activities would occur at EAFB. Therefore, the No
Action Alternative would not result in socioeconomic impacts at the EAFB landing site or the
surrounding communities.

3.10 Environmental Justice and Children’s Environmental Health and Safety
Risks
3.10.1 Affected Environment
Executive Order 12898, Federal Actions to Address Environmental Justice in Minority Populations and
Low-Income Populations, requires that federal agencies identify and address, as appropriate,
disproportionately high and adverse human health, or environmental effects of their activities on minority
populations and low-income populations. The general purposes of the EO are to: 1) focus the attention of
federal Agencies on the human health and environmental conditions in minority and low -income
communities with the goal of achieving environmental justice; 2) foster nondiscrimination in federal
programs that substantially affect human health or the environment; and 3) give minority and low -income
communities greater opportunities for public participation in, and access to, public information on matters
relating to human health and the environment (EPA 2011).
Executive Order 13045, Protection of Children from Environmental Health Risks and Safety Risks
requires federal agencies to identify and assess environmental health and safety risks that may
disproportionately affect children.
Based on the information from the U.S. Census Bureau (USCB), minority and low-income populations
exist within the three counties surrounding EAFB (Los Angeles, Kern, and San Bernardino). Statistics for
minority populations in the region of influence indicate an average of 49 percent Hispanic of any race
with a combined average of 23 percent minority population for “other” minority groups. The population
in poverty within the region of influence averages 19 percent. The general population of minority and
low-income population in the state of California average 38.6 percent Hispanic of any race, 23 percent
population of “other” minority groups, and 16 percent in poverty (USCB 2014). The proposed landing
site is remote and not near towns or schools. Since the percentages of low income and minority
populations in the ROI is higher than the state of California, which is the Community of Comparison,
there would be a potential for disproportionate impacts to occur if communities in the ROI would be
adversely impacted by the Proposed Action.
The closest playground and schools to the EAFB landing site are the Irving L. Branch Elementary and
Desert Jr/Sr High School, located approximately 5 miles southwest of the landing site in the main base
housing area, and North Edwards High School, located approximately 5 miles north of the landing site.

3.10.2 Environmental Consequences
The FAA has not established a significance threshold for environmental justice. Factors to consider w hen
assessing the significance of potential environmental justice impacts include whether the Proposed Action
would have the potential to lead to a disproportionately high and adverse impact to an environmental
justice population (i.e., a low-income or minority population) due to significant impacts in other
environmental impact categories or impacts on the physical or natural environment that affect an
environmental justice population in a way that the FAA determines is unique to the environmental justice
population and significant to that population (FAA Order 1050.1F).
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The FAA has not established a significance threshold for children’s environmental health and safety risks.
The factor to consider is whether the action would have the potential to lead to a disproportionate health
and safety risk to children (FAA Order 1050.1F).
The proposed action would not have a significant impact on EAFB air quality, noise, soils and other
environments as identified above. Direct impacts are not anticipated to extend outside the boundaries of
EAFB to the surrounding communities, with the exception of the sonic boom which is very short term in
nature, low in magnitude, and would occur only when an emergency landing is necessary at EAFB, which
would occur a maximum of two times annually. Surrounding communities would not be adversely
impacted by the presence of recovery personnel temporarily relocated to support landing and recovery.
Therefore, under the proposed action, there would be no impact on, nor a potential for, disproportionately
high and adverse effects on minority or low-income populations or children. The DAF controls public
access to EAFB and therefore no member of the public would be present around the landing site during
landing operations.
In summary, the proposed action would not result in impacts related to environmental justice and
children’s environmental health and safety risks.

3.10.3 No Action Alternative
Under the No Action Alternative, no Starliner reentry activities would occur at EAFB. Therefore, the No
Action Alternative would not result in impacts to minority or low -income populations or children at the
EAFB landing site or the surrounding communities.

3.11 Visual Effects
3.11.1 Affected Environment
EAFB has considerable aesthetic and visual resources within its boundaries and merging into surrounding
areas. Scenic desert landscapes with rugged topography are typical. However, most of the EAFB
landscape is not readily viewable by the general public due to access restrictions. There are no federal
statutory or regulatory requirements for classifying and assessing light emissions and visual impacts.
Light emissions at EAFB are generated from permanent buildings, flight line operations, and military
housing located just outside the landing site. There are no permanent light sources within the landing site
on the Rogers Dry Lake Bed.

3.11.2 Environmental Consequences
The FAA has not established a significance threshold for visual effects. Factors to consider when
assessing the significance of potential visual effects include the degree to which the action would have the
potential to:
• Create annoyance or interfere with normal activities from light emissions;
• Affect the visual character of the area due to the light emissions, including the importance,
uniqueness, and aesthetic value of the affected visual resources.
• Affect the nature of the visual character of the area, including the importance, uniqueness, and
aesthetic value of the affected visual resources;
• Contrast with the visual resources and/or visual character in the study area; and
• Block or obstruct the views of visual resources, including whether these resources would still be
viewable from other locations. (FAA Order 1050.1F)
The proposed action would have a slight impact on light emissions at the landing site for those instances
where the Starliner spacecraft lands after sunset or late enough in the day that the crew recovery
operations would extend past sunset. For these instances, portable lighting would be required around the
landing site until recovery operations are complete. CM recovery from the lakebed would always take
place during daylight hours. The planned action would have no long-term impacts on the visual
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environment as the LRT removes all parts of the spacecraft from the landing site with the possible
exception of any mortar lids and mortar sabots not found. There are no visually or light-sensitive
receptors in the project’s region of influence.
Therefore, the proposed action would not result in significant visual impacts.

3.11.3 No Action Alternative
Under the No Action Alternative, no Starliner reentry activities would occur at EAFB. Therefore, the No
Action Alternative would not result in visual impacts at the EAFB landing site or the surrounding area..

3.12 Infrastructure and Utilities
3.12.1 Affected Environment
Infrastructure refers to the physical components that are used to deliver utilities to the point of use.
Elements of the base infrastructure system include water, wastewater, electricity, natural gas, liquid fuel
pipelines, communication lines (e.g., telephone and computer), and transportation systems (e.g., streets
and railroads) that run in a network throughout the base. The infrastructure that could potentially be
affected from the proposed action includes portable physical structures (e.g. tents), site use, electricity,
utilities, waste disposal and treatment, transportation and roads, and communications. The capacity and
current demands of the following infrastructure elements at EAFB were examined to determine
infrastructure constraints.

3.12.1.1 Structures and Utilities
Several permanent buildings and runways exist on site at EAFB, however no permanent buildings exist at
the landing site. There are several Environmental Restoration Program (ERP) wells located within the
4km landing zone for the CM. Existing base utilities include electrical power, telephone service, and
water for drinking and sanitation purposes. None of these is available at the landing site itself. Public
services, including civil and military police, fire protection, and emergency medical treatment services,
are operated and /or supervised by the DAF. Most of the personnel providing these services are based at
the Main Base.

3.12.1.2 Transportation and Roads
Primary access to EAFB from the adjacent roadways is by way of three gates, each in operation 24 hours
per day, 7 days per week. The West Gate is accessed via Rosamond Boulevard, which provides primary
access to EAFB from the west and north. The north gate is accessed via North Lancaster Boulevard off of
Highway 58, which also provides access from the north. The south gate is accessed via Lancaster
Boulevard/120th Street East, which provides access from the south. Internal circulation on base is by way
of paved and unpaved primary, secondary, and tertiary roads. Two rail spurs, one at EAFB Station and the
other at Boron Station, connect to Main Base and the AFRL, respectively. The spurs connect the two
railroads adjacent to the base.

3.12.2 Environmental Consequences
Impacts resulting from the proposed action would be considered significant if they w ere to increase
demand on public infrastructure or services that would negatively affect the quality of service for persons
living in the region. The proposed action, which occurs entirely within EAFB boundaries, would not
significantly impact public infrastructure or increase the burden on infrastructure. Infrastructure
requirements for the landing and recovery activities would not exceed EAFB’s existing infrastructure
resources.
All power and water, as well as sanitation capability in the form of portable toilets if needed, would be
brought to the site by the EAFB recovery team and removed at the end of the recovery operations. All
equipment needed the recovery of the crew post landing would be mustered just outside the 4km landing
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zone, either on the lake bed or in a parking area just off the lake bed. A generator would be left at the CM
to provide power until the Boeing recovery team arrives. After removal of the CM from the lakebed the
Boeing team would utilize an EAFB or NASA hangar, if available, or set up a tent in a parking lot for up
to 10 days to perform that activities needed to process the CM for shipment.
There is potential impact to the ERP wells should the CM or one of jettisoned parts land on one. Given
these wells are on the outer 1km of the 4km landing CM landing zone the chances of contact are low .
Should any be damaged, Boeing would be responsible to repair and/or re-establish ERP equipment and
infrastructure by an accredited ERP subcontractor within the time frame agreed upon with the EAFB ERP
Manager. Water and septic system use would have a minor increase under the proposed action during the
period when 5-10 Boeing personnel are present post landing to process the CM for shipment. All existing
facilities are considered sufficient to handle an increase in demands for services under the proposed
action. No major changes to the demands for public services (e.g., fire protection, solid waste disposal)
are anticipated under the proposed action.
Proposed activities would have little to no impact on the permanent and electrical sources at EAFB.
Cellular phones or radios, required for personnel supporting the landing recovery activities, would see
increased use, but the increased use of this communication would not significantly impact communication
resources. Power at the recovery site would be provided by a portable generator so would not affect the
EAFB power capabilities. Generators would be inspected to ensure proper working order and compliance
with applicable permitting requirements, safety, air quality, and spill containment.
Increased vehicle traffic at EAFB will result from the proposed action but would not be considered
significant and will be short term in nature (approximately 10 days). The existing roads and parking areas
would be used and are considered adequate to handle the demands under the proposed action. The
transportation of waste or hazardous materials would comply with EAFB procedures and applicable
regulations. Only approved or existing routes would be used.
Depending on the winds, the Starliner landing may require the closure of roads within the landing zone
extension for approximately an hour to ensure no jettisoned part strikes a vehicle. This will include the
only road access to and from the AFRL. The proposed activity would not significantly affect
transportation since periodic roadblocks impede vehicular traffic only when needed for an emergency
landing and are temporary.
The proposed action would have no significant impact to infrastructures or utilities.

3.12.3 No Action Alternative
Under the No Action Alternative, no Starliner reentry activities would occur at EAFB. Therefore, the No
Action Alternative would not result in infrastructure, transportation, or communications impacts.

3.13 Hazardous Materials, Hazardous Waste, Solid Waste, and Pollution
Prevention
3.13.1 Affected Environment
In general, hazardous materials include substances that may present substantial danger to public health or
the environment when released because of their quantity, concentration, or physical, chemical or
biological characteristics. Hazardous wastes are regulated by the Resource Conservation and Recovery
Act (RCRA) of 1976 (42 U.S.C. 6901–6991). Hazardous Wastes are any waste or combination of wastes
that either exhibit one or more hazardous characteristics including ignitibility, corrosivity, toxicity, or
reactivity. Solid wastes are essentially those wastes that are not hazardous. If hazardous materials or
wastes are handled improperly or accidentally released, they can present a threat to the health of humans,
wildlife, and soil and water systems.
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Hazardous wastes that require proper handling could be generated as a result of landing and recovery
activities. AFMAN 32-7002, Environmental Compliance and Pollution Prevention, , provides guidelines
for the generation, storage, transportation, and disposal of hazardous waste. The California Environmental
Protection Agency enforces hazardous waste laws documented in Title 22 California Code of Regulations
(CCR) Division 4.5, Environmental Health Standards for the Management of Hazardous Waste, and
California Health and Safety Code Division 20, Chapter 6.5, Hazardous Waste Control.
Guidelines used by Edwards AFB include the Edwards Air Force Base Hazardous Waste Management
Plan, (HWMP) which was prepared IAW AFMAN32-7002, Environmental Compliance and Pollution
Prevention . The HWMP establishes procedures to achieve compliance with applicable federal, state, and
local regulations for hazardous waste management. Specifically, it contains requirements for hazardous
waste characterization, training, accumulation, turn-in and disposal, inspections, permits, and record
keeping.
The transportation of hazardous waste is governed by RCRA. The transportation of hazardous materials
in commerce is governed by Department of Transportation regulations that specify procedures for
transporting these materials on public roads (49 CFR 100–199; 40 CFR 260–299; and 22 CCR Division
4.5, Chapter 13).
EAFB operates a nonhazardous municipal solid waste landfill within the Main Base area for DAFgenerated solid waste. All nonhazardous waste from privatized housing is hauled to off Base landfills.
Nonhazardous waste from contractor projects that are not regular ongoing activities is generally hauled
off Base as well, but disposal in the EAFB operated landfill may be considered on a case-by-case basis.
The base actively participates in a solid waste recycling program. Recycling is the use, reclamation, and
reuse of a material. AFMAN 32-7002, Environmental Compliance and Pollution Prevention requires the
base to recycle and states, “Each installation will strive to recycle as much of the solid waste stream as
possible. As a minimum, each qualified recycling program will recycle metals, plastic, glass, used oil,
lead acid batteries, tires, high quality copier paper, cardboard, and newspaper.” A contractor operates the
recycling program under contract with EAFB, with program oversight provided by Civil Engineering and
Environmental Management.
Normal operations on EAFB result in the use of hazardous materials and generation of hazardous waste.

3.13.2 Environmental Consequences
The FAA has not established a significance threshold for hazardous materials, solid w aste, and pollution
prevention. Factors to consider when assessing the significance of potential impacts include whether the
action would have the potential to:
• Violate applicable federal, state, tribal, or local laws or regulations regarding hazardous
materials and/or solid waste management;
• Involve contaminated sites;
• Produce an appreciably different quantity or type of hazardous waste;
• Generate an appreciably different quantity or type of solid waste or using a different method of
collection or disposal and/or exceeding local capacity; or
• Adversely affect human health and the environment. (FAA Order 1050.1F)
The proposed action would require the use of H4N2 hydrazine, ordnance, Galden (a perfluoropolyether
heat transfer fluid), coolant and ammonia within the CM and fuel in ground vehicles and equipment. Solid
waste and potentially biohazard material would also be generated.
Unless a failure occurs that would allow a release, all hazardous material would remain in the spacecraft
for transport back to the Boeing facility at the Kennedy Space Center in Florida and therefore have no
impact to EAFB or its surrounding areas. Under the proposed action, removal of all waste, hardware,
debris, and other hazardous or potentially hazardous material would be the responsibility of Boeing.
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Following a nominal landing, the only live ordnance devices would be in the NASA Docking System
(NDS) Emergency Undock System (unless it was fired due to an emergency undocking from the ISS) and
the Airbag Vent Cord Cable Cutters (AVCCC) in the landing airbag water drains and center airbag
(which are only fired in a water landing). These are in a safe configuration for landing and would require
multiple failures to inadvertently fire. The majority of Starliner ordnance devices are Class 1 Division 1.4
per the Department of Transportation CFR 49, Part 173.50 (see definitions below). SureSep Expanding
Tube Assemblies (XTAs), used to separate the Starliner from the launch vehicle during ascent, are
division 1.1 and the drogue parachute mortars, fired as part of the parachute deploy sequence during
landing, are division 1.2. All these division 1.1 and 1.2 ordnance would be expended prior to landing. The
NDS ordnance is initiated via NASA standard detonators (NASA standard initiator + detonating booster
assembly). The remainder of the ordnance devices, with the exception of the AVCC’s, are initiated via
smart initiators. The AVCC has a built-in initiator. All ordnance devices receive command signals from
ordnance controllers within the Starliner Command and Data Handling system. All ordnance is developed
per MIL-HDBK-83578, Criteria for Explosive Systems and Devices used on Space Vehicles.
The maximum explosive remaining unexploded in any ordnance after a nominal landing is just over half a
gram. The total unexploded ordnance remaining on the vehicle after a nominal landing is approximately
30 grams.
“Division 1.1 consists of explosives that have a mass explosion hazard. A mass explosion is one which
affects almost the entire load instantaneously.
Division 1.2 consists of explosives that have a projection hazard but not a mass explosion hazard.
Division 1.4 consists of explosives that present a minor explosion hazard. The explosive effects are
largely confined to the package and no projection of fragments of appreciable size or range is to be
expected. An external fire must not cause virtually instantaneous explosion of almost the entire contents
of the package.”
Emergency response planning would be incorporated into the landing and recovery operations
requirements in order to minimize any impacts due to an unplanned release of hazardous materials.
Should a leak occur entry to the landing site would be restricted to approved emergency hazardous
materials response personnel until the area is determined to be safe.
Nonhazardous waste would be handled as solid waste or non-regulated waste. All solid waste generated at
EAFB is collected and disposed of in the EAFB operated landfill. The only petroleum, oil, and lubricants
used during the landing and recovery operations would be contained in support equipment, generators,
cranes, and vehicles.
The Edwards Spill Prevention, Control, and Countermeasures Plan would be followed for both pollution
prevention and in the unlikely event of accidental spills. Health and safety risks would be minimized by
following established EAFB procedures.
Biomedical hazardous waste could be generated by the crew during their time in the CM for landing
and/or from any local medical evaluations needed post landing prior to moving the crew to a local
hospital. Any waste generated would be left in the CM for removal by the Boeing team or removed by the
medical staff supporting the crew post landing.
In summary, the proposed action would not result in significant impacts related to hazardous materials,
hazardous waste, solid waste, and pollution prevention.

3.13.3 No Action Alternative
Under the No Action Alternative, no Starliner reentry activities would occur at EAFB. Therefore, the No
Action Alternative would not result in hazardous or solid waste being generated at the EAFB landing site.
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3.14 Human Health and Safety
3.14.1 Affected Environment
Health and safety on Edwards AFB are regulated by AFMAN 91-203, Air Force Occupational Safety,
Fire and Health Standards, federal OSHA and California OSHA. The health of military and civilian DoD
personnel at Edwards AFB is supervised by Bioenvironmental Engineering Services and the Safety
Department. Contractors are responsible for their own health and safety. The total accident spectrum
encompasses not only injury to personnel, but also damage or destruction of property or products. For
worker safety, the boundary of the immediate work area, job trailers, staging areas and ingress/egress
routes defines the region(s) of influence. A contractor’s attention to occupational health and safety rules
and regulations will help avoid potential environmental issues and/or cross contamination in areas
adjacent to the region(s) of influence.
Environmental conditions existing at Edwards AFB can present a physical/health hazard to personnel
such as unexploded ordnance (UXO), heat stress, venomous snakes and spiders, hantavirus from deer
mice (Peromyscus maniculatus) and valley fever spores. Only rare instances of valley fever have been
diagnosed at Edwards AFB.

3.14.2 Environmental Consequences
As a safety precaution, recovery personnel would remain outside the landing zone until after the landing
of the spacecraft and all jettisoned pieces. Upon landing, the landing team would reposition to a location
approximately 500 feet upwind of the Starliner. After confirmation from the astronauts that the Starliner
systems have been safed, a safety assessment team in protective gear would perform the initial safety
assessment. If hazardous conditions are detected the safety assessment team would determine the source
of the hazard and mitigate the hazard, if possible. If unable to mitigate the hazard, the EAFB Fire Crash
Rescue team would assist in mitigating the hazard and to perform toxic spill or contamination cleanup.
Once the area around the CM is deemed safe, recovery personnel would reposition around the spacecraft
and commence recovery operations. Proper personal protective equipment would be used, as needed, by
personnel working on the project and applicable EAFB safety procedures would be followed.
Boeing personnel would be required to receive UXO training before being allowed entry onto EAFB,
including instruction not to disturb potential UXO items. All potential UXO and unfamiliar objects would
be reported to EAFB personnel.
There is some risk to recovery personnel from venomous snake and spider bites, but these typically occur
only when the species is disturbed, harassed or provoked; although the Mojave “green” rattlesnake has
been known to strike without provocation. Recovery personnel would be instructed not to harass
venomous spiders and snakes. In addition, Hantavirus training would be provided to recovery personnel.
Personnel would be trained prior to arrival at the EAFB.
Any public viewers of a landing would be kept outside of EAFB and would not be affected by the
landing. All areas located on EAFB and inside of the EAFB landing zone would be cleared and all access
to the area on the day of landing is controlled by EAFB Flight Safety. NASA and EAFB Public Affairs
and other DAF officials would provide the necessary guidance and assist Public Affairs in providing
landing information to the public.
Overall, the proposed action would have no significant impact on human health and safety.

3.14.3 No Action Alternative
Under the No Action Alternative, no Starliner reentry activities would occur at EAFB. Therefore, the No
Action Alternative would not result in impacts on human health and safety at the EAFB landing site or
the surrounding area.

61

DCC1-012991-01

Date: 11/19/2021

4.0 Mitigation Measures
This section summarizes applicable mitigation and minimization measures that have been incorporated
into the Proposed Action and would be adhered to during Starliner landing and recovery operations at
EAFB. Further, these measures will be incorporated as conditions on the license the FAA issues to
Boeing.
 Normal dust suppression methods would be employed as necessary. Vehicles and generators
would be inspected to ensure proper working order and compliance with applicable permitting
and requirements. The site safety plan would be designed to minimize environmental impacts and
health hazards in the unlikely event of an accidental fuel or hazardous material leak. Hazardous
materials-related response plans and standard safety operating plans would be developed before
beginning the proposed action.
 The following measures follow the terms and conditions for the U.S. Fish and Wildlife Service
Biological Opinion for: Operations and Activities Edwards Air Force Base, California (8-8-14-F14) regarding the effects on the federally threatened desert tortoise and its critical habitat.
o All project personnel working in the area shall attend desert tortoise awareness training
prior to commencing field work or visiting the work site. Contact the EAFB
Environmental Management Office for training requirements.
o At no time would LRT personnel or visitors touch, move, harass, harm or kill any desert
tortoise. LRT personnel and visitors would immediately report all desert tortoise
sightings to the EAFB Environmental Management Office and immediately cease work,
if required, in that specific area until an authorized biologist assumes protection of the
tortoise.
o Vehicles will generally remain on previously established roads and within staging areas
and follow flagged off road routes that have been surveyed or cleared of desert tortoises.
When driving off road, operators will minimize disturbance to vegetation and not exceed
10 miles per hour. Speed limits on existing dirt roads within the landing zone shall be less
than 20 mph.
o If a desert tortoise burrow is encountered within the landing zone, the burrow shall be
avoided. LRT personnel would immediately report the burrow sighting to the EAB
Environmental Management Office and immediately cease work, if required, in that
specific area until an authorized biologist assumes protection of the tortoise.
o All LRT personnel working in open areas shall inspect under all vehicles and equipment
for desert tortoises and other wildlife species prior to operation. If a tortoise is present,
the vehicle shall not be moved. The EAFB Environmental Management Office shall be
notified and immediately cease work, if required, in that specific area until an authorized
biologist assumes protection of the tortoise.
o Should the EAFB Environmental Management Office recommend it, the LRT would only
recover the large jettisoned parts, leaving the smaller parts in the field to minimize
vehicle traffic damage to desert tortoise habitat.
o Parking and staging areas will be restricted to previously disturbed areas as much as
possible.
o At night crew recovery activities in vegetated habitat will require the presence of a desert
tortoise authorized biologist. All other recovery activities will take place during daylight
hours.
o All trash and food items will be disposed of in common raven-proof containers, and
o regularly removed from project sites to reduce attraction of common ravens.
 The LRT would contact the Environmental Management Office if an active bird nest (i.e., nest
with eggs, unfledged birds or adult birds observed in the nest), or a burrowing owl burrow is
found within the landing zone and cannot be avoided.
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If any additional species of interest are found following the completion of this EA, the
Environmental Management Office would be consulted to determine if additional mitigation or
agency consultation is necessary to prevent impact to the listed species’ populations.
Any damage to the historic lakebed would be repaired by EAFB using their internal processes.
There is currently no plan to close any public highways during the landing activities and the sonic
boom overpressure is minimal, therefore no mitigation measures are needed for these.
Close scheduling and coordination from Edwards Air Traffic Control would minimize any
airspace or scheduling conflicts with other aviation operations being conducted at the EAFB
landing. Any large holes or craters caused to the lakebed during landing would be filled in by
EAFB if necessary.
In all proposed activities ground vehicles would use existing roads when available, and travel a
single in-and-out path when traveling off-road. Equipment used would be inspected frequently for
petroleum, oil, and lubricant leaks and, if needed, appropriate containment would be placed
underneath equipment when not in use. Any damage to the lakebed that occurs during landing
and recovery operations will be repaired so as not to affect the floodplain.
In the event that a previously unknown resource is located around the CM landing location, all
activity would cease after the crew is removed from the Starliner and EAFB Environmental
Management would be notified. In the event that a known or previously unknown resource is
impacted by a jettisoned part or by access for its retrieval, all activity would cease and EAFB
Environmental Management would be notified. In the event that any project activities are
required outside the proposed areas in this EA, all landing activities would cease after the crew is
removed, the site would be evaluated per section 106 of the NHPA and an area of 100 yard on
both sides of a straight line back to the landing zone would be surveyed and evaluated before the
CM is recovered.
Recovery efforts may be required to be monitored, and impact disturbance due to falling debris
on a site may require a damage assessment. EAFB Environmental Management may also require
NRHP testing if a site with undetermined NRHP status is damaged.
For the safety of workers, proper protective equipment including hearing protection would be
utilized if needed (Reference: 29 CFR 1910.95, Occupational Safety and Health Administration
(OSHA) standard for Noise Exposure) for those working close to noise sources that could be
hazardous.
When nighttime operations are required the lighting needs would be assessed to ensure the level
of lighting is commensurate with safely performing the proposed action.
The spacecraft and all jettisoned hardware would be collected, if found, and removed from the
landing site. It may not be possible to find and recover all of the mortar lids and doors due to their
small size should they land outside the lakebed. Hazardous materials and hazardous wastes would
be recovered, and disposed of by Boeing. Nonhazardous waste would be handled as solid waste
or non-regulated waste and disposed of accordingly. To ensure pollution protection all equipment
used for landing and recovery activities would be inspected in accordance with established site
procedures for POL leaks and, if necessary, appropriate containment would be placed underneath
equipment when not in use. In the unlikely event of an accidental POL spill, contaminated soil
would be cleaned using established site procedures.
All personnel working on the test project would have the required UXO, wildlife, cultural, and
necessary training. Process and plans would be in place to eliminate or mitigate anticipated
potential safety and health risks.
Any public viewers would be kept outside the landing zone. NASA and EAFB Public Affairs
would also provide ways to inform the public of the landing and related activity.
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5.0 Irretrievable and Irreversible Commitment of Resources and
Cumulative Impacts
5.1 Irretrievable and Irreversible Commitment of Resources
The proposed landing and recovery of the Starliner spacecraft would cause no losses to natural, cultural,
or human resources. Some irreversible and irretrievable commitment to resources would be expected from
the use of recovery vehicles, fuel, energy, and labor. The landing and recovery activities at the EAFB
landing site would not commit natural resources in unacceptable quantities nor cause resources to become
inaccessible for other uses.

5.2 Cumulative Impacts
This EA also considers the effects of cumulative impacts as required in 40 CFR §1508.7 and concurrent
actions as required in 40 CFR §1508.25(1). A cumulative impact, as defined by the CEQ, is the
“…impact on the environment which results from the incremental impact of the action when added to
other past, present, and reasonably foreseeable future action regardless of which agency (federal or nonfederal) or person undertakes such actions. Cumulative impacts can result from individually minor but
collectively significant actions taking place over a period of time.”
A list of past, present, and reasonably foreseeable future actions at EAFB and the surrounding area that
could result in cumulative impacts with the implementation of this Proposed Action are shown in Table 51. Since the Proposed Action would occur in an area central to EAFB property, there would be no
potential for cumulative impacts from actions occurring outside of EAFB. Therefore, any such action was
not included for consideration in this cumulative impacts analysis. However, non-DAF actions that are
occurring or would occur on EAFB were included for analysis.
Table 5-1 Past, Present, and Reasonably Foreseeable Future Actions

Action
#
1

Action
Construct Module Support
Facility
(near future)

2

3

4

Construct Temporary Storage
Facility
(expected to begin Dec 21/Jan
22)
Construct Modular Facility
(near future)
Construct Refueling Truck
Maintenance Facility
(near future)

5

Construct Hangar, New Egress
Facility, and Demolish 1400,
1407, 1410, 1412 and 1425
(expected to begin in Calendar
Year 22)

Description
Construction of new ~20,000 SF facility east of Building
130A to support the expansion of the 419th Special
Instrumentation group.
Construction of a temporary storage facility to
accommodate storage needs for site support for B-21 assets
near Buildings 1860 & 1858.
Construction of new modular facility near buildings 1022A
and 1020, including pavement, fencing, and utilities.
Construction of ~960 SF building for refueling truck
maintenance near Building 3511 parking areas.

New construction and demolition projects near Ramp 1 to
support the Flightline Strategic Plan, B-52 Re-engine
Program and Combined Task Force expansions.
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Munitions Complex Expansion
(ongoing)
Joint Simulator Environment

7

(ongoing)
Construct Muroc School

8

(ongoing)
Aratina Transmission Line

9

(near future)
BLM/SCE-Ivanpah

10

(expected to begin in Calendar
Year 22)
Edwards Solar Array
Construction

11

(ongoing)

Construction of up to ~20,000 SF of munitions storage
igloos and drive-thru igloos, as well as the necessary
utilities, infrastructure, and security features in the footprint
of Buildings 639 and 647, which would be demolished.
Construction of new ~98,000 SF facility and supporting
infrastructure to house the Joint Simulation Environment
and Electronic Warfare Groups.
Renovation of the existing school complex at Edwards to
create a TK-12 campus and improve campus infrastructure
and athletic facilities.
Construction of a transmission line to connect the Aratina
Solar Farm to the statewide electrical grid.
Replacement and modification of existing sub transmission
facilities supporting the Southern California Edison 115kV
transmission line, a portion of which runs through Edwards
AFB.
Lease of ~4,000 acres of undeveloped, non-excess real
property for construction, operation, and maintenance of a
solar photovoltaic facility for up to 40 years.

Descriptions of potential cumulative impacts for each resource area analyzed within this EA are presented
in the following sections. This analysis considers potential impacts from outside projects based on the
best available information for these proposals. Future actions would be evaluated under separate NEPA
documentation, if required, by the appropriate federal agency.

5.2.1

Air Quality

No significant impacts to regional air quality or GHGs would result from implementation of the Proposed
Action. Construction activities associated with the projects identified in Table 5-1 would result in some
impacts on regional air quality. However, with the use of standard and required best management
practices for all activities, potential impacts would be mitigated. Further, construction activities would
occur at different times and different locations on base. Since the Proposed Action would occur on rare
occasions and only when necessary, cumulative air quality impacts resulting from this Proposed Action in
conjunction with the other identified actions would be short-term and would not be significant.

5.2.2

Biological Resources

The Proposed Action analyzed in this EA would not result in significant impacts to local flora, fauna, or
overall biological resources. While the construction activities associated with the projects identified in
Table 5-1 could impact biological resources, those activities would not occur in the same area where the
Proposed Action would take place. Further, the Proposed Action would be implemented on rare occasions
and only when necessary. Therefore, cumulative impacts to biological resources as a result of this
Proposed Action and the other projects listed in Table 5-1 would not be significant.

5.2.3

Climate

This Proposed Action would not result in significant climate impacts. GHG emissions could result from
the construction activities associated with the projects identified in Table 4-1; however, each proposed
action has been or will be analyzed and ensure that potential impacts would not be significant and/or
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would be mitigated. Since the Proposed Action would be implemented on rare occasions, and only when
necessary, cumulative impacts to climate would not be significant.

5.2.4

Department of Transportation Act, Section 4(f)

No Department of Transportation Act Section 4(f) property would be used in implementing the Proposed
Action analyzed in this EA. Since there would be no impacts to Section 4(f) under this Proposed Action,
there would be no potential for cumulative impacts to this resource.

5.2.5

Land Use and Airspace

The Proposed Action analyzed in this EA would not result in significant impacts to Land Use or Airspace.
The other projects identified in Table 5-1 would not disrupt existing land uses or impact other
neighboring landowners; as stated above, all projects listed occur on-base. Therefore, cumulative impacts
to Land Use would not be significant. The projects identified in Table 5-1 would not require the use of
Airspace, so there would be no potential for cumulative impacts to this resource.

5.2.6

Physical Resources

There would be no significant impacts to water resources or geology and soils under this Proposed
Action. Potential impacts to these resources resulting from the projects identified in Table 5-1 would be
geographically and temporally separated, and would employ standard best management practices as
required. Since the Proposed Action would occur on rare occasions, and only when necessary, cumulative
impacts to water resources and/or geology and soils would not be significant.

5.2.7

Cultural Resources

The Proposed Action analyzed within this EA would not impact archaeological resources, architectural
resources, or traditional cultural properties at EAFB. Since the Proposed Action does not include
construction, any impacts to archaeological resources, architectural resources, or traditional cultural
properties resulting from construction activities associated with the other projects identified in Table 5-1
would not be cumulative to this Proposed Action. Therefore, no cumulative impacts to cultural resources
would result from the implementation of the Proposed Action in conjunction with other projects
identified.

5.2.8

Noise and Noise-Compatible Land Use

The Proposed Action analyzed within this EA would be consistent with current land use and would not
result in significant noise impacts. Potential noise impacts resulting from the projects identified in Table
5-1 would only occur as a result of construction activities. As the Proposed Action would occur on rare
occasions, and only when necessary, cumulative impacts to noise and noise-compatible land use would
not be significant.

5.2.9

Socioeconomics

The Proposed Action analyzed within this EA, which would only occur on rare occasions and only when
necessary, would result in short-term, minor impacts to socioeconomic resources within the ROI when
access to the surrounding airspaces would be restricted. However, this restriction would be temporary and
local air traffic would be re-routed during the restriction. The need for construction supplies and workers
to complete the other projects identified in Table 5-1 would result in minor, short-term, beneficial impacts
to socioeconomic resources in the area. For all projects, these impacts would cease once construction and
operational phases were complete. Therefore, there would be no long-term cumulative impacts to
socioeconomic resources resulting from the Proposed Action in conjunction with other identified actions.
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5.2.10 Environmental Justice and Children’s Environmental Health and Safety Risks
There would be no significant impacts to Environmental Justice or Children’s Environmental Health and
Safety resulting from this Proposed Action. Along with the other projects identified in Table 5-1,
potential impacts would not be expected to extend beyond the boundaries of EAFB. As such, cumulative
impacts to Environmental Justice and Children’s Environmental Health and Safety Risks would not be
significant.

5.2.11 Visual Effects
The Proposed Action analyzed in this EA would not result in significant visual impacts. Construction
activities associated with the projects outlined in Table 5-1 would result in visual changes; however, these
changes would only occur within EAFB boundaries. Construction activities would occur at different
times and different locations on base. Since the Proposed Action would occur on rare occasions, and only
when necessary, there would be no long-term cumulative visual impacts resulting from this Proposed
Action in conjunction with the other identified actions.

5.2.12 Infrastructure and Utilities
There would be no significant impacts to structures, utilities, transportation, and/or roads resulting from
the Proposed Action analyzed in this EA. Construction activities associated with the projects outlined in
Table 5-1 could impact these resources; however, those activities would occur at different times and
different locations on base. The Proposed Action would occur on rare occasions, and only when
necessary. There would be no long-term cumulative impacts to infrastructure and utilities.

5.2.13 Hazardous Materials, Hazardous Waste, Solid Waste, and Pollution
Prevention
The Proposed Action would not result in significant impacts related to hazardous materials, hazardous
waste, solid waste, and pollution prevention. Hazardous materials could be used during the construction
activities associated with the projects identified in Table 5-1, and hazardous and/or solid waste could be
generated as well. However, all projects would abide by EAFB hazardous materials and waste and solid
waste management plans. The Proposed Action would occur on rare occasions, and only when necessary.
Therefore, there would be no cumulative impacts to hazardous materials, hazardous waste, solid waste, or
pollution prevention.

5.2.14 Human Health and Safety
The Proposed Action analyzed within this EA would not result in significant impacts to health and human
safety. Standard and required safety procedures would be followed during all construction activities
associated with the projects identified in Table 5-1. Construction activities would occur at different times
and different locations on base, and the Proposed Action would occur on rare occasions, and only when
necessary. Therefore, there would be no cumulative impacts to health and human safety.
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7.0 Appendices
Appendix A – Typical Safety Data Sheets


Perfluoropolyether Heat Transfer Fluid
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Pyro Materials

89

DCC1-012991-01

Date: 11/19/2021

90

DCC1-012991-01

Date: 11/19/2021

91

DCC1-012991-01

Date: 11/19/2021

92

DCC1-012991-01

Date: 11/19/2021

93

DCC1-012991-01

Date: 11/19/2021

94

DCC1-012991-01

Date: 11/19/2021

95

DCC1-012991-01

Date: 11/19/2021

96

DCC1-012991-01

Date: 11/19/2021



97

DCC1-012991-01

Date: 11/19/2021

98

DCC1-012991-01

Date: 11/19/2021

99

DCC1-012991-01

Date: 11/19/2021

100

DCC1-012991-01

Date: 11/19/2021

101

DCC1-012991-01

Date: 11/19/2021

102

DCC1-012991-01

Date: 11/19/2021



103

DCC1-012991-01

Date: 11/19/2021

104

DCC1-012991-01

Date: 11/19/2021

105

DCC1-012991-01

Date: 11/19/2021

106

DCC1-012991-01

Date: 11/19/2021

107

DCC1-012991-01

Date: 11/19/2021

108

DCC1-012991-01

Date: 11/19/2021

109

DCC1-012991-01

Date: 11/19/2021

110

DCC1-012991-01

Date: 11/19/2021

111

DCC1-012991-01

Date: 11/19/2021

112

DCC1-012991-01

Date: 11/19/2021

113

DCC1-012991-01

Date: 11/19/2021

114

DCC1-012991-01

Date: 11/19/2021

115

DCC1-012991-01

Date: 11/19/2021

116

DCC1-012991-01

Date: 11/19/2021

117

DCC1-012991-01


Date: 11/19/2021

Ammonia

118

DCC1-012991-01

Date: 11/19/2021

119

DCC1-012991-01

Date: 11/19/2021

120

DCC1-012991-01

Date: 11/19/2021

121

DCC1-012991-01

Date: 11/19/2021

122

DCC1-012991-01

Date: 11/19/2021

123

DCC1-012991-01

Date: 11/19/2021

124

DCC1-012991-01

Date: 11/19/2021

125

DCC1-012991-01

Date: 11/19/2021

126

DCC1-012991-01

Date: 11/19/2021

127

DCC1-012991-01

Date: 11/19/2021

128

DCC1-012991-01

Date: 11/19/2021

129

DCC1-012991-01

Date: 11/19/2021

130

DCC1-012991-01


Date: 11/19/2021

Coolant - DuPont Hydro-fluorocarbon (HFC) 134a
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Appendix B –Dispersion Modeling of Hydrazine H4N2 Using Areal
Locations of Hazardous (ALOHA)
Introduction
The proposed action involves the use of hydrazine (H4N2). Hydrazine is a colorless flammable liquid
with an ammonia-like odor. The purpose of this dispersion modeling analysis is to provide predictive
estimates of the potential impact of various individual release scenarios of the hydrazine.
ALOHA is an atmospheric dispersion model available from the U.S. Environmental Protection Agency
used to evaluate releases of hazardous chemical vapors and therefore was selected to model the hydrazine
release scenarios. ALOHA generates estimates of the downwind dispersion of a chemical cloud based on
the toxicological/physical characteristics of the released chemical, atmospheric conditions, and specific
circumstances of the release. With the use of the ALOHA air dispersion model, it shows that a release of
hydrazine will disperse out from a source in a predictive manner.

Model Scenarios
Three cases were evaluated and modeled. These are based on the release of the worst-case propellant left
in the Starliner spacecraft after an ISS mission, under three different weather conditions for each. These
three cases provided results that enveloped all possible combinations of weather conditions. These are
referred to as Test Case 1- 3 and are detailed below. In all cases, the model shows the leaking hydrazine
could cause a flammability hazard within approximately 150 yards downwind of the spacecraft; however,
the concentrations are not high enough to allow for a detonation.
.
Hydrazine Release Scenarios
Nominal Propellant: Represents the nominal end of mission case based on the propellant
loading for the two test missions and a typical mission to the ISS. In this scenario, the Starliner
spacecraft would land with no more than 90 pounds of hydrazine remaining in its propellant
tanks. This scenario assumes a leak in the propellant system that is not isolatable, causing a leak
of the entire 90 pounds.
Test Case 1 - Daytime Landing, Low Cloud Cover and Wind speed
Note: the majority of Starliner landings are planned for these conditions.
Test Case 2 - Nighttime Landing, Low Cloud Cover and Wind speed
Test Case 3 - Anytime Landing, High Cloud Cover and Wind speed

Model Results
The ALOHA model output shows a toxic threat zone is an overhead view of the area where the groundlevel pollutant concentration is predicted to exceed the Level of Concern (LOC) at some time after a
release begins. That is, for any point within the threat zone, ALOHA predicts that the LOC will be
exceeded at some time after the release begins—typically, this happens shortly after the cloud of pollutant
gas reaches that point. Not all points within the threat zone will exceed the LOC for the same length of
time. ALOHA displays the corresponding threat zones in red, orange, and yellow, and overlays them on a
single threat zone picture as shown in Figures C-1 though C-3. By default, the red zone represents the
worst hazard. (NOAA 2013)

AEGL
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The Acute Exposure Guideline Level (AEGL) is a guideline intended to describe the risk to humans
resulting from once-in-a-lifetime, or rare, exposure to airborne chemicals. Acute exposures are defined as
single, non-repetitive exposures for not more than 8 hours. The development of the AEGLs is a
collaborative effort of the public and private sectors worldwide. The National Advisory Committee for
the Development of Acute Exposure Guideline Levels for Hazardous Substances (AEGL Committee) is
involved in developing these guidelines to help both national and local authorities, as well as private
companies, deal with emergencies involving spills, or other catastrophic exposures.
There three AEGL values are:
AEGL-1: Discomfort, non-disabling.
AEGL-2: Irreversible or other serious, long-lasting effects or impaired ability to escape.
AEGL-3: Life-threatening effects or death
(EPA 2013)(CDC NIOSH 2013)
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Figure C- 1: EAFB Test Case 1 - Daytime Landing, Low Cloud Cover and Wind Speed
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Figure C- 2: EAFB Test Case 2 - Nighttime Landing, Low Cloud Cover and Wind Speed
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Figure C- 3: EAFB Test Case 3 - Anytime Landing, High Cloud Cover and Wind Speed
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Appendix C – Sonic Boom Modeling Using PCBoom
The sonic boom footprint was computed for the Starliner spacecraft using NASA-provided PCBoom6
software. The model was run utilizing an approximation of a blunt spacecraft and with the Boeingprovided trajectory information for each approach. The sonic boom is generated while the Starliner is
traveling at supersonic speed during it’s decent to the landing site.
The Starliner could approach the landing site from two directions, one approach from the southwest (entry
from a descending node of the Starliner orbit) and one from the northwest (entry from an ascending node
of the Starliner orbit). The trajectory selected for a particular landing will be based on several factors,
including selecting a de-orbit that allows for one or more backup opportunities, time of day, and weather.
Figure D-1 shows the descending node trajectory to EAFB. Figure D-2 shows the sonic boom footprint
for this trajectory.
Figure D-3 shows the ascending node trajectory to EAFB. Figure D-4 shows the sonic boom footprint for
this trajectory.
The Mach 1 transition takes place at approximately 60,000 feet altitude above sea level. This transition
takes place over EAFB for both trajectories.

Figure D- 1: EAFB Descending Node Trajectory
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Figure D- 2: EAFB Descending Node Trajectory Sonic Boom Footprint
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Figure D- 3: EAFB Ascending Node Trajectory
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Figure D- 4: EAFB Ascending Node Trajectory Sonic Boom Footprint
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Booms in the 0.2 to 0.3 psf range could be heard by someone who is expecting and listening for it,
but usually would not be noticed. Booms of 0.5 psf are more likely to be noticed, and booms of 1.0
psf are certain to be noticed. Some residents may be concerned about property damage, mostly to fragile
items like glass. The probability of a 1 psf boom breaking a typical residential window is somewhat less
than one in a million.(Hershey, 1974)
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Appendix D - Biological Opinion for Operations and Activities at
Edwards Air Force Base, California
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Appendix E - Emissions Calculations
Emission calculations were done using a combination of Air Emissions Guide for Air Force Mobile
Sources Methods For Estimating Emissions Of Air Pollutants For Mobile Sources At United States Air
Force Installations (June 2020), and AP-42: Compilation of Air Emissions Factors the Air Emissions
Guide For Air Force Mobile Sources. The below calculations include the vehicles needed to bring Boeing
recovery gear to/from EAFB to recovery the CM, vehicles rented locally by the Boeing team, and heavy
equipment (crane, generator, two forklifts) provided by EAFB. It does not include other EAFB support
vehicles and emissions sources provided from base assets as the proposed use would be comparable to
daily operations.
For the vehicles that travel through multiple states (for non-California emissions) or counties (for
California emissions) the worst case emissions factors were utilized in the calculations. For the particulate
matter calculations for California the worst case factors were also adjusted to take into account the
possibility of no yearly precipitation in those counties.
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Semi-Truck Mileage KSC to EAFB
State
Florida
Alabama
Mississippi
Louisiana
Texas
New Mexico
Arizona
Total Non-California
San Bernardino County
Kern County
Total California
Source: Google Maps
Semi-Truck Mileage WSMR to EAFB
State
New Mexico
Arizona
Total Non-California
Riverside
San Bernardino County
Los Angeles County
Kern County
Total California
Source: Google Maps

One Way Round Trip
Miles
Miles
535
80
205
190
600
380
360
1545
3090
200
25
225

450

One Way Round Trip
Miles
Miles
215
400
615
1230
160
45
50
25
280

560

Rental Car Mileage Lancaster to EAFB
# vehicles

Round Trip
Total
# of days
Miles
Miles
4
60
12 2880
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Emissions Factors Non-California
Vehicle Types:
HDDV: Heavy-Duty Vehicles (8,501 + lbs.)
State

Fuel

Vehicle
Type

Emissions Factors (g/mi)
Critical Pollutants and Ozone Precursors
CO

VOC NOX
0.34
0.38
0.37
0.41
0.36
0.49
0.43

3.79
4.18
4.1
4.27
4.07
5.22
4.86

SO2

PM10

PM2.5

FL
AL
MS
LA
TX
NM
AZ

Diesel
Diesel
Diesel
Diesel
Diesel
Diesel
Diesel

HDDV
HDDV
HDDV
HDDV
HDDV
HDDV
HDDV

1.532
1.563
1.533
1.641
1.525
1.803
1.706

0.013
0.013
0.012
0.013
0.013
0.013
0.013

0.151
0.144
0.141
0.145
0.143
0.147
0.15

0.139
0.133
0.129
0.134
0.131
0.135
0.138

Worst Case

Diesel

HDDV

1.803 0.49 5.22 0.013

0.151

0.139

CO2e
1546.1
1485.87
1472.57
1513.29
1499.18
1492.81
1540.1

NH3
0.03
0.03
0.03
0.03
0.03
0.03
0.03

1546.1 0.03

Source:
AIR EMISSIONS GUIDE FOR AIR FORCE MOBILE SOURCES
METHODS FOR ESTIMATING EMISSIONS OF AIR POLLUTANTS FOR MOBILE SOURCES AT UNITED STATES AIR FORCE INSTALLATIONS (June 2020)
Table 5-20. On-Road Vehicle Emission Factors – 2021
Semi-Truck Calculations Non-California
Total Miles Driven: 3090 + 1230 = 4320 miles
CO
Emission Factor g/mi
X 4320 mi = grams
X.0022 lbs./g = lbs.

VOC
1.803
7789
17.1

NOX

SO2

PM10 PM2.5 CO2e

0.488 5.215 0.01 0.15 0.139 1546.1
2108 22529
56 652 600 6679135
4.6 49.6 0.1 1.4 1.3 14694.1
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Semi-Truck Calculations California
Total Miles Driven: 450 + 560 = 1010 miles
CO
Emission Factor g/mi
X 1010 mi = grams
X.0022 lbs./g = lbs.

VOC
1.803
1821
4.0

NOX

SO2

PM10 PM2.5 CO2e

0.488 5.215 0.01 0.15 0.139 1546.1
493 5267
13 153 140 1561557
1.1 11.6 0.0 0.3 0.3 3435.4

NH3
0.029
29
0.1

Rental Car / POV Emissions Factors California

County

Vehicle
Type

Kern
Los Angeles
San Bernardino
Riverside

All
All
All
All

Worst Case

All

Emissions Factors (g/mi)
Critical Pollutants and Ozone Precursors
SO2 CO ROG PM10 PM2.5
CO2

NOx
0.27
0.247
0.257
0.24

0.004
0.004
0.004
0.004

2.19
2.22
2.18
2.04

0.31
0.31
0.32
0.29

0.053
0.055
0.052
0.053

0.27 0.004 2.22 0.32 0.055

0.023
0.024
0.023
0.023

NH3

382.72
383.84
370.41
364.19

0.024
0.024
0.024
0.024

0.024 383.84

0.024

Source:
AIR EMISSIONS GUIDE FOR AIR FORCE MOBILE SOURCES
METHODS FOR ESTIMATING EMISSIONS OF AIR POLLUTANTS FOR MOBILE SOURCES AT UNITED STATES AIR FORCE INSTALLATIONS (June 2020)
Table 5-25. EMFAC County-Specific On-Road Vehicle Composite EFs – 2021 POV
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Rental Car POV Calculations California
Total Miles Driven: 2880 miles
NOx
Emission Factor g/mi
X 2880 mi = grams
X.0022 lbs./g = lbs.

SO2
0.27
778
1.71

CO

ROG PM10 PM2.5 CO2

0.004 2.216 0.32 0.06 0.024 383.835
12 6382 907 158
69 1105445
0.03 14.04 2.00 0.35 0.15 2431.98

NH3
0.024
69
0.15

Total Vehicle Exhaust Emissions per Landing (lbs.)
NOx
California
Non-California

SO2
5.72
17.1

CO

ROG PM10 PM2.5 CO2

1.11 25.63 2.02 0.68
4.6 49.6 0.1 1.4
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Paved Road Emissions Factors
Vehicle Types:
2 HDDV: Heavy-Duty Vehicles (8,501 + lbs.) + 4 LDDT: Light Duty Trucks
Vehicle
Silt
Weight
Traffic
Loading
State
Average
Category
(g/m2)
(ton)
FL
0.03
2.33 >10,000
AL
0.03
2.33 >10,000
MS
0.03
2.33 >10,000
LA
0.03
2.33 >10,000
TX
0.03
2.33 >10,000
NM
0.03
2.33 >10,000
AZ
0.03
2.33 >10,000
CA (Southern)
0.03
2.33 >10,000
Worst Case
0.03
2.33 >10,000

Annual
Precipitatio
n Days
120
120
110
110
80
60
40
30
0

Emissions Factors (g/mi)
Fugitive Dust
PM
0.469
0.469
0.473
0.473
0.483
0.490
0.497
0.501
0.512

PM10
0.090
0.090
0.090
0.090
0.092
0.094
0.095
0.096
0.098

Source:
AP-42
13.2.1 Paved Roads
Table 13.2.1-1 Particle Size Multipliers for Paved Road Equation
Table 13.2.1-2 Ubiquitous Silt Loading Default Values with Hot Spot Contributions from Anti-Skid Abrasives
Paved Roads Dust Calculations Non-California
Total Miles Driven: 3090 + 1230 = 4320 miles
PM
Emission Factor g/mi
X 4320 mi = grams
X.0022 lbs./g = lbs.

PM10
0.512
2210
4.9

PM2.5
0.098
422
0.9

0.024
105
0.2
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Paved Roads Dust Calculations California
Total Miles Driven: 450 + 560 + 2880 = 3890 miles
PM
Emission Factor g/mi
X 4320 mi = grams
X.0022 lbs./g = lbs.

PM10
0.501
1949
4.3

PM2.5
0.096
372
0.8

0.024
93
0.2

Unpaved Road Emissions Factors
Vehicle Types:
2 HDDV: Heavy-Duty Vehicles (8,501 + lbs.) + 4 LDDT: Light Duty Trucks
Vehicle
Annual
Silt
Weight
CA County
Precipitation
Content %
Average
Days
(ton)
San Bernardino County
8.5
2.33
30
Kern County
8.5
2.33
30
Worst Case
8.5
2.33
0
Source:
AP-42
13.2.2 Unpaved Roads Equation 1a
Table 13.2.2-2 Constants for Equations 1a and 1b
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Emissions Factors (lb/mi)
Fugitive Dust
PM
3.16
3.16
3.44

PM10

PM2.5

0.90
0.90
0.98

0.09
0.09
0.10
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Unpaved Road Calculations California
Total Miles Driven: 20 + 20 + 80 = 120 miles
PM
Emission Factor g/mi
X 1000 mi = grams
X.0022 lbs./g = lbs.

PM10
3.44
413
0.91

PM2.5
0.98
118
0.26

0.10
12
0.03

Total Fugitive Dust Emissions per Landing (lbs.)
PM
California
Non-California

PM10
5.20
4.9

PM2.5
1.08
0.9

0.23
0.2
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Recovery Equipment (EAFB provided)
Equipment Type
Crane
Generator
Forklift

No of
Fuel
Equipment
1 Diesel
1 Diesel
2 Diesel

Hours per Total
Day
Days
4
24
2

Total
Hours
3
4
3

12
96
6

Emission Factors for Equipment California

VehClass
ConstMin - Cranes
Portable Equipment - Non-Rental Generator
Industrial - Forklifts

MdlYr
Aggregated
Aggregated
Aggregated

HP_Bin
Aggregated
Aggregated
Aggregated

HC EF
ROG EF TOG EF CO EF
NOx EF CO2 EF PM10 EF PM2.5 EF PM EF
SOx EF
NH3 EF
lb/hr per lb/hr per lb/hr per lb/hr per lb/hr per lb/hr per lb/hr per lb/hr per lb/hr per lb/hr per lb/hr per
vehicle vehicle vehicle vehicle vehicle vehicle vehicle vehicle vehicle vehicle vehicle
3.14E-04 3.80E-04 4.52E-04 2.58E-03 4.17E-03 5.41E-01 1.91E-04 1.76E-04 1.91E-04 5.00E-06 4.42E-06
2.33E-04 2.82E-04 3.36E-04 1.82E-03 2.76E-03 5.72E-01 1.08E-04 9.98E-05 1.08E-04 5.28E-06 4.67E-06
3.80E-05 4.60E-05 5.48E-05 4.01E-04 3.98E-04 5.96E-02 2.65E-05 2.44E-05 2.65E-05 5.50E-07 4.86E-07

Fuel
Diesel
Diesel
Diesel

Source:
OFFROAD2017 (v1.0.1) Emissions Inventory
Region Type: Air Basin
Region: Mojave Desert
Calendar Year: 2021
Scenario: All Adopted Rules - Exhaust
Vehicle Classification: OFFROAD2017 Equipment Types
https://www.arb.ca.gov/orion/
EF (lb/hr) = Emissions (ton/day) / Population / Activity (hours/yr) * 2000 lb/ton
Equipment Calculations California
Crane

NOx

SO2

CO

ROG

PM

PM10

PM2.5

CO2

NH3

Emission Factor (lb/hr)
X Total Hours = lb

4.17E-03
0.050

5.00E-06
5.99E-05

2.58E-03 3.80E-04 1.91E-04 1.91E-04 1.76E-04 5.41E-01 4.42E-06
0.031
0.005
0.002
0.0023
0.0021
6.496 5.30E-05

Generator
X Total Hours = lb

2.76E-03
0.265

5.28E-06
0.001

1.82E-03 2.82E-04 1.08E-04 1.08E-04 9.98E-05 5.72E-01 4.67E-06
0.174
0.027
0.010
0.010
0.010
54.905
0.000

Forklift
X Total Hours = lb

3.98E-04
0.002

5.50E-07
0.000

4.01E-04 4.60E-05 2.65E-05 2.65E-05 2.44E-05 5.96E-02 4.86E-07
0.002
0.000
0.000
0.000
0.000
0.358
0.000

0.32

0.001

Total emissions (lb) from equipment

0.21

0.03

0.01
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Appendix F – Jettisoned Items Containment Evaluator (JICE)
Model
Boeing developed to JICE model to determine the landing locations for the various parts that
jettison from the Starliner during the landing sequence. The model was developed for use both in
determining the impacted areas for the Starliner EAs and for inclusion in the analysis done to
meet NASA and FAA public risk requirements.
The list of parts is shown in Table G-1. The deployment sequence begins with the FHS chute
doors at 30,000 feet and ends with the main chutes that detach from the Starliner at landing.
Table G- 1: Jettisoned Parts Information
Quantity

Description

Shape
radius
ft.

2
2
2
1
2
2
2
3
3
3
1
3

FHS Chute Doors
FHS Mortar Lids
FHS Chute Sabots
FHS With Chutes
Drogue Mortar Lids
Drogue Chute Sabots
Drogue Chutes
Pilot Mortar Lids
Pilot Chute Sabots
Pilot Chutes
BHS
Main Chutes

plate
disk
cylinder
disk
cylinder
disk
cylinder
disk

Dimensions
width
length
ft.
ft.
0.8

0.3
0.3
0.7
0.7
12.0
0.3
0.3
4.9
7.3
52.0

height
ft.

1.00
0.3

0.3

0.3
3.0

Mass

Terminal
Velocity

lb.

mph

1.00
0.25
0.75
329.00
0.75
3.00
67.50
0.25
0.75
10.00
1682.0
180.00

33
29
59
42
31
68
11
29
47
17
72
3

The model was developed with the following assumptions and limitations:






Flat terrain
1 second uncertainty on the following nominal event timeline
 0.7s after 30,000 ft. geodetic altitude: FHS deploy items
 5s after 30,000 ft. geodetic altitude: Drogue deploy items
 0.8s after 8000 ft. AGL altitude: Drogue chutes, pilot chutes, and pilot chute
deploy items
Jettison items trajectories were modelled using tumbling area and drag coefficients with
+/- 10% uncertainty
Wind persistence uncertainty was not considered

The model was run utilizing 3000 historical wind cases at EAFB, 250 cases for each month. It
was determined during these runs that the orbital approach direction (ascending vs descending)
and the cross range needed to get to the landing site did not affect jettison item impact locations.
It was also compared against the landing location during various Starliner parachute drop tests
and updated based on those results. Results from future missions will be compared against the
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actual landing locations to determine if additional modifications are required. Both the NASA
Commercial Crew Program Office and the FAA reviewed the tool methods.
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Appendix G - Results of Consultations
SHPO Consultation
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Appendix H - EAFB Biological Resources
Table H-1 contains the list of both federal and state species of concern located within EAFB.
Table H-2 contains information on animal species listed in the USF&W IPaC database for
EAFB.
Table H-3 lists the animal species listed in the USF&W IPaC database and which have critical
habitat within the sonic boom footprint.
Table H- 1: EAFB Species of Concern
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Table H- 2: IPaC Species Information for EAFB
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Threatened Species

IPaC Description

Desert Tortoise
(Gopherus agassizii)

Gopherus agassizii is terrestrial, with a domed shell and round,
stumpy elephantine hind legs. The front limbs are flattened for
digging and heavily scaled without webbed toes. The carapace
(upper shell) is oblong and domed with the sides round due to
joining of the carapace and plastron (lower shell). The scute
centers are often yellowish which have grooved concentric rings.
The plastron is also yellowish, with brown along the scute
margins. The head is small and rounded in front with reddish-tan
coloring and the iris being greenish-yellow. The front and hind
feet are about equal in size and the tail is of short length.

Migratory Birds
Allen's Hummingbird
(Selasphorus sasin)

Allen's Hummingbird is a small and compact hummingbird. It is
extensively rusty in most plumages. Immature Allen's
Hummingbirds are similar to adult females, but have both less
spotting on the throat and rufous on flanks. Males have an
iridescent red throat and shiny green back.

Burrowing Owl (Athene
cunicularia)

In general, Burrowing Owls have a distinct oval facial ruff, framed
by a broad, buffy-white eyebrow-to-malar stripe on the interior
part. The Iris is usually bright, lemon yellow. Wings are relatively
long and rounded, with 10 brown and buffy-white barred
primaries, and tails are short with 12 brown and buffy-white
barred rectrices. They have a brown dorsum, profusely spotted
back, scapulars, and crown, white throat and undertail coverts.
Sexes are not reliably distinguishable by general plumage or size,
although during the breeding season, females are generally darker
than males. The most apparent differences of juveniles from adults
are a solid buff-colored chest (as opposed to mottled) and an
obvious buff-colored patch across the dorsal surface of the wings.

Clark's Grebe
(Aechmophorus clarkia)

No description available

Costa's Hummingbird
(Calypte costae)

The Costa's Hummingbird is small with green upperparts. Males
have an iridescent violet crown and throat patch, also called a
gorget, which extends out the sides of the throat. Females have a
white throat and underparts, sometimes with violet feathers.
Juveniles resemble adult females; have a gray-buff edging on
feathers of upperparts, and a doubly-rounded tail instead of singlyrounded.

Golden Eagle (Aquila
chrysaetos)

No description available
This is not a Bird of Conservation Concern (BCC) in this area, but
warrants attention because of the Eagle Act or for potential
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susceptibilities in offshore areas from certain types of
development or activities.

Lawrence's Goldfinch
(Carduelis lawrencei)

The Lawrence's Goldfinch is a small songbird with a gray back
and sides, yellow patch on the chest, yellow wingbars and a dusky
or black face. Adult males have a black face, gray nape and
mantle, black wings with broad yellow bars, yellow edges on
primary feathers and a yellow patch on the breast. Adult females
are gray overall and have subtle yellow wing bars, edges of
primary feathers, and breast patch. Juveniles are similar to adult
females, but have even less yellow, and sometimes appear all
brownish gray.

Le Conte's Thrasher
(toxostoma lecontei)

Le Conte's Thrashers are large, long-tailed songbird that are pale
sandy gray all over. They have a down-curved bill, dark tail and
pale reddish undertail. Juveniles are similar to adults, but are
slightly paler, with a paler undertail.

Long-billed Curlew
(Numenius americanus)

The Long-billed curlew is a large, long-legged shorebird with a
very long, decurved bill. Body plumage is rich buff throughout
tinged with cinnamon or pink, and with upperparts streaked and
barred with dark brown; underwing-lining contrasting cinnamon,
and upper surface of remiges contrasting orange-brown. Sexes
similar in appearance, but female averages larger with longer bill
than male. Juvenile distinguished from adult by wing-coverts,
which have dark-brown centers but lack dark-brown barring and
pale notches. Juvenal tertials also more brightly marked than in
adult, with darker, wider central stripes and cinnamon-buff versus
grayish-buff ground color; underparts may also be less
prominently streaked than in adults, and bill distinctly shorter,
especially in newly fledged birds.

Marbled Godwit (Limosa
fedoa)

Marbled Godwits are large shorebirds that have a slightly upturned
bill with a dark tip and pinkish base, long legs, and are rich buffbrown all over. In addition to having cinnamon wing linings and
an orangish stripe in their wings, their breeding plumage consists
of barring across their chest. Nonbreeding plumage consists of a
plain breast, and juveniles look similar to nonbreeding adults.

Mountain Plover
(Charadrius montanus)

The Mountain Plover is about the size of a Killdeer (Charadrius
vocierus) but with longer legs and more erect posture. Sexes are
similar in both size and plumage coloration, remaining drably
colored most of the year and lacking black breast bands typical of
many other plovers.

Rufous Hummingbird
(selasphorus rufus)

A fairly small hummingbird with a slender, nearly straight bill, a
tail that tapers to a point when folded, and fairly short wings. In
good light, males glow like coals: bright orange on the back and
belly, with a vivid iridescent-red throat. Females are green above
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with rufous-washed flanks, rufous patches in the green tail, and
often a spot of orange on the throat.

Whimbrel (Numenius
phaeopus)

The Whimbrel is a large shorebird with a long neck, legs and
down-curved bills. They are streaked, buffy, crown dark and have
a distinct light stripe in the middle. Juveniles are similar to adults,
but have light spots on their back, a less distinct crown stripe,
more buff breast, and finer streaking on the neck and chest.

Willet (Tringa
semipalmata)

No description available

Table H- 3: IPaC Listed Species Within the Sonic Boom Footprint

Species

Status

Critical Habitat in Sonic

Boom Footprint
Mammals
San Joaquin Kit Fox
(Vulpes macrotis mutica)
Sierra Nevada Bighorn Sheep (Ovis
canadensis sierra)
Fresno Kangaroo Rat
(Dipodomys nitratoides exilis)
Fisher
(Pekania pennanti)
Giant Kangaroo Rat
(Dipodomys ingens)
Tipton Kangaroo Rat
(Dipodomys nitratoides nitratoides)
Southern Sea Otter
(Enhydra lutris nereis)
Birds
California Condor
(Gymnogyps californianus)
California Least Tern
(Sterna antillarum browni)
Coastal California Gnatcatcher
(Polioptila californica californica)
Least Bell's Vireo
(Vireo bellii pusillus)
Southwestern Willow Flycatcher
(Empidonax traillii extimus)
Western Snowy Plover (Charadrius
alexandrinus nivosus)
Yellow-billed Cuckoo
(Coccyzus americanus)
Light-footed Clapper Rail

Endangered

No

Endangered

No

Endangered

No

Endangered

No

Endangered

No

Endangered

No

Threatened

No

Endangered

Yes

Endangered

No

Threatened

Yes

Endangered

Yes

Endangered

Yes

Threatened

Yes

Threatened

Yes

Endangered
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(Rallus longirostris levipes)
Marbled Murrelet
(Brachyramphus marmoratus)
Reptiles
Blunt-nosed Leopard Lizard
(Gambelia silus)
Desert Tortoise
(Gopherus agassizii)
Giant Garter Snake
(Thamnophis gigas)
Amphibians
California Red-legged Frog
(Rana draytonii)
California Tiger Salamander
(Ambystoma californiense)
Arroyo (=arroyo Southwestern)
Toad
(Anaxyrus californicus)
Mountain Yellow-legged Frog
(Rana muscosa)
Insects
Kern Primrose Sphinx Moth
(Euproserpinus Euterpe)
Valley Elderberry Longhorn Beetle
(Desmocerus californicus
dimorphus)
El Segundo Blue Butterfly
(Euphilotes battoides allyni)
Fishes
Mohave Tui Chub
(Gila bicolor ssp. Mohavensis)
Santa Ana Sucker
(Catostomus santaanae)
Tidewater Goby
(Eucyclogobius newberryi)
Unarmored Threespine Stickleback
(Gasterosteus aculeatus
williamsoni)
Delta Smelt
(Hypomesus transpacificus)
Little Kern Golden Trout
(Oncorhynchus aguabonita whitei)
Crustaceans
Riverside Fairy Shrimp
(Streptocephalus woottoni)
Vernal Pool Fairy Shrimp

Date: 11/19/2021

Threatened

No

Endangered

No

Threatened

Yes

Threatened

No

Threatened

Yes

Threatened

Yes

Endangered

Yes

Endangered

Yes

Threatened

No

Threatened

No

Endangered

No

Endangered

No

Threatened

Yes

Endangered

Yes

Endangered

No

Threatened

No

Threatened

No

Endangered

Yes

Threatened
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(Branchinecta lynchi)
Conservancy Fairy Shrimp
(Branchinecta conservation)
Vernal Pool Tadpole Shrimp
(Lepidurus packardi)
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Endangered

Yes

Endangered

Yes
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Appendix I - Agencies Consulted
National Aeronautics and Space Administration
Federal Aviation Administration
Department of the Air Force
California State Historic Preservation Officer
Tejon Indian Tribe
The San Manuel Band of Mission Indians
The Colorado River Indian Tribe
The Morongo Band of Mission Indian
The Chemehuevi Indian Tribe

251

DCC1-012991-01

Date: 11/19/2021

Appendix J – Licenses and Permits Required
FAA





Launch License for United Space Alliance Atlas V Rocket
o Issued
Re-entry License for Boeing Starliner Spacecraft
o Application in process
o Required before the first operational mission after CFT
Department of the Air Force
o Below is the EAFB portable equipment registration.
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