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for
Issuing Licenses to SpaceX for Falcon Launches at Kennedy Space
Center and Cape Canaveral Air Force Station

Summary

The Federal Aviation Administration (FAA) prepared the attached Final Environmental Assessment (EA)
to analyze the potential environmental impacts of issuing launch licenses to Space Exploration
Technologies Corp. (SpaceX) to conduct Falcon 9 and Falcon Heavy launches from Kennedy Space
Center’s (KSC) Launch Complex 39A (LC-39A) and Cape Canaveral Air Force Station’s (CCAFS) Launch
Complex 40 (LC-40). The EA also analyzed the potential environmental impacts of issuing reentry
licenses to SpaceX for Dragon reentry operations. The EA was prepared in accordance with the National
Environmental Policy Act of 1969, as amended (NEPA; 42 United States Code [U.S.C.] § 4321 et seq.);
Council on Environmental Quality NEPA implementing regulations (40 Code of Federal Regulations [CFR]

parts 1500 to 1508); and FAA Order 1050.1F, Environmental Impacts: Policies and Procedures.

After reviewing and analyzing available data and information on existing conditions and potential
impacts, the FAA has determined the Proposed Action would not significantly affect the quality of the
human environment. Therefore, the preparation of an Environmental Impact Statement (EIS) is not
required, and the FAA is issuing this Finding of No Significant Impact (FONSI). The FAA has made this
determination in accordance with applicable environmental laws and FAA regulations. The Final EA is

incorporated by reference into this FONSI.

For any questions or to request a copy of the EA, contact the following FAA Environmental Specialist. A
copy of the EA may also be obtained from the FAA’s website:

https://www.faa.gov/space/environmental/nepa docs/

Daniel Czelusniak
Environmental Specialist



Federal Aviation Administration

800 Independence Ave., SW, Suite 325
Washington DC 20591
Daniel.Czelusniak@faa.gov

(202) 267-5924

Purpose and Need

The purpose of FAA’s Proposed Action is to fulfill the FAA’s responsibilities as authorized by the
Commercial Space Launch Act (51 U.S.C. Subtitle V, ch. 509, §§ 50901-50923) for oversight of
commercial space launch activities, including licensing launch activities. The need for FAA’s Proposed
Action results from the statutory direction from Congress under the Commercial Space Launch Act, 51
U.S.C 50901(b) to, in part, “protect the public health and safety, safety of property, and national security
and foreign policy interests of the United States” while “strengthening and [expanding] the United
States space transportation infrastructure, including the enhancement of United States launch sites and
launch-site support facilities, and development of reentry sites, with Government, State, and private

sector involvement, to support the full range of United States space-related activities.”

Proposed Action

The FAA is proposing to modify existing SpaceX launch licenses or issue new launch licenses to SpaceX to
continue conducting Falcon launch operations at KSC and CCAFS and to issue new reentry licenses to
SpaceX for Dragon reentry operations. SpaceX is also proposing to construct a mobile service tower
(MST) at LC-39A to support commercial launches and the U.S. Air Force’s National Security Space Launch
program. NASA is responsible for approving the construction of the MST at LC-39A. The FAA has no
federal action related to the construction of the MST. Therefore, construction of the MST is not

addressed in this FONSI.

Alternatives

Alternatives analyzed in detail in the EA include (1) the Proposed Action and (2) the No Action
Alternative. Under the No Action Alternative, the FAA would not modify existing SpaceX licenses or issue
new licenses to SpaceX for Falcon launch and Dragon reentry operations as discussed in Section 2.1 of
the EA. SpaceX would continue Falcon 9 and Falcon Heavy launch operations at KSC and CCAFS, as well
as Dragon reentry operations, as analyzed in previous NEPA and environmental reviews and in

accordance with existing FAA licenses until the licenses expire.



Public Involvement

On February 27, 2020, the FAA published a Notice of Availability of the Draft EA in the Federal Register.
The public comment period ended on March 20, 2020. The FAA received six comment submissions (see

Appendix D of the Final EA). The FAA considered all public comments when preparing the Final EA.

Environmental Impacts

The potential environmental impacts from the Proposed Action and No Action Alternative were
evaluated in the attached Final EA for each environmental impact category identified in FAA Order
1050.1F. Chapter 3 of the Final EA describes the affected environment and regulatory setting. In
addition, Chapter 3 identifies those environmental impact categories that are not analyzed in detail,
explaining why the Proposed Action would have no potential effect on those impact categories. Those
impact categories include farmlands, floodplains and wetlands, environmental justice and children’s

environmental health and safety risks, and wild and scenic rivers.

Chapter 4 of the Final EA provides evaluations of the potential environmental consequences of each
alternative for each of the environmental impact categories analyzed in detail and documents the
finding that no significant environmental impacts would result from the Proposed Action. In addition,

Chapter 4 addresses the requirements of special purpose laws, regulations, and executive orders.

A summary of the documented findings for each impact category, including requisite findings with

respect to relevant special purpose laws, regulations, and executive orders, is presented below.

e Air Quality, Final EA Section 4.3. Air pollutant emissions below 3,000 feet would be of short
duration (a matter of seconds) during launches, including landings. Air pollutant emissions
would not result in violations of any air quality standards, including the National Ambient Air
Quality Standards. Therefore, the Proposed Action would not result in significant impacts on air

quality.

o Biological Resources (including Fish, Wildlife, and Plants), Final EA Section 4.8. Temporary and
infrequent impacts (e.g., startle response) on wildlife species would occur due to launch noise.
In accordance with Section 7 of the Endangered Species Act (ESA), the FAA conducted
consultation with the U.S. Fish and Wildlife Service (USFWS) and the National Marine Fisheries
Service (NMFS). USFWS and NMFS concluded that the Proposed Action would not jeopardize the

continued existence of a federally listed threatened or endangered species, and would not



result in the destruction or adverse modification of federally designated critical habitat.

Therefore, the Proposed Action would not result in significant impacts on biological resources.

Climate, Final EA Section 4.4. The maximum total annual greenhouse gas (GHG) emissions under
the Proposed Action is estimated to be 68,877 metric tons of carbon dioxide equivalent (COze).
Though emissions from launch operations would increase the yearly levels of GHGs, the
emissions would represent a negligible fraction of GHG emissions from the United States and

the world. Therefore, the Proposed Action would not result in significant climate impacts.

Coastal Resources, Final EA Section 4.9. Launch operations would take place in the coastal zone
but not within intertidal areas, salt marshes, estuaries, or coral reefs. The Proposed Action does
not include any coastal construction or seafloor-disturbing activities. Dragon reentry and
recovery operations would occur in deeper waters at least five nautical miles off the Atlantic or
the Pacific coasts. The Florida State Clearinghouse review resulted in no objections. Therefore,

the Proposed Action would not result significant impacts on coastal resources.

Department of Transportation Act, Section 4(f), Final EA Section 4.7. The Proposed Action
would not result in a physical use of any Section 4(f) property. Section 4(f) properties could be
exposed to a sonic boom during booster returns to CCAFS and during a Falcon 9 polar launch.
The FAA has determined that Falcon launches, including landings, would not result in substantial
impairment of the 4(f) properties because sonic booms would occur infrequently and would be
similar to or less than the noise experienced during a clap of thunder in the majority of the sonic
boom footprints. Thus, the Proposed Action would not result in a constructive use of any 4(f)
property. On launch days, there is a possibility of temporary restricted access due to visitor
volume on sections of KSC managed by USFWS and National Park Service (NPS), as have
occurred for other space programs. These temporary closures of Section 4(f) properties are
typically related to crowd control and access for emergency services. They are related to the
volume of visitor traffic in an area and are not related to a public safety hazard from a launch.
Any potential closures due to visitor volume would be coordinated between KSC security,
USFWS, and NPS by monitoring to ensure parking lot thresholds are not exceeded, and that
roadways allow for emergency egress for any form of emergency associated with large crowds.
Such closures would not be expected to cause more than a minimal disturbance to the
enjoyment of the resources of MINWR and CNS and would be determined by the land managing

agencies. In summary, the Proposed Action would not constitute a physical or constructive use



of any Section 4(f) property and therefore would not result in significant impacts to Section 4(f)

properties.

For some future launches and landings, debris and/or propellant dispersion analyses could lead
to a recommendation by USAF Range Safety to close parts of MINWR and CNS to ensure public
safety. Day-of-launch winds, anticipated crowds, and time of day are among the many factors
that contribute to this recommendation. For the purposes of this FONSI, all closures associated
with the activities in the EA would be voluntary and coordinated between the land managing
agencies: NASA, USAF, MINWR, and CNS. This FONSI does not contemplate mandatory closures
that are directed by NASA or USAF, nor does the FAA have the authority to close the MINWR
and/or CNS.

Hazardous Materials, Solid Waste, and Pollution Prevention, Final EA Section 4.11. All
hazardous materials and solid wastes would be handled in accordance with all applicable
federal, state, and local laws and regulations. KSC and CCAFS have established plans and
procedures to handle and dispose of hazardous materials and solid wastes. Therefore, the
Proposed Action would not result in significant impacts related to hazardous materials, solid

waste, and pollution prevention.

Historical, Architectural, Archeological, and Cultural Resources, Final EA Section 4.6. NASA and
USAF previously conducted Section 106 consultation for Falcon launches, including landings, at
KSC and CCAFS during preparation of previous EAs. The FAA conducted consultation with the
State Historic Preservation Officer (SHPO) for Falcon 9 polar missions, the only aspect of the
FAA’s current undertaking that has not previously been consulted on with the SHPO. The SHPO
concurred with the FAA's determination that the undertaking would not adversely affect historic
properties. Therefore, the FAA has determined the Proposed Action would not result in

significant impacts on historical, architectural, archeological, or cultural resources.

Land Use, Final EA Section 4.1. The Proposed Action would not change existing land use at KSC
and CCAFS. The Proposed Action would not change the fire management program activities in
the area surrounding LC-39A and LC-40. Therefore, the Proposed Action would not result in

significant impacts related to land use.

Natural Resources and Energy Supply, Final EA Section 4.12. The existing utilities and water

supply at KSC and CCAFS are adequate to support Falcon launch operations. The Proposed



Action is not expected to significantly increase demand or use of natural resources and energy
supply. Therefore, the Proposed Action would not result in significant impacts on natural

resources and energy supply.

Noise and Noise-Compatible Land Use, Final EA Section 4.5. Noise levels during launch
operations, including landings, would be of short duration and diminish quickly as the vehicle
rises or lands. Previous Falcon launches at KSC and CCAFS have not resulted in significant noise
impacts. Sonic booms would occur infrequently and would be similar to or less than the noise
experienced during a clap of thunder in the majority of the sonic boom footprints. Noise
modeling for the Proposed Action shows that the 65 Day-Night Average Sound Level (DNL)
contour for all rocket operations in 2025 (the year with the maximum number of launch
operations) is located within the CCAFS and KSC properties. These areas are not considered
noise-sensitive for purposes of assessing significance of noise impacts. Therefore, the Proposed
Action would not result in significant noise impacts. That is, the Proposed Action would not
result in an increase in noise by DNL 1.5 dB or more for a noise sensitive area that is exposed to
noise at or above the DNL 65 dB noise exposure level, or that will be exposed at or above the

DNL 65dB level due to a DNL 1.5 dB or greater increase.

Socioeconomics, Final EA Section 4.13. Launch operations might have moderate economic
benefits, including increased demand in the workforce, higher revenues, and increased per
capita income. SpaceX would continue to use its existing workforce for launch operations. The
Proposed Action would not significantly affect the local housing market and would not
negatively affect the local economy. Therefore, the Proposed Action would not result in

significant socioeconomic impacts.

Visual Effects (including Light Emissions), Final EA Section 4.2. Under the Proposed Action,
rockets would be visible in the sky more often and there could be greater instances of nighttime
lighting due to the increased launch frequency. Given the industrialized environment of KSC and
CCAFS and existing Light Management Plans, significant visual effects are not expected. First
stage drone ship landings, Dragon splashdowns, and fairing recoveries would not be visible from
the coast, because they would occur a minimum of five nautical miles offshore. Therefore, the

Proposed Action would not result in significant visual effects.

Water Resources (including Wetlands, Surface Waters, and Groundwater), Final EA Section

4.10. The launch exhaust cloud formed from the exhaust plume and evaporation and



subsequent condensation of deluge water could affect surface water drainage from the launch
complexes. The temporary and minimal volume of water condensing from the exhaust cloud
would not result in significant impacts to surface water quality. Operations would occur
according to existing permits, including National Pollutant Discharge Elimination System
permits. Dragon propellant storage is designed to retain residual propellant and recovery vessels
would operate in accordance with the International Convention for the Prevention of Pollution
from Ships, which prohibits certain discharges of oil, garbage, and other substances from
vessels. Therefore, the Proposed Action would not result in significant impacts on water

resources.

Please refer to Chapter 4 of the Final EA for a full discussion of the determination for each

environmental impact category.

Chapter 5 of the Final EA provides an analysis of the potential cumulative impacts of the Proposed
Action when added to other past, present, and reasonably foreseeable future actions. The FAA has
determined that the Proposed Action would not result in significant cumulative impacts in any

environmental impact category.

Conditions and Mitigation

As prescribed by 40 CFR § 1505.3, the FAA shall take steps as appropriate to the action, through
mechanisms such as the enforcement of licensing conditions, and shall monitor these as necessary to
ensure that SpaceX implements avoidance, minimization, and/or mitigation measures as set forth in
Chapter 4 of the Final EA under the various impact categories. These avoidance, minimization, and

mitigation measures include:

e A notification plan to educate the public and announce when a booster return and/or a Falcon 9

polar mission would occur so that the public is aware they might hear a sonic boom;

e Avoidance and minimization measures, as well as reporting requirements, identified in ESA

consultations with NMFS and USFWS;

e All closures of sections of KSC managed by USFWS and NPS would be coordinated between the
land managing agencies: NASA, USAF, MINWR, and CNS; and

e Handling hazardous materials, hazardous wastes, and solid wastes in accordance with all

relevant federal, state, and local regulations pertaining to these substances.
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1. PURPOSE AND NEED FOR THE PROPOSED ACTION

1.1. Introduction

Founded in 2002, SpaceX Exploration Technologies Corporation (SpaceX) is a space transportation and
technology company headquartered in Hawthorne, California. SpaceX currently operates its Falcon
family of launch vehicles, which includes the Falcon 9 and the Falcon Heavy, from launch complexes at
Kennedy Space Center (KSC), Cape Canaveral Air Force Station (CCAFS), and Vandenberg Air Force Base
(VAFB). All Falcon 9 and Falcon Heavy launch vehicles can carry payloads, including satellites,
experimental payloads, and SpaceX’s Dragon spacecraft (Dragon). SpaceX has two versions of Dragon:
Dragon-1 and Dragon-2. Dragon-1 was used for cargo missions to the International Space Station (ISS)
and Dragon-2 was developed with the intent to carry astronauts (crew) and future cargo missions
(cargo). SpaceX retired Dragon-1 in April 2020 after Dragon-1 completed its last mission. SpaceX will only
use Dragon-2 now. Most Falcon launches are conducted for commercial clients, but some are
government-sponsored launches. SpaceX first launched the Falcon 9 at CCAFS on June 4, 2010, from
Launch Complex 40 (LC-40). SpaceX has launched over 80 times from CCAFS, KSC, and VAFB. Over 15 of
SpaceX’s Falcon 9 launch missions have included boost-back and landing of the first stage booster with
the landing occurring either on a SpaceX drone ship (a special-purpose barge) in the Atlantic Ocean or
Pacific Ocean, or on land at Landing Zones 1 and 2 (LZ-1 and LZ-2) at CCAFS and Landing Zone 4 (LZ-4) at
VAFB.

All of SpaceX’s past construction activities at KSC and CCAFS, as well as SpaceX’s past Falcon operations
at these launch sites, were analyzed by the U.S. Air Force (USAF), National Aeronautics and Space
Administration (NASA), and/or the Federal Aviation Administration (FAA) in accordance with the
National Environmental Policy Act (NEPA; 42 United States Code [U.S.C.] §4321 et seq.), Council on
Environmental Quality (CEQ) NEPA-implementing regulations (40 Code of Federal Regulations [CFR]
Parts 1500-1508), and agency-specific NEPA regulations or policies.

Due to SpaceX’s ability to launch more frequently at KSC (LC-39A) and CCAFS (LC-40), SpaceX’s launch
manifest includes more annual Falcon launches and Dragon reentries than were considered in previous
NEPA analyses. Also, SpaceX is proposing to add a new Falcon 9 southern launch trajectory from Florida
for payloads requiring polar orbits. SpaceX is also proposing to construct a mobile service tower (MST) at
LC-39A to support commercial launches and USAF’s National Security Space Launch program.? NASA is
responsible for managing areas on KSC for space-related development and operations and provides
oversight for non-NASA space and technology development use of KSC property. NASA is responsible for
approving the construction of the MST at LC-39A. The FAA has no federal action related to the
construction of the MST. The FAA is preparing this EA to assess the potential environmental impacts of
SpaceX’s proposed 1) increase in launch and reentry rates for the years 2020-2025, 2) new southern
launch trajectory, and 3) MST construction and use at LC-39A.

SpaceX intends to apply to the FAA’s Office of Commercial Space Transportation for new launch and
reentry licenses or modifications to existing launch and reentry licenses. A list of existing commercial
space launch licenses held by SpaceX is available in Section 2.2. Issuing launch licenses is considered a
federal action subject to environmental review under NEPA. As the lead federal agency for this action,
the FAA prepared this EA in accordance with NEPA, CEQ NEPA-implementing regulations, and FAA Order
1050.1F, Environmental Impacts: Policies and Procedures. The USAF (45th Space Wing [SW]) and NASA

1 vandenberg Air Force Base (VAFB) is mentioned as background and context for describing SpaceX operations, but
operations from VAFB are not included in the scope of this EA.
2 This program was previously named the Evolved Expendable Launch Vehicle program.
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are cooperating agencies in the development of this EA (see Section 1.2 for a description of agency
roles).

1.2. Location and Background
1.2.1. KSC and CCAFS Overview

KSC is located on Florida’s east coast, midway between Miami and Jacksonville on Merritt Island, Florida,
and is north-northwest of Cape Canaveral on the Atlantic Ocean. KSC is approximately 34 miles long and
roughly 6 miles wide, covering 219 square miles (Figure 1-1). NASA manages many space-related
operations at KSC. Currently, SpaceX launches the Falcon 9 and Falcon Heavy from LC-39A, which
previously supported Space Shuttle launches.

SpaceX also launches the Falcon 9 from LC-40 at CCAFS. CCAFS occupies approximately 15,800 acres of
land on Florida’s Cape Canaveral barrier island (Figure 1-1). It is approximately 4.5 miles wide at its
widest point. CCAFS is directly south and adjacent to KSC and has 81 miles of paved roads connecting
various launch support facilities within the centralized industrial area.

The following sections provide a brief history of SpaceX’s past and current operations at CCAFS and KSC.
All NEPA documents identified in these sections are briefly summarized in Section 3.0.

Section 1.0 Purpose and Need for the Proposed Action 2
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Figure 1-1. Kennedy Space Center and Cape Canaveral Air Force Station Map

1.2.2. CCAFSLC-40

In 1998, as a result of USAF’s decision to implement the Evolved Expendable Launch Vehicle Program
(now called the National Security Space Launch program) at CCAFS (USAF 1998), the 45th SW initially
decided to deactivate LC-40 and place it in a “pre-demolition” state. However, in 2007, the 45th SW
decided to renew the complex for use by SpaceX. SpaceX’s proposal to revitalize LC-40 was analyzed in a
2007 USAF EA (USAF 2007). Since then, SpaceX has conducted refurbishment of and upgrades to the
existing support buildings and launch pad to bring LC-40 back into operation as a launch facility for the
Falcon launch vehicle program. The 2007 USAF EA analyzed the potential environmental impacts of
operating the Falcon 1 and Falcon 9 (Block 1) from LC-40. In addition to Falcon launch operations, the
2007 USAF EA included construction of a new hangar facility with supporting systems, as well as Dragon
reentry. At the time, SpaceX’s goal was to conduct 8 to 12 launches per year for both the Falcon 1 (no
longer in operation) and Falcon 9. All flights were expected to have payloads, including either satellites
or Dragon.

In 2011 and 2012, SpaceX constructed a hangar annex and support facilities. Launch pad and facility
modifications also were accomplished. The potential environmental impacts of this construction were
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analyzed by the 45th SW (two Air Force Form 8133 dated June 2011 and February 2012). In 2013, a
supplemental EA (USAF 2013; referred to as the 2013 USAF SEA) was prepared to expand on the action
analyzed in the 2007 USAF EA to include operation of an upgraded Falcon 9 (referred to as the Falcon 9
version 1.1. [v1.1]). The FAA was a cooperating agency in the preparation of the 2013 USAF SEA. The
Falcon 9 v1.1 was similar to the vehicle design of the Falcon 9 (Block 1), except it was taller, heavier, and
had more thrust due to a newer model of the rocket’s Merlin engine. The Falcon 9 v1.1 was a medium-
lift class launch vehicle with a gross lift-off weight of approximately 1,100,000 pounds. The Falcon 9 v1.1
used the same propellants as Block 1: liquid oxygen (LOX) and highly refined kerosene (RP-1). Additional
modifications necessary to increase thrust were subsequently analyzed in FAA’s Written Re-evaluation?
(FAA 2018a), which concluded that the modified Falcon 9 vehicles 1) conformed to the prior
environmental documentation; 2) that the data contained in prior environmental documentation
remained substantially valid; 3) there were no significant environmental changes; and 4) all pertinent
conditions and requirements of the prior approvals were met or would be met in the current action at
the time. The 45th SW documented similar conclusions in a Form 813. Therefore, additional NEPA
documentation was not necessary to support issuing licenses to SpaceX for subsequent modifications to
the Falcon 9.

As of October 2019, SpaceX has launched the Falcon 9 vehicle from LC-40 46 times. One anomaly
occurred in June 2015 when, approximately 139 seconds into flight, the second stage exploded over the
Atlantic Ocean. After assessment of operations, SpaceX successfully launched the Falcon 9 with 11
ORBCOM satellites in December 2015. Another anomaly occurred when LC-40 was heavily damaged
following the September 2016 catastrophic failure during a static fire test. The complex was repaired
and returned to operational status in December 2017. Current activities at LC-40 remain consistent with
those analyzed in the 2007 USAF EA and 2013 USAF SEA.

1.2.3. CCAFSLZ-1and LZ-2

Over the past several years, SpaceX has developed the technology and ability to boost-back and land the
Falcon 9 first stage booster. To support the environmental review of boost-back and landing, the USAF
prepared an EA in 2014 (2014 USAF EA) for landing at LC-13, later renamed LZ-1. The 2014 USAF EA
assessed construction of a main landing pad (LZ-1) and boost-back and landing of the first stage booster
on the pad or on a drone ship in the Atlantic Ocean. In 2017, the USAF prepared a supplemental EA
(referred to as the 2017 USAF SEA) to analyze Falcon Heavy boost-back and landing at CCAFS (USAF
2017a). The 2017 USAF SEA analyzed conducting boost-backs and landings of up to three Falcon Heavy
boosters, which would have required construction of two additional landing pads. The 2017 USAF SEA
also included the option of landing one or two Falcon Heavy boosters on a drone ship in the Atlantic
Ocean. The 2017 USAF SEA also addressed construction and operation of a Dragon processing and
testing facility. Both the FAA and NASA were cooperating agencies on the 2014 USAF EA and 2017 USAF
SEA. SpaceX eventually constructed only one of the two additional landing pads evaluated in the 2017
USAF SEA, which is referred to as LZ-2. On February 6, 2018, SpaceX landed two of Falcon Heavy’s first
stage boosters at LZ-1 and LZ-2.

3The USAF uses AF Form 813 to document the need for environmental analysis or for certain categorical exclusion
determinations for proposed actions. The form helps narrow and focus the issues to potential environmental
impacts. 32 CFR § 989.12.

4 A Written Re-evaluation is a document the FAA uses to determine whether the contents of a previously prepared
environmental document (i.e., a draft or final EA or EIS) remain valid, or if a new or supplemental environmental
document is required (FAA Order 1050.1F, Paragraph 9-2.).
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1.2.4, KSCLC-39A

LC-39A construction was started in 1965 and completed in 1966 to support the Apollo Program. Both
LC-39A and LC-39B were later modified for the Shuttle Program. NASA prepared an EA in 2013 to
increase KSC spaceport capabilities and allow both commercial and governmental entities to use LC-39A
and LC-39B for launch purposes involving a variety of vertical launch vehicles, including Falcon launch
vehicles (NASA 2013; referred to as the 2013 NASA EA). The FAA was a cooperating agency for the 2013
NASA EA. In 2014, NASA granted a lease to SpaceX to operate at LC-39A and construct a horizontal
integration facility. Additional components of SpaceX activities at LC-39A were reviewed by NASA via
KSC’s Environmental Checklist and Record of Environmental Consideration process. SpaceX successfully
launched the first of several Falcon 9 v1.1 launch vehicles at LC-39A on February 19, 2017 and, as of
October 2019, there have been 18 total launches. The Falcon Heavy launched for the first time on
February 6, 2018 and again on April 11, 2019 and June 25, 2019, all from LC-39A. In a 2016
Programmatic Environmental Impact Statement (EIS), NASA identified potential environmental impacts
associated with proposed operations, activities, and facilities at KSC over a 20-year period, including at
LC-39A (NASA 2016a).

1.2.5. Other Launch Support Locations

Since 2010, SpaceX has also used facilities formerly used by the USAF and NASA for a variety of purposes
that support launch operations at both LC-40 and LC-39A. The USAF has leased the following facilities to
SpaceX: Hangar AO, Hangar M, Payload Processing Facility (PPF), Fairing Processing Facility (FPF), and
Area 59.

1.2.5.1. Hangar AO (Facility #60530)

Hangar AO was built in 1964 as a concrete block building that was used for payload processing and flight
hardware testing. Modifications to the rear high bay portion of this building were completed in 1995.
Hangar AO formerly had several other designations, including Spacecraft Building #2 (1964), Spacecraft
Building #2 Mar AO (1971), and Spacecraft Building #2 AO (1975). NASA contractors occupied the facility
from the time it was built in 1964 until 1996. The Gemini, Apollo, Space Shuttle, and Delta programs all
used this facility to process payloads. The facility consists of two floors containing office space, storage
spaces, and a high bay area. During the period of NASA occupation, the high bay was used for buildup
and testing of flight control operation systems, while the remainder of the facility provided the
engineering control console, office, and logistical support areas. United Launch Alliance occupied the
building from 1996 to 2011 and conducted Delta payload processing operations and testing of the Delta
rocket. The surrounding paved area has been used for parking and storage. In 2011, SpaceX assumed
use of the hangar through a real property lease with USAF. SpaceX uses the facility as a logistics center
for storage of new material and launch vehicle parts inventory, shipping and receiving center, and minor
launch vehicle work. SpaceX also uses the facility as a reception and meeting area for clients.
Surrounding paved areas are used for parking and limited storage for bulk material and/or re-landed
first stage boosters.

1.2.5.2. Hangar M

Hangar M is directly adjacent (to the north) of Hangar AO. SpaceX is in the process of renovating the
hangar for similar activities being performed in Hangar AO. It is currently used for storage of flight
hardware, particularly returned Falcon first stage boosters.

1.2.5.3. Payload Processing Facility

SpaceX uses the large processing facility (former USAF Facility 70000, also known as Solid Motor
Assembly Building or Large Processing Facility) at CCAFS to prepare payloads. The Titan Integrate-
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Transfer-Launch system was originally located here. The processing facility was initially designed for
assembling, checking out, and integrating the Titan IlIC’'s major components before the Titan IIIC booster
was transferred to the pad for payload mating and launch operations. SpaceX leases this facility for
payload processing activities and hypergolic fuel loading of certain payloads and has named it the PPF.
SpaceX provides this ISO Class 8 (Class 100,000) PPF for processing customer spacecraft, including
equipment unloading, unpacking/packing, final assembly, non-hazardous flight preparations, and
payload checkout. The PPF is also designed to accommodate hazardous operations, such as hypergolic
propellant loading and ordnance installation. Any required fueling operations are performed with
assistance from SpaceX personnel. All personnel use certified Self-Contained Atmospheric Protective
Ensemble (SCAPE) suits, pass a physical, and attend SCAPE training classes.

1.2.5.4. Fairing Processing Facility

Located very close to and north of the PPF, the FPF also has a high-bay and clean rooms and is used for
payload processing and storage. This building was formerly known as the Solid Motor Assembly and
Readiness Facility (USAF Facility 69800) used for mating the core vehicles to the solids.

1.2.5.5. Area 59

SpaceX recently obtained access to and use of a set of buildings named Area 59, located adjacent to and
south of the CCAFS runway known as the Skid Strip. The area was previously used for satellite processing
and associated hypergolic fuel-related operations, which is consistent with SpaceX’s use of the facility.
The area will be used for Dragon capsule processing.

1.2.6. Proposed KSC Campus Facility

SpaceX is developing a campus facility in an area of KSC currently known as the Roberts Road site. The
campus would support ongoing Falcon 9 and Falcon Heavy launches at LC-39A and LC-40. The proposed
campus could include a facility for a launch and landing control center, booster and fairing processing
and storage facility, security office, and utilities yard. The site would require approximately 67 acres of
land for proposed facility development. Roberts Road and A Avenue would be paved to provide access
on the south and north sides. The purpose of the site is to enable improved access to KSC's space launch
and test operation capabilities by commercial and other non-NASA users, and to advance NASA’s
mission by fostering a commercial space launch and services industry. NASA completed an EA and issued
a finding of no significant impact (FONSI) for construction of this facility in December 2018 (NASA 2018).
It is mentioned here for payload processing completeness.

1.3. Federal Agency Roles
1.3.1. FAA Office of Commercial Space Transportation

As the lead federal agency, the FAA is responsible for analyzing the potential environmental impacts of
the Proposed Action. As authorized by Chapter 509 of Title 51 of the U.S. Code, 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. The mission of the Office of Commercial Space Transportation is to ensure
protection of the public, property, and the national security and foreign policy interests of the United
States during commercial launch or reentry activities, and to encourage, facilitate, and promote U.S.
commercial space transportation.

1.3.2. Cooperating Agencies

As defined in 40 CFR §1508.5, a cooperating agency may be any federal agency other than the lead
agency that has jurisdiction by law or special expertise with respect to the environmental impacts
expected to result from a proposal. An agency has “jurisdiction by law” if it has the authority to approve,
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veto, or finance all or part of the proposal (40 CFR §1508.15). An agency has “special expertise” if it has
statutory responsibility, agency mission, or related program experience with regards to a proposal (40
CFR §1508.26). A lead agency must request the participation of cooperating agencies as early as possible
in the NEPA process, use the environmental analyses and proposals prepared by cooperating agencies as
much as possible, and meet with cooperating agencies at their request (40 CFR §1501.6[a]).

The FAA requested the participation of NASA and the USAF (45th SW) as cooperating agencies in the
preparation of this EA due to their jurisdiction by law and special expertise. LC-39A is located on KSC
property and the KSC Director has ultimate responsibility for all operations and improvements that
occur on KSC property. Additionally, NASA provides special expertise with respect to environmental
issues concerning space launch vehicles, especially crewed capsules like the Dragon-2. LC-40 is located
at CCAFS, which is controlled by the 45th SW. The 45th SW has a special interest and specific expertise
with regards to all activities located at CCAFS. The 45th SW also has interest in managing their local
environmental related activities performed by the growing number of tenants at CCAFS who may be
affected by any proposed actions.

1.4. Purpose and Need

The purpose and need provide the foundation for identifying intended results or benefits and future
conditions. In addition, the purpose and need define the range of alternatives to a proposed action.
According to FAA Order 1050.1F, Paragraph 6-2.1(c), the purpose and need presents the problem being
addressed and describes what the FAA is trying to achieve with the Proposed Action.

1.4.1. FAA’s Purpose and Need

The purpose of FAA’s Proposed Action is to fulfill the FAA’s responsibilities as authorized by the
Commercial Space Launch Act (51 U.S.C. Subtitle V, ch. 509, §§ 50901-50923) for oversight of
commercial space launch activities, including licensing launch activities. The need for FAA’s Proposed
Action results from the statutory direction from Congress under the Commercial Space Launch Act, 51
U.S.C 50901(b) to, in part, “protect the public health and safety, safety of property, and national security
and foreign policy interests of the United States” while “strengthening and [expanding] the United
States space transportation infrastructure, including the enhancement of United States launch sites and
launch-site support facilities, and development of reentry sites, with Government, State, and private
sector involvement, to support the full range of United States space-related activities.”

1.4.2. SpaceX's Purpose and Need

The purpose of SpaceX’s proposal to modify and expand several elements of its Falcon launch vehicle
program at KSC and CCAFS is to continue to support missions for NASA and USAF, as well as to conduct
business with commercial customers. SpaceX’s proposed changes provide greater capability in its
mission to support the ISS, the U.S. Department of Defense (DoD), and other commercial enterprises.
SpaceX’s activities continue to fulfill the U.S. expectation that space transportation costs are reduced to
make continued exploration, development, and use of space more affordable.

SpaceX'’s proposal is needed to increase the operational capabilities and cost effectiveness of its space
flight programs. Satisfaction of these needs benefits government and public interests to continue
resource protection and reduce operation costs. Demand for launch services continues to increase
beyond that originally proposed over the past 20 years, and the space industry growth projections
indicate this will continue into the foreseeable future.

1.5. Public Involvement
In accordance with CEQ’s NEPA-implementing regulations and FAA Order 1050.1F, the FAA initiated a
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public review and comment period for the Draft EA by publishing a Notice of Availability in the Federal
Register on February 27, 2020. The public review and comment period ended on March 20, 2020. The
FAA received six public comment submissions (refer to Appendix C). In response to some of the
comments, the FAA added a new appendix (Appendix E). The FAA did not make any substantive changes
to the body of the EA.
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2. DESCRIPTION OF THE PROPOSED ACTION AND ALTERNATIVES

This chapter describes the Proposed Action (Section 2.1) and the No Action Alternative (Section 2.2).
2.1. Proposed Action

The FAA is proposing to modify existing SpaceX launch licenses or issue new launch licenses to SpaceX to
continue conducting Falcon launch operations at KSC and CCAFS and to issue new reentry licenses to
SpaceX for Dragon reentry operations. NASA is responsible for managing areas on KSC for space-related
development and operations and provides oversight for non-NASA space and technology development
use of KSC property. NASA is responsible for approving the construction of the MST at LC-39A. The FAA
has no federal action related to the construction of the MST.

Due to SpaceX’s ability to conduct launches, including booster landings, more frequently at KSC (LC-39A)
and CCAFS (LC-40, LZ-1, and LZ-2), SpaceX’s launch manifest includes more annual Falcon launches and
Dragon reentries than were considered in previous NEPA analyses. This section provides the following:

e adescription of the Falcon launch vehicles and Dragon spacecraft that FAA would license to
conduct commercial space launch and reentry operations (Section 2.1.1)

e adescription of the MST that SpaceX would construct to support launch operations at LC-39A
(Section 2.1.1)

e adescription of Falcon launch vehicle operations at LC-39A and LC-40 that FAA would license
(Section 2.1.2)

e adescription of Dragon reentry and recovery operations that FAA would license (Section 2.1.3)

e adescription of payload processing associated with Falcon launch operations that FAA would
license

2.1.1. Description of the Falcon Launch Vehicles, Dragon Spacecraft, and the MST
2.1.1.1. Falcon 9 Launch Vehicle

SpaceX recently upgraded the Falcon 9 with a newer version of its Merlin engine to increase the amount
of thrust. The upgraded vehicle is referred to as Falcon 9 Block 5, but is referred to generally as the
Falcon 9 in this EA. Additional changes include improvements to the landing legs and modifications to
increase the efficiency of the recovery and reusability of the first stage boosters. Each of the Falcon 9
upgraded Merlin 1D (M1D) engines is capable of providing 190,000 pounds (pound-force) of thrust at
sea level (for a total of approximately 1.7 million pounds of thrust at liftoff). The current Merlin engine
used on Falcon 9 produces 170,000 pounds of thrust at sea level. The Falcon 9 is 229 feet tall with a
diameter of 12 feet (Figure 2-1). These dimensions are the same as the previous Falcon version. Falcon 9
launches would occur at LC-40 and LC-39A. Consistent with past practices, a static fire test would be
performed prior to each launch.

2.1.1.1.1. First Stage Booster

The Falcon 9 first stage includes nine M1D engines, which are propelled by LOX and RP-1. The engines
are configured in a circular pattern, with eight engines surrounding a center engine. The first stage has
four deployable landing legs which are locked against the first stage during ascent. These legs are used
on missions that include first stage boost-back and landing. Four grid fins near the top of the first stage
support precision reentry and landing operations. The grid fins help align the first stage booster for
reentry after separating from the rest of the launch vehicle in space.
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Figure 2-2. Falcon 9 Overview
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A performance comparison of the current version of Falcon 9 to previous Falcon 9 launch vehicles is
shown in Table 2-1.

Table 2-1. Performance Comparison of Falcon 9 Launch Vehicles

Parameter Units Falcon 9 (original) Falcon 9v1.1 Falcon 9 Block 5
Propellant - RP-1/LOX RP-1/LOX RP-1/LOX
Propellant Quantity® (total) lbm 1,033,975 1,120,925 1,135,925
Engine Thrust (per engine) Ibf 147,000 170,000 190,000

Total Thrust (at liftoff) Ibf 1.32M 1.53 M 1.71 M

Notes:

a Propellant quantities vary based on mission parameters.

Ibf = pound-force; Ibm = pound-mass; LOX = liquid oxygen; M = million; RP-1 = highly refined kerosene.

2.1.1.1.2. Second Stage

Recent modifications to the second stage are relatively minor and include improvements to the engine
nozzle, mass optimization, and engine control enhancements. For added reliability of restart, the engine
contains dual redundant triethylaluminum-triethylborane (TEA-TEB) pyrophoric igniters. In addition, the
second stage contains a cold nitrogen gas (GN2) attitude control system (ACS) for pointing and roll
control. The GN2 ACS is more reliable and produces less contamination than a propellant-based reaction
control system. The second stage is either left in orbit after payload (e.g., satellite) separation or
planned for deorbit and reentry. During reentry, the second stage would eventually disintegrate and be
consumed as it falls back into the upper atmosphere. SpaceX safes the second stage according to FAA
regulations.

2.1.1.2. Falcon Heavy

The Falcon Heavy has a mass of approximately 3.1 million pounds and an overall length of 229 feet.
Falcon Heavy has the ability to lift up 64 tons (141,000 pounds) into low Earth orbit. Merlin engines are
used on both stages of the Falcon Heavy. The propellants are the same as the Falcon 9 (LOX and RP-1).
The Falcon Heavy contains 1,898,000 pounds of LOX and 807,000 pounds of RP-1 in the first stage, and
168,000 pounds of LOX and 64,950 pounds of RP-1 in the second stage. The center and two side
boosters are essentially the same design as the Falcon 9 first stage booster. The Falcon Heavy produces
a total of 5.13 million pounds of thrust at liftoff. An illustration of the Falcon Heavy launch vehicle is
shown in Figure 2-2.

Figure 2-3. Falcon 9 and Falcon Heavy Launch Vehicles

2.1.1.3. Dragon Spacecraft

SpaceX developed the Dragon-2 to deliver cargo and experiments to the ISS and Low Earth Orbit and to
transport astronauts to the ISS. Dragon-2 weighs approximately 18,000 pounds without cargo and is
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approximately 17 feet tall with a base width of 13 feet. Dragon-2 is similar to the previous Dragon-1
(Figure 2-3). Both are composed of two main elements: the capsule for pressurized crew and cargo, and
the unpressurized cargo module or “trunk.” The capsule contains a pressurized section, an
unpressurized service section, and a nosecone. Other primary structures include a welded aluminum
pressure vessel, primary heat shield support structure, and back shell thermal protection system
support structure. The thermal protection structure supports secondary structures, including the
SuperDraco engines, propellant tanks, pressurant tanks, parachute system, and necessary avionics.

Figure 2-4. Dragon-1 and Dragon-2

One of the primary differences between Dragon-1 and Dragon-2 is that Dragon-2 has an integrated
launch escape system capable of providing powered abort from the launch pad all the way to orbit, with
enough thrust to escape from the Falcon 9 under worst-case conditions. The SuperDraco engines of the
launch abort system are integrated into the sidewalls of Dragon-2.

After Dragon leaves the ISS, Dragon re-enters Earth’s atmosphere at a pre-planned trajectory and
splashes down (lands with parachutes) in the Atlantic Ocean (5 to 200 nautical miles east of Cape
Canaveral). The Gulf of Mexico or the Pacific Ocean would be used as an alternate splash down area if
conditions in the Atlantic Ocean are unfavorable. The potential environmental impacts of Dragon
landings in the Gulf of Mexico were previously analyzed by the FAA in an EA (FAA 2018b), which resulted
in a FONSI, and are not assessed in this EA.

Dragon’s propulsion system consists of a reaction control system and the integrated launch abort
system. Dragon contains 18 Draco engines and 8 SuperDraco engines. The propulsion system uses
nitrogen tetroxide (NTO) and monomethylhydrazine (MMH) propellant combination because of its
hypergolic ignition and long-term in-orbit storage benefits. Dragon could contain up to 5,650 pounds of
propellant, which includes 3,500 pounds of NTO and 2,150 pounds of MMH. The pressurization
subsystem, which uses gaseous helium, is separated between the oxidizer and fuel to prevent propellant
migration reactions. Dragon’s propellant storage is designed to retain residual propellant, preventing
release into seawater upon splashdown.

2.1.1.4. Vertical Integration

SpaceX plans to develop vertical integration capabilities at LC-39A to support commercial launches,
NASA launches, and USAF’s National Security Space Launch program. An MST would be constructed on
the existing LC-39A pad to support this capability. The MST would consist of a steel trussed tower, a
base, and a rail bridge (Figure 2-4). Four transport wheel assemblies located at the corners of the tower
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would be constructed and used to move the tower 130 feet from an integration to a launch position
(Figure 2-5). The tower would have 11 floors and would be approximately 284 feet tall. The MST would

meet all applicable codes, including IBC 2015, ACI 318-14, ASCE 7-10, AISC, 15th Ed., 91-710
requirements, and AWS D1.1.

Figure 2-5. Mobile Service Tower Design
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Figure 2-6. Pad Configurations for Mobile Service Tower

During tower construction, equipment and build materials would be staged east of the pad deck in the
laydown area. Mobile cranes on the east and west of the tower site would be used to construct and
assemble the tower. Construction dumpsters would be placed around the area and all materials would
be disposed of according to federal and state regulations. Minimal demolition would occur on top of the
MST area to allow access to the top of the existing concrete and install new shear walls and foundations.
Figure 2-6 shows a general site overview for the proposed staging and laydown operations.
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Figure 2-7. Site Overview

New reinforced concrete slabs would be placed over the existing flame trench. No new impervious areas
would result from tower construction. Design drawings of the foundation modifications are shown in
Figure 2-7.

Figure 2-8. Foundation Modifications

New lighting would only be added inside the tower, which would be shielded by the walls of the tower.
If any additional exterior lighting were planned later, the designs would be included in the LC-39A Light
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Management Plan, which is a plan intended to minimize nighttime lighting impacts on the environment
(e.g., sky glow). A rendering of LC-39A with the existing infrastructure and the proposed MST is
presented in Figure 2-8.

Figure 2-9. Rendering of LC-39A with Proposed Mobile Service Tower

2.1.2. Falcon Launch Operations at LC-39A, LC-40, LZ-1, and LZ-2

All launch operations would continue to comply with the necessary notification requirements, including
issuance of Notices to Airmen (NOTAMs) and Local Notices to Mariners (NOTMARs), consistent with
current procedures. A NOTAM provides notice of unanticipated or temporary changes to components
of, or hazards in, the National Airspace System (FAA Order JO 7930.2S, Notices to Airmen). A NOTMAR
provides notice of temporary changes in conditions or hazards in navigable waterways. Eastern Range
operations (which include SpaceX’s launches from KSC and CCAFS) currently follow the procedures
stated in a Letter of Agreement (LOA) (dated May 1, 2020) between the 45th SW and FAA. The LOA
establishes responsibilities and describes procedures for the 45th SW, Eastern Range operations, within
airspace common to the Miami Center, Jacksonville Center, New York Center, San Juan Center Radar
Approach Control, Central Florida Terminal Radar Approach Control, NASA Shuttle Landing facility, Fleet
Area Control and Surveillance Facility Jacksonville, Air Traffic Control System Command Center, and
Central Altitude Reservation Function areas of jurisdiction. The LOA defines responsibilities and
procedures applicable to operations, which require the use of Restricted Areas, Warning Areas, Air
Traffic Controlled Assigned Airspace, and/or altitude reservations within Eastern Range airspace.

The Proposed Action does not include altering the dimensions (shape and altitude) of the airspace.
However, temporary closures of existing airspace and navigable waters would be necessary to ensure
public safety during launch operations. Advance 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. Launches would be of short duration and scheduled in advance to
minimize interruption to airspace and waterways. For these reasons, significant environmental impacts
of the temporary closures of airspace and waterways, and the issuance of NOTAMS and NOTMARs
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under the Proposed Action, are not anticipated (see Appendix E for a discussion airspace-related
impacts).

On launch days, there is a possibility of temporary restricted public access due to visitor volume on
sections of MINWR and NPS. These temporary closures of MINWR and CNS are typically related to
crowd control and access for emergency services. They are related to the volume of visitor traffic in an
area and are not related to a public safety hazard from a launch. Any potential closures due to visitor
volume would be coordinated between KSC security, MINWR, and CNS by monitoring to ensure parking
lot thresholds are not exceeded, and that roadways allow for emergency egress for any form of
emergency associated with large crowds. Such closures would not be expected to cause more than a
minimal disturbance to the enjoyment of the resources of MINWR and CNS and would be determined by
the land managing agencies.

For some future launches and landings, debris and/or propellant dispersion analyses could lead to a
recommendation by USAF Range Safety to close parts of MINWR and CNS to ensure public safety. Day-
of-launch winds, anticipated crowds, and time of day are among the many factors that contribute to this
recommendation. For the purposes of this EA, all closures associated with the activities in this EA would
be voluntary and coordinated between the land managing agencies: NASA, USAF, MINWR, and CNS.
Voluntary safety-related closures have occurred for some previous Falcon 9 launches that contained a
Dragon capsule for NASA’s crew and cargo missions. This EA does not contemplate mandatory closures
that are directed by NASA or USAF, nor does the FAA have the authority to close the MINWR and/or
CNS.

2.1.2.1. Launches

The Proposed Action includes annual SpaceX Falcon launches and related operations at LC-40, LZ-1, LZ-2,
and LC-39A for the next six years (Table 2-2). Each takeoff would be preceded by a static fire test of the
engines, which lasts a few seconds. This launch schedule is based on SpaceX’s anticipated need to
support NASA and DoD missions, as well as commercial customers. In addition to its typical launch
trajectories, SpaceX is proposing to increase the launch azimuth window to include a new Falcon 9
southern launch trajectory to support missions with payloads requiring polar orbits. SpaceX estimates
approximately ten percent of its annual Falcon 9 launches would fly this new southern launch trajectory.
Falcon launch vehicle trajectories would be specific to each particular mission. Each trajectory would be
provided in SpaceX’s Flight Safety Data Package and submitted to the FAA in advance of the launch.

Table 2-2. Past and Estimated Future Falcon 9 and Falcon Heavy Launch Frequency?

Year KSC Launch Complex 39A CCAFS Launch Complex 40 Total
Falcon Heavy Falcon 9 Falcon 9 Launches
2015 0 0 8 8
2016 0 0 8 8
2017 0 12 1 13
2018 1 2 12 15
2019 2 1 8 11
2020 3 5 30 38
2021 10 10 44 64
2022 10 10 44 64
2023 10 10 50 70
2024 10 10 50 70
2025 10 10 50 70

a Data for the years 2015-2019 represent launches that occurred.

The following subsections describe nominal launch operations, including takeoffs and first stage boost-
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backs and landings.
2.1.2.2. Payload Fairing Recovery Operations

The Falcon vehicle payload system includes a fairing cover that protects non-Dragon payloads (e.g.,
satellites). The fairing consists of two halves which separate, allowing the deployment of the payload at
the desired orbit. In the past, following the fairing separation, both halves of the fairing were left to
splash down in the ocean, break apart, and sink. SpaceX is currently attempting to recover and reuse the
payload fairings by adding a parachute system to the fairing halves. The parachute system consists of
one drogue parachute and one parafoil (Figure 2-9). Following re-entry of the fairing into Earth’s
atmosphere, the drogue parachutes deploy at a high altitude (approximately 50,000 feet) to begin the
initial slow down and to extract the parafoil. The drogue parachute (and the attached deployment bag)
cuts away following the successful deployment of the parafoil. The parachute system slows the descent
of the fairing to enable a soft splashdown so that the fairing remains intact. The predicted impact points
within desired recovery areas of both the fairing (with parafoil) and drogue parachute assembly are
developed using modeling tools. Various parachute systems are being tested, but generally, the drogue
parachute canopy area is approximately 110 square feet and the fairing parafoils are approximately
3,000 square feet. In addition to various parachute systems, SpaceX is also testing recovery of the
fairings using power boats to “chase and catch” the chutes and fairings as they descend to the ocean
surface. SpaceX successfully caught a faring half using a power boat after a Falcon Heavy launch on June
25, 2019.

Figure 2-10. Payload Fairing Half with Parafoil Deployed

In 2020 through 2025, SpaceX anticipates approximately three recovery attempts per month involving
recovery of both halves of the fairing. Thus, during these six years, SpaceX anticipates up to 432 drogue
parachutes and up to 432 parafoils would land in the ocean. SpaceX would attempt to recover all
parafoils over this time period, but it is possible some of the parafoils would not be recovered due to sea
or weather conditions at the time of recovery. Recovery of the drogue parachute assembly would be
attempted if the recovery team can get a visual fix on the splashdown location. Because the drogue
parachute assembly is deployed at a high altitude, it is difficult to locate. In addition, based on the size of
the assembly and the density of the material, the drogue parachute assembly would become saturated
and begin to sink. This would make recovering the drogue parachute assembly difficult and unlikely.
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SpaceX is working on an engineering solution for recovery of the drogue parachute assembly, including
landing the assembly on a pre-positioned recovery vessel that would be equipped with a landing
pad/mechanism.

If SpaceX did not catch the fairings prior to falling in the ocean, the fairing and parafoil would be
recovered by a salvage ship stationed in a Range Safety-designated zone near the anticipated
splashdown area no closer than 5 nautical miles offshore. The salvage ship would be able to locate the
fairing using GPS data from mission control and strobe lights on the fairing data recorders. Upon locating
the fairing, a rigid-hulled inflatable boat (RHIB) would be launched. Crew members would hook rig lines
to the fairing and connect a buoy to the parafoil. Then the crew would release the parafoil riser lines and
secure the canopy by placing it into a storage drum. If sea or weather conditions are poor, recovery of
the fairing and parafoil may be unsuccessful.

The southern launch trajectory would increase the potential fairing splashdown area to include the red-
lined and yellow-lined areas in Figure 2-10. The yellow-lined area would also include any potential
downrange first stage booster landing during Falcon 9 polar missions using the SpaceX drone ship. These
areas consist of deep waters. SpaceX cannot conduct recovery operations in shallow waters near the
Bahamas. The Florida Keys National Marine Sanctuary (NMS) is located along the southern Florida coast
near the new proposed yellow-lined area.

Figure 2-11. Recovery Area for Southern Launch Trajectory
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2.1.2.3. Boost-back and Landing

The Proposed Action includes conducting boost-back and landing of Falcon 9 and Falcon Heavy first
stage boosters. After first stage engine cutoff and separation from the second stage, three of the nine
first stage M1D engines are restarted to conduct a reentry burn. This reduces the velocity of the booster
and places it in the correct angle for descent. Each booster has internal carbon overwrapped pressure
vessels which are filled with either nitrogen or helium and are used to orient the position of the booster.
Once the booster is in position and approaching its landing target, the three engines are cut off to end
the entry burn. A final burn of one to three engines slows the booster to a velocity of zero for landing on
the drone ship or at LZ-1 and/or LZ-2.

For missions involving boost-back and landing, SpaceX measures wind speed in the landing area using
weather balloons. Measurements are taken at various intervals before launch and landing events and
used to create the required profiles of expected wind conditions during the landing event. A radiosonde,
which is approximately the size of a shoe box and is powered by a 9-volt battery, is attached to a
weather balloon and transmits data to SpaceX and to vehicle onboard predictive systems. The balloon,
which is made of latex, rises to approximately 12 to 19 miles and bursts. The balloon is shredded into
many pieces as it falls back to Earth, along with the radiosonde, and lands in the ocean. The radiosonde
does not have a parachute and would not be recovered.

2.1.2.3.1. Landing at LZ-1 and LZ-2

LZ-1 and LZ-2 support preparations for and the landing of Falcon 9 and Falcon Heavy first stage boosters.
They also support post-flight landing and safing activities which begin upon completion of all landing
activities and engine shutdown. Once a booster(s) is safed, it is eventually transported to a SpaceX
facility for refurbishment.

Following a nominal launch from LC-40 or LC-39A (including a polar mission), the first stage booster(s)
would return to LZ-1 and/or LZ-2 for potential reuse (or land on a drone ship; see next section), rather
than splashing down in the Atlantic Ocean. After first stage engine cutoff, exoatmospheric cold gas
thrusters would be triggered to flip the booster(s) into position for retrograde burn, and three of the
nine booster engines would be restarted to conduct the retrograde burn. This reduces the velocity of
the booster and places it in the correct angle to land. Once the booster is in position and approaching its
landing target, the three engines would be shut down to end the reentry burn. During the boost-back
stage, sonic booms would be generated by each booster (the number of booms depends on the number
of returning boosters). The landing legs on the booster(s) would then deploy in preparation for a final
single-engine burn that would slow the booster to a velocity of zero before landing on the pad.

The detailed sequence of events for first stage booster landing(s) along with trajectory data would be
provided in SpaceX’s Flight Safety Data Package submitted to the FAA prior to the operation. Although
propellants would be burned to depletion during flight, there is a potential for residual LOX and RP-1 to
remain in the booster(s) upon landing. Final volumes of propellant would be included in the Flight Safety
Data Package. A small amount of ordnance, such as small explosive bolts and batteries, would typically
also be onboard. Any hazardous materials would be handled in accordance with federal, state, and local
laws and regulations. SpaceX has an established emergency response team and any unexpected spills
would be contained and cleaned up per the procedures identified in the SpaceX Emergency Action Plan
and Spill Control and Countermeasures Plan.

2.1.2.3.2. Landing on a Drone Ship

If SpaceX is unable to return the first stage booster(s) to LZ-1 and/or LZ-2, SpaceX would attempt a
drone ship landing. SpaceX'’s drone ship includes four outboard dynamic positioning devices which allow
the barge to maintain a constant position for booster landings. In addition to the drone ship, SpaceX
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charters a crewed tug that tows the drone ship into position prior to launch. An accompanying crew
boat also houses crew and communications equipment. Once on location, the drone ship positioning
system is remotely activated, tow is broken, and the crew boat and tug boat fall back and stage
themselves cross-range of the rocket’s flight path. This puts the nearest vessel approximately 5 nautical
miles from the drone ship, and the furthest vessel no more than 12 nautical miles from the drone ship.
The drone ship would be no closer than 5 nautical miles from shore, but could be located several
hundred miles offshore in the Atlantic Ocean. This area is referred to as the “superbox” and is shown in
Figure 2-11. For polar missions, downrange drone ship recovery operations could include areas of the
Atlantic Ocean north and south of Cuba and west of the Bahamas (Figure 2-10).

Figure 2-12. Atlantic Ocean Recovery Area — Superbox

Following a drone ship landing, automated and remotely operated systems are initiated to ensure the
booster completes its landing and safing operations. Commands are transmitted through a satellite-
based communication system that provides feedback and pertinent data about the systems to SpaceX
controllers. The safing steps include venting pressure of stored helium and nitrogen, purging residual
hazardous ignition fluid (TEA-TEB), and emptying remaining LOX from the booster. In some cases, the
booster may fail to make a successful landing due to a number of variables (e.g., lack of fuel or hydraulic
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fluid, wind shear, etc.). In the case of an unsuccessful landing, any remaining fuel would ignite and burn
off, and the wreckage would sink, similar to the fate of traditional non-reusable first stage boosters.

A remote controlled robot device is used to secure the booster. Once the booster is remotely safed,
SpaceX personnel board the drone ship to service the fluids system to further remove hazards and
protect against corrosion. Operations are optimized to require a small amount of time with a small
number of personnel on the drone ship. After safing and securing operations are complete, the drone
ship is placed under tow and all vessels return to shore.

As the drone ship approaches shore, automated systems ensure the booster is in a safe-state to proceed
into port. SpaceX personnel are mobilized at the port to receive and off-load the booster. The booster is
then placed into processing fixtures on-shore that allow any residual fuel to be offloaded into storage
tanks, landing gear removed, ordnance removed, and to ultimately facilitate on-road transport to a
SpaceX facility for further processing.

2.1.2.3.3. Frequency of Boost-back and Landing

While it is SpaceX'’s goal to renter and land all first stage Falcon boosters for reuse, some payloads
require additional propellant to reach desired orbits or destinations (due to increased weight or
extended trajectory), and, as a result, not all the launches listed in Table 2-2 would include boost-back
and landing. Approximately 75 percent of missions are expected to include a boost-back and landing. In
the event SpaceX is unable to locate an expended first stage in the Atlantic Ocean (refer to Figures 2-10
and 2-11 for locations), SpaceX expects the stage would sink and therefore not be recovered. If the stage
lands intact, SpaceX would attempt to recover it (as described in the 2007 USAF EA).

For Falcon Heavy boost-back and landing (which involves three first stage boosters), each of the three
boosters would be controlled separately so their approach and landing would be managed
independently. Not all of the boosters would land at CCAFS. Some would land on one of SpaceX’s drone
ships in the Atlantic Ocean. For a conservative analysis, the FAA is assuming a maximum of 54 annual
first stage boosters landing at CCAFS (LZ-1 and/or LZ-2) and 27 annual first stage boosters landing on a
drone ship (Table 2-3). If SpaceX operations exceed these numbers in the future, the FAA would conduct
further environmental review to the extent necessary under NEPA.

Table 2-3. Returning First Stage Boosters?

Year From Falcon Heavy From Falcon 9 Total Boosters Returning
Launches Launches
2020 9 19 28
2021 14 44 58
2022 14 44 58
2023 27 54 81
2024 27 54 81
2025 27 54 81

2 Not all boosters would land at CCAFS (LZ-1 and/or LZ-2). Some boosters would land on SpaceX’s drone ship in the Atlantic
Ocean. For a conservative analysis, the FAA is assuming 54 boosters per year would land at CCAFS and 27 boosters per year
would land on the drone ship.

2.1.3. Dragon Reentry and Recovery Operations

The Proposed Action includes Dragon reentry and recovery operations. SpaceX plans to continue
supporting its Commercial Cargo and Commercial Crew contracts with NASA by transporting cargo and
NASA astronauts to the ISS onboard Dragon. These Dragon missions are included in the number of
Falcon launches discussed above.
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2.1.3.1. Atlantic Ocean

For Dragon recovery in the Atlantic Ocean, Dragon would be shipped to SpaceX facilities located at Port
Canaveral or a CCAFS-located wharf. For Dragon recovery in the Pacific Ocean, Dragon would be shipped
to the Port of Los Angeles. SpaceX would be responsible for coordinating local approvals with the
relevant state and local agencies, including port authorities. Upon arriving at a port, Dragon would be
offloaded and transported by truck to a SpaceX facility for further post-flight processing. In accordance
with U.S. Department of Transportation (DOT) requirements, as outlined in SpaceX’s DOT permit
regarding the transport of hazardous waste, SpaceX would ensure all pressurized tanks are vented to a
DOT-mandated maximum pressure prior to transport.

As Dragon-2 could contain astronauts, SpaceX and NASA plan to splash down Dragon-2 as close to the
shore as possible (an area referred to as the “bulb;” Figure 2-12). The bulb would be the nominal landing
area for Dragon-2, with the Superbox acting as the contingency splashdown location. SpaceX designed
the shape of the bulb such that all locations within the bulb are greater than 5 nautical miles from the
coast to avoid North Atlantic right whale critical habitat.

Figure 2-13. Atlantic Ocean Recovery Area for Dragon-2 — The Bulb

2.1.3.2. Pacific Ocean

The eastern boundary of the Pacific Ocean recovery area starts a minimum of 5 nautical miles offshore
(Figure 2-13). There are several nearshore marine sanctuaries along the Pacific coast. In previous
consultation with the FAA and National Marine Fisheries Service (NMFS), SpaceX agreed to never locate
the nominal splashdown in a marine sanctuary (NMFS 2017°). The Pacific Ocean recovery area would be

5> The FAA conducted consultation with NMFS in 2017 to address SpaceX landing and recovery operations in the
Atlantic Ocean, Gulf of Mexico, and Pacific Ocean.
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a contingency splashdown location for Dragon-2 missions.

Figure 2-14. Pacific Ocean Recovery Area for Dragon

2.1.3.3. Dragon Re-entry Operations

After completing its mission in space, Dragon executes a deorbit burn and reenters the atmosphere at a
pre-planned trajectory. It is tracked to a splashdown area within a larger recovery circle with a radius of
approximately 5.4 nautical miles. Dragon lands using drogue and main parachutes (Figure 2-14) with
both versions using two drogue parachutes. Dragon-2 uses four main parachutes.
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Figure 2-15. Dragon Main and Drogue Parachutes

Following splashdown, an electronic locator beacon on Dragon would assist SpaceX in locating and
recovering Dragon by a pre-positioned recovery vessel. The recovery vessel is a 160-foot ship equipped
with a helideck and “A-Frame” (Figures 2-15 and 2-16).

Figure 2-16. Dragon Recovery Vessel
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Figure 2-17. Recovery A-frame Crane Operation

Pre-positioned RHIBs arrive at Dragon’s location first to assess Dragon’s condition. This assessment
includes checking for hypergol vapors, which can be fatal if inhaled, and ensuring the capsule is floating
in an upright and stable position. Dragon propellant storage is designed to retain residual propellant, so
any propellant remaining in Dragon is not expected to be released, and it is unlikely a propellant leak
would occur. In the unlikely event the tank ruptures on impact, the fuel would almost immediately form
nitric and nitrous acid on contact with water, and would be quickly diluted and buffered by seawater.

Following the assessment, the lift brings Dragon gently out of the water and onto the deck of the
recovery vessel. While Dragon is loaded onto the recovery vessel, a RHIB attempts to recover all of the
drogue and main parachutes deployed. However, it is possible some or all of the parachutes would not
be recovered due to sea or weather conditions.

For crewed missions, Dragon would be secured in the on-deck hangar, egress equipment would be
positioned in front of Dragon, Dragon’s pressure would be equalized, and the side hatch would be
opened. Crew egress would then begin. Crew would be helped from the capsule into shipboard medical
evaluation quarters. Medical assessments would begin in private medical quarters. The crew and time-
critical cargo would be transported via helicopter to the nearest airport.

The following is an estimate of the total number of Dragon parachutes expected to be recovered from
2020-2025.

e 2020: 5 Dragon-2 reentries in the Atlantic Ocean — total of 10 drogue parachutes and 20 main
parachutes

e 2021: 7 Dragon reentries per year. All Dragon-2 reentries in the Atlantic Ocean — total of 14
drogue parachutes and 28 main parachutes

e 2022-2025: 10 Dragon reentries per year. All Dragon-2 crew and cargo reentries are targeted
for the Atlantic Ocean — total of 20 drogue parachutes and 40 main parachutes each year.
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2.1.4. Payload Processing

In addition to Dragon, SpaceX continues to fly commercial satellites as well as NASA, DoD, and
Intelligence Community missions. SpaceX has various facilities across CCAFS and KSC that are used for
payload processing and vehicle refurbishment operations. These facilities include LC-40, LC-39A,
Hangars AO and M, the PPF, and FPF. SpaceX continues to process vehicles and payloads in its LC-40
hangar. Operations also include recovered booster and fairing refurbishment for reuse. SpaceX plans to
conduct static fires of Dragon-2 engines at the new Dragon site at LZ-1 prior to and following launch and
recovery of Dragon-2. SpaceX is planning to process Dragon-2 at Area 59 near the CCAFS skid strip, and
estimates there may be up to two Dragon test fires per month at LZ-1.

2.2. No Action Alternative

CEQ regulations (44 CFR §1502.14) require agencies to consider a “no action” alternative in their NEPA
analyses to compare the effects of not taking action with the effects of the action alternative(s). Thus,
the No Action Alternative serves as a baseline to compare the impacts of the Proposed Action. Under
the No Action Alternative, the FAA would not modify existing SpaceX licenses or issue new licenses to
SpaceX for Falcon launch and Dragon reentry operations discussed in Section 2.1. SpaceX would
continue Falcon 9 and Falcon Heavy launch operations at KSC and CCAFS, as well as Dragon reentry
operations, as analyzed in previous NEPA and environmental reviews and in accordance with existing
FAA licenses until the licenses expire. Under the No Action Alternative, SpaceX would not conduct polar
missions from LC-39A and LC-40 using a southern launch trajectory. Under the No Action Alternative,
SpaceX would not construct the MST at LC-39A. SpaceX currently holds two FAA licenses for launches at
KSC or CCAFS and one Dragon reentry license:

e License LLO 18-105 authorizes Falcon 9 launches at LC-40 to deliver payloads to geostationary
transfer orbit; expires January 18, 2023.

e License LLO 19-110 authorizes Falcon 9 and Falcon Heavy launches from LC-39A to deliver
payloads to low Earth or geosynchronous transfer orbit; expires February 14, 2024.

e License RLS 15-006 authorizes three reentries of Dragon from Earth orbit to a reentry location in
the ocean in support of the NASA Commercial Resupply Services Missions; expires October 1,
2020.

Previous environmental reviews included up to 12 Falcon 9 annual launches at CCAFS (including boost-
back and landing at LZ-1 or LZ-2), up to 10 Falcon 9 and 10 Falcon Heavy annual launches at KSC
(including boost-back and landing of the first stages at LZ-1 or LZ-2), up to three Dragon-1 landings in the
Pacific Ocean and three Dragon-2 landings in the Atlantic Ocean annually through 2020, and 12 Dragon
landings in the Atlantic Ocean annually from 2021 through 2024.

2.3. Alternatives Considered but Eliminated from Further Consideration

SpaceX considered an alternative location for increasing the frequency of Falcon launches, including the
proposed Falcon 9 polar launch trajectory. In addition to operating its Falcon launch vehicles at LC-39A
and LC-40, SpaceX currently conducts Falcon 9 operations at Space Launch Complex 4 (SLC-4) at
Vandenberg Air Force Base (VAFB), California. SLC-4 does not support Falcon Heavy operations. SpaceX
dismissed SLC-4 from consideration for the following reasons.

One aspect of the proposed action includes Dragon missions. Dragon supports NASA for ISS resupply
missions and will also eventually carry NASA crew to the ISS. LC-39A is located on KSC, which has the
essential resources needed to support ISS resupply missions and is the only launch pad with
infrastructure necessary to support crewed Dragon missions. SpaceX would need to undertake
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substantial modifications to SLC-4 to support crewed Dragon missions and Falcon Heavy missions.
Further, SLC-4’s location does not support a majority of the launch trajectories that comprise SpaceX’s
future launch missions; SLC-4 can only support SpaceX’s polar launch trajectories.

LC-39A and LC-40 provide the best combination of existing infrastructure, launch-related resources, and
available launch azimuths. Splitting the launch cadence between SpaceX'’s launch sites at CCAFS and
VAFB would decrease efficiency, require more travel by SpaceX employees, increase cross-country
transport of hardware, increase costs associated with supplying resources needed to expand operations
at SLC-4, and result in more environmental impact. For these reasons, SLC-4 was not considered further.
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3. AFFECTED ENVIRONMENT

This chapter provides a description of the environmental impact categories that have the potential to be
affected by the Proposed Action, as required by FAA Order 1050.1F. The environmental impact categories
assessed in detail in this EA include air quality; biological resources; climate; coastal resources; Department
of Transportation Act Section 4(f); hazardous materials, solid waste, and pollution prevention; land use;
natural resources and energy supply; noise and noise-compatible land use; socioeconomics; visual effects
(including light emissions); and water resources (surface waters and groundwater). In accordance with 40
CFR §1502.15 and Paragraph 6-2.1.e of FAA Order 1050.1F, the level of detail provided in this section is
commensurate with the importance of the potential impact on the environmental impact categories. The
following environmental impact categories are not analyzed in detail for the reasons stated:

e Farmlands: There are no designated agricultural lands at CCAFS or KSC. Therefore, the Proposed
Action would not impact farmlands.

e Floodplains and Wetlands: Although the proposed MST construction at LC-39A would occur within
a flood hazard area (the 500-year floodplain), the construction would occur at an existing launch
complex and would not result in new impervious surfaces. Thus, the construction would not impact
any natural or beneficial floodplain values. The construction would not occur within a wetland.
Launch operations would not affect floodplains or wetlands at KSC or CCAFS. Therefore, the
Proposed Action would not impact floodplains or wetlands.

e Environmental Justice and Children’s Environmental Health and Safety: The Proposed Action
includes activities that regularly occur at KSC and CCAFS. There would be no impacts that
disproportionately adversely affect environmental justice populations. Additionally, no component
of the Proposed Action would result in a disproportionate health and safety risk to children.

e Wild and Scenic Rivers: The Proposed Action would not impact wild and scenic rivers because
there are no wild and scenic rivers located near KSC and CCAFS.

The geographic area potentially affected by the Proposed Action is referred to as the study area. Each
resource area discussed in this section has a distinct study area, which is described in each section below.
Previous NEPA documents have addressed and described the affected environment for SpaceX’s Falcon
launch vehicle program at LC-39A, LC-40, LZ-1, and LZ-2, as well as Dragon recovery in the Atlantic and
Pacific Oceans, as follows:

e LC-39A: The 2013 NASA EA for the multi-use of LC-39A and LC-39B (NASA 2013). The FAA was a
cooperating agency in the preparation of this EA and issued a FONSI (FAA 2016) to support issuing
launch licenses to SpaceX for Falcon 9 and Falcon Heavy launch operations at LC-39A.

e LC-40 and Dragon Recovery in Atlantic and Pacific Oceans: The 2007 USAF EA and 2013 USAF SEA
for Falcon 9 and Falcon Heavy launch operations at LC-40, including Dragon recovery in the Atlantic
Ocean or Pacific Ocean (USAF 2007, 2013). The FAA was a cooperating agency in the preparation of
the 2007 USAF EA and 2013 USAF SEA and issued FONSIs (FAA 2009, 2013) to support issuing
licenses to SpaceX for Falcon 9 and Falcon Heavy launch operations at LC-40 and Dragon reentry.

e LZ-1: The 2014 USAF EA for Falcon 9 first stage boost-back and landing at LZ-1 (formerly called LC-
13) (USAF 2014). The FAA was a cooperating agency in the preparation of the 2014 USAF EA and
issued a FONSI (FAA 2015) to support issuing launch licenses to SpaceX for Falcon 9 first stage
boost-back and landing at LZ-1.
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e LZ-2: The 2017 USAF SEA for Falcon Heavy first stage boost-back and landing at LZ-1 and LZ-2 (only
referred to as LZ-1 in the SEA) (USAF 2017a). The FAA was a cooperating agency in the preparation
of the 2017 USAF SEA and issued a FONSI (FAA 2017) to support issuing launch licenses to SpaceX
for Falcon Heavy first stage boost-back and landing at LZ-1 and LZ-2.

In accordance with 40 CFR §1502.21, this section incorporates material from the EAs mentioned above by
reference to avoid redundancy without impeding agency and public review of the Proposed Action. The
incorporated material is cited and briefly described.

3.1. Land Use

The study area for land use includes KSC and CCAFS. Land and open water resources of KSC and CCAFS are
located in Brevard County and Volusia County and are located along the east coast of central Florida. The
majority of the KSC land is located on the northern part of Merritt Island, which forms a barrier island
complex adjacent to Cape Canaveral. Undeveloped areas (uplands, wetlands, mosquito control
impoundments, and open water) comprise approximately 95 percent of KSC. Nearly 40 percent are open
water areas of the Indian River Lagoon (IRL) system, including portions of the Indian River, Banana River,
Mosquito Lagoon, and all of Banana Creek (NASA 2015a).

Neither Brevard County nor the City of Cape Canaveral has land use or zoning authority over CCAFS land.
The general plans of Brevard County and City of Cape Canaveral designate compatible land uses and zoning
around CCAFS. CCAFS designates its own land use and zoning regulations. Land uses at CCAFS include
launch operations, launch and range support, airfield, port operations, station support area, and open
space, and does not include farmland. The launch operations land use category is present along the Atlantic
Ocean shoreline and includes both inactive and active launch sites and support facilities. Open space is
dispersed throughout the station. There are no public beaches located on CCAFS.

KSC was established under NASA jurisdiction for the purpose of implementing the Nation’s space program
(National Space Act 1959). NASA maintains operational control over approximately 4,400 acres of KSC
(NASA 2015a). These are the operational areas, which are dedicated to NASA ground processing, launch,
and landing activities and include facilities and associated infrastructure such as roads, parking areas, and
maintained right-of-ways. Undeveloped lands within the operational areas are dedicated safety zones or
are reserved for planned and future expansion.

The overall land use and management objectives at KSC are to maintain the Nation’s space mission
operations while supporting alternative land uses that are in the Nation's best interest. KSC land use is
carefully planned and managed to provide required support for missions while maximizing protection of
the environment. Land use planning and management responsibilities for areas not directly used for NASA
operations are delegated to the USFWS at MINWR and the NPS at CNS. The approximately 135,225 acres
outside NASA operational control are managed by the NPS and the USFWS. The NPS administers an
approximate 6,655-acre area of the CNS, while the USFWS administers the remaining approximately
128,570 acres of the CNS and the MINWR (NASA 2015b). This unique relationship between space flight and
protection of natural resources is carefully orchestrated to ensure that both objectives are achieved with
minimal conflict.

MINWR was created in 1963 by agreement between the Bureau of Sport Fisheries and Wildlife (later
USFWS) and NASA to manage the undeveloped lands needed as a safety buffer around KSC. Congress
established CNS in 1975. It is located in both Brevard and Volusia Counties and includes 58,000 acres of
barrier islands, open lagoons, coastal hammocks, and pine flat woods and 24 miles of undeveloped
beaches. KSC has an agreement with the U.S. Department of the Interior for management of a portion of
the CNS by the NPS and a portion by the USFWS.
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Under the Interagency Agreement between NASA and USFWS for Use and Management of Property at KSC
known as MINWR (KCA-1649 Rev. B), the USFWS conducts habitat management activities, including
prescribed burning. The USFWS coordinates prescribed burns on MINWR in accordance with the “Joint
Operating Procedure between the 45th SW, USFWS, and KSC for Prescribed Burning on the MINWR, KSC,
and Cape Canaveral Air Force Station, Florida,” (KSC 2019).

For more than 35 years, MINWR has conducted prescribed fire and wildfire control operations in smoke-
sensitive areas of KSC and CCAFS. KSC facilities are intermixed with fire-dependent wildland habitats
including oak-palmetto scrub, pine flat woods, and marshlands. Due to the high occurrence of lightning
strikes, wildfires occur on MINWR. These wildfires can be managed but not eliminated, and unplanned
wildfires pose a risk to public health and safety and interfere with spaceflight operations.

Prescribed burning is the intentional ignition of grass, shrub, or forest fuels for specific purposes. Burn
programs on CCAFS and KSC are used as an important natural resource and land management tool and
provide biological, ecological, environmental, and safety benefits. Prescribed burns are conducted to
enhance and restore wildlife habitats to pre-fire exclusion conditions, to promote and benefit wildlife
species that are dependent on fire adapted ecosystems, to aid the control of exotic plants and vegetation
or “hazardous fuel loads” to reduce wildfire threat, and to protect critical spaceflight infrastructure on
CCAFS and KSC.

LC-39A is adjacent to Fire Management Unit (FMU) 5.3 to the north and west, and approximately 0.2 mile
from FMU 7.4 to the southeast. Approximately 116 acres of the 1,000 acres contained in FMU 5.3 burned in
May 2011. FMU 7.4 encompasses 1,863 acres, of which 793 acres burned in August 2011. Smoke-sensitive
areas are located northwest and southwest of this burn unit. This unit does not receive fire according to the
prescribed fire schedule.

LC-40 is approximately 0.6 mile to the south of FMU 7.4 (Figure 3-1). As described above, the USFWS
attempts to manage wildfire threats through planned prescribed burn ignitions. Although some FMUs do
not receive fire according to the fire schedule due to restrictions, all FMUs are scheduled to receive fire on
a 3 to 4 year rotation and will receive fire when restrictions allow.
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Figure 3-18. Fire Management Units near LC-39A and LC-40
S Fire Management Units
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3.2.  Visual Effects (including Light Emissions)

Visual resources are defined as the natural and man-made features that give an area its aesthetic qualities.
These features define the landscape character of an area and form the overall impression received by an
observer of the property. The study area for visual resources includes the viewshed around the Proposed
Action site, such as adjacent lands at KSC and CCAFS within view of facilities. Visual resources are any
naturally occurring or man-made feature that contributes to the aesthetic value of an area. Areas such as
coastlines, national parks, and recreation or wilderness areas are usually considered to have high visual
sensitivity.

Visual and aesthetic resources refer to natural or developed landscapes that provide information for
individuals to develop their perceptions of the area. The existing conditions at KSC are characterized as
having low visual sensitivity because the site is currently an industrialized area that supports rocket
launches. Notable visual structures include the lightning protection towers at LC-39A, LC-39B, LC-41, and
those launch pads further south of the proposed site. Due to the flat topography and the height of the
lightning protection towers (approximately 600 feet tall), the towers can be seen several miles away. Other
highly visible structures include the Vehicle Assembly Building and the KSC Visitor Complex Space Shuttle
Atlantis External Tank and Solid Rocket Booster Display.

The visual resources at KSC are typical of an administrative and industrial campus. The LC-39 area is
characterized by facilities for launch vehicle assembly, testing, and processing, while the industrial area
includes various facilities dedicated to administration, payload and launch vehicle processing, and research.
Specialized development at KSC includes the Shuttle Landing Facility (SLF) (with associated hangars and
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fueling facility), LC-39A, and LC-39B.

CCAFS, located just to the south of LC-39A, is primarily flat with scrub oak and palmetto as dominant land
cover types. Visual resources at CCAFS are typical of a military installation with hangars and administrative
facilities, but also encompass launch complexes, lightning protection towers, and a lighthouse.

CNS, located north of KSC, consists of naturally dark conditions. Lighting impacts can disrupt this and
degrade the views of the night sky in the park. The existing conditions on KSC, including LC-39A, require
lighting that may cause skyglow, which is light that escapes into the sky and illuminates particulates and
degrade the views of the night sky in the park.

Existing light sources at KSC and CCAFS include nighttime security lighting at the launch complexes and
buildings. NASA has guidelines to address the light impacts to wildlife species under the KSC exterior
lighting requirements in Chapter 24 of Kennedy NASA Procedural Requirements 8500.1 Rev. E (NASA 2018).
The installation and use of any lighting that is visible from the exterior of a facility must be in compliance
with these guidelines. Development of a Light Management Plan that meets the exterior lighting
requirements is mandatory for all new structures.

3.3. Air Quality

This section describes air quality resources for KSC and CCAFS at altitudes below 3,000 feet, which contain
the atmospheric boundary layer. The Earth’s atmosphere consists of five main layers: the troposphere,
stratosphere, mesosphere, ionosphere, and exosphere. For the purposes of this EA, the lower troposphere
is defined as at or below 3,000 feet above ground level (AGL), which the U.S. Environmental Protection
Agency (EPA) accepts as the nominal height of the atmosphere mixing layer in assessing contributions of
emissions to ground-level ambient air quality under the Clean Air Act (CAA) (EPA 1992). Although Falcon 9
launch vehicles and Dragon emissions from operations at or above 3,000 feet AGL would occur, these
emissions would not result in appreciable ground-level concentrations. Since the Falcon launch vehicle
program occurs at both KSC and CCAFS, and the proposed Dragon reentry, splashdown, and recovery
operations would primarily occur in Atlantic Ocean, Pacific Ocean, Port Canaveral, Florida, and Port of Los
Angeles, California, the study area for air quality is Brevard County, Florida and Los Angeles County,
California.

Atmospheric monitoring for chemicals at KSC and CCAFS occurs within the atmospheric boundary layer
where people live and work. Air quality at KSC and CCAFS is regulated under the CAA regulations (40 CFR
Parts 50 through 99) and Florida Administrative Code (FAC) Chapters 62-200 through 62-299. Both KSC and
CCAFS are located in Brevard County which is classified as in attainment with the National Ambient Air
Quiality Standards (NAAQS) (Table 3-1). The Florida Department of Environmental Protection (FDEP) has
exclusively adopted the NAAQS. KSC operates under a Title V Operating Permit that governs the air
emissions from activities considered a major source of air pollution. This permit is designed to improve
compliance by clarifying actions that must be taken to control air pollution. CCAFS had operated under a
Title V Air Operation Permit by designation until recently. Following a USAF review which indicated that
over the past several years criteria air pollutants and Hazardous Air Pollutants (HAP) emitted annually did
not warrant having a Title V permit, CCAFS surrendered the Title V Permit back to FDEP and requested a
General Permit. The General Permit (62-210.310, F.A.C.) was issued on May 5, 2017. The General Permit
only covers internal combustion engines and generators. All other air emissions units at CCAFS are
currently exempt under the General Permit. All emissions types that would occur under the Proposed
Action are exempt from air permitting requirements pursuant to FAC Rule 62-210.300(3)(a), Categorical
and Conditional Exemptions. These types of categorically excluded emissions units or activities are
considered to produce “insignificant” emissions pursuant to FAC Rule 62-213.430(6).
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3.3.1. National Ambient Air Quality Standards

Under the CAA, criteria pollutants include carbon monoxide (CO), sulfur dioxide (SO,), nitrogen dioxide

(NO,), ozone, particulate matter less than or equal to 10 microns in diameter (PMyo), particulate matter less

than or equal to 2.5 microns in diameter (PMs), and lead (Pb). CO, SO,, Pb, nitrogen oxides, and some
particulates are emitted directly into the atmosphere from emissions sources. Ozone, NO;, and some
particulates are formed through atmospheric chemical reactions that are influenced by weather, the
ultraviolet component of sunlight, and other atmospheric processes.

The NAAQS represent the maximum levels of pollution that are considered acceptable, with an adequate

margin of safety, to protect public health and welfare (Table 3-1). Short-term standards (1-, 3-, 8-, and 24-
hour periods) are established for pollutants contributing to acute health effects, while long-term standards
(quarterly and annual averages) are established for pollutants contributing to chronic health effects.

Table 3-1 National Ambient Air Quality Standards
Pollutant AAGED) A.v eraging Level Form
Secondary | Time
Carbon monoxide . 8 hours 9 ppm Not to be exceeded more than once
primary
1 hour 35 ppm peryear
primary Rolling 3
Lead and month 0.15 pg/m3*@ | Not to be exceeded
secondary | average
Nitrogen dioxide 98th percentile of 1-hour daily
primary 1 hour 100 ppb maximum concentrations, averaged
over 3 years
primary
and 1 year 53 ppb @ Annual Mean
secondary
primary Annual fourth-highest daily maximum
Ozone and 8 hours 0.070 ppm © | 8-hour concentration, averaged over 3
secondary years
primary 1year 12.0 pg/m3 annual mean, averaged over 3 years
secondary 1year 15.0 ug/m3 annual mean, averaged over 3 years
PMa2s
icul primary
Particulate and 24 hours 35 pg/m? 98th percentile, averaged over 3 years
Matter secondary
primary
PMwo | and 24 hours 150 pg/m? Not to be exceeded more than once
per year on average over 3 years
secondary
99th percentile of 1-hour daily
Sulfur Dioxide primary 1 hour 75 ppb ¥ maximum concentrations, averaged
over 3 years
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https://www.epa.gov/criteria-air-pollutants/naaqs-table#1
https://www.epa.gov/criteria-air-pollutants/naaqs-table#2
https://www.epa.gov/criteria-air-pollutants/naaqs-table#3
https://www.epa.gov/criteria-air-pollutants/naaqs-table#4

Primary/ Averaging

Level F
Secondary | Time eve orm

Pollutant

Not to be exceeded more than once

d 3h 0.5
secondary ours ppm oer year

Source: 40 CFR 50, EPA 2016. Criteria Air Pollutants NAAQS

Notes: mg/m?3 = milligrams per cubic meter; ug/m3 = micrograms per cubic meter; ppb = parts per billion; ppm = parts per million;
PM;o = particulate matter less than or equal to 10 microns in diameter; PM, s = fine particulate matter 2.5 microns or less in
diameter

(1) In areas designated nonattainment for the Pb standards prior to the promulgation of the current (2008) standards, and for
which implementation plans to attain or maintain the current (2008) standards have not been submitted and approved, the
previous standards (1.5 pg/m?3 as a calendar quarter average) also remain in effect.

(2) The level of the annual NO; standard is 0.053 ppm. It is shown here in terms of ppb for the purposes of clearer comparison to
the 1-hour standard level.

(3) Final rule signed October 1, 2015, and effective December 28, 2015. The previous (2008) ozone standards additionally remain in
effect in some areas. Revocation of the previous (2008) ozone standards and transitioning to the current (2015) standards will be
addressed in the implementation rule for the current standards.

(4) The previous SO, standards (0.14 ppm 24-hour and 0.03 ppm annual) will additionally remain in effect in certain areas: (1) any
area for which it is not yet 1 year since the effective date of designation under the current (2010) standards, and (2) any area for
which implementation plans providing for attainment of the current (2010) standard have not been submitted and approved and
which is designated nonattainment under the previous SO, standards or is not meeting the requirements of a SIP call under the
previous SO, standards (40 CFR 50.4(3)), A SIP call is an EPA action requiring a state to resubmit all or part of its State
Implementation Plan to demonstrate attainment of the required NAAQS.

Based on measured ambient criteria pollutant data, the EPA designates all areas of the U.S. as having air
quality better than the NAAQS (attainment), worse than the NAAQS (nonattainment), or unclassifiable (40
CFR Part 81, Subpart C, Section 107). The designation of attainment for any NAAQS is based on the
evaluation of ambient air quality monitoring data collected through federal, state, and/or local monitoring
networks. According to the EPA, Brevard County is in attainment for all criteria pollutants (EPA 2019). Los
Angeles County is in nonattainment for PM,sand Os (EPA 2019).

Florida and California’s air monitoring effort is concentrated on the six criteria pollutants. In 2016, Florida
continued to be in attainment for all criteria pollutants, with the exception of Tampa’s nonattainment
designation for lead and sulfur dioxide nonattainment areas in Hillsborough County and Nassau County
(EPA 2018a). As of March 31, 2019, 40 counties in California were in nonattainment, mainly for ozone. The
state coastal boundaries are part of the same air quality jurisdiction area as the contiguous land area.
Coastal waters for most states lie within 3 nautical miles of a shoreline. Dragon splashdowns and recovery
operations would occur at a minimum of 5 nautical miles from shore and would be outside state coastal
water jurisdictions.

The CAA defines conformity as the upholding of a set of air quality goals by eliminating or reducing
violations of the NAAQS and achieving attainment of these standards. Conformity determinations are not
required for launch operations in Florida since both launch facilities (LC-39a and LC-40) are located within
NAAQS attainment area for all regulated criteria pollutants. The ambient air quality at both facilities is
predominantly influenced by daily operations such as vehicle traffic, utilities, fuel combustion, and standard
refurbishment and maintenance operations. Other operations occurring infrequently throughout the year,
including launches and prescribed fires, also play a role in the quality of air as episodic events.

The Port of Los Angeles and adjacent coastal waters are in the South Coast Air Basin (SCAB) under the
jurisdiction of the South Coast Air Quality Management District. The SCAB is classified as an
attainment/unclassified area for the NAAQS for CO, NO,, SO,, and PMy, and a nonattainment area for Os,
PM3;, and Pb. The CAA’s General Conformity rule applies to federal actions occurring in non-attainment or
maintenance areas. The General Conformity rule requires federal agencies to demonstrate that their
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actions conform with the applicable State Implementation Plan.
3.3.2. Hazardous Air Pollutants

In addition to the NAAQS, national standards also exist for HAPs. The National Emission Standards regulate
187 HAPs based on available control technologies (40 CFR Parts 61 and 63). The majority of HAPs are
volatile organic compounds. Mobile sources of air emissions include launch vehicles, commercial ships,
recreational boats, cruise ships, and aircraft. HAPs emitted from mobile sources are called Mobile Source
Air Toxics (MSATs). MSATs are compounds emitted from highway vehicles and non-road equipment that
are known or suspected to cause cancer or other serious health and environmental effects. In 2001, EPA
issued its first Mobile Source Air Toxics Rule, which identified 21 compounds as being HAPs that required
regulation (EPA 2001). A subset of six of these MSATs compounds were identified as having the greatest
influence on health and included benzene, 1,3-butadiene, formaldehyde, acrolein, acetaldehyde, and diesel
particulate matter. EPA issued a second Mobile Source Air Toxics Rule in February 2007, which generally
supported the findings in the first rule and provided additional recommendations of compounds having the
greatest impact on health. The rule also identified several engine emission certification standards that must
be implemented (EPA 2007).

MSATs would be the primary HAPs emitted by mobile sources during pad launch activity and recovery
operations. The recovery vessel and RHIB used during recovery operations would likely vary in age and
have a range of emission controls. It is anticipated that recovery equipment and vehicles would be
operated for approximately five days for each launch-recovery operation and would produce negligible
ambient pollutant emissions in a widely dispersed area. HAPs from the combustion of fossil fuel, which is
the cause of emissions from mobile sources, are anywhere from one to three orders of magnitude less than
criteria pollutant emissions from these sources. Because of small scale of the emissions and in the context
of the minimal mobile source operations required by the proposed action, HAP emissions are not
considered further in this analysis.

Table 3-2 is a summary of ambient air quality measurement data for 2013—-2017 for the local region. The
table shows that ground-level concentrations of criteria pollutants in the study area are within the NAAQS.

Table 3-2 Measured Ambient Air Concentrations of Criteria Pollutants in the Region?

Pollutant | Averaging Nearest Monitoring | Maximum Measured Concentration
Time Station (ppm, except PM in pg/m?3)
2013 2014 2015 2016 2017
03 8 Hours Palm Bay- 0.063 (4" | 0.063 (4t 0.059 (4t" 0.061 | 0.061
Melbourne- max) max) max) (4t (4t
Titusville max) max)
co 1 Hour Orlando-Kissimmee- | 1.1 1.8 1.5 1.9 2.8
8 Hour Sanford 1.0 1.5 1.2 1.2 1.4
NO2 1 Hour Orlando-Kissimmee | 0.034 0.036 0.025 0.029 | 0.030
Annual (mean) | Sanford 0.005 0.005 0.004 0.004 | 0.004
SOz 1 Hour Orlando-Kissimmee- | 0.003 0.007 0.003 0.002 | 0.005
Sanford
24 Hour 0.0004 0.0023 0.0005 0.0013 | 0.0008
PMa1o 24 Hour Palm Bay- 54 (2 44(2™ max) | 47 (2 38 (2 | 49 (2nd
Melbourne- max) max) max) max)
Titusville
PM2.s 24 Hour Palm Bay- 21 14 12 10 20
Annual Melbourne- 5.7 5.8 5.2 5.2 6.6
Titusville
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Lead Quarterly No lead monitors
are located within - - - - -
100 miles of LZ-1

Source: EPA 2018a.
a Each maximum is measured as defined by the respective standard.

Tables 3-3 and 3-4 are summaries for years 2009 through 2016 of KSC and CCAFS Air Emissions Inventory
Reports of actual tons per year of the criteria pollutants and total HAPs that are included in the current
permits. The KSC Title V permit covers four categories of air emission units: hot water generators/boilers,
internal combustion engines, chromate conversion operations, and portable aggregate material crushing
operations. The CCAFS General Permit is for emissions from internal combustion engines.

Table 3-3. KSC History of Actual Annual Emissions (tons per year)

Pollutants | 2016 2015 2014 2013 2012 2011 2010 2009
co 3.21 4.62 6.12 7.22 9.57 10.77 10.39 11.17
HAPS 0.48 0.62 0.49 0.55 0.55 0.66 0.60 1.16
NOx 10.48 15.35 23.11 24.98 34.00 38.69 36.86 40.12
PM 0.68 1.13 1.45 1.69 2.36 2.68 2.55 2.81
PM10 0.68 1.08 1.44 1.69 2.35 2.67 2.56 2.80
PM2.5 0.53 0.86 1.25 1.44 2.05 2.35 2.23 2.49
SO2 0.02 0.02 0.02 0.03 0.44 0.52 0.49 0.50
voC 4.58 4.72 3.56 4.37 4.68 6.28 10.69 11.16

Source: FDEP 2018.

Table 3-4. CCAFS History of Actual Annual Emissions (tons per year)

Pollutants 2016 2015 2014 2013 2012 2011 2010 2009
CcO 11.66 10.75 9.83 10.95 19.47 17.87 22.72 17.50
HAPS 0.02 0.03 0.03 0.03 0.15 0.15 0.22 0.22
NOx 42.21 36.28 33.56 35.79 73.58 63.76 73.80 60.89
PM 3.00 2.59 2.66 2.63 5.20 4.84 5.41 4.56
PM1o 2.76 2.31 2.215 2.29 5.03 4.36 491 4.18
SO; 2.52 2.08 1.95 2.15 4.92 3.96 4.47 3.74
VOC 3.35 2.86 2.69 2.84 6.22 5.17 6.02 5.21

Source: FDEP 2018.

3.4. Climate

While the topic of climate can be global in nature, the “local weather” for this environmental impact
category lies along the Atlantic coast in Brevard County, Florida, the western Atlantic Ocean, and the
California Coast in Los Angeles, County, California. However, climate change resulting from GHG emissions
is a cumulative global phenomenon, so the affected environment (study area) is the global climate (EPA
2009a). Given the minor nature of activities that would occur in Los Angeles County (a potential Dragon
reentry and recovery operation at the Port of Los Angeles if conditions are unfavorable for landing in the
Atlantic Ocean), climate change is not expected to affect Dragon recovery operations in California in the
foreseeable future. Therefore, this EA does not discuss in detail the local climate in Los Angeles County.

Brevard County experiences a subtropical climate of hot, humid summers with distinct wet and dry
seasons. From 1981 to 2010, precipitation averaged 54 inches per year, with high precipitation months
during August and September, and December, the driest month averaging 2.3 inches (US Climate Data
2018). During the same time period, temperatures vary between an average high of 71.4°F in January to an
average of 90.6°F in July and August.
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At the coast, mean sea level (MSL) is defined as the height of the sea with respect to a local land
benchmark, averaged over a period of time long enough to eliminate the effects of wave, tidal, and
seasonal fluctuations. Changes in MSL as measured by coastal tide gauges are called “relative sea level
changes,” because they can come about either by movement of the land on which the tide gauge is
situated or by changes in the height of the adjacent sea surface. MSL from NOAA is established at CCAFS as
19.9 feet. The average high tide for CCAFS is 21.5 feet, while the average low tide is 18.2 feet. The highest
observed water level at CCAFS was 25.9 feet on September 26, 2004 (NASA 2013). According to the
International Panel on Climate Change (IPCC), global mean sea level continues to rise due to thermal
expansion of the oceans in addition to the loss of mass from glaciers, ice caps, and the Greenland and
Antarctic Ice Sheets (NASA 2013).

Inclement weather for Brevard County is characterized by large storm cells moving west to east across
North America in the cool, winter months and local or tropical systems during the hot, summer months.
Occasional hurricanes do affect the area, with storm surge and wind playing a dominant factor in the
damage incurred. Hurricane season extends from June through November. The most active hurricane
season in the area’s history was 2004, when damages to KSC facilities alone exceeded $100 million.
Additionally, many habitats, such as marshes, shoreline, and dunes were affected, at least temporarily, due
to the storm surge and beach erosion (NASA 2013). The central Florida region has the highest number of
thunderstorms in the United States during the summer months (May — September), and over 70 percent of
the annual 48 inches of rain occurs in the summer. During thunderstorms, wind gusts of more than 60 miles
per hour and rainfall of over 1.0 inch often occur in a one-hour period, and there are numerous cloud-to-
ground lightning strikes.

Solar irradiance, the greenhouse effect, and earth’s reflectivity are the key factors interacting to maintain
temperatures on Earth within critical limits. Relatively recent changes in greenhouse gas concentrations
[primarily carbon dioxide (CO;)] have been identified as the primary factor influencing Earth’s current
climate trends (EPA 2009b). Human land use changes and burning of fossil fuels for energy are the major
contributors to increases in greenhouse gases that are accelerating the rate of climate change. Impacts
include warmer temperatures, rising sea levels, changes in rainfall patterns, and a host of other associated
and often interrelated effects. For the KSC and CCAFS region, the average air temperature for the 30-year
climate baseline period is 72° F (NASA 2015a). Climate forecasts indicate that average temperatures will
increase by as much as 6°F during the latter part of the century. Emissions of CO; at KSC and CCAFS are
primarily associated with vehicle traffic, ground support operations, and launch events. On KSC, CO;
emissions in 2016 were estimated at 99,025.2 metric tons, equaling a 54 percent reduction in sources
controlled by the government and a 32 percent reduction from non-government sources from 2008
baseline emission statistics (unpublished data summarized in NASA 2016a).

During the last two decades, erosion along the KSC and CCAFS coastline has increased as a result of
frequent storm surges from nor’easters, tropical storms, and hurricanes. Erosion may have been
exacerbated by effects from rising sea levels which have exceeded 5 inches in the last 20 years as measured
at the Trident Pier in the adjacent Port Canaveral. As a result, the area has been categorized as “critically
eroded” by the Florida Department of Environmental Protection (FDEP 2016). Nearly 3.0 miles of artificial
dune have been created along the KSC coastline to protect space program assets and important wildlife
habitat; additional dune creation is planned. The coastal dune along CCAFS has not experienced the same
erosion as the KSC beaches and is accreting in most areas.

Greenhouse gases (GHG) are gas emissions that trap heat in the atmosphere. These emissions occur from
natural processes and human activities. Some scientific evidence indicates a trend of increasing global
temperature over the past century which may be due to an increase in GHG emissions from human
activities. The climate change that may be associated with this global warming may produce negative
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economic and social consequences across the globe.

The FAA has developed guidance for considering GHGs and climate under NEPA, as published in the Desk
Reference to Order 1050.1F.% Considering GHG emissions for an FAA NEPA review should follow the basic
procedure of considering the potential incremental change in CO, emissions that would result from the
proposed action and alternative(s) compared to the no action alternative for the same timeframe, and
discussing the context for interpreting and understanding the potential changes. For FAA NEPA reviews,
this consideration could be qualitative (e.g., explanatory text), but may also include quantitative data (e.g.,
calculations of estimated project emissions).

Discussion of the estimated GHG emissions associated with the Proposed Action and the impact analysis
can be found in the environmental consequences analysis in Section 4.4. Table 3-5 below summarizes GHG
emissions for all activities at CCAFS (USAF 2017a). While more recent data are not available, the CCAFS
landfill was the primary methane emission source for all GHG. The landfill was closed in 2013 and a decision
was made by the USAF that residual methane emissions would be negligible. Therefore, methane emission
can be taken as zero for 2014 and beyond (USAF 2017a).

Table 3-5. Summary of Greenhouse Gases Emissions for CCAFS (Years 2011 through 2013)

GHG GHG Emissions for 2011

Ton (Short) Ton (Metric) MtCOze
CO2 3,160.034 2,866.735 2,866.735
N20 0.052 0.047 14.624
CHa 122.215 110.872 2,328.303
TOTAL REPORTABLE GHG for 2011 5,209.662
GHG GHG Emissions for 2012

Ton (Short) Ton (Metric) MtCOze
CO2 2,827.90 2,565.43 2,565.42
N20 0.05 0.04 13.21
CHa 211.41 191.79 4,027.65
TOTAL REPORTABLE GHG for 2012 6,606.28

GHG Emissions for 2013
GHG -

Ton (Short) Ton (Metric) MtCO2ze
CO> 6,148.266 5,577.651 5,577.651
N20 227.900 206.500 61,153.000
CHa 241.542 219.085 5,433.214
R-22 0.085 0.077 0.004
R-123 0.076 0.069 0.002
TOTAL REPORTABLE GHG for 2013 72,547.870

Source: USAF 2017a. NOTE: MtCO,e = Metric Ton Carbon Dioxide Equivalent — describes greenhouse gases in a common unit. For
any quantity and type of greenhouse gas, CO,e denotes the amount of CO, which would have the equivalent global warming
impact. R-22 = Chlorodifluoromethane or difluoromonochloromethane is a hydrochlorofluorocarbon (HCFC-22) refrigerant being
phased out, R-123= 2,2-Dichloro-1,1,1-trifluoroethane or HCFC-123 is a replacement refrigerant being phased in.

Table 3-6 shows trends in GHG emissions at KSC from 2008 through 2017. Emissions in Scope 1 and 2
pertain to sources owned or controlled by the government (e.g. government fleet, stationary sources), and
purchased electricity, heat, or steam. Scope 3 emissions are from activities not directly controlled by the
government such as emissions from non-government vehicles (e.g. employee travel). NASA’s goal is to
reduce Scope 1 and 2 GHG emissions by 22.4 percent and Scope 3 emissions by 15.2 percent by FY2020, as

6

https://www.faa.gov/about/office org/headquarters offices/apl/environ policy guidance/policy/faa nepa order/de

sk _ref/
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compared to emissions in 2008 (NASA 2016b).

Table 3-6. NASA KSC Greenhouse Gas Emissions Trends (FY2008 through FY2017)

GHG Emissions MTCOze

GHG Emission Scope and Category

Wastewater Treatment, Solid Waste Disposal

FY2008 FY2015 FY2016 FY2017
Scope 1 Stationary Combustion; Mobile Emissions 27,051.1 9,309.5 10,343.4 14,032.4
Scope 2 Purchased Electricity Consumption 149,861.7 76,337.9 77,068.3 67,731.6
Scope 3 Transmission and Distribution; Travel; 24,289.3 15,939.1 16,880.4 14,880.9

Source: Dan Clark/NASA/ 8-16-2018 email; Erik Tucker/ 8-20-2018 email.

3.5. Noise and Noise-Compatible Land Use

Compatible land use means the use of the land is normally consistent with the outdoor noise environment
at the location (14 CFR § 150.7). Compatible land use analysis considers the effects of noise on special
management areas, such as national parks, national wildlife refuges, and other sensitive noise receptors.
The concept of land use compatibility corresponds to the objective of achieving a balance or harmony

between the Proposed Action and the surrounding environment. Noise is defined as unwanted or annoying

sound that interferes with or disrupts normal human activities. Although exposure to very high noise levels
can cause hearing loss, the principal human response to noise is annoyance. The response of different
individuals to similar noise events is diverse and influenced by the type of noise, perceived importance of

the noise, its appropriateness in the setting, time of day, type of activity during which the noise occurs, and

sensitivity of the individual.

The study area for noise and noise-compatible land use includes KSC, CCAFS, and extends into central
Florida with a center point between LC-39A and LC-40 (Falcon 9 and Falcon Heavy launch operations).
Given that 1) noise associated with Dragon splashdown in the Pacific Ocean would be minor and not affect

noise sensitive areas and 2) noise associated with transporting Dragon to the Port of Los Angeles would not

appreciably affect noise levels at the port, the study area does not include Dragon recovery operations on

the west coast.

The study area has an approximate radius of 55 miles (Figure 3-2). This area has experienced sonic booms
during previous SpaceX first stage booster landings (USAF 2017a). It also includes the recovery area
positioned 5 to 140 nautical miles off the Atlantic coastline where the majority of sonic boom noise would
occur. This study area includes those areas where the effects of launch noise and sonic boom noise from
reentry may occur, and where recovery offloading activities would occur at CCAFS and Port Canaveral.
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Figure 3-2. Study Area for Noise Generated by Launch Operations

CCAFS and KSC are relatively isolated facilities which reduces the potential for noise impacts on adjacent
communities. The nearest residential area is the City of Titusville to the west, across the Indian River. Open
space lies to the north. Land just to the south-southwest of KSC is largely undeveloped with low density
housing located approximately 9 miles from LC-39. The beach cities of Cape Canaveral and Cocoa Beach are
also to the south, immediately south of Port Canaveral, approximately 15 miles from the LC-39 area, and 10
miles from LC-40. The sound produced by current rocket launches is noticed in all of these areas and the
perimeter locations are commonly visited by the public for launch viewing. In the cities of Merritt Island
and Cape Canaveral, ambient noise levels are normally low, with higher noise levels occurring in the
communities’ industrial areas, and lower noise levels (normally about 45 to 55 A-weighted decibels [dBA])
in the residential areas and along the beaches. Aircraft fly-overs and rocket launches from CCAFS and KSC
increase noise levels for short periods of time; sonic booms from returning first stage boosters also cause
very short noise events.

Noise levels around facilities at CCAFS and KSC approximate those of any urban industrial area, reaching
levels of 60 to 80 dBA. Additional on-site sources of noise are the aircraft landing facilities at the CCAFS Skid
Strip and the KSC SLF. Other less frequent but more intense sources of noise in the region are launches
from CCAFS and KSC, which includes both engine noise and sonic booms produced as launch vehicles reach
supersonic speeds. Sonic booms produced during vehicle ascent over the Atlantic Ocean are directed in
front of the vehicle and do not impact land areas; however, returning Falcon first stage vehicles (that land
at LZ-1) do produce a double sonic boom that has been heard as far away as the metro-Orlando area.

For the increased launch azimuth window, the study area for downrange landing operations includes the
Bahamas and near-shore waters in Bahamas and Cuba, as defined by the sonic boom footprints (see
Figures 4-5 and 4-6). The FAA is aware that noise generated from launches may be audible beyond the U.S.
border. NEPA requires that federal agencies include analysis of potential transboundary effects extending
across the border and affecting another country’s environment.

3.5.1. Noise Metrics

The decibel (dB) is a ratio that compares the sound pressure level of the sound source of interest (e.g., a
launch) to a reference sound pressure level (e.g., the quietest sound that can be heard). It is a logarithmic
unit that accounts for the large variations in amplitude. A number of factors affect sound as the human
hearing mechanism perceives it. These include the actual level of noise, the frequency content, the time
period of exposure to the noise, and changes or fluctuations in noise levels during exposure. Various noise
metrics are used to assess and correlate the assorted effects of noise on humans, including land use
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compatibility, sleep and speech interference, annoyance, hearing loss, and startle effects. To correlate the
frequency characteristics from typical noise sources to human response, several frequency weighting scales
have been developed. Sound levels that have been adjusted to correspond to the frequency response of
the human hearing mechanism are referred to as A-weighted (dBA) sound pressure levels. The long-term
equivalent A-weighted sound level (Leq) is an A-weighted sound level that is "equivalent" to an actual time-
varying sound level. If structural damage is a concern, then the overall sound pressure level (OASPL) is
used. This quantity has no frequency weighting and includes low frequencies which may induce vibration in
structures. The largest portion of the total acoustic energy produced by a launch vehicle is usually
contained in the low-frequency end of the spectrum (1 to 100 Hz). Launch vehicles (and returning first
stage boosters) also can generate sonic booms. A sonic boom, the shock wave resulting from the
displacement of air in supersonic flight, differs from other sounds in that it is impulsive and very brief
(often less than one second). A sonic boom is not generated until the vehicle reaches supersonic speeds or
reduces velocity to below supersonic for landing vehicles and/or returning capsules. The launch site itself
does not experience a sonic boom during launch; the entire boom footprint is usually some distance
downrange of the launch site. However, during the landing sequence, the landing site and areas
surrounding may experience a sonic boom. Although derived for humans, A-weighted sound level
descriptors can also be used to qualitatively assess the effects of noise on wildlife.

3.5.2. Day-Night Average Noise Level

FAA Order 1050.1F requires the FAA to assess noise impacts on noise sensitive areas using the Day-Night
Average Sound Level (DNL) metric to determine if significant impacts would occur. Normally, noise sensitive
areas include residential, educational, health, and religious structures and sites, and parks, recreational
areas (including areas with wilderness characteristics), wildlife refuges, and cultural and historical sites.
There are other federal agency noise standards that pertain to hearing conservation (e.g., those established
by the National Institute for Occupational Safety and Health [NIOSH] and the Occupational Safety and
Health Administration [OSHA]).

The DNL is a cumulative noise metric that is an average of noise levels over a 24-hour period with a 10 dB
upward adjustment of noise levels during the nighttime (10:00 p.m. to 7:00 a.m.). This adjustment accounts
for increased human sensitivity to noise at night. The DNL can be calculated on the basis of the Sound
Exposure Level (SEL) and the number of daytime and nighttime noise events. The SEL represents all of the
acoustic energy associated with a noise event such as a vehicle pass-by. The SEL normalizes the sound level
as if the entire event occurred in one second. The SEL is also useful for directly comparing two different
noise events with differing maximum noise levels and durations.

3.5.2.1. Engine Noise

Noise contour maps of noise metrics are used to assess the noise level and impact of noise on a
community. Noise contours depict the area within which a certain noise level occurs, as predicted by a
computer model and/or measured with sound level meters. A significant noise impact would occur if the
action would increase noise by DNL 1.5 dB or more for a noise sensitive area exposed to noise at or above
the DNL 65 dB noise exposure level, or that will be exposed at or above the DNL 65 dB due to a DNL 1.5 dB
or greater increase, when compared to the no action alternative for the same timeframe.

Launches and landings are a major source of operational noise; all other noise sources in the launch area
are considered minor compared to rocket noise. Generally, three types of noise occur during a standard
vehicle launch or landing: 1) combustion noise from the launch vehicle chambers; 2) jet noise generated by
the interaction of the exhaust jet and the atmosphere; and 3) combustion noise from post-burning of
combustion products. The initial loud, low frequency noise heard in the immediate vicinity of the launch
pad is a result of the three types of noise combined. SpaceX measured noise levels for its May 22, 2012,
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Falcon 9 (Block 1) launch at LC-40. The launch time was 3:44 p.m. with all nine Merlin engines firing. SpaceX
also measured near-fiel