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EXECUTIVE SUMMARY 
 
Blue Origin has prepared this Environmental Assessment (EA) in compliance with the National Environmental Policy 
Act (NEPA) requirements with the United States Air Force (USAF) as lead agency to evaluate the potential 
environmental impacts resulting from Blue Origin constructing and operating an engine test stand for the Blue Engine 
4 (BE-4) engine, and constructing and operating a launch complex for launching an Orbital Launch Vehicle (OLV).  
Blue Origin, LLC was established in 2000 by Amazon.com CEO and founder Jeff Bezos.  The Company is 
headquartered in Kent, Washington (Seattle area) where it currently operates an extensive manufacturing facility 
which is producing space vehicle engines, mechanical structures, avionics, and spacecraft.  Blue Origin has also 
developed launch facilities in Texas where it has successfully launched several sub-orbital vehicles to altitudes of 
over 300,000 feet. On November 23, 2015 a BE-3 powered vehicle was successfully launched to an altitude of 
approximately 62.5 miles from the Texas facility; the vehicle returned and landed on the same site.  The test capsule 
landed successfully nearby under parachute. The same vehicle successfully launched and landed in Texas four 
different times through June 2016.   
 
The BE-4 engine test stand would be located at Launch Complex (LC)-11, and the launch facility would be located at 
adjacent complex LC-36 at Cape Canaveral Air Force Station (CCAFS), Florida. Collectively the combined sites of 
LC-11, LC-36, and approximately 50 acres of surrounding land form a total of approximately 306 acres which are the 
subject of this EA and will be referred to as the Orbital Launch Site (OLS).  The Federal Aviation Administration 
(FAA) is a cooperating agency due to their launch licensing authority, and the National Aeronautics and Space 
Administration (NASA) is a cooperating agency because of their space vehicle expertise and Blue Origin’s plans to 
build launch vehicles at KSC. The manufacturing facility is a separate action from this EA previously addressed in a 
separate NASA Environmental Impact Statement (EIS) and KSC Environmental Checklist/Record of Environmental 
Consideration (REC). 
 
PURPOSE AND NEED   
 
The purpose of the Proposed Action is to create further opportunity for the reuse of former launch facilities as 
discussed in the 2005 EA for reusability of CCAFS assets (USAF 2005).  The Proposed Action would allow the user 
to test rocket engines, and prepare and launch vehicles to meet the demand for lower cost access to space. The 
Proposed Action would also provide continued capability for space exploration including the processing and launch of 
rocket powered vehicles enhancing access to CCAFS space launch capabilities by commercial users through 
expanded use and improved utilization.  The Proposed Action would also continue to provide economic and technical 
benefits to both the government and private sector following the retirement of the Space Shuttle Program in 2011.   
 
The Proposed Action is needed to properly test advanced rocket engines efficiently in the United States for beneficial 
use by commercial space launch enterprises and possible government enterprises.  The Proposed Action is also 
needed to continue the goals of the National Space Transportation Policy of 2005 and the Commercial Space Launch 
Amendments Act of 2004 to achieve affordable access to space which is necessary to support rising industries.   
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PROPOSED ACTION  
 
The Proposed Action is to construct and operate an OLS at the combined areas of LC-11 and LC-36 at CCAFS, 
Florida.  The commercial facility would contain infrastructure to test rocket engines, integrate launch vehicles, and 
conduct launches of liquid fueled, heavy-lift class orbital vehicles.  Blue Origin’s long term intention is to sign a lease 
directly with the USAF for both LC-11 and LC-36.  

Blue Origin has been following an incremental approach in developing launch vehicles and will be advancing to the 
orbital human spaceflight phase in the future; human flight is not assessed in this EA. This current phase is defined 
by the development of an OLV and an accompanying OLS at CCAFS to support satellite and science payload 
launches.  The OLV is a multi-stage launch system capable of carrying the Payload Accommodations (PA) which 
would be comprised of one or more Spacecraft (SC) in a Payload Fairing (PLF). The launch vehicle’s first stage is 
reusable, designed to be flown numerous times.  Present plans call for returning first stages to Earth by landing on a 
downrange ocean-going platform, and returning them to a facility for reuse. 
 
The manufacturing of the large elements (e.g. first stage, second stage, PLF, etc.) is planned to occur at a new 
facility located at Exploration Park (Phase 2) on KSC, which was addressed by a previous NASA EIS and 
environmental checklist/REC.  The construction of that facility and the manufacturing of those elements are not part 
of this Proposed Action.  Final integration of the various flight elements of the launch vehicle may occur at the 
CCAFS site and is part of the Proposed Action.  Transportation of the vehicle stages from Exploration Park to the LC-
36 launch site, and transportation of a returned first stage back to LC-36 is discussed in this EA. 
 
The major elements of the OLS at CCAFS are the launch pad, integration facility, engine test stand, and the systems 
to recover and refurbish reusable space systems (first stage).  After arrival at the integration facility, the first and 
second stages, and a possible third stage, would then be mated together and integrated onto the transporter erector 
system. Following integration of the booster stages, the PA would be attached, and then the entire system would 
undergo a readiness test. The OLV would then be transported from the integration facility to the launch pad and 
erected for launch. After a successful launch the first stage would return to the Earth for recovery in an elliptical-
shaped area offshore and down range in the Atlantic Ocean. 
 
ALTERNATIVE ACTIONS CONSIDERED BUT REMOVED FROM FURTHER CONSIDERATION   
 
Blue Origin considered locations within the continental United States as a starting point in its broad search for its OLV 
Program. This process began with internal reviews and assessments of locations and candidate sites. The search 
included coastal sites along the east and gulf coasts, as well as inland sites in remote areas of the southwest. The 
criteria for the ideal site included but were not limited to the following: safety, environmental setting, operational 
flexibility, business costs, risk profile, schedule, and workforce availability. This set of criteria helped to narrow the 
possible locations.  
 
The flight path for the OLV was not allowed to cross any populated area due to safety concerns of both Blue Origin 
and the FAA.  West coast and interior state sites were eliminated as they did not meet the requirement for safe north 
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easterly trajectories thus narrowing the search to states which are located along the eastern and gulf coastline. The 
complexity of orbital launch along with the governing regulatory standards drove Blue Origin to focus on coastal sites 
with adequate buffer zones and minimal overflight. 
 
Upon review of sites proposed by interested states and the project technical requirements, Blue Origin reduced the 
candidate list to four states—Virginia, North Carolina, Georgia, and Florida.  Of the states with potential sites to meet 
our project requirements, only Florida provided multiple locations.  The candidate list includes six potential sites for 
consideration: Camden County Georgia, Hyde County North Carolina, Virginia’s Wallops Island, Florida’s Shiloh site 
on the border of Brevard County and Volusia County, Launch Complex 20 at CCAFS, and Launch Complex 11 and 
36 at CCAFS. The site chosen for detailed assessment as the Preferred Alternative is Launch Complex 11 and 36 at 
CCAFS. 
 
NO ACTION ALTERNATIVE 
 
Under the No Action Alternative, Blue Origin would not reuse LC-11 for the testing of rocket engines and would not 
redevelop LC-36 into a launch facility.  Blue Origin would not be able to test engines for future use by the 
government, and would not be able to launch their OLV from LC-36 at CCAFS. Thus, the National Space 
Transportation Policy of 2005 stated goal of “assuring reliable and affordable access to space through U.S. space 
transportation capabilities” would also be limited. 
 
SUMMARY OF POTENTIAL ENVIRONMENTAL EFFECTS 
 
This EA assessed the following 16 resource areas which were considered to provide a context for understanding the 
potential environmental effects of the Proposed Action and alternatives: land use/visual resources (which includes 
coastal resources), noise, biological resources, cultural resources, air quality, climate, hazardous 
materials/hazardous waste (which includes solid waste and pollution prevention), orbital debris, water resources, 
geology and soils, transportation, utilities, health and safety, socioeconomics, environmental justice, and Section 4(f) 
properties. Additional resources required to be assessed by FAA Order 1050.1F including natural resources and 
energy, farmlands, and children’s environmental health and safety risks are also discussed, but are dismissed from 
detailed evaluation. The environmental consequences associated with the Proposed Action and the No Action 
Alternative were analyzed for the appropriate Region of Influence (ROI) for each resource area.  The following table 
presents a summary of the resources considered and the potential impacts for the Proposed Action on those 
resources. The descriptions discuss both construction and operations related tasks associated with this Proposed 
Action. 
 

TABLE E-1:  Summary of Potential Environmental Impacts from the Proposed Action and the No Action Alternative 
 

Resource Area Potential Environmental Impact from Proposed Action 
Land Use / Visual Resources Construction: There would be no significant impacts to coastal resources. There would be 

no significant impacts to land use compatibility to reuse or construct launch facilities since 
CCAFS, LC-11, and LC-36 use currently included these facilities. 
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Operations: There would be no significant impacts to coastal resources. There would be 
no significant impacts to land use compatibility since CCAFS, LC-11, and LC-36 use 
includes launching space launch vehicles. Visible impact would only include the normally 
seen and short-lived vehicle contrails for each launch event. 

Noise Construction: There would be temporary impacts to noise levels at CCAFS, or in 
communities adjacent to CCAFS property due to reuse and construction activities. There is 
also no effect on habitat from construction related noise.     
 
Operations: There would be no impacts in noise levels in communities adjacent to south 
CCAFS property during normal daily operations. Noise impacts to biological resources 
are discussed below. 
 
The Proposed Action is not expected to generate propulsion noise or sonic boom impacts 
greater than what the community has been exposed to as a result of previous launches 
from CCAFS and the adjacent KSC including launches of the Space Shuttle and Saturn V 
vehicles. 

Biological Resources Construction: Clearing of land would impact approximately 15-20 acres of scrub-jay 
habitat.  The clearing would also impact southeastern beach mouse, indigo snake, and 
gopher tortoise habitat.  The impact would be mitigated by a 2:1 restoration of scrub-jay 
habitat in land management unit (LMU) 33 at CCAFS as discussed in an attached 
Biological Assessment (BA) and the subsequent U.S. Fish and Wildlife Service Biological 
Opinion (BO).    
 
Operations: Other than the common “startle response”, there would be no impacts on 
wildlife or vegetation (including federal and state-listed wildlife species) by daily operations. 
However there would be impact to five species of marine turtles; a Light Management Plan 
would be developed and would need approval by the USAF and the USFWS to reduce or 
eliminate night-time impact to the sea turtle nesting/hatchling process. There would be no 
effect on marine resources in the ocean at or near planned location for the returning first-
stage vehicle. 

Historical and Cultural Resources Construction: Since there were documented resources around LC-11 and LC-36, a 
Phase I archeology survey was required.  Results showed that although there were 16 
identified archeological “sites”, none were deemed significant or eligible for inclusion on the 
National Register of Historic Places (NRHP).  The LC-36 Blockhouse is eligible, but will not 
be used or affected. Therefore there would be no effect on historical or cultural resources 
due to construction. 
 
Operations: Normal day-to-day operations, and vehicle launches would not impact 
identified cultural or historical resources in or immediately around LC-36, there would be 
no impact on this resource area. 

Air Quality Construction: Normal construction related air emissions would not significantly impact air 
quality in the region, and would be temporary in nature. 
 
Operations: The operational impacts from the Proposed Action on air quality would not be 
significant. CCAFS and Brevard County are in an “Attainment” area and the operational 
emissions for the proposed OLV launch represent an extremely small percentage of the 
Brevard County regional emissions and would not cause an exceedance of any national air 
attainment quality standards (NAAQS).  

Climate Construction: There would be no impact on the climate from construction; and there 
would be no impact on the Proposed Action by climate change. 
 
Operations: Based upon the amount of GHG that would be produced, there would be no 
impact by the Proposed Action on the global climate.  Greenhouse gases (GHG) 
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production would be essentially insignificant on a regional and global basis; however on a 
local basis CO2 production may reach 17,000 metric tons of CO2.   

Hazardous Materials / Waste Construction: LC-11 is part of Solid Waste Management Unit (SWMU) C036; and LC-36 
is part of SWMU C050, both of which contain soil and groundwater contaminated areas.  A 
plume of Vinyl Chloride is known to exist underneath a portion of LC-11 and a Vinyl 
Chloride and Cis-1,2-dichloroethene plume exists underneath LC-36.  By following listed 
Land Use Control Implementation Plans (Appendix F), working with the USAF Installation 
Restoration Program (IRP), and the Florida Department of Environmental Protection 
(FDEP) during construction, impacts to locally contaminated soils would be limited.  
Construction on formerly disturbed land would not significantly impact geology or native 
soils; adherence to FDEP and SJRWMD regulations for construction activities would also 
limit any potential impact. 
 
Normal hazardous material and/or waste, including solid waste, management processes 
would prevent impact to the environment.  Pollution prevention Best Management 
Practices (BMPs) would also be used to prevent potential impacts. 
 
Operations: Operations supporting the OLV and launch would continue to use products 
containing hazardous materials, including paints, solvents, oils, lubricants, acids, batteries, 
surface coatings, and cleaning compounds. Hazardous materials such as propellants, 
chemicals, and other hazardous material payload components would be transported to the 
facilities in accordance with Florida Department of Transportation (FDOT) regulations. 
However, continued implementation of existing material and waste management and 
handling procedures currently used during the operation of other similar launch vehicles 
would limit or eliminate the potential for impacts. Therefore, there would be no significant 
impacts to the environment. Pollution prevention BMPs would also be used to prevent 
potential impacts. 

Orbital Debris Construction: Not applicable (NA) 
Operations: There would be no significant impact to orbital debris by launching the OLV.  
Standard launch preparation practices would limit any potential impacts. 

Water Resources Construction: Parts of LC-11 and LC-36 are located in a floodplain; as such, construction 
within a floodplain would consist of an impact, This impact would be limited, would not 
have a practicable alternative, and would be managed so the impact would not be 
significant.   
 
Construction would also impact approximately 21 acres of wetlands that are in and around 
the complex area.  To mitigate this impact, Blue Origin has developed (funded) the 
construction of additional wetlands on NASA property at Exploration Park.  This approach 
has been discussed and agreed upon by the USAF, NASA, USACE, and the St. Johns 
River Water Management District (SJRWMD). There is no impact on local surface water. 
 
Operations: Operations supporting the launch of the OLV would not result in additional 
impacts to surface water, groundwater resources, groundwater quality, wetlands, or 
floodplains. Implementation of an approved Spill Prevention, Control, and 
Countermeasures (SPCC) plan would reduce the potential for adverse impacts to water 
resources. 

Geology and Soils Construction: Soil contamination is addressed in the Hazardous Materials/Waste section. 
 
Operations: Daily operations and launches would not affect existing geology and soils, 
therefore there would be no significant impacts to this resource area. 

Transportation Construction: While there would be more vehicle and truck traffic during the possible 2-
year construction period, it would not cause significant impacts to CCAFS traffic or 
roadways.   
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Operations: Operational traffic associated with Blue Origin Operations would increase on 
a yearly basis starting in 2017 to a peak growth of approximately 330 people (potential 
vehicles) in 2025. This is not considered to be a significant impact. Transporting launch 
vehicles from Exploration Park at KSC to LC-36 would require some changes to some turn 
radii and some existing signage and utilities along the intended route.  Transporting stages 
would slow on-base traffic, but would occur during non-peak hours.   

Utilities Construction: Construction period services would not draw on local utilities; most potable 
water and electrical needs would be supplied by portable sources; wastewater disposal 
services would not be used until construction completion; any construction related debris 
would be taken off site to an approved land fill.   Therefore there would be no impact on 
utilities during construction. 
 
Operations: The USAF supplies electrical power, potable water, fire water, and 
wastewater services for launch complexes at CCAFS.  Supplies and capacities are more 
than sufficient to handle new Blue Origin requirements at LC-11 and LC-36.  Therefore 
there would be no significant impacts to water, electrical or wastewater resources.  

Health and Safety Construction: Blue Origin would follow all USAF and Occupational Safety and Health 
Administration (OSHA) regulations during construction activities and therefore there would 
not be a significant impact to health and safety of workers.   
 
Operations: The operation and launch of the OLV (or testing of the BE-4 engine) does not 
add any new material or fuel sources to operations at LC-11 or LC-36 that has not been 
used at CCAFS.  All current and standard health and safety local, state, and federal 
procedures will continue to be in use during operation and launch, therefore there would 
not be a significant impact to health and safety of workers. 
 
Operational safety of the near-by air field (Skid-Strip) is addressed in this section since 
potential structure heights may affect existing flight operational procedures. While final 
determinations will be made by the USAF through the waiver process, Blue Origin 
assessed the overall risk level following implementation of control measures as low, 
enabling safe, efficient use and preservation of the Navigable Airspace. Thus, there is no 
significant impact. 
 
Explosive Site Safety was also assessed.  Like all launch and hazardous operations at the 
Cape, the action must account for public safety clear distances and may require temporary 
road closures and evacuation of some facilities on CCAFS on launch days.   Blue Origin 
would implement engineering design controls to minimize road closures to occur only on 
launch days.   The launch pad site design would be developed to locate explosive hazards 
so as to minimize the impacts to inhabited buildings on CCAFS when the launch vehicle is 
fueled and ready for launch.  

Socioeconomics Construction: Reusing and constructing facilities at LC-11 and LC-36 would cause a 
slight positive impact to the local economy from direct labor use, and from indirect material 
and consulting purchasing. 
 
Operations: Operations supporting the OLV would cause no negative impacts on the 
area’s socioeconomics.  There may be a slight positive impact on area economics since 
Blue Origin would be able to add new jobs.   

Environmental Justice Construction: Construction would occur in the LC-11 and LC-36 area which would not 
factor into environmental justice issues.  
 
Operations: Since the OLV would operate from the existing facilities at CCAFS, there 
would be no significant impacts to area Environmental Justice issues. 
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4(f) Properties Construction: No designated 4(f) properties, including public parks, recreation areas, or 
wildlife refuges, exist within the boundaries of CCAFS; there would be no impact on these 
areas from construction. 
 
Operations: No designated 4(f) properties, including public parks, recreation areas, or 
wildlife refuges, exist within the boundaries of CCAFS.  While several public parks, 
recreation areas, and wildlife refuges are located outside of CCAFS, including the Merritt 
Island National Wildlife Refuge and the Cape Canaveral National Seashore, operation and 
launch of the OLV would not result in a use of a Section 4(f) property.  

 

 CUMULATIVE IMPACTS  
 
Cumulative impacts are defined by the Council on Environmental Quality (CEQ) in 40 CFR §1508.7 as impacts on 
the environment which result from the incremental impact of the action when added to other past, present, and 
reasonably foreseeable future actions regardless of what agency (Federal or non-Federal) or person undertakes 
such other actions. The CEQ regulations further require that NEPA environmental analyses address connected, 
cumulative, and similar actions in the same document (40 CFR 1508.25).  The cumulative impact analysis for this EA 
focuses on the incremental interaction the Proposed Action may have with other past, present, and reasonably 
foreseeable future actions, and evaluates cumulative impacts potentially resulting from these interactions. These 
past, present, and reasonably foreseeable future actions at CCAFS, Kennedy Space Center (KSC), and the Port 
Canaveral area including the Shiloh launch complex focus on constructing facilities, operating and launching other 
space vehicles, and their cumulative impacts.  Implementation of the Proposed Action would not cause any 
significant cumulative impacts to resource areas. 
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INF   Intermediate Nuclear Forces 
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IPA   Isopropyl Alcohol 
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Lmax  Maximum Noise Level for OASPL 
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Lbf  Pounds of force 
LC   Launch Complex 
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NTO   Nitrogen tetroxide 
NWS   National Weather Service 
NWSO   National Weather Service Office 
O3   Ozone 
OASPL  Overall Sound Pressure Level 
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OLV  Orbital Launch Vehicle 
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PM2.5   Particulate matter equal to or less  
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Lubricants 
PPF   Payload Processing Facility 
ppm   parts per million 
PPMP  Pollution Prevention Management 

Plan 
PPPG   Pollution Prevention Program Guide 
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PTE   Potential to Emit 
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1.0 PURPOSE AND NEED FOR THE PROPOSED ACTION 
 

1.1 INTRODUCTION 
 
Blue Origin Florida, LLC (Blue Origin), has prepared this EA to evaluate the potential environmental impacts 
associated with implementing proposed launch operations for Blue Origin’s Orbital Launch Vehicle (OLV), as well as 
the testing of rocket engines including the BE-4 at Cape Canaveral Air Force Station (CCAFS), Florida. This EA also 
addresses related land clearing and construction of support facilities at the site, and landing the first stage booster on 
an at-sea platform.  Both the OLV and testing of the BE-4 are part of a commercial venture by Blue Origin.  The 
location and land intended to be used for the proposed action is comprised of both Launch Complex 11 (LC-11) and 
Launch Complex 36 (LC-36). Ultimately Blue Origin is seeking a long term lease with the 45th Space Wing (45 SW), 
United States Air Force (USAF) for use of LC-11 and LC-36. Because Blue Origin would be constructing and 
operating their launch facilities at CCAFS for the OLV Program and the BE-4 engine testing program, the USAF is 
the lead agency in supervising the preparation of this EA. The FAA and the NASA are cooperating agencies in 
reviewing and providing input on this EA. Blue Origin intends to apply for a launch license from the FAA to conduct 
launches of the OLV with commercial payloads. The FAA will conduct a review of Blue Origin’s Application to ensure 
its scope of proposed activities fall within the scope of activities analyzed in this EA.  
 
The Commercial Space Launch Act of 1984 (Public Law 98-575), as codified at 49 United States Code (U.S.C.) 
Subtitle IX, Ch. 701, Commercial Space Launch Activities, 49 U.S.C. Secs.70101-70119 (1994) (The Act) declares 
that the development of commercial launch vehicles and associated services is in the national economic interest of 
the United States. To ensure that launch services provided by private enterprises are consistent with national security 
and foreign policy interests of the United States and do not jeopardize the safety of the public and property, the Act 
authorizes the Department of Transportation to license and regulate United States commercial launch activities. 
Within the Department, the Secretary of Transportation’s authority under Commercial Space Launch Activities has 
been delegated to the FAA’s Office of Commercial Space Transportation.  In addition to the EA, applicants that apply 
to the FAA for a launch license must complete a policy review and approval, safety review and approval, payload 
review and determination, and a financial responsibility determination. All of these reviews, including the EA, must be 
completed prior to receiving a launch license. All FAA safety analyses would be conducted separately and would be 
included in the terms and conditions of the license.  
 
This EA has been prepared in accordance with the requirements of the NEPA, 1969; 42 U.S.C. Sec 4321 et seq.; the 
Council on Environmental Quality (CEQ) regulations, 40 Code of Federal Regulations (CFR) Secs 1500-1508; and 
the Environmental Impact Analysis Process (EIAP), as promulgated in Title 32 CFR Part 989. Additionally, to 
facilitate adoption by the FAA, this EA has been prepared in accordance with FAA Order 1050.1F, Environmental 
Impacts: Policies and Procedures. Both NEPA and CEQ regulations require lead agencies to prepare or supervise 
the preparation of an EA for federal actions that do not qualify for a categorical exclusion and that may not require an 
Environmental Impact Statement (EIS). If this EA determines that the environmental effects of the proposed action 
are not significant, a Finding of No Significant Impact (FONSI) would be issued. Otherwise a notice of intent to 
prepare an EIS would be published. 
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1.2 BACKGROUND AND LOCATION 
 
Blue Origin, LLC was established in 2000 by Amazon.com CEO and founder Jeff Bezos.  This company is 
headquartered in Kent, Washington where it currently operates an extensive manufacturing facility which is producing 
space vehicle engines, mechanical structures, avionics, and spacecraft.  This company has also developed launch 
facilities in Texas, from which several sub-orbital vehicles have been successfully launched to altitudes of over 
300,000 feet. On a November 23, 2015 flight test at the Texas facility, a launch vehicle produced by Blue Origin 
reached 62.5 miles (100.5 km) altitude during a test flight, after which the booster stage rocket successfully 
performed a powered vertical soft landing at the same site from which it was launched.  The test capsule successfully 
landed nearby under parachute. The same vehicle successfully launched and landed in Texas four different times 
through May 2016.   
 
CCAFS occupies approximately 15,800 acres (3294 Hectares [ha]; nearly 25 square miles) of land on Florida’s Cape 
Canaveral barrier island (Figure 1-1).  The Cape Canaveral barrier island is on the east coast of Brevard County, 
Florida, approximately 155 miles (249.5 km) south of Jacksonville, 210 miles (338 km) north of Miami, and 60 miles 
(96.6 km) east of Orlando. It is 4.5 miles (7.2 km) at its widest point.  CCAFS has 81 miles (130.4 km) of paved roads 
connecting various launch support facilities with the centralized Industrial Area. The northern boundary of CCAFS 
adjoins the Kennedy Space Center (KSC) boundary on the Merritt Island barrier island.  The Banana River separates 
CCAFS from KSC to the west.  Port Canaveral adjoins CCAFS to the south. CCAFS’s eastern boundary is the 
Atlantic Ocean. The base is accessible primarily from State Road 528 to the south and from KSC to the west and 
north. A total of 33 launch complexes have been constructed and used at CCAFS. 
 
The USAF 45 SW is currently the host wing, under Air Force Space Command (AFSPC), and conducts east coast 
military, civil, and commercial launch operations.  The subject location of this EA is LC-11 and LC-36 (Figure 1-2), 
which are located in the east-central portion of CCAFS.  LC-11 consists of a single launch pad, and LC-36 consists of 
two launch pads, 36A and 36B, both of which the USAF deactivated in 2006.  
 
LC-11 History 
The USAF operated LC-11 from 1958 through 1964 as a launch complex for the Atlas family of rockets. It was 
constructed alongside launch complexes 12, 13, and 14 on what is known as “missile row.”  From the time of the first 
launch on July 19, 1958, of an Atlas B to the last launch on April 1, 1964, of an Atlas F, thirty-two rockets were 
launched. Of these thirty-two missions, thirty-one were suborbital, and one was orbital. In June of 1967 following 
deactivation, the pad and service tower structures were dismantled, and in 2013 the blockhouse was demolished. 
The site is no longer being maintained.  
 
LC-36 History 
Throughout the nearly 43 years of operation of LC-36, the facility launched a combination of commercial and 
government missions, including those for the USAF and NASA. Since NASA’s first launch of an Atlas/Centaur rocket 
in 1962, LC-36 has hosted 145 rocket launches from its two pads (68 from LC-36A and 77 from LC-36B). The last 
launch from LC-36A was an Atlas IIAS in 2004, and the last launch from LC-36B was an Atlas IIIB in 2005.  
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LC-36 was deactivated in 2006 and much of the infrastructure was demolished in 2006 and 2007. The USAF granted 
a license to Space Florida in 2009 for the re-development of LC-36 for use as a launch complex for generic launch 
vehicles (GLV) (USAF 2009a).  The license was extended in 2014 under USAF License No.: USAF-AFSPC-DBEH-
14-2-0556. Blue Origin Florida, LLC. and Space Florida executed sub-license agreement No. 15-078 for LC-36 on 
May, 12, 2016.  Collectively the combined sites of LC-11, LC-36, and approximately 50 acres (20 ha) of surrounding 
land form a total of approximately 306 acres (123.8 ha) which is the subject of this EA and will be referred to as the 
OLS. 
 
1.3 PURPOSE AND NEED FOR THE PROPOSED ACTION 
 
The purpose of the Proposed Action is to create further opportunity for the reuse of former launch facilities as 
discussed in the 2005 EA for reusability of CCAFS assets (USAF 2005).  The Proposed Action would allow the user 
to test rocket engines, and prepare and launch vehicles, to meet the demand for lower cost access to space. The 
Proposed Action would also provide the continued capability of space exploration which includes the processing and 
launch of rocket powered vehicles to enable improved access to CCAFS space launch capabilities by commercial 
users and improve the return on taxpayer investment of CCAFS facilities through expanded use and improved 
utilization.  The Proposed Action would also continue to provide economic and technical benefits to both government 
and the private sector following the retirement of the Space Shuttle Program in 2011.  The Space Transportation 
section of the National Space Transportation Policy of 2005 addressed the commercial launch sector, stating that 
“assuring reliable and affordable access to space through U.S. space transportation capabilities is fundamental to 
achieving National Space Policy goals.”  The Proposed Action would be a part of strengthening and expanding the 
U.S. space transportation infrastructure, in accordance with the requirements of the Commercial Space Launch 
Amendments Act of 2004, the Commercial Space Transportation Act of 2000, Executive Order (EO) 12465, 
Commercial Expendable Launch Vehicle Activities, 14 CFR Parts 400-450, the National Space Transportation Policy, 
and the National Space Policy. 
 
The Proposed Action is needed to properly test advanced rocket engines efficiently in the U.S. for beneficial use by 
commercial space launch enterprises and possible government enterprises.  The Proposed Action is also needed to 
continue the goals of the National Space Transportation Policy of 2005 and the Commercial Space Launch 
Amendments Act of 2004 to achieve affordable access to space.  Additionally the Proposed Action is needed to meet 
the demand for lower cost access to space which is necessary to support rising industries. Given the infrastructure 
and development costs associated with constructing launch facilities, the federal government has been the 
owner/operator or has licensed/leased unused or excess infrastructure and provided expertise to commercial launch 
operators.  
 
1.4 SCOPE OF THE ENVIRONMENTAL ASSESSMENT 

 
This EA addresses the potential for environmental impacts from the proposed operation and launch of the OLV as 
part of Blue Origin’s OLV program and testing of the BE-4 engine at LC-11 and LC-36. This EA also addresses the 
potential for environmental impacts related to land clearing and constructing launch support facilities at the site, 
testing of BE-4 engines, and landing a first stage booster on an at-sea platform. The Proposed Action would require 
Blue Origin to enter into a real property agreement with the USAF.  Additionally, in order to conduct commercial 
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launch operations at the OLS, Blue Origin would have to obtain a launch license from the FAA.  Future projects or 
new launch operations (such as introduction of a new launch vehicle or new re-entry/recovery activities) planned by 
Blue Origin at CCAFS will be reviewed and evaluated to determine if they fall within the scope of this EA. If an 
additional Supplemental EA or another EA is required, the USAF and / or the FAA would need to develop a new 
FONSI or an EIS prior to making a Federal decision. Actions found to result in significant impacts to the environment 
that could not be mitigated to a level of insignificance would need to be addressed in an EIS.  
 

1.4.1 Lead and Cooperating Agency Actions 
 
The USAF is the lead agency, since the Action would be constructed and operated at CCAFS. If, after the public’s 
review of the EA, the USAF determines that the Proposed Action would not individually or cumulatively result in 
significant impacts on the human or natural environments, the USAF would issue a final FONSI and proceed with the 
real property license.  
 
The FAA is a cooperating agency with the USAF and would rely on this analysis to support its environmental review 
when it is evaluating Blue Origin’s launch license applications for the OLV launches at the site. If, after reviewing the 
launch license application and this EA, the FAA determines that Blue Origin’s proposed operations fall within the 
scope of this EA and that the FAA’s proposed action of issuing a launch license to Blue Origin would not individually 
or cumulatively result in significant impacts on the human or natural environment, the FAA would adopt this EA and 
issue its own FONSI to support issuing a launch license to Blue Origin. The FAA will draw its own conclusions from 
the analysis presented in this EA and assume responsibility for its environmental decision and any related mitigation 
measures.  
 
Since NASA has a vested interest in all space flight and maintains a robust level of information and knowledge 
related to this, they are also a cooperating agency.  Additionally, as a separate action previously analyzed under 
NEPA, Blue Origin plans to manufacture the space vehicles at Exploration Park Phase 2 located on NASA KSC 
federal property.  Vehicles would be transported to the CCAFS facility via truck transport.  NEPA review requirements 
of the proposed manufacturing facility at KSC were satisfied by a NASA developed EIS in the Final Environmental 
Impact Statement for the International Space Research Park at the John F. Kennedy Space Center, Florida, June 
2004 (NASA 2004) and associated assessments.  A separate Record of Environmental Consideration (REC) was 
issued by NASA KSC on October 15, 2015 confirming the original EIS applicability. 
 
1.4.2 Structure of this EA 
 
This EA presents the analysis and description of potential environmental impacts that could result from the Proposed 
Action and the No Action Alternative. As appropriate, the affected environment and environmental consequences of 
the Proposed Action and the No Action Alternative are discussed in context with resource area descriptions. The 
structure of the EA is as follows: 
 

Section 2.0 of this EA describes the Proposed Action, the No Action Alternative, and Alternatives 
Considered but Eliminated from Analysis; it also discusses standards for selecting or not selecting 
alternatives based upon Title 32 CFR Part 989.8. 
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Section 3.0 provides a description of the affected environment “resource areas”.  These areas include USAF 
requirements, NASA requirements, and FAA requirements.  The resource areas include: land use/visual 
resources (which includes coastal resources), noise, biological resources, cultural resources, air quality, 
climate, hazardous materials/hazardous waste (which includes solid waste and pollution prevention), orbital 
debris, water resources, geology and soils, transportation, utilities, health and safety, socioeconomics, 
environmental justice, and Section 4(f) properties. Additional resources required to be assessed by FAA 
Order 1050.1F including natural resources and energy, farmlands, and children’s environmental health and 
safety risks are also discussed but are dismissed from detailed evaluation. The information included in this 
section describes existing conditions, which provides background for understanding the context of the 
action. 
 
Section 4.0 addresses environmental consequences for the potential direct and indirect effects of the 
Proposed Action and the No Action Alternative on the resource areas discussed in Section 3.0. Any 
proposed or required mitigation measures and Best Management Practices (BMP) are also discussed in 
Section 4.0. 
 
Section 5.0 describes cumulative impacts on the resource areas from other similar past, present, and 
reasonably foreseeable future actions. 
 
Section 6.0 lists applicable environmental requirements. 
 
Section 7.0 presents a list of key personnel and agencies who were contacted in the preparation of the EA 
and a summary of public coordination and review comments (if any) of the document.  
 
Section 8.0 lists document preparers.  
 
Section 9.0 lists references cited in the EA. 
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2.0 DESCRIPTION OF THE PROPOSED ACTION AND ALTERNATIVES 
 
This Section describes the Proposed Action which is the Preferred Alternative, the No Action Alternative, and 
alternatives considered but not carried forward for further analysis.   The CEQ regulations establish a number of 
policies, including “…using the NEPA process to identify and assess reasonable alternatives to the Proposed Action 
that would avoid or minimize adverse effects of these actions on the quality of the human environment” (40 CFR 
§1500.2 [e]).  Blue Origin developed site selection criteria to evaluate potential locations for their OLS.  Site locations 
that did not meet these selection criteria or the purpose and need described in Section 1.3, Purpose and Need, are 
discussed in Section 2.4 Alternatives Considered but Not Carried Forward. Those locations are presented with 
rationale for elimination from detailed consideration. The alternatives that meet the purpose and need are carried 
forward for analysis as discussed in Sections 2.2 Proposed Action and 2.3 Alternatives Considered and Carried 
Forward.  
 
2.1 Background and Previous Blue Origin Actions 
 
Since 2006, Blue Origin and its affiliates have been conducting launch operations of various vehicles from their West 
Texas facility. In 2006 the FAA prepared the Environmental Assessment for the Blue Origin West Texas Commercial 
Launch Site in Culberson County, Texas (and subsequent FONSI).  In addition to site specific construction aspects, 
that assessment addressed a proposed action time period between 2006 and 2010, and covered reusable launch 
vehicles (RLV) for suborbital and ballistic trajectories to altitudes in excess of 325,000 ft. (99,060 meters [m]) above 
mean seal level.  The RLV was a stacked vehicle with a diameter of approximately 22 ft. (7 m) and a height of 
approximately 30 ft. (15 m) consisting of a propulsion stage and a Crew Capsule (CC).  The propulsion module was 
powered by either High Test Peroxide (HTP) or pressurized gas (helium or nitrogen) and kerosene (RP) with a total 
thrust of approximately 230,000 pounds-force (1,023,091 Newtons [N]) (FAA 2006). 
 
In 2014, the FAA prepared the Final Supplemental Environmental Assessment for the Blue Origin West Texas 
Launch Site (and subsequent FONSI) to the 2006 EA that evaluated the potential environmental impacts of issuing 
experimental permits and/or launch licenses for operation of various suborbital RLVs as part of vehicle development 
at the West Texas Commercial Launch Site. The activities undertaken in West Texas included launching and landing 
various suborbital RLVs as part of their launch vehicle development program.  The Supplemental EA was needed 
since the time period of planned operation extended beyond 2010 to 2019, and the propellants and certain other 
characteristics of the latest version of the proposed RLVs were different from the previous one.  The Supplemental 
EA did not assess detailed information on each prototype, configuration and/or combination of propulsion module and 
crew capsule, but assessed the largest contemplated vehicle configuration as the basis for evaluating environmental 
impact.  The New Shepard launch vehicle is currently being tested in Texas. The vehicle is between 45 and 75 ft. (14 
and 23 m) high, weighs between 20,000 and 30,000 pounds (9,070 and 13,600 kg), and is capable of carrying 
between 30,000 and 45,000 pounds (13,600 and 20,400 kg) of liquid oxygen (LOX) and between 7,000 and 15,000 
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pounds of liquid hydrogen (LH2).  All propulsion modules, and capsules were manufactured in Kent, Washington and 
shipped to the West Texas launch facility (FAA 2014).   
 
Since 2011, Blue Origin, LLC has launched numerous variations of their New Shepard vehicle at the West Texas 
launch facility.  In October 2012, Blue Origin, LLC tested their capsule escape system, and in April, 2015 launched 
the New Shepard vehicle to an altitude of over 300,000 ft. and recovered the capsule.  This company has hot-fired 
their BE-3 rocket engine over 500 times and recently announced development of a new BE-4 engine which has the 
capability to produce 550,000 lbs. of thrust (2.44 MN) (Blue Origin website). On November 23, 2015, a BE-3 powered 
vehicle was launched to an altitude of approximately 62.5 miles (100.6 Kilometers [km]) from the Texas facility and 
landed on the same site. The same vehicle successfully has launched and landed in TX four different times through 
June 2016.   
 
2.2 Proposed Action 
 
The Proposed Action is to construct and operate an OLS at the combined areas of LC-11 and LC-36 at CCAFS, 
Florida; a copy of the USAF supplied project Location Map in Appendix A.  The commercial facility would contain 
infrastructure to test rocket engines, integrate launch vehicles, and conduct launches of liquid fueled heavy-lift class 
orbital vehicles.  Blue Origin’s long term intention is to sign a real property lease directly with the USAF for both LC-
11 and LC-36. In order to conduct commercial launches at LC-36, Blue Origin would have to obtain a launch license 
from the FAA. The following sub-sections discuss Proposed Action details for the location, launch vehicles, 
construction, transportation routing, launch operations, and first stage booster landing on an ocean going platform.    

Blue Origin has been following an incremental approach to developing launch vehicles and is advancing to in the 
future include the orbital human spaceflight phase. This current phase is defined by the development of an OLV and 
an accompanying OLS at CCAFS to support satellite and science payload launches.  The OLV is a multi-stage 
launch system capable of carrying medium and heavy payloads which would be comprised of one or more 
Spacecraft (SC) in a Payload Fairing (PLF). The launch vehicle’s first stage is designed to be reusable and designed 
to be flown numerous times.  Present plans call for returning the first stages to a landing on a downrange ocean-
going platform and returning it to the OLS facility at CCAFS for reuse. 
 
Rather than shipping vehicles from Kent, Washington, the manufacturing of the large elements (e.g., first stage, 
second stage, PLF, etc.) is planned to occur at a new facility located at Exploration Park (Phase 2) at KSC, which as 
mentioned in Section 1, was addressed by a previous NASA EIS (NASA, 2004) and the KSC REC. The construction 
of that facility and the manufacturing of those elements are not part of this Proposed Action.  The transportation of 
the stages from the manufacturing facility at KSC, and final integration of the various flight elements of the launch 
vehicle which would occur at CCAFS, is part of the Proposed Action.  
 
The major elements of the OLS at CCAFS are the launch pad, integration facility, engine test stand, and the systems 
to recover and refurbish reusable space systems such as the first stage.  Once elements have been manufactured at 
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the Exploration Park manufacturing facility, they would be transported by road to the integration facility at LC-36.  The 
first and second stages, and a possible third stage, would then be mated together and integrated onto the transporter 
erector system. Following integration of the booster stages, the SC (or payloads) would be attached, and then the 
entire system would undergo a readiness test. The OLV would then be transported from the integration facility 
approximately 2000 ft. to the launch pad and erected for launch.  
 
2.2.1 Location 
 
The project location consists of approximately 306 acres (123.8 Hectares [ha]) of land on the eastern part of CCAFS 
that has been traditionally known as LC-11 and LC-36, see Figure 2-1.   LC-36 consists of two legacy launch pads, 
36A and 36B constructed in 1961 and 1964 respectively for the Atlas Centaur Missile Program; they were 
subsequently deactivated in 2006.  LC-36 is approximately 138 acres (0.4 ha) and includes previously developed 
land, surrounding vegetated areas, mowed and maintained grass areas, and some wetlands.  A more detailed 
description can be found in Section 3.  Lockheed Martin leased the complex for commercial launches of the Atlas 
rocket platform starting in 1962, with a final launch in 2005. Most recently, Space Florida acquired a real property 
license from the USAF in 2009 for the entire facility based upon an Environmental Baseline Survey (EBS) for the 
facility that was developed in April 2009 by RS&H (RS&H 2009).  In 2011, Space Florida added a 20 ft. (6.1 m) by 20 
ft. (6.1 m) concrete pad at Launch Complex 36A.  Additionally, Space Florida refurbished portions of the interior of 
the Blockhouse Annex with new lighting, flooring and a small hoist.  Space Florida is not expected to continue their 
license at the time Blue Origin acquires a license or lease directly from the USAF.  
 
The Launch Pad would be located in this area of CCAFS to eliminate overflight of any populated area and minimize 
impacts to surrounding operations. The site would contain propellants, high pressure gas, and electrical systems to 
support the fueling and launch of the OLV.  The Proposed Action is not anticipated to close any public roads or 
require evacuation of inhabited buildings on CCAFS other than on days when launch clearances are in place. This 
location allows a range of trajectories which support launches from southeasterly to northeasterly from 35 degrees 
northeast to 120 degrees southeast as shown in Figure 2-2. These are azimuth degree readings based on due east 
from CCAFS as 90 degrees. Blue Origin launch trajectories would fit within this envelope.  
 
2.2.2 Launch Vehicles 
 
This EA addresses the launch of heavy-lift class vehicles from the OLS.  The Blue Origin OLV is based on a common 
core booster that would use the Blue Origin LOX/LNG BE-4 engine. The OLV would be capable of carrying Blue 
Origin customer payloads with one or more spacecraft, within a payload fairing setup.  A conceptual rendering of the 
Company’s planned OLV is shown in Figure 2-3. The OLV is currently under development and would consist of a first 
stage, second stage, and the payload. A third stage may be added in the future. The vehicle would be up to 350 ft. 
(106.68 m) tall, with a diameter of approximately 23 ft. (7 m).  The thrust of the vehicle would reach approximately, 
4.5 million lbf (2 MN).  The first and second stages would be powered by liquefied natural gas (LNG) and liquid 
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oxygen (LOX).  The possible third or alternative second stage would be powered by liquid hydrogen (LH2) and LOX.  
Impacts from launch vehicle testing and operations will not be significantly different than other launch operations on 
CCAFS. 
 
The launch rate anticipated for the OLV is 12 launches per year. The Proposed Action would include fuel and oxidizer 
storage and transfer as described in the launch complex construction section below.  A common integration and test 
facility located on the launch complex would be used for processing the launch vehicle.    
 
Main Engines 
 
Blue Origin would use a version of the BE-3 rocket engine for its upper stages. The BE-3 currently powers the New 
Shepard launch vehicle which is launched at the West Texas facility (FAA 2014).  The BE-3 is an LH2 engine which 
produces approximately 110,000-lbf (489,000 N) of thrust and could be modified for upper stage applications. The 
BE-3 has been test fired for more than 45,000 seconds in over 500 tests.  The BE-3 is the third generation of Blue 
Origin-developed engines. The third stage would be loaded with up to approximately 25,000 lbs (11,339 Kg) of LH2 
and 100,000 lbs. (45,359 Kg) of LOX. 
 
The first stage and second stage would be powered by the BE-4 engine or a BE-4 engine variant.  The BE-4 is the 
fourth-generation Blue Origin rocket engine and uses LOX and LNG, designed to produce over 550,000-lbf (2.44 MN) 
thrust at sea level and has been under development since 2011. The BE-4 is currently in development and testing at 
Blue Origin’s West Texas test site. Engine acceptance testing, including hot-fire testing of engine hardware, would be 
performed at Blue Origin’s planned engine test facilities in the area which is now LC-11, adjacent to LC-36.   The  first 
stage has been designed to be reusable and is fueled by a combination of LNG and LOX. It will be powered by an 
array of Blue Origin’s BE-4 engines; expected total propellant load for the heavy variant first stage would be 575,000 
lbs. (260,815 Kg) of LNG and 2,000,000 lbs. of LOX.  A second stage may be powered by a single BE-4 engine with 
a fuel load of approximately 150,000 lbs. (68,038 Kg) of LNG and 500,000 lbs. (226,796 Kg) of LOX.   
 
Payloads 
 
Blue Origin’s OLV would have payloads, including satellites or experimental payloads.  The OLV would be capable of 
carrying one or more spacecraft, in a PLF.  The propellants for both types of payloads may use a type of hypergolic 
fuel or solid rocket fuel. Quantities used will vary but may include up to 18,000 lbs. (8,165 kg) of hypergolic fuel or up 
to 9,000 lbs. (4,082 kg) of solid rocket fuel. In addition, a small amount of on-board ordnance such as small explosive 
bolts and batteries is typical.  
 
Parameters for spacecraft containing payloads would be assessed to ensure they fit within the parameters previously 
analyzed in the NASA Routine Payload Final Environmental Assessment published in June of 2002 and updated in 
NASA’s Final Environmental Assessment for Launch of Routine Payloads on Expendable Launch Vehicles, 
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November 2011 (NASA 2011). This Routine Payload EA discussed the concept of an Envelope Spacecraft (ES) 
which came from the need to provide a benchmark describing a bounding case for quantities and types of materials, 
emissions, and instrumentation. In addition, insofar as the pre-launch activities that are required to prepare routine 
payload spacecraft for launch are routine and not unusual, those activities were implicitly bounded by that ES as well. 
All spacecraft (referred to as NASA routine payloads [NRP]) examined in the Routine Payload EA meet rigorously 
defined criteria to ensure the spacecraft and their launch and operation would not present any new or substantial 
environmental or safety concerns. NRP spacecraft mission operations must comply with NASA Procedural 
Requirement (NPR) 8715.6 Limiting Orbital Debris and NASA Standard (NASA-STD) 8719.14 Process for Limiting 
Orbital Debris, which specify techniques to mitigate the generation of orbital debris from spacecraft, including end-of-
mission spacecraft disposal.  Because the potential environmental impacts of NRP were analyzed in the Routine 
Payload EA, which is still an accurate and valid assessment, this EA does not analyze these impacts but 
incorporates the NRP document by reference for the Proposed Action payload analysis.  The USAF Space and 
Missile Systems Center and the FAA were cooperating agencies for the routine payload EA.  The current payloads, 
expected to launch on the Blue Origin OLV are expected to be enveloped by the NASA NRP standards.  Any 
proposed spacecraft that presented lesser or equal values of environmentally hazardous materials or sources in 
comparison to those evaluated in the NASA EA can be considered a NASA routine payload spacecraft within the 
purview of that EA (NASA 2002 and NASA 2011).   
 
Propellants used in the payload would be stored prior to use in a certified facility near the location where the loading 
will occur. Residual propellants will be returned to the certified storage facilities. All hazardous materials will be 
handled in accordance with federal, state, and local guidance. Typically, payload plans would not include radioactive 
materials. In most instances there will be no such materials on board except for micro-curie amounts (e.g., instrument 
calibration sources and detectors).  Any planned amount of radioactive material would be pre- evaluated for any 
payload in accordance with stated guidance in the NASA EA (NASA 2011).   It would be anticipated that primary 
commercial payload processing would occur at an off-site operations support area. Once primary payload processing 
is complete (to include fueling), the payload would be trucked to the OLS. The payload would then be mated to the 
launch vehicle. Optionally, payloads would be fueled at the integration facility. Approved safety procedures to 
accommodate both non-hazardous and hazardous payload processing, such as ordnance installation, would be in 
place. No permanent storage or infrastructure would be required for vehicle ordnance (e.g., explosive bolts for 
release from the launch pad and vehicle stage separation) at the vehicle launch facility. Ordnance would be acquired 
from existing approved ordnance facilities in accordance with 27 CFR §555, Commerce in Explosives, for transport 
and handling of the material in approved protective containers. Prior to a launch, the ordnance would be delivered to 
the vehicle launch facility and temporarily stored in a U.S. Alcohol, Tobacco, and Firearms approved indoor storage 
magazine located within the boundary of the launch pad and integration facility. The integration facility would be 
certified to meet National Fire Protection Association (NFPA) requirements for electrical systems and equipment, 
including crane consoles.  Facilities would be designed and operations would be conducted so that the Proposed 
Action would not require road closures for payload processing. 
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2.2.3 Construction 
 
Proposed construction activities as described in this EA represent the conceptual layout of required facilities and 
infrastructure. The duration of proposed construction activities is expected to be approximately 24 months. 
Construction, including site preparation activities, would not begin until after the NEPA process and other required 
consultation and permitting requirements are complete, including the real property agreement.  
 
Much of the LC-11 and LC-36 area has previously been developed.  The Proposed Action would reuse as much 
existing impervious concrete surface area as possible for planned roads and launch pads.  Overgrown vegetation 
would be eliminated and roads would be re-surfaced as required to support normal construction and operational 
traffic. Some minor demolition may occur for old fence lines, unnecessary roads, etc.  The block house at LC-36 
would remain as is.  Some additional land clearing will be required to support stormwater management structures 
and limited line of sight (LOS) lines.  Figure 2-4 shows the planned conceptual layout of the complex. The roadway 
between the integration facility and the pad would be approximately 40 ft. (12 m) wide to support the vehicle 
transporter and erector.  Other roadways would be approximately 25 ft. (7.6 m) wide. 

 
Under the Proposed Action, the launch site and supporting facilities for the launch vehicles would require 
approximately 100 acres (40.5 ha) to be disturbed in the LC-36 and LC-11 area. This acreage represents the 
conservative estimate of directly disturbed land and while the entire 100 acres (40.5 ha) would not be made into 
impervious area, much of the existing vegetation would be cleared and/or replanted with sod/grasses to be used for 
open areas or storm water retention ponds. The construction staging of the vertical launch site would also occur 
within the 100 acre (40.5 ha) footprint.  Specific items that would be required for the facility are shown in Table 2-1 
below. 
 
TABLE 2-1: Proposed New Construction 
Power supply Distribution within the site from connection to existing power supply 

along Central Control and ICBM roads and already existing at LC-11 
and LC-36 

Fiber optic cable installation Distribution within the site from connection to existing fiber optic cables 
along Central Control Road. 

Water/wastewater supply, storage, and treatment 
systems/fire protection 

New connections to existing potable and fire water systems. New tie-in 
to sewage collection system. Fire protection, water tower (up to 500,000 
gallon (1.89 M Liters) capacity, approximately 296 ft. MSL (90.2 m) high, 
and deluge water retention basin and treatment system.  

Launch pad, launch pad building, and associated 
flame duct 

Launch pad and associated flame duct will be approximately 30 to 50 
feet MSL. Flame ducts facing east northeast.  

Engine test stand and systems 550,000 lbf (2,44 MN) thrust engine test stand with common propellant 
supply from launch pad. The test stand is approximately 228 ft. MSL 
(69.5) and the water tank is approximately 248 ft. MSL (75.6 m) in 
height. 

Lightning protection towers (3 total) Approximately 534 ft. MSL (162.8m) tall (each) 
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Vehicle and payload integration facility (including 
office space) 

Up to 150,000 sq. ft. (13,935 sq. m.) (approximately 500 ft. x 300 ft. 
[152.4 m x 91.4 m])145 ft. MSL (44.2 m) in height.  

Refurbishment Building Up to 47,000 sq. ft. (4,366.4 sq. m) Water treatment would be 
performed. 

Propellant storage facilities for LOX and LNG 
 
Other smaller storage facilities for nitrogen (N2) gas, 
helium (He) gas, LH2, and hydrogen peroxide 
(H2O2), kerosene, gasoline and diesel fuel 

Approximate sizes for propellant storage: 
 
LOX – 500,000 gallons (1.89 M Liters) 
LNG – 500,000 gallons (1.89 M Liters) 
LH2 – 90,000 gallons (340,687 M Liters) 

Support Buildings - Engine Assembly Building: 36,000 sq. ft. (3,344.5 sq. m)  
- Integration Facility Ground Support Equipment (GSE) and spare parts 
storage, processing, site support vehicles garage: 40,000 sq. ft. (3716.1 
sq. m) 
-Engine Test Stand GSE Storage: 20,000 sq. ft. (1858.1 sq. m) 

  
The facility would consist of the launch complex generally located at LC-36, and the engine test facility located at LC-
11.  The facility would tie into existing potable water and fire suppression (deluge water) systems at CCAFS. The 
primary access roads would be ICBM Road and Central Control Road, while secondary access roads would be 
inside the OLS fence line. Both the launch facility and the engine test facility would have its own parking areas. In 
addition, each facility would have its own stormwater treatment and management system. Utilities that would service 
each of the two facilities would involve connecting natural gas, power distribution lines, and fiber optic cables from 
existing lines along Central Control Road.  Under the Proposed Action, launch deluge wastewater generated by both 
engine testing operations at LC-11 and launch operations at LC-36 would be contained in new, separate deluge 
(impermeable concrete) basins.  Collected water would be tested, then released either to the stormwater retention 
basins, or may be reused and pumped back to the storage tank.  A common security fence would be installed around 
the entire complex (LC-36 and LC-11) to prevent unauthorized access. 
 
The responsibility for development of the specific erosion and sediment control plans and other best management 
practices (BMPs) prior to construction would be placed on the general contractor hired by Blue Origin and 
commercial operators who will design and construct the OLS. The general contractor would be required to apply the 
current construction industry BMPs in accordance with federal requirements, National Pollutant Discharge Elimination 
System (NPDES) permit requirements, and applicable regulations of the Florida Department of Environmental 
Protection (FDEP). Blue Origin would act in an oversight capacity to ensure that contractor performance meets these 
requirements. 
 
Launch Pad Area   
 
The general layout of the OLS is spread over existing LC-11 and LC-36, with the launch pad co-located on the former 
LC-36A area and the engine test stand on the former LC-11 area as previously shown in Figure 2-4. The deluge 
basin for the launch pad will be located east of the pad and would be approximately 200 ft. x 200 ft. (61 m x 61 m).  
An integration facility, refurbishment building, and GSE building will be constructed to support launch operations. 
Approximately 100 parking spaces will also be constructed for the facility workforce.  Another GSE building will be 
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constructed to support engine testing operations. LOX, and LNG, and LH2 storage tanks will be constructed in the 
vicinity of the launch pad for the purpose of supporting both launch vehicle fueling, as well as engine testing.  A water 
tank will also be constructed between the launch pad and the engine test stand for water sound suppression and 
firefighting water supply.  
 
The launch pad area would also include the structures required to access the launch vehicle. It provides a lightning 
mitigation system to help protect the OLV when on the launch pad for extended periods of time. The OLV will roll to 
the pad, be erected vertical, and then proceed into propellant loading and then launch.  Permanent propellant and 
fuel storage would be constructed to meet requirements outlined in AFSPC manual 91-710, NFPA or industry 
standards, as applicable, for separation distances between fuel tanks and between fuels and the public.  Approved 
spill containment systems would be constructed to contain liquid spills. Proposed launch vehicle testing and 
operations will not be substantially different than other launch operations conducted at CCAFS.  
 
Estimated areas that make up the approximate 100 acres (40.5 ha) of construction related clearing include the 
planned clearings to build/support the various tanks to be installed (estimated at approximately 1.75 acres (0.7 ha)).  
Also included is “other” estimated clearing that might be required beyond current developed areas and would consist 
of approximately 2 acres (0.8 ha) for the main pad, 1.5 acres (0.6 ha) for the test-stand pad, 2 acres (0.8 ha) for the 
integration facility, 3 acres (1.2 ha) for various support facilities, and 9 acres (3.6 ha) for interconnectivity 
road/ramps/parking. 
 
Refurbishment Building 
 
The refurbishment building will be constructed at the entrance to the current LC-36 complex. After the recoverable 
first stage is retrieved and returned to the launch site from its offshore landing area, it must be washed to remove salt 
spray and possible contaminants associated with launch and re-entry. A wash water collection system would be 
designed and constructed to retain the water for recycling or approved discharge to the CCAFS waste water system.  
 
Integration Facility 
 
The integration facility, which will be located at LC-36, will be approximately 2,000 feet from the launch pad and have 
an area of approximately 150,000 sq. ft. (13,935 sq. m.) with a length of 500 ft. (152.4 m.), a width of 300 ft. It may 
contain office space in addition to the integration area. The purpose of this building will be for the final assembly of 
major elements of the OLV.  The facility includes final mechanical and electrical connections, final integrated OLV 
readiness testing, and final ordnance connections prior to rolling the OLV out to the launch pad.  Payload fueling 
operations may also be performed in the integration facility. The integration facility would be designed to minimize 
risks to roads and structures outside of Blue Origin’s licensed boundary due to explosive hazards. 
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Engine Test Stand 
 
A single engine test stand will be constructed in the vicinity of LC-11 for engine acceptance testing of the BE-4 
engine. This stand could be designed with a vertical testing configuration for testing the BE-4 engine. The BE-4 will 
be indirectly fueled during testing through use of remote LNG and LOX tanks located in the vicinity of the test stand. 
The flame duct for the test stand is proposed to be directed in a north-northeast direction at approximately 5 degrees. 
The deluge basin will be located to the north of the engine test stand and will be approximately 100 ft. x100 ft. (30.5 
m x 30.5 m). 
 
Road-way Modifications  
 
Some minor modification to roadways within the Florida Department of Transportation (FDOT) Right-of-Way on both 
CCAFS and NASA property would be required, and may include up to 8,800 ft2 (817.5 sq. m) of new impervious area 
to provide alignment, turning radius, and grades that can accommodate the transportation of launch vehicle stages 
and payloads.  Some signal lights would require modification or removal, and some power lines would need to be 
raised.  A transportation survey study was developed to demonstrate adherence to FDOT standards for the transport 
system which may support such recommended modifications, and ensure existing roadways would support the 
transport vehicles.  Transportation routing and operation is discussed further below. 
 
2.2.4  Operations  
                                                                                   
As construction activities near completion, there will be a period during which system and integration testing occurs, 
and operations tempo begins to increase.  Initial estimates indicate that Blue Origin would maintain approximately 60 
individuals at the launch facility by 2018.  It is estimated that this number may expand to approximately 100 people 
by the year 2025.    
 
A specific safety plan would be developed for the Blue Origin Launch Vehicle Program to ensure that launch 
operations are in compliance with applicable regulations, as specified in numerous compliance documents, and by 
various organizations, including: 

 AFSPC 91-710, Range Safety Requirements 

 DoD Standards 6055.9, Ammunition and Explosives Safety Standards per AFSPCMAN 91-710; 

 Space Wing Instruction (SWI) 32-102, Fire Prevention; 

 Air Force Instruction (AFI) 91-110, Nuclear Safety Review and Launch Approval for Space or Missile Use of 
Radioactive Material and Nuclear Systems;  

 Applicable FAA regulations 14 CFR Part 431  

 AFI 32-1023, Design and Construction Standards and Execution of Facility Construction Projects; 

 National Fire Protection Association, National Fire Codes; 

 American National Standards Institute; and 
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 Occupational Safety and Health Administration (OSHA). 
 
AFSPC 91-710 defines overall safety regulations for CCAFS. This document is tailored for each launch program. All 
tailoring is performed with and approved by the range safety organizations. The objective of the range safety program 
is to ensure that the general public, land masses, and launch area resources are afforded an acceptable level of 
safety, and that all aspects of pre-launch and launch operations adhere to public law. AFSPC 91-710 provides a 
framework for review and approval of all hazards associated with construction, pre-launch and launch operations, 
and incorporates USAF, DoD, and other applicable health and safety standards. Range safety and base civil 
engineering at CCAFS will review and provide input on the design and construction for the Blue Origin OLS facility 
according to AFSPCMAN 91-710 and AFMAN 91-201 as tailored to applicable evacuation plans, Aboveground 
Storage Tank (AST) locations, drain systems, the placement of storage and processing areas, and planned ground 
operations established safety clearance zones and safing operations at the launch pad.  The following subsections 
discuss various aspects of future operations. 
 
Engine Acceptance Testing 
 
Acceptance testing of the BE-4 engine will occur at the engine test stand at the former LC-11 area of the OLS. Each 
engine tested would have a separate test plan.  Each test plan would require a variety of engine test run durations 
(measured in seconds) with a maximum total run duration of approximately 500 seconds. The total duration of all 
engine testing would be approximately 30 minutes per month based on approximately 9 test events per month. 
Maximum test thrust for the BE-4 would be approximately 550,000 lbf (2.4 MN).  
 
Transportation, Pre-Launch and Post Launch 
 
The operation of the proposed OLS would include transportation of vehicle stages and/or payload elements.  Launch 
vehicle stages and payloads would arrive at the OLS at CCAFS by heavy truck (tractor-trailer) or specialized 
transporter. The study commissioned to assess Proposed Action transportation impacts evaluated the loads on 
roadways using a self-propelled multi-axle trailer system or pulled by a semi-tractor as the conveyance equipment.  
The first stage element transport will require two trailers; an eight axle unit leading with a six axle unit in the rear.  
The second stage and payload element transport will use a single eight axle trailer, with the six axle trailer as a 
backup.  When employed, the third stage transport will use a single six axle trailer, with the eight axle trailer as a 
backup.  According to the transportation study, axle loading is expected to be less than 20,000 lbs. with maximum 
wheel loading of 100 psi and should not impose detrimental wear and tear on roads that meet FDOT specifications.  
The proposed primary route from the Exploration Park manufacturing facility to the OLS at CCAFS would be north on 
Kennedy Parkway, east on Saturn Causeway through KSC, south on Cape Road, east on Central Control Road and 
into the former LC-36 area entrance as detailed in Table 2-2 below, and presented in Figure 2-5.    
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Table 2-2 Transportation Route from Exploration Park to LC-36 
Segment  Start  End  Length (mi)  Speed (mph)  Time (min)  
1  Factory  Space Commerce Way  0.3  1  18  
                                                                                                        turn                   15  
2  Space Commerce Way  NASA Pkwy  1.5  10  9  
                                                                                                         turn                  20  
3  NASA Pkwy  KSC Gate 3  1.4  15  5  
4  KSC Gate 3  Kennedy Pkwy (SR-3) 0.4  3  8  
5  Kennedy Pkwy (SR-3) Lane Transition  0.5  5  6  
                                                                                                         transition        10  
6  Lane Transition  Saturn Cswy  3.4  15  13  
                                                                                                         turn                  15  
7  Saturn Cswy  VAB Area  0.8  5  10  
8  VAB Area  Crawler Area  1.5  15  6  
                                                                                                         turn                  10  
9                   Crawler Area  0.4  5  5  
                                                                                                         turn                  5  
10  Saturn Cswy (Crawler 

Rd) 
Cx-39A area  0.8  15  3  

11  Cx-39A  Bypass road  0.1  3  3  
                                                                                                         turn                  15  
12  Cx-39A  Phillips Pkwy 0.7  1  45  
                                                                                                        turn                    10  
13  Phillips Pkwy Phillips Pkwy turn  7.2  15  29  
                                                                                        SC Phillips Pkwy banked turn        10  
14  Phillips Pkwy turn  Titan III Rd  1.0  10  10  
15  Titan III Rd  Central Control Rd  0.5  5  3  
                                                                                                        turn                   15  
16  Central Control Rd  Cx-36  2.7  15  11  
Total                                                  distance     23.1                                 time     308  
 
During return of the first stage following launch and recovery operations, the route is assumed to begin in the general 
area of Port Canaveral. For time and distance studies, the Delta Mariner Wharf has been used; an adjacent 
commercial wharf in Port Canaveral may also be used. The transit would end at LC-36 as detailed below in Table 2-3 
and in Figure 2-6. Reverse routes from LC-36 to the Port and to the Manufacturing site were also evaluated to ensure 
no unique obstacles for transport in either direction.   
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Table 2- 3 Transportation Route from Delta Mariner Wharf to LC-36 
Segment Start End Length 

(mi) 
Speed (mph) Time (min) 

1 Delta Mariner 
Wharf 

Phillips Pkwy 0.2 1 13 

                                                                                                                   Turn              15 
2 Phillips Pkwy CCAFS Gate 0.2 3 3 
                                                                                      Transition through the gate     5 
3 CCAFS Gate S Patrol Rd 0.4 3 8 
4 S Patrol Rd Flight Control Rd 3.2 15 13 
5 Flight Control 

Rd 
Skid Strip Rd 1.4 10 8 

6 Skid Strip Rd Central Control Rd 0.6 5 7 
                                                                                                                  Turn            15 
7 Central Control 

Rd 
LC-36 2.7 15 11 

Total                                                             distance     8.7                                time     99 
 
NOTE: Delta Mariner Wharf used for planning purposes only. 
 
Once the transports arrive at LC-36 from the Exploration Park facilities, the launch vehicle components would be off-
loaded at the integration facility. Ordnance, such as explosive bolts, would also typically be used and would be 
delivered to the vertical launch facility and stored in a U.S. Alcohol, Tobacco, and Firearms (ATF) approved storage 
magazine located within the integration building.  Payload propellants contained within commercial payloads may 
include hypergolic fuels such as hydrazine (N2H4), unsymmetrical dimethyl hydrazine (UDMH), monomethylhydrazine 
(MMH), nitrogen tetroxide (NTO), hydrogen peroxide (H2O2), as well as solid rocket motors and pressurized gases 
including helium and N2. Hypergolic describes a propellant that ignites on contact with an oxidizer. All hazardous 
materials would be handled in accordance with federal, USAF, state, and local laws and regulations.  
 
Prior to launch, a sequence of events must occur before the OLV is prepared for flight. After assembly in the 
integration facility, the OLV will be rolled out to the launch pad. Once at the pad, it will be erected to the vertical 
launch position where cryogenic fueling will commence. For the cargo or satellite missions, the payload 
accommodations will have been pre-loaded in the integration facility. Initial launch vehicle pre-flight testing could 
include a short on-pad static fire test of the full launch vehicle engine set and would be part of the launch pad 
operations. The Proposed Action would include mitigating actions to minimize impacts to operations on CCAFS. 
 
Pre-launch activities also would include coordination and scheduling of the airspace. Coordination with USAF and 
governmental agencies to provide notification of launch and other pre-launch operations (i.e., static vehicle hot fire 
engine tests and wet dress rehearsals) and establish secure areas in the vicinity of the vertical launch facilities would 
occur. The 45th Operations Group operates the Eastern Range and supports launches of space vehicles for DoD, 
NASA, national and international commercial customers including Falcon 9, Delta IV, and Atlas V launch vehicles. 
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The Proposed Action does not include reconfiguration of the dimensions (shape and altitude) of the airspace. 
Airspace use would be coordinated by the FAA. Blue Origin would coordinate with the USAF and FAA for launch and 
notification requirements.  
 
Launch Events 
 
Up to 12 launches of the OLV would be conducted per year beginning in 2018.  Of these 12 launches, ten are 
expected to be conducted during daylight hours, and two may be conducted during night time hours.  This factors into 
the Day-Night Average noise equation discussed in Sections 3 and 4.  Depending upon the situation this number 
may fluctuate, having a higher percentage of daytime launches due to unforeseen circumstances (i.e., weather).   
Launches from the facility would require public access controls be put in place to ensure the public remains a safe 
distance from the launch vehicle during its entire flight. The FAA defines this hazard area, and has established 
conservative boundaries for this area based on the size and the type of launch vehicle. For the types of launch 
vehicles proposed for the Blue Origin facility, the hazard area required for heavy-lift class vehicles would require 
clearing a specified area around the launch point and the area (airspace and territorial) contained along the launch 
vehicle’s flight path agreed to by USAF Safety. This portion of the flight corridor must remain clear of the public 
during the applicable phase of launch vehicle flight.  The Proposed Action is not substantially different than existing 
launch activities at CCAFS. 
 
Post Launch and First Stage Recovery 
 
After a successful launch of the OLV, the first stage would separate from the second stage at predetermined altitude. 
After separation, the first stage would return to Earth for recovery in an area in the Atlantic Ocean defined 
approximately by an ellipse centered on approximately latitude 29° 42’ 17.79” N and  71° 30’ 53.01” W  with a length 
and width of approximately 630 miles (1013 km) and 440 miles (708 km) respectively, as shown in Figure 2-7.    The 
first stage would land on an at-sea platform, be rendered safe, and be transported by ship, coordinated by Blue 
Origin, into Port Canaveral.  Awaiting cranes would place the first stage on the transporter for transfer to Blue Origin 
facilities at LC-36 for refurbishment in preparation for a future flight. If the expended first stage could not be 
successfully landed on the at-sea platform, it would likely be due to damage, and in this case would land in the water 
and subsequently sink, and would not be recovered.  The first stage would not have parachutes and would return to 
the at-sea platform under the power of re-ignited main engines.  
 
The second and/or third stages would continue on the mission to orbit with the payload. They would be left in orbit 
and rendered safe per FAA and USAF regulations (14 CFR §431.25, 431.35), such as venting the vehicle and 
ensuring that the batteries have discharged.  Eventually the second stage would be expected to deorbit and enter the 
atmosphere.  Parts not consumed during re-entry would fall in the general broad ocean area of the central Indian 
Ocean.  Should there be a third stage, it would be placed into a safe disposal orbit.   
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Nominal Trajectories 
 
The launch trajectories will be specific to each particular launch vehicle’s mission. However, all launches will be 
conducted to the east over the Atlantic Ocean, similar to past and current launches from CCAFS. As part of the 
licensing evaluation process, the FAA conducts a policy review, payload review, financial determination, and safety 
review. Blue Origin would complete a Flight Safety Analysis as part of their license applications, which would include 
an Expected Casualty (Ec) calculation and Operational Restrictions, and the FAA would evaluate this analysis as part 
of the safety review to ensure that the results meet 14 CFR Part 431 regulations. All approved trajectories are based 
on specific launch vehicle performance and characteristics and would satisfy 14 CFR Part 431 regulations.   
 
Launch Failures 
 
Although unlikely, a launch could fail. A launch failure of a heavy-lift class liquid fueled vehicle on or just above the 
launch pad represents the most substantial potential for impact. In the event of a launch failure, several scenarios are 
possible: 

1. The entire launch vehicle, with onboard propellants, fails on the launch pad and an explosion occurs.  
2. The entire launch vehicle, with onboard propellants, is consumed in a destruct or thrust termination action 

(see flight termination system below) during flight. The launch vehicle is largely consumed in the destruct 
action, but residual propellant escapes and vaporizes into an airborne cloud. 

3. The launch vehicle survives to strike the water essentially intact, whereupon the propellant tanks rupture, 
releasing liquid propellants into surface waters. 

4. The launch vehicle survives water impact without tank rupture and sinks to the bottom, but leaks propellant 
into the water over time. 

Based on the proposed trajectories, in the case of a failure there is a high probability that the launch vehicle would 
fall into the Atlantic Ocean, along with some scattered debris. The Flight Safety Analysis (14 CFR §431 Subpart C) 
approved by FAA would identify each hazard, each associated cause, and each hazard control that a launch operator 
must establish and maintain to keep each identified hazard from affecting the public.  USAF Range Safety would be 
consulted to ensure in the event of a launch failure, the debris impacts would be expected to be contained within the 
FAA approved hazard area. In terms of impact, for a nominal trajectory, there would be no over flight of populated 
areas 
 
Flight Termination System 
 
The launch vehicle would be equipped with an on-board thrust termination system or a remote destructive flight 
termination system, in the event the vehicle varied from the planned trajectory. Upon flight termination, the vehicle in 
flight could break up and debris could land on areas below its flight path in the Atlantic Ocean.  
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2.3 DESCRIPTION OF ALTERNATIVES CONSIDERED AND CARRIED FORWARD  
 
Title 32 Code of Federal Regulations (CFR) 989.8 discusses the analysis of alternatives.  Reasonable alternatives to 
the Proposed Action and the “No-Action” alternative must be analyzed in EAs.  “Reasonable” alternatives are those 
that meet the underlying purpose and need for the Proposed Action.  In addition, alternatives may be expressly 
eliminated from detailed analysis, based on reasonable selection standards (for example, operational, technical, or 
environmental standards) suitable to a particular project.  Certain selection standards were discussed and developed 
in accordance with these requirements.  For an alternative to be considered “reasonable” it first had to fully support 
the stated purpose and need discussed in Section 1 of this EA.  Other required general selection standards include 
the following: 

A. Safety – this includes safety of the public and the ground crew workers.  A good launch site location would 
support safe trajectories that minimize overflight and risk to the public but not negatively impact 
performance. 

B. Operational Flexibility – efficient and lean operations with minimal impact by surrounding operations and 
events. An exclusive-use site made available for long-term occupancy is required to justify the significant 
capital investment necessary for this enterprise. The site must enable high launch rates, and not be limited 
by adjacent population, operations, or environmental concerns that could impact test or launch events.  

C. Overall Business Costs – local wages, utility rates, logistics costs, real estate occupancy costs, construction 
costs, applicable tax structure obligations. 

D. Schedule – the ability to begin construction in 2016 to support a proposed 2018-Q4 initial launch capability. 
A site requiring significant environmental study and mitigation would rate lower than a well-characterized 
site that is “build ready”. 

E. Workforce Availability, quality costs, and productivity levels of location workforce. 
F. An ability to handle and launch heavy-lift launch vehicles. 

 
Based upon the purpose and need, and on the criteria above, two alternatives were selected for further assessment.  
The Preferred Alternative was discussed above as the Proposed Action.  The No-Action alternative was also 
assessed. 
  
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 and alternatives. 
 
Under the No-Action Alternative the OLS would not be constructed and operated at the combined areas of LC-11 and 
LC-36 at CCAFS, Florida. Consequently, Blue Origin would not apply for a launch license from the FAA to conduct 
commercial space launch operations. LC-11 would remain undeveloped and continue to remain vacant.  LC-36 would 
remain under a license to Space Florida for future use as an orbital launch site.  This would not allow Blue Origin to 
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achieve its purpose of constructing a commercial facility that would contain infrastructure to test engines, integrate 
launch vehicles, and conduct launches of liquid fueled heavy-lift class orbital and vertical launch vehicles. Therefore, 
LC-11 and LC-36 would not be used by Blue Origin to meet the National Space Transportation Policy’s goal of 
providing low-cost and reliable access to space. The Commercial Space Launch Act’s goal to encourage the use of 
underutilized government infrastructure and resources to promote commercial investment and use of space would 
also not be realized at LC-11 and LC-36. Therefore, the No Action Alternative is not preferred.  
 
2.4 DESCRIPTION OF ALTERNATIVES CONSIDERED AND ELIMINATED FROM FURTHER 
CONSIDERATION 
 
Blue Origin considered locations within the continental United States as a starting point in its broad search for its OLV 
Program. This process began with internal reviews and assessments of locations and candidate sites. The search 
included coastal sites along the east and gulf coasts, as well as inland sites in remote areas of the southwest. The 
flight path for the OLV was not allowed to cross any populated area due to safety concerns of both Blue Origin and 
the FAA.  West coast and interior state sites were eliminated as they did not meet the requirement for safe north 
easterly trajectories thus narrowing the search to states which are located along the eastern and gulf coastline. The 
complexity of orbital launch along with the governing regulatory standards drove Blue Origin to focus on coastal sites 
with adequate buffer zones and minimal overflight.  
 
The criteria for the ideal site included but were not limited to the following: safety, environmental setting, operational 
flexibility, business costs, risk profile, schedule, and workforce availability. This set of criteria helped to narrow the 
possible locations. Only four states (Florida, Georgia, North Carolina, and Virginia) responded to Blue Origin with 
viable sites.  Of the states with potential sites to meet our project requirements, only Florida provided multiple 
locations. 
 
The following descriptions identify locations considered but eliminated from consideration as a candidate location as 
they did not meet the project’s technical requirements.  
 
Volusia County, Florida (SHILOH) 
 
The Florida-based State agency, Space Florida, is proposing to construct and operate a launch site (referred to as 
the Shiloh Launch Complex) in Brevard and Volusia Counties, Florida (Figure 2-8) and offer the site to launch vehicle 
operators. The proposed site is located within the boundaries of the Kennedy Space Center on lands managed by 
the U.S. Fish and Wildlife Service as the Merritt Island National Wildlife Refuge. The FAA is currently preparing an 
EIS for Space Florida’s proposal. This alternative offered Blue Origin a complete solution; however, because of the 
proposed location of the Shiloh Launch Complex, there are potentially several environmental-related concerns. 
Additionally, the date of construction of the Shiloh Launch Complex is unknown at this time. The timeline desired by 
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Blue Origin would not fit within this alternative; therefore, this alternative does not meet project requirements and was 
excluded from further assessment. 
 
Hyde County, North Carolina 
 
This alternative site is located in Hyde County, North Carolina (Figure 2-9). The launch and integration site would be 
located on a tract of land which is currently the Hyde County Airport near Engelhard. The payload processing and 
manufacturing facilities site would be located on a tract of land which would be near to the launch site. This 
alternative site is in an area that appears to be suitable for safe launch operations (minimal overflight), but no 
initiatives have been made toward an FAA Launch Site Operator License. The area is located in an artificially drained 
agricultural complex with very poor soil conditions which equates to larger capital costs to construct facilities at the 
location. The site is surrounded by flood prone lands and roads which would result in vulnerabilities during storm 
conditions. Also, due to populated barrier islands in the outer banks, flight trajectories would be limited to small sub-
sets of azimuth corridors to avoid overflight of inhabited areas.  An ocean berthing site is available a short distance 
from the facilities. Significant diligent efforts would be required to establish the launch and flight trajectory clearance 
with adjacent land owners. North Carolina is not viable due to the cost and uncertainties regarding the site; therefore, 
this alternative does not meet project requirements and was eliminated from further consideration. 
 
Camden County, Georgia 
 
This alternative site is located in Camden County, Georgia (Figure 2-10). All of the facilities, launch, integration, 
payload processing, and manufacturing, would be located on a single, large tract of land. The proposed tract is 
currently a listed brownfield development, previously occupied by Bayer Crop Science Corporation and Dow 
Chemical Company. Camden County has made some progress toward establishing the site as a commercial space 
launch site. The FAA recently issued a Notice of Intent to prepare an EIS for Camden County’s proposal to construct 
and operate a launch site and offer the site to launch vehicle operators. The Georgia site would support all facilities 
including an ocean berthing site within the grounds of the private property, but significant mitigation of industrial 
contamination and unexploded ordinance would have to occur to accommodate the project. The cost and permit 
complexity of the brownfield development has not been fully established. Lengthy permit timelines would be 
expected. Furthermore, the flight trajectory clearance has not yet been established and appears to be affected by 
private homes located on Little Cumberland Island. While the Camden County, Georgia alternative may be viable in 
the future, since the site environmental and operational risks are not fully identified, the timeline desired by Blue 
Origin does not fit within this alternative. Therefore, this alternative does not meet project requirements and was 
eliminated from further consideration. 
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Wallops Island, Virginia 
 
This alternative site is located in Wallops Island, Virginia (Figure 2-11). All of the facilities, launch, integration, 
payload processing, and manufacturing would be located at the Wallops Flight Facility (WFF). The Virginia 
Commercial Space Flight Authority currently holds an FAA launch site operator license to operate Launch Complex 0 
(Pads 0A and 0B) at WFF as a launch site. Wallops Island operates primarily as a rocket launch site to support 
science and exploration missions for NASA and other federal agencies. The WFF is capable of launching both orbital 
and suborbital rockets, ranging from small to medium lift vehicle capacities, due to its location and available flight 
paths. The site does not support the operation of a heavy-lift launch vehicle as described in the Proposed Action due 
to impact to neighboring public and required clear zone areas. The site latitude does not meet the Proposed Action 
full range of mission dependent trajectories which have varied orbital inclination requirements. As a result, it was 
determined that WFF could not meet the program and technical requirements.  Therefore, this alternative was 
eliminated from further consideration.  
 
Launch Complex 20 (LC-20), CCAFS, Florida 
 
LC-20 is located at the northern terminus of ICBM Road, between LC-19 and LC 34 at CCAFS, see Figure 2-12.  The 
facility was constructed in the late 1950’s for the Titan I missile program, modified in 1964 for the Titan III Program, 
and deactivated in 1966.  Following deactivation, site responsibilities were transferred to NASA. In addition to launch 
activities, LC-20 was also reportedly the location of a drum crushing operation and a waste liquid storage area for an 
approximately 10-year period from the late 1970s to the late 1980s.  Following abandonment of the site in the late 
1980s, site responsibilities reverted back to the USAF.  LC-20 is not considered a historic complex and there are no 
historic properties or known archeological sites located inside or outside the complex boundary (45 SW 1999).  
However immediately south of LC-20, is LC-19 which is a Historical Site.  In 1999, LC-20 was reactivated to be 
operated under the direction of Space Florida for commercial launches.  This reactivation included upgrades to 
Launch Pad A and the construction of a new building along the perimeter road, northeast of the blockhouse. In 2000, 
three Super Loki flights were launched from LC-20. LC-20 is currently inactive. 
 
Blue Origin originally discussed this location for their launch operations and engine testing with the 45 SW.  
Previously developed areas at LC-20 are considerably smaller than those at LC-11 and LC-36; therefore, 
development at LC-20 would result in substantial impacts to vegetation and wildlife habitat. The potential impact to 
native plants and wildlife in the general vicinity, including but not limited to the Florida scrub-jay (Aphelocoma 
coerulescens), gopher tortoise (Gopherus polyphemus), southeastern beach mouse (Peromyscus polionotus 
miveiventris), and the eastern indigo snake (Drymarchon couperi) may be greater, as well as a definitive loss of 
usable habitat.  With regards to the Florida scrub-jay specifically, the USAF performs yearly surveys to identify active 
scrub-jay territory.  In 2014, the USAF identified scrub-jays utilizing an area to the northeast of the intersection of 
ICBM Road and the access road for LC-20 (INRMP, 45 SW, 2015).  Due to this finding, use of LC-20 may result in a 
direct impact not only to potential scrub-jay habitat, but to an active nesting colony. The fact that an active Florida 
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scrub-jay colony would be impacted, and not just potential habitat, greatly increases the environmental impact Blue 
Origin would produce if LC-20 was chosen for the Proposed Action area.  A closer proximity of LC-20 to the Atlantic 
Ocean may also increase the potential light pollution and thereby impact the native sea turtle population.   Finally, 
due to its proximity to the CCAFS industrial area, required set-backs and safety areas (QD-arcs) at LC-20 for a heavy 
launch vehicle would impact several roads and a large number of buildings on CCAFS resulting in a significant 
impact to local operations. The acreage available on LC-20 does not meet project requirements. Due to its proximity 
to existing critical infrastructure, the site does not meet the project operational requirements.  For these reasons Blue 
Origin and the USAF determined that LC-20 did not meet program requirements. Therefore, this alternative was 
eliminated from further consideration. 
 
2.5 PREFFERRED ALTERNATIVE  
 
The Proposed Action has been selected as the Preferred Alternative for the following reasons: 

 It is relatively close to existing infrastructure support and it is well positioned on the coast, away from 
populated areas. 

 It offers an area removed from most current CCAFS operations and some of the demolition activities have 
already been undertaken. 

 It was previously used as a launch complex facility and so the majority of the area is previously disturbed. 

 It was the preferred location by the USAF since it is compatible with current and future land use plans. 

 It supports the project technical requirements. 
 
The LC-11 and LC-36 area would enable Blue Origin to meet the project Purpose and Need.  The Proposed Action is 
therefore the Preferred Alternative.  
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3.0  AFFECTED ENVIRONMENT  
 
In compliance with NEPA and CEQ regulations, this Section describes the existing environment at CCAFS 
associated with the Proposed Action and the No-Action Alternative location.  Each sub-section summarizes the 
affected environment for the resource areas analyzed in detail in this EA.  Sixteen broad environmental resource 
areas were considered to provide a context for understanding the potential effects of the Proposed Action and as a 
basis for assessing the significance of potential impacts.  The areas which were reviewed include land use/visual 
resources (which includes coastal resources), noise, biological resources, cultural resources, air quality, climate, 
hazardous materials/hazardous waste (which includes solid waste and pollution prevention), orbital debris, water 
resources, geology and soils, transportation, utilities, health and safety, socioeconomics, environmental justice, and 
Section 4(f) properties.  Additional resources required to be assessed by FAA Order 1050.1F including natural 
resources and energy, farmlands, and children’s environmental health and safety risks are also discussed, but are 
dismissed from detailed evaluation.  This information serves as a baseline from which to identify and evaluate 
environmental changes resulting from activities associated with the Proposed Action at CCAFS, Florida. 
 
The environmental documentation from the Final Programmatic Environmental Assessment for the 
Reactivation/Reuse of 12 Space Launch Complexes dated March 2005 (USAF 2005), the FAA EA of LC-46 dated 
2008 (FAA 2008), the FAA Supplemental EA which added LC-36 dated 2010 (FAA 2010) are incorporated by 
reference into each of these summaries.  For each resource area, a region of influence (ROI) was established.  The 
ROI is an area within which a federal action, program or activity may cause an impact. Generally, the ROI for this 
assessment is the Preferred Alternative location of LC-11 and LC-36, and the land directly east of the complexes to 
the Atlantic Ocean and the surrounding CCAFS area.  The land area within the blue dotted lines in Figure 3-1 shows 
that area of LC-11 and LC-36 which has been previously disturbed and is generally inside the fence line; the area 
within the dark orange border shows the additional area of the Proposed Action, which has not been previously 
disturbed and includes the approximately 100 acres which may be disturbed and is called the “limits of construction”.  
This area will be referred to collectively as “the Site” throughout this Section.  Appendix A contains the Site Location 
Map developed by the 45 SW for the Proposed Action. 
 
3.1  LAND USE ZONING / VISUAL RESOURCES 
 
Compatible land use is achieved when the Proposed Action fits within the land use patterns (vehicle launches, 
residential, commercial, industrial, recreational, etc.), land ownership (federal, state, private), and land use 
management plans.  Zoning, management plans, and policies regulate how land is used.  The ROI for visual 
resources includes the viewshed around LC-11 and LC-36, such as adjacent lands at and surrounding CCAFS that 
would be able to view the launch pad, buildings and/or vehicles during launches, such as off-station lands within 
launch safety clear zones. The ROI for coastal resources at CCAFS encompasses the station boundaries and 
potentially affected adjacent lands, including off-station lands within launch safety clear zones or land uses that may 
be affected by activities on the station.   
 
Visual resources are any naturally occurring or manmade feature that contributes to the aesthetic value of an area. 
Areas such as coastlines and national parks are usually considered to have high visual sensitivity. The term coastal 
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zone is defined as the coastal waters (including the lands therein and thereunder) and the adjacent shorelands 
(including the waters therein and thereunder) strongly influenced by each other and in proximity to the shorelines of 
the several coastal states, and includes islands, transitional and intertidal areas, salt marshes, wetlands, and 
beaches (16 U.S.C. 1453). 
 
Responsibility for administering the Coastal Zone Management Program (CZMP) has been delegated to states that 
have developed state specific guidelines and requirements.  A federal agency must ensure that proposed activities 
within the coastal zone are consistent with that state’s CZMP.  Brevard County and the City of Cape Canaveral are 
the local planning authorities for incorporated and unincorporated areas near CCAFS.  Port Canaveral is used by 
NASA, the U.S. Navy, the USAF, and the U.S. Coast Guard to support space vehicle operations and shipping 
activities.  Neither Brevard County nor the City of Cape Canaveral has land use or zoning authority over CCAFS land 
because it is federally owned.  The general plans of Brevard County and City of Cape Canaveral designate 
compatible land uses and zoning around CCAFS.  The CCAFS General Plan defines the installation’s land uses and 
zoning.  This resource area also addresses coastal resources and visual resources.   
 
CCAFS encompasses an area of 15,800 acres (6,394 ha), representing approximately two percent of the total land 
area of Brevard County.  Land uses at CCAFS include launch and landing operations, range support, airfield, port 
operations, station support areas and open space.  The lands at CCAFS do not include prime farm land; therefore 
this resource area is not addressed in detail.  While a child development center is present at Kennedy Space Center, 
located at A Avenue and 5th Street KSC, since CCAFS does not contain any schools, child-care facilities, or other 
children related activities or facilities, risks to children are not addressed for this action. 
 
Launch operations land use areas are present along the Atlantic Ocean shoreline and include both inactive and 
active launch sites and support facilities. These sites also include lightning protection towers, tall integration 
buildings, and other launch related structures.  While the CCAFS Skid Strip has always supported landing operations 
of “horizontal” vehicles like planes, jets, unguided missiles, and recent activities supported by a 2014 EA (USAF, 
2014), CCAFS operations would also include Reusable Launch Vehicle (RLV) landings.  Open space is dispersed 
throughout the station.  There are no public beaches located on CCAFS.  
 
The area surrounding the site is generally flat with scrub oak and palmettos.  The site is located on the eastern side 
of CCAFS, between ICBM Road to the west and the Atlantic Ocean to the east; LC-12 is adjacent to the north and 
LC-1, LC-2 and Control Road is adjacent to the south and southwest.  The area that comprises the site is already 
extensively developed and has been designated by CCAFS for use as a launch complex since the late 1950s.  LC-11 
and LC-36 are both designated Solid Waste Management Units (SWMU-036 and 050 respectively).  A Land Use 
Control Implementation Plan (LUCIP) was prepared as a result of past actions (refer to Section 3.7 and 4.7 below).  
The property is prohibited from residential or other non-industrial development without prior written notification to 
FDEP and U.S. Environmental Protection Agency (EPA) concerning potential land use changes.  The LUCIPs are 
reviewed periodically and generally will remain in effect until prescribed remedial actions and clean-up goals are met 
(USAF, 2005a).  
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KSC, which is north and west of CCAFS, includes predominantly industrial uses associated with NASA launch 
programs and open space associated with the Merritt Island National Wildlife Refuge.  Uses of the river and ocean 
water areas surrounding CCAFS include commercial fishing, marine recreation and marine transportation.  The 
Canaveral National Seashore is located north of CCAFS, approximately 12 miles north of the LC-36 area and is 
operated by the National Park Service (NPS).  There are no noise sensitive areas (traditionally quite areas such as 
public parks, libraries, churches, etc.) near the site.  The closest residential area to the site is Cape Canaveral and is 
approximately 6 miles (9.7 km) to the south-southeast of the launch site. That area also includes Jetty Park, and 
cruise terminals.  Current light sources at the site include security lighting on the grounds.  Light is also generated 
from existing nighttime aircraft operations. 
 
Federal activity in or affecting a coastal zone requires preparation of a Coastal Zone Consistency Determination, in 
accordance with the federal Coastal Zone Management Act (CZMA) of 1972, as amended (P.L. 92-583), and 
implemented by the National Oceanic and Atmospheric Administration (NOAA).  Responsibility for administering the 
CZMP has been delegated to states that have developed state-specific guidelines and requirements.  In Brevard 
County, the Florida Coastal Management Program (FCMP), formed by the Florida Coastal Management Act (FCMA), 
applies to activities occurring in or affecting the coastal zone.  The entire State of Florida is defined as being part of a 
coastal zone (NOAA, 2004); therefore, the Proposed Action is subject to the requirements of the federal CZMA.  The 
FDEP is the state’s lead coastal zone management agency.  The USAF is responsible for making the final coastal 
zone consistency determinations for its activities within the state, and the FDEP along with FCMP member agencies 
will review the coastal zone consistency determination through submittal of this EA to the Florida Clearinghouse.   
 
3.2  NOISE 
 
The ROI for noise includes the area around the site, east over the beach area, CCAFS, and extends to the closest 
populated areas of Cape Canaveral and Cocoa Beach to the south and Merritt Island to the east-southeast.  Noise is 
usually defined as unwanted sound.  The decibel (dB) is the accepted standard unit for the measurement of sound, 
and is a logarithmic unit that accounts for the large variation in sound pressure amplitudes.  A-weighted (dBA) sound 
levels have been adjusted to correspond to the frequency response of the human ear.  High-amplitude noise can be 
unwanted because of potential structural damage.  CCAFS is a relatively isolated facility, which reduces the potential 
for noise impacts on adjacent communities.  The closest residential communities to the site are Cape Canaveral and 
the north end of Cocoa Beach, located approximately five and one half miles to the south-southwest, and the Merritt 
Island area, located approximately seven to eight miles to the west.  Ambient noise levels in these communities are 
normally low, with higher noise levels occurring in the communities’ industrial areas, and lower noise levels (normally 
about 45 to 55 dBA) in the residential areas and along the beaches.  Infrequent aircraft fly-overs and rocket launches 
from CCAFS and KSC increase noise levels for short periods of time.  Existing noise sources at CCAFS include 
construction related noise, aircraft noise associated with aircraft take-off and landing facilities and current rocket 
launch operations at CCAFS and KSC.  Other noise sources resulting from industrial operations are present in the 
vicinity of the site, but these sources are considered minor in comparison to launch noise, which includes both engine 
noise and sonic booms produced as launch vehicles reach supersonic speeds. 
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3.2.1 General Description 
 
Sound levels that have been adjusted to correspond to the frequency sensitivity of the human ear are referred to as 
A-weighted (dBA) sound pressure levels (AWSPL).  If structural damage is a concern, then the overall sound 
pressure level (OASPL) is used. This quantity has no frequency weighting and therefore includes low frequencies 
that are not audible but can affect structures from vibration-related impacts. 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 can also 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; up to several seconds for launch 
vehicles. Landing vehicles such as the now retired Space Shuttle may also produce a sonic boom as flight speeds 
transition from supersonic to subsonic speeds.  
 
Descriptors are used to assess and correlate the various effects of noise on humans, including land use compatibility, 
sleep and speech interference, annoyance, hearing loss, and startle effects.  Although derived for humans, these 
descriptors can also be used to qualitatively assess the effects of noise on wildlife.  These descriptors are the A-
weighted sound level.  An A-weighted sound level is the momentary magnitude of sound weighted to approximate the 
human ear's frequency sensitivity. A-weighted sound levels are typically measured between 20 hertz and 20 
kilohertz.  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. Table 3-1 shows the A-weighted sounds levels of commonly encountered sounds.  
C-weighting measures sound levels in dB, with no adjustment to the noise level over most of the audible frequency 
range except for a slight de-emphasis of the signal below 100 hertz and above 3,000 hertz.  C-weighting is used as a 
descriptor of low-frequency noise sources, such as blast noise and sonic booms. 

          
TABLE 3-1: A-Weighted Sound Levels of Common Sounds 

 

Common Sounds Sound Level Range (dB) Region of Comfort 

Threshold of Hearing 0-10 JUST AUDIBLE 
Recording Studio 10-20 
Bedroom at Night 20-30 

Quiet Urban Nighttime 30-40 QUIET 
Quiet Urban Daytime 40-50 

Air Conditioner at 100 ft. (30.5 m) 50-60 
Automobile at 100 ft. (30.5 m)  
Vacuum Cleaner at 10 ft. (3 m) 

60-70 MODERATE 

Heavy Truck at 50 ft. (15.2 m) 70-80 
Garbage Disposal 80-90 

Jackhammer @ 50 ft. (15.2 m)  90-100 VERY LOUD 
Textile Mill or Discotheque 100-110 

Oxygen Torch 110-120 UNCOMFORTABLE 
Chainsaw 120-130 

     * Source: EELV FEIS April, 1998 
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3.2.2 Ambient Noise Levels 
 
Noise levels around facilities at CCAFS and KSC approximate those of any urban industrial area, reaching levels of 
60 to 80 dBA (USAF, 2007).  Other less frequent but more intense sources of noise in the region are launches from 
CCAFS and KSC.  On-site sources of noise are the active CCAFS launch or landing pads at LC- 46, 13 (now known 
as Landing Zone 1), 37, 40, and 41, aircraft landing facilities at the CCAFS Skid Strip and the KSC former Shuttle 
launch pad at 39A.  The relative isolation of the CCAFS and KSC facilities reduces the potential for noise to affect 
adjacent communities.  Although used primarily for aircraft and not launch vehicles, the most widely used cumulative 
measure is the Day Night Average Sound Level (DNL).  This is essentially an average of sound levels over a 24-hour 
period with a 10 dB penalty applied at night.  The FAA has defined a significance threshold for noise. Per FAA Order 
1050.1F, a significant noise impact would occur if the action would increase 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 65 dB level due to a DNL 1.5 dB or greater increase, when compared to the no action alternative for 
the same timeframe. For example, an increase from DNL 65.5 dB to 67 dB is considered a significant impact, as is 
an increase from DNL 63.5 dB to 65 dB. The DNL is used to evaluate the human annoyance effects of noise.  Typical 
DNL values for residential areas according to an EPA 1974 source are shown below:  
 

 50 dBA: Small Town Residential    

 60 dBA: Urban Residential 

 70 dBA: Very Noisy Urban Residential 

 80 dBA: Downtown City 
Source: EPA, 1974 

 
3.2.3 Construction Related Noise Description and Considerations 
 
Under the Clean Air Act, the EPA administrator established the Office of Noise Abatement and Control (ONAC) to 
carry out investigations and studies on noise and its effect on the public health and welfare.  Through ONAC, the 
EPA coordinated all federal noise control activities, but in 1981 the Administration concluded that noise issues were 
best handled at the state and local level.  As a result, ONAC was closed and primary responsibility of addressing 
noise issues was transferred to state and local governments.  However, EPA retains authority to investigate and 
study noise and its effect, disseminate information to the public regarding noise pollution and its adverse health 
effects, respond to inquiries on matters related to noise, and evaluate the effectiveness of existing regulations for 
protecting the public health and welfare, pursuant to the Noise Control Act of 1972 and the Quiet Communities Act of 
1978.   
 
The Noise Control Act identified 65 dBA as a desirable noise level for compatible land uses.  This level is not 
regarded as a noise standard, but as a basis to set appropriate standards that should also factor in local 
considerations and issues.  Noise impacts from the operation of construction equipment are usually limited to a 
distance of 1,000 ft. (304.8 m) or less.  Equipment and vehicles associated with the construction aspects of the 
Proposed Action typically have a dBA between 65 and 100, at a distance of 50 ft. (15 m) as shown in Table 3-2 
below.   
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TABLE 3-2: Selected Construction Equipment Noise Emission Levels 

Equipment Noise Level (dBA) 50ft (15 m) from source 

Air Compressor 81 

Backhoe 80 

Bull Dozer or Grader 95 

Concrete Mixer 85 

Portable Generator 81 

Loader 85 

Pneumatic Tool 85 

Pump 76 

Saw 76 

 
(EPA, 1971)  
 

With respect to potential hearing damage, according to the OSHA noise standards, no worker shall be exposed to 
noise levels higher than 115 dBA.  The exposure level of 115 dBA is limited to 15 minutes or less during an eight (8) 
hour work shift.  The OSHA standards are the maximum allowable noise levels for the personnel in the vicinity of the 
launch pad.  The maximum sound level during a noise event is referred to as Lmax. In order to compare noise events 
with different magnitudes and durations, the Sound Exposure Level (SEL) was developed which normalizes the 
sound energy of the event into one second.   
 
3.2.4 Launch Operations Related Noise Description and Considerations 
 
Operation-related noise refers to noise generated from activities such as actual launches or landings, temporary 
noise during construction or refurbishment activities, and also temporary ongoing noise generated from worker traffic 
to and from the selected site.  The amount of vehicle launch engine noise produced is directly related to total vehicle 
lift-off thrust; therefore, the more thrust, the more noise.  Historically, the highest recorded noise levels were those 
produced by the launches of the Space Shuttle, which in the launch vicinity could exceed 160 dBA. The Space 
Shuttle was NASA’s reusable, heavy lift vehicle beginning in 1981, with launches reaching as many as nine in one 
year in 1985.  Prior to the end of the shuttle program in 2011, Space Shuttle launch noise at Port Canaveral would 
have been expected to be typical of the noise levels at an industrial facility, reaching levels of 60 to 80 dBA (USAF, 
1998). At the pad launch noise can reach 160 dBA with sound diminishing with distance. Noise from the February 
2008 Space Shuttle launch (STS-122) was measured by the KSC Environmental Health Office with a logging noise 
dosimeter at a fall-back position (approximately 2.8 miles (4.5 km), or 14,700 ft. (4,500 m). Pre- and post-launch 
event data indicated sound levels <70 dBA at the fall-back position. At launch time there was a short-term increase to 
a peak of 99 dBA with a gradual decrease to ambient conditions. Launches from other nearby pads can result in 
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sound levels that could exceed 130 dBA for a short duration following a similar pattern (NASA 2013).  Peak 
overpressures exist from large vehicles such as the Titan IVB and approach 10 lb/ft2 (49 kg/m2) in focal zones 
(USAF 1998).  Space vehicles currently launched at CCAFS are the Falcon 9, the Delta IV and the Atlas V, usually 
with a liquid center core and additional solid rocket motors attached (Falcon 9 uses only liquid fuel).   
 
However, regarding current and past launch programs on CCAFS, neither the Falcon 9, the Atlas, the Titan nor the 
Delta launches have been documented to cause any animal mortality or significant impact to wildlife habitat on 
CCAFS.  Operations related noise from the actual launches can be summarized as discussed below.  Three distinct 
noise events are associated with launch and ascent of a launch vehicle: on-pad engine noise, in-flight engine noise, 
and sonic booms. 
 
3.2.4.1 Engine Noise 
 
Launches are a major source of operational noise; all other noise sources in the launch area are considered minor 
compared to launch noise.  Generally, three types of noise occur during a standard vehicle launch: (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 first three types of noise combined.  As an 
example and point of comparison, SpaceX had measured noise levels for their May 22, 2012 Falcon 9 (Block 1) 
launch at LC-40.  Table 3-3 below presents that data.   
 
 
 
 
 

 

 
 

 *Source: (USAF, 2013) 
 
Also for comparison, Table 3-4 below presents the sound levels for the Delta II vehicle measured at LC-17 CCAFS.   

*Source: (USAF, 2013) 

TABLE 3-3 Falcon 9 (Block 1) Acoustic Data  
Location Distance from vehicle (feet 

(meters)) 
Acoustics (OASPL) 

1 800 (244) 145 db 
2 975 (297) 136 db 
3 1450 (442) 132 db 
4 1600 (488) 130 db 
5 1900 (579) 129 db 
6 2500 (762) 126 db 

Table 3-4:  Measured Delta II Sound Levels, July 1992 
 

Distance from 
Pad (feet 
(meters)) 

Predicted 
Maximum OASPL 

Noise Levels (dB) 
Measured Maximum 

OASPL 

Measured 
Maximum AWSPL 

Measured       A-
weighted SEL 

1,500 (457) 135.4 130.6 120.2 127.5 
2,000 (610) 132.9 130.4 117.7 125.5 
3,000 (914) 129.4 125.8 115.1 123.0 
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3.2.4.2  On-Pad Noise 
 
On-pad engine noise occurs when engines are firing but the vehicle is still on the pad; this includes the test stand 
firings as well.  The engine exhaust is usually turned horizontally by deflectors or an exhaust tunnel.  Noise is highly 
directional, with maximum levels in lobes that are about 45 degrees from the main direction of the deflected exhaust.  
Noise levels at the vehicle and within the launch complex are high.  Since the sound source is at or near ground 
level, propagation from the launch vehicle to off-site locations is along the ground, with significant attenuation over 
distance.  On-pad noise levels are typically much lower than in-flight noise levels because sound propagates in close 
proximity to the ground and undergoes significant attenuation when the vehicle is on or near the pad, and because of 
engineered sound-suppression techniques such as deluge water on the pad.   
 
3.2.4.3 In-Flight Noise 
 
In-flight noise occurs when the vehicle is in the air, clear of the launch pad, and the engine exhaust plume is in line 
with the vehicle. In the early part of the flight, when the vehicle's motion is primarily vertical, noise contours are 
circular, particularly for the higher levels near the center.  The outer contours tend to be somewhat distorted. They 
can be stretched out in the launch direction or broadened across the launch direction, depending on specific details 
of the launch.  On-pad noise contours are much smaller than in-flight contours.  The in-flight sound source is also 
well above the ground and therefore there is less attenuation of the sound as it propagates to large distances.  
 
The major source of in-flight noise is from mixing of the exhaust flow with the atmosphere, combustion noise in the 
combustion chamber, shock waves and turbulence in the exhaust flow, and occasional combustion noise from the 
post-burning of fuel-rich combustion products in the atmosphere.  The emitted acoustic power from a rocket engine 
and the frequency spectrum of the noise can be calculated from the number of engines, their size and thrust, and 
their flow characteristics.  Normally, the largest portion of the total acoustic energy is contained in the low-frequency 
end of the spectrum (1 to 100 hertz). 
 
3.2.5 Sonic Booms 
 
Another characteristic of typical launch vehicles is that they reach supersonic (faster than the speed of sound) 
speeds and will generate sonic booms. Sonic booms, the shock wave resulting from the displacement of air in 
supersonic flight, differ from other sounds in that it is impulsive and very brief (less than a second for aircraft and up 
to several seconds for launch vehicles). Sonic booms are measured in pounds per square ft. of overpressure.  This is 
the amount of the increase over the normal surrounding atmospheric pressure (2,116 psf/14.7 psi).  At one pound 
overpressure, no damage to structures would be expected. Overpressures of 1 to 2 (0.5 to 0.9 kg) pounds are 
produced by supersonic aircraft flying at normal operating altitudes. Some public reaction could be expected between 
1.5 and 2 pounds (0.7 to 0.9 kg). Rare, minor damage may occur with 2 to 5 pounds (0.9 to 2.3 kg) overpressure 
(NASA, 2014). Because a sonic boom is not generated until the vehicle reaches supersonic speeds sometime after 
launch, the launch site itself does not experience a sonic boom. The crescent shape of the typical sound contours 
from launch vehicles reflects this "after launch" nature of sonic booms.  The portions of the footprint to either side of 
the trajectory represent the overpressures caused as the shock wave expands radially from the line of travel of the 
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launch vehicle. The focal zone "super boom" region is very narrow (typically < 100 yards (83.6 sq. m) wide) and is 
also down track east of the coast. Sonic booms are not experienced on or near the launch pad or coastal shoreline. 
Past space vehicle launches, and current vehicles launched, which include the Delta IV, the Atlas V and the Falcon 9 
have and will produce sonic booms down-track and offshore approximately 30 to 40 miles (48.3 km to 64.4 km) and 
are very short in duration.  Sonic booms would also occur with a first stage booster landing downrange. As the 
booster vehicle decelerates through the sound barrier, sound waves would produce noise in the general vicinity of 
the returning vehicle.  
 
3.3  BIOLOGICAL RESOURCES 
 
This section describes the existing vegetation and animal species that occur or could potentially occur at the CCAFS 
area immediately surrounding the site which could be affected by construction activities and launch operations.  It 
also includes a small area downrange in the Atlantic Ocean where the first stage booster would land on a floating 
platform, or may land in the ocean and sink (Figure 2-7).  Biological resources include native plants and animals, and 
the habitats in which they exist.  Sensitive and protected biological resources include plant and animal species that 
are threatened or endangered (T&E) and species of special concern (SSC) as listed by the US Fish and Wildlife 
Service (USFWS) and the Florida Fish & Wildlife Conservation Commission (FWC).  Listed species that are known to 
be present or near the station boundaries are presented in Table 3.5. 
 
The USAF, particularly the 45 SW, is committed to the long-term management of all natural areas on its installations, 
as directed by AFI 32-7064, Integrated Natural Resources Management.  Long-term management objectives are 
identified in the 45 SW’s 2015 Integrated Natural Resources Management Plan (INRMP) with specific land 
management objectives identified in the Scrub-Jay and Sea Turtle Management Plans located in the appendices of 
the INRMP. The following information was derived from several sources, including the 45 SW 2015 INRMP.  
Additionally, recent information has been included from a Biological Assessment (BA) for this project area completed 
in January 2016.  The BA was completed and submitted to the USFWS on January 22, 2016 after the 45 SW 
determined that the Proposed Action may affect federally listed species.  In response to this BA, the USFWS issued 
a Biological Opinion (BO) in May, 2016, to address impacts to listed species; see Section 4.  The BO can be found in 
Appendix C. 

 
3.3.1  Vegetation 
 
3.3.1.1 Native Vegetation Communities 
 
At least 10 high-quality natural communities of vegetation exist on CCAFS, despite the communities being 
fragmented by mission-related construction and clearing activities.  Parallel to the coastline, CCAFS has a series of 
ridges and swales that support these communities.  These communities include oak scrub, rosemary scrub, maritime 
hammock, coastal strand, coastal dunes, grasslands, seagrasses, hydric hammock, interdunal swales, and estuarine 
tidal swamps and marshes.  Vegetation on CCAFS consists mainly of the indigenous Florida coastal scrub (including 
oak and rosemary scrub) and xeric and maritime hammocks.  These scrub habitats also contain Brazilian pepper, a 
non-native aggressive plant, which invades these communities along disturbed areas, and then becomes established 
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as it out competes native species.  Eight species of state listed plants have been documented to be present on 
CCAFS; however those eight species have not been identified within the boundaries of LC-11, LC-36, or the 
land east of the complexes.  There are no federally listed plants at CCAFS.   
 
At LC-11 and LC-36, vegetation located within the fence line has been lightly maintained by periodic trimming and 
contains of a few scattered trees and herbaceous groundcover.  The facility is overgrown with native and non-native 
grasses, bushes, and trees.  Species observed within this area include sand cordgrass (Spartina bakerii), crowfoot 
grass (Dactyloctenium aegyptium), prickly pear (Opuntia humifusa), saw palmetto (Serenoa repens), Brazilian pepper 
(Schinus terebinthifolius), sand live oak (Quercus geminata), cabbage palm (Sabal palmetto), beach sunflower 
(Helianthus debilis), dog fennel (Eupatorium capillifolium), ragweed (Ambrosia sp.), and pepper grass (Lepidium 
virginicum).  There also exists at least one large stand of Australian pine (Casuarina equisetifolia) between LC-11 
and LC-36, which would be removed since a connection road is planned to be constructed in that area. 
 
Vegetation beyond the complex fence lines is forested and categorized as coastal/oak scrub. Scrub oaks are the 
dominant species with a closely associated shrub layer of saw palmetto.  Along the eastern side of LC-11 and LC-36, 
species such as live oak (Quercus virginiana), sand live oak, wax myrtle (Myrica cerifera), nakedwood (Myrsianthes 
fragrans) and tough buckthorn (Bumelia tenax) are found in higher densities. These identified community types have 
joined and developed into a closed canopy, maximized height forest generally categorized as xeric hammock. Tree-
sized cabbage palms, and red bays (Persea borbonia) are interspersed with shrubby saw palmetto, wax myrtle, 
tough buckthorn, nakedwood and rusty lyonia (Lyonia ferruginea). The coastal/oak scrub is dominated by live oak. 
Myrtle oak (Quercus myrtifolia), sand live oak and chapman oak (Quercus chapmanii) are also found in this 
community type.  Many different vascular species are in the understory, such as saw palmetto, rusty lyonia, tough 
buckthorn, wax myrtle, nakedwood, tallow wood (Ximenia americana) and beautyberry (Callicarpa americana). 
 
In areas categorized as disturbed coastal oak/scrub, generally just west of the beach dune area, there are scattered 
sandy, shelly openings which contain several small shrubby and herbaceous species such as sand cordgrass, 
gopher apple (Licania michauxii), prickly pear cactus, partridge pea (Galactia elliottii), milkwort (Polygala sp.), 
blueberry (Vaccinium spp.), hempvine (Mikania scandens), and Madagascar periwinkle (Catharantus roseus).  
Brazilian pepper is also found along the edges of the dunes, ditches, fence lines, and formerly cleared areas.  Other 
species include tough buckthorn, cabbage palm, and Spanish bayonet (Yucca aloifolia). This habitat type has a 
closed canopy along with a dense understory comprised of saw palmetto, greenbrier (Smilax spp.), beautyberry, wax 
myrtle, rusty lyonia, partridge pea, bracken fern (Pteridium aquilinum), and morning glory (Ipomoea indica).  Areas 
closest to the beach dune contain vegetation with a height between 1 and 2 ft. (0.3 to 0.6 m). 
 
3.3.1.2 Invasive Species 
 
Most of the areas on CCAFS that are disturbed, including roads, utility corridors, launch complexes, and areas 
around the ditches have a large invasive species component. Brazilian pepper predominates the invasive flora at 
CCAFS with six other invasive weeds present in lower densities; they include Durban crowfoot grass and Australian 
pine. Australian pine trees grow singly or as small, dense groves scattered across the base.  In addition, cogon grass 
(Imperata cylindrica), melaleuca (Melaleuca quinquenervia), mistletoe (Phoradendron serotinum), and small 
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populations of thistles (Cirsium spp.) and nettles (Urtica spp.) are present (Invasive Plant Species Control Plan for 
CCAFS, 2004). In the LC-11 and LC-36 area and the area east to the beach dune the most predominate invasive 
species is Brazilian pepper; Australian pine is present in at least one area (between LC-11 and LC-36). 
 
3.3.2 Wildlife  
 
The coastal scrub and associated woodlands provide habitat for a wide range of wildlife including migratory birds and 
mammals including the white-tailed deer, armadillo, bobcat, feral hog, raccoon, long-tailed weasel, round-tailed 
muskrat, and the Southeastern beach mouse (a state species of special concern).  Note that the FWC is currently in 
the process to delist the Florida mouse and the Florida gopher frog according to the FWC Imperiled Species 
Management Plan (posted on the FWC website). Amphibians observed at CCAFS include the spade foot and 
eastern narrow-mouth toads, squirrel and southern leopard frogs, Florida gopher frog, and green tree frogs.  Reptiles 
observed include the American alligator, Florida box turtle, gopher tortoise, Florida softshell, green anole, six-lined 
racerunner, broadhead skink, southern ringneck snake, everglades racer, eastern coachwhip, diamondback 
rattlesnake, indigo snake, pine snake, and the mangrove salt marsh snake.  Numerous marine mammals populate 
the coastal and lagoon waters including the bottlenose dolphin, the spotted dolphin, and the manatee, which is 
protected.  The seagrass beds in the northern Indian River Lagoon system provide important nursery areas, shelter, 
and foraging habitat for a wide variety of fish and invertebrates, and for manatees.  The inland rivers and lagoons 
provide habitat for marine worms, mollusks and crustaceans.  The Mosquito Lagoon is an important shrimp nursery 
area.  The beaches and off-shore area is inhabited by five (5) species and marine turtles mentioned in Table 3.5. 
 
A number of saltwater fish species can be found within Indian and Banana River Systems including the bay anchovy, 
pipefish, goby, silver perch, lined sole, spotted sea trout, and oyster fish.  The small freshwater habitats found on 
CCAFS contain bluegill, garfish, largemouth bass, killifishes, sailfin molly, and top minnow (USAF, 1998).  The 
following paragraphs give a broad overview of specific species of concern at the Proposed Action location.  
 
3.3.2.1 Migratory Birds 
 
At CCAFS, resident and migrating bird species include numerous common land and shore birds.  Cape Canaveral is 
situated along a major flyway route for migratory birds and therefore home to numerous birds listed on the USFWS 
migratory bird list, all of which are protected at the federal level by the Migratory Bird Treaty Act (MBTA).  All but a 
few bird species (i.e. pigeons, European starlings, etc.) found on CCAFS are on this list.  Multiple species of birds, 
such as mockingbirds, grackles and great horned owls, have been documented nesting along ICBM Road, Control 
Road and the LC-11 and LC-36 area.  Executive Order (EO) 13186, signed in 2001, requires federal agencies to 
protect migratory birds and their habitats.  This would require that if nests may be impacted, the nest be empty of 
eggs or young prior to relocation or removal.  CCAFS also supports a large population of ospreys and can support 
the bald eagle.  Ospreys are most often found near water, nesting near the top of large trees, bore-sight towers, utility 
poles, antennas and gantries.  The osprey is federally protected by the MBTA, which makes it illegal to destroy a nest 
without the proper permits.  At this time, ospreys do not appear to be nesting on or in any trees or structures at LC-11 
or LC-36, in part since the only tall existing structures at these areas appear to be older lighting towers and electrical 
“telephone poles”.  The bald eagle is generally found in tall, old-growth pine trees.  The US Congress had ensured its 
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protection under both the MBTA as well as the Eagle Act. However, after the species was delisted from the 
endangered species list in 1995 and the threatened species list in 2007, it is no longer protected by any federal 
agency for purposes of wildlife protection. It is still protected by the State of Florida through the FWC and Florida 
Statute (F.A.C. 68A-16.002).  A review of https://public.myfwc.com/FWRI/EagleNests/nestlocator.aspx in May 2016 
indicated that bald eagles are not present within 5 miles (8km) of LC-36.  Scrub jays are present at CCAFS and are 
discussed below. 
 
3.3.3 Threatened and Endangered and Species of Special Concern 
 
CCAFS contains habitat utilized by a large number of federal and state- listed species.  Listed species that are known 
to be present or near (within 100 ft. (30.5 m) of the perimeter fence) LC-11 or LC-36 boundaries, or in the Proposed 
Action clear area east of the complex, are presented in Table 3-5 below.  For a list of federal and state regulatory 
requirements which address vegetation and wildlife that may be present on CCAFS, and a more detailed 
description of protected species present at CCAFS, see the Biological Assessment or the USAF 45 SW INRMP 
dated 2015 which contains descriptions of plants and animals occurring at CCAFS.  There is designated critical 
habitat under Section 4 of the Endangered Species Act (ESA) for the North Atlantic right whale in the area east of the 
LC-11 and LC-36 complexes. 
 

   TABLE 3-5: Protected Species Flora/Fauna Found in the Vicinity of LC-11 and LC-36 
 

Common Name Scientific Name Status 
Federal State 

Plants 
Beach star Remirea maritime  E 
Coastal mock vervain Glandularia maritima  E 
Curtiss’ milkweed Asclepias curtissii  E 
Golden Leather Fern Acrostichum aureum  CE 
Hand fern Ophioderma palmatum  E 
Nodding pinweed Lycopodiella cernua  T 
Satin leaf Chrysophyllum olivaeforme  E 
Inkberry Scaevola plumieri  T 
Nakedwood, Simpson’s Stopper Myrcianthes fragrans  T 
Sand dune spurge Euphorbia telephioides  E 
Sea-lavender 
 

Argusia gnaphalodes  E 
Erect prickly-pear cactus Opuntia stricta  T 

Birds 
American Oystercatcher Haematopus palliatus T (S/A) SSC 
Audubon’s Crested Caracara Polyborus plancus audubonii T T 
Bald Eagle Haliaeetus leucocephalus  T 
Florida Scrub-Jay Aphelocoma coerulescens T T 
Least Tern Sternula antillarum  T 
Piping Plover Charadrius melodus T T 

 Rufa Red Knot   Calidris canutus rufa T T 
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   TABLE 3-5: Protected Species Flora/Fauna Found in the Vicinity of LC-11 and LC-36 
 

Common Name Scientific Name Status 
Federal State 

Roseate Spoonbill Platalea ajaja    SSC 
Roseate Tern Sterna dougallii T T 
Snowy Egret Egretta thula  SSC 
Southeastern American Kestrel Falco sparverius paulus  T 
Tricolored Heron Egretta tricolor  SSC 
White Ibis Eudocimus albus  SSC 
Wood Stork Mycteria americana T T 

Reptiles and Amphibians 
Atlantic Green Sea Turtle Chelonia mydas T T 
American alligator Alligator mississippiensis T (S/A) SSC 
Eastern indigo snake Drymarchon corais couperi T T 
Florida gopher frog Rana capito  SSC 
Florida pine snake Pituophis melanoleucus mugitus  SSC 
Gopher Tortoise Gopherus polyphemus  T 
Hawksbill Sea Turtle  Eretmochelys imbricata imbricata E E 
Kemp’s Ridley Sea Turtle Lepidochelys kempi E E 
Leatherback Sea Turtle Dermochelys coriacea E E 
Loggerhead Sea Turtle Caretta caretta T T 
Green Sea Turtle Chelonia mydas T T 

Mammals  (Whales listed for completeness even though they are not near LC-11 & LC-36) 

West Indian manatee Trichechus manatus E E 

Southeastern beach mouse Peromyscus polionotus niveiventris T T 
Fin whale Balaenoptera physalus E E 
Humpback whale Megaptera novaeangliae E E 
Northern Atlantic right whale Eubalaena glacialis E E 
Sei whale Balaenoptera borealis E E 
Sperm whale Physeter catodon E E 

 
CE – Commercially Exploited E – Endangered SSC – Species of Special Concern 
S/A – Similar in Appearance T – Threatened 

         Sources: NASA 2015 KSC Environmental Resource Document, March 2015, USFWS. USFWS: 2016 
NOTE: Bald eagles were removed from the endangered species list in June 2007 because their populations recovered 
sufficiently. However, the protections under the Bald and Golden Eagle Act (Eagle Act) continue to 
apply.  Please see the eagle information on the national website at  
http://www.fws.gov/migratorybirds/baldeagle.htm accessed May 2016 for information regarding new requirements. 
Marine Mammal Protection Act (MMPA) 

 
During winter months, the endangered North Atlantic right whale (Eubalaena glacialis) heads south from feeding 
grounds off the coast of Canada and New England to give birth in the warmer waters of the Atlantic, along the Florida 
and Georgia coastlines. In 2004, the National Marine Fisheries Service (NMFS) proposed these coastal areas, 
including offshore CCAFS, be designated as critical habitat to reduce ship-whale collisions.  In critical habitat areas 
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boats are not to get within 500 yards (418 sq. m) of the right whale. In 2008 the rule was finalized and included 
mandatory reduced speed for ships greater than 65 ft. (59 m) in length for certain areas in the Atlantic Ocean. That 
area of reduced speed extends no further south than the Cocoa Beach area.  The final rule had a “sunset provision” 
of ending on December 9, 2013; however on June 6, 2013 the Federal Register published a proposed rule and 
requested comments to eliminate that sunset provision.  On January 27, 2016 the Federal Register (81 FR 4837) the 
NMFS issued a final rule that extended the critical habitat of the North Atlantic right whale south to Cape Canaveral, 
and eastward approximately 5 miles from the coast.  Blue Origin plans to land the returning first stage vehicle on a 
floating platform in an area in the ocean at least 150 miles (241 km) east of the North Carolina coast and at least 200 
miles (322 km) east of the Florida coast, which is well outside the normal north-south transit lanes of the North 
Atlantic right whale. 

 

3.3.3.1 Florida Scrub-Jay  
 
The Florida scrub-jay (Aphelocoma coerulescens) is a federally threatened bird endemic to open, oak-dominated 
scrub habitats of Florida.  Widespread destruction and degradation of scrub habitat over the last century has resulted 
in dramatic declines in the distribution and abundance of this species.  Because the scrub-jay is intimately tied to 
open, oak-dominated scrub, conservation of the species depends upon restoration of sufficient optimal habitat to 
support large populations.  The scrub-jay population on CCAFS figures prominently in recovery plans for the species.  
Believed to be one of the largest remaining populations, the CCAFS population has been designated as belonging to 
one of three core populations for the species. 
 
Until 2007, the USAF had contracted with Florida Natural Areas Inventory, Florida State University, to study the 
demography of Florida scrub-jays on CCAFS.  Since 2007 all suitable accessible jay habitat is generally surveyed on 
a yearly basis between January and March by the USAF.  Nesting activity is monitored from February to July of each 
year.  In 2009 and 2013 the closest scrub-jay groups to LC-11 were north near LC-14.  The 2013 census resulted in 
138 groups with a total of 476 birds.  The 2015 census resulted in 154 groups with a total of 431 birds, which 
included 36 juveniles.  Data from the 2015 census indicates the presence of groups north of the LC-11 and LC-36 
project site near LC-14, well removed from the proposed project area as shown in Figure 3-2.  The approximate 1.5-
mile radius red circle shown in Figure 3-2 is centered approximately on LC-36.  The USAF has not been monitoring 
these groups; therefore territory information is not available. 
Management actions for scrub-jays on CCAFS are primarily oriented toward habitat improvement.  Since the majority 
of CCAFS is or could be scrub-jay habitat, land clearing activities have the potential to adversely impact scrub-jays 
and their habitat.  The USFWS has designated CCAFS as part of a core scrub-jay area, indicating that all scrub 
habitat on CCAFS is highly valuable to the recovery of the species.  Consultations between the USFWS and the 
USAF led to the development of a Scrub-Jay Management Plan for CCAFS and includes a requirement to mitigate 
loss of scrub or potential scrub at a ratio of 2:1.  A Scrub Habitat Restoration Plan was developed subsequent to the 
management plan, and provides a strategy for restoring the scrub habitat needed by this federally threatened species 
on CCAFS.  The CCAFS land area is divided into Land Management Units (LMU), which are used to account for and 
manage many items including scrub-jay populations and burn strategies.  The objective of scrub habitat restoration 
on CCAFS is to restore the over-mature scrub to a condition suitable to support the Florida scrub-jay.  The main 
methods used for habitat restoration are mechanical treatment and prescribed burning of mechanically treated sites 
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within the LMU.  Mechanical treatment reduces the height of the scrub.  Prescribed burning provides open areas of 
sand and prevents the accumulation of fuels.  Currently, the USAF uses prescribed fires in most of the potential 
scrub-jay habitat.  Evidence of past land management activities exist (cut and burned vegetation) in certain areas of 
the land that surrounds LC-11 and LC-36, primarily by mechanical cutting and treatment of Brazilian pepper in 2008 
and most recently in 2015 and has been under monitor and control for invasive species.    
 
3.3.3.2 Southeastern Beach Mouse 
 
The southeastern beach mouse (Peromyscus polionotus niveiventris) is a subspecies of the widely distributed beach 
mouse (P. polionotus).  Originally occurring on coastal dunes and coastal strand communities along the Atlantic 
coast of Florida, this beach mouse generally occurs along the primary dune line of the Atlantic Ocean. It is presently 
known to exist in six sites in Brevard, Indian River, and St. Lucie Counties. Past studies have shown the beach 
mouse to be present in a discontinuous pattern. Most breeding activity occurs November through January, and 
females can produce two or more litters per year, with litters averaging three to four (USAF 2010). 
 
On CCAFS, the mice occur from the coastal dunes inland to the west side of Samuel C. Phillips Parkway, and are 
generally found where the sand is suitable for burrows, coastal scrub is present, and the water table is not close to 
the surface. While inland populations may be more stable, their abundance varies from site to site inland of the dune 
system. However, nearly every coastal scrub site surveyed on CCAFS could support the beach mouse. 
 
The majority of the area around the LC-11 and LC-36 complexes are overgrown and not likely to support beach mice; 
however, the area of treated scrub east of the ditch and especially at the dune area may provide limited habitat.  The 
Report on southeastern beach mouse (Peromyscus polionotus niveiventris) habitat occupancy survey on Cape 
Canaveral Air Force Station dated February 2013, used tracking, modeling, and probability methods over a three 
month period to determine “absence-presence”, which included the beach area east of the Blue Origin Proposed 
Action.  The report stated beach mice exist in the area of one station in the study (Station 21), located near the beach 
adjacent to LC-13.  On June 8 and June 12, 2014 a survey required by the USAF and USFWS used the standard 
200 trap-night method approved by the FWCC and the USFWS at locations along the western side of the 
approximate 2000 ft. (610 m) beach dune area, and scrub area just north of LC-12.  During the four nights of trapping 
a total of 17 southeastern beach mice were caught and released (USAF, 2014).  While all site development would 
stay well west of the beach dune area, since some inland areas have recently been found to be inhabited by beach 
mice, a “presence-absence” beach mouse survey around LC-11 and LC-36 was accomplished.  The survey occurred 
during the four nights from December 8-12, 2015.  A total of 46 traps were set in the late afternoon, using oats as 
bait.  Traps were checked in the early morning for animals which were then released.  During the survey two cotton 
mice were captured and released.  Only two beach mice were captured and released.  One was present just east of 
the LC-11 complex area, and one was present just east of the LC-36 area.  Figure 3-3 shows the results of the 
survey; each “trap marking” represents two traps placed approximately 20 ft. (6 m) apart.  While the habitat and 
nature of the area would not appear to be well suited for the southeastern beach mouse, it appears that the species 
is present in the area. 
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3.3.3.3 Eastern Indigo Snake 
 
The longest of North American snakes (up to 8.6 ft. (2.6 m)), the eastern indigo snake (Drymarchon corais couperi) is 
locally abundant in parts of Florida, but as a top carnivore, population densities are typically low.  The eastern indigo 
snake has been found on CCAFS and likely occurs throughout the station.  This primarily diurnal snake is known to 
occur in most types of habitat and is often associated with gopher tortoise burrows, although this has never been 
observed on CCAFS, and was not observed during the September 2015 gopher tortoise survey or the December 
2015 beach mouse survey at the LC-11 and LC-36 facility and surrounding area.  The reproductive season 
encompasses copulation (November through April), egg laying (May through June), and hatching (late July through 
October).  Home ranges for male indigo snakes range from 191 to 360 acres (77 to 146 ha) and female home ranges 
vary between 14 and 130 acres (6 to 53 ha).  Major threats to the indigo snake on CCAFS are habitat loss and 
vehicle traffic. There has not been an installation wide census completed for indigo snakes; however, based on the 
different habitat types around LC-11 and LC-36, it is likely to occur within the areas to be cleared. 
 
3.3.3.4 Marine Turtles 
 
Five species of federally protected sea turtles have been documented as nesting on CCAFS: the loggerhead (Caretta 
caretta), green (Chelona mydas), leatherback (Dermocheyls coriacea), hawksbill (Eretmochelys imbricata) and the 
Kemp’s ridley (Lepidochelys kempii) sea turtle. Based on nest surveys from 2009-2013, the average number of 
loggerhead and green nests deposited annually is 2,084 and 152, respectively. Forty three (43) leatherback nests 
have been documented since 2009.  On September 22, 2011 the Federal Register announced the determination of 
the NMFS and the USFWS that the loggerhead sea turtle (Caretta caretta) is composed of nine distinct population 
segments (DPSs) that constitute ‘‘species’’ that may be listed as threatened or endangered under the ESA.  In this 
final rule, they listed four DPSs as threatened and five as endangered under the ESA. They also designated critical 
habitat for the two loggerhead sea turtle DPSs occurring within the United States. CCAFS was exempt from the 
critical habitat designation because the 45 SW has an approved Integrated Natural Resources Management Plan 
that includes measures that provide a benefit to the conservation of loggerhead sea turtles. 
 
In April 2016, the Federal Register (81 FR 20057) announced that the NMFS and USFWS removed the range-wide 
and breeding population listings of the green sea turtle, and in their place, listed 11 distinct population segments 
(DPSs) of the green sea turtle under the ESA. Based on the best available scientific and commercial data, and after 

considering comments on the proposed rule, they determined that three DPSs are endangered species and eight 

DPSs are threatened species. This rule supersedes the 1978 final listing rule for green turtles. It applies the existing 
protective regulations to the DPSs. Critical habitat is not determinable at this time but will be proposed in a future 
rulemaking. In the interim, the existing critical habitat designation (i.e., waters surrounding Culebra Island, Puerto 
Rico) remains in effect for the North Atlantic DPS.  Green turtles within the Florida coastal areas are members of the 
eight DPSs that are threatened. 
 
In 1988, in compliance with Section 7 of the ESA, the USAF developed Light Management Plans (LMPs) for various 
areas and facilities on CCAFS to protect sea turtles.  A BO issued by the USFWS requires that LMPs be developed 
for all new facilities that are in close proximity to the beach, are not compliant with Wing lighting policies, have lighting 
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directly visible from the beach and/or may cause significant sky glow.  In addition, USAF biologists conduct nighttime 
inspections to ensure all exterior lighting is being operated in accordance with policies.  The BO authorizes no more 
than 3% incidental take of turtles as the result of disorientation on CCAFS. In 2014, the incidental take reported to 
USFWS was 0.33%. Currently there is no exterior lighting operating at LC-11 & LC-36 and no disorientation has been 
documented on the beach in this area for several years. 
 
3.3.3.5 Gopher Tortoise 
 
The gopher tortoise (Gopherus polyphemus) is a state listed “Threatened” species by FWC and currently is classified 
as a “Category 2 Candidate Species” by USFWS and as “Threatened” by FCREPA.  The basis of the “Threatened” 
classification by the FWC for the gopher tortoise is due to habitat loss and destruction of burrows.  The gopher 
tortoise can live from 40 to 60 years, and is commonly found in upland habitats such as sandhill, pine flatwoods, 
scrub, scrubby flatwoods, dry prairies, xeric hammock, pine-mixed hardwoods and coastal dunes.  Burrows can be 
quite deep and long with average depth at 6.5 ft. (2 m) and average length at 15 ft. (4.6 m), and can be used by more 
than 350 other commensal species such as frogs, mice, snakes and insects.  Gopher tortoises are a threatened 
wildlife species and are protected by state law, Chapter 68A-27, Florida Administrative Code.  Gopher tortoises and 
their burrows have been observed within the Proposed Action area of LC-11 and LC-36.  Based upon an initial 
pedestrian gopher tortoise survey conducted in September, 2015, at least 62 potentially occupied (PO) burrows are 
known to be present in the area, see Figure 3-4. That number is based upon a survey conducted of approximately 
50% of the “previously disturbed area”, and approximately 20% of the “undisturbed area”; the survey was 
accomplished to support geotechnical boring locations which are also shown in Figure 3-4.  Prior to construction 
another tortoise survey would be accomplished, and suspected burrows would need to be excavated and tortoises 
removed for relocation elsewhere on CCAFS. 
 
3.4  HISTORICAL AND CULTURAL RESOURCES 

Historical and cultural resources include prehistoric and historic sites, man-made structures or remnants of legacy 
launch vehicles, districts, artifacts or any other physical evidence of human activity considered important to a culture 
or community for scientific, traditional, religious or any other reasons.  Because of the broad application and 
implications of cultural and historical resources, the ROI includes the LC-11 and LC-36 areas, but extends beyond 
the fence lines to the beach area and the approximately 306 acres (123.8 ha) that would be planned for license.  For 
ease of discussion, cultural resources have been divided into archaeological resources (prehistoric and historic), 
historic buildings and structures, and Traditional Cultural Properties (e.g., Native American sacred or ceremonial 
sites).  Also to be considered in any discussion of related resources is the presence of paleontological sites at 
CCAFS. 

3.4.1 Archaeological Resources 
 
Numerous laws and regulations require that possible effects to cultural resources be considered during the planning 
and execution of federal undertakings. These laws and regulations stipulate a process of compliance, define the 
responsibilities of the federal agency proposing the action and prescribe the relationship among other involved 
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agencies (e.g., the State Historic Preservation Officer [SHPO], Tribal Historic Preservation Officers [THPOs], and the 
Advisory Council on Historic Preservation). In addition to NEPA, the primary laws that pertain to the treatment of 
cultural resources during environmental analysis are Sections 106 and 110 of the National Historic Preservation Act 
(NHPA), the Archaeological Resources Protection Act (ARPA) (1979), the American Indian Religious Freedom Act 
(AIRFA) (1978), and the Native American Graves Protection and Repatriation Act (NAGPRA) (1990). Only those 
cultural resources determined to be significant or potentially significant under the above-cited legislation are subject 
to protection from adverse impacts resulting from an undertaking. To be considered significant, a cultural resource 
must meet one or more of the criteria established by the NPS that would make that resource eligible for inclusion in 
the National Register of Historic Places (NRHP). The term "eligible for inclusion in the National Register" includes all 
properties that meet the NRHP listing criteria, which are specified in the Department of the Interior Regulations Title 
36 CFR 60.4 and NRHP Bulletin 15. Whether prehistoric, historic, or traditional, significant cultural resources are 
referred to as "historic properties." 

Data suggests humans first occupied Florida as early as 15,000 years ago. However, archaeological investigations at 
CCAFS indicate that human occupation of the area first occurred at least 5,000 years ago. Prehistoric occupation 
periods of CCAFS are, the following: Archaic Period (divided into early, middle, late subperiods), Mt. Taylor Period, 
the Orange Period, and the Malabar I and II Periods.  Early settlement was focused within the Banana River Lagoon 
(BRL) salt marsh area; however, there is archaeological evidence that the entire peninsula was exploited for a wide 
variety of marine, estuarine and terrestrial resources.  At the time of European colonization, the Cape Canaveral and 
Banana River areas were populated by tribal groups of the Ais Indian tribe.  Based on Spanish accounts the Ais were 
a non-agricultural chiefdom who continued a hunter-fisher-gatherer subsistence pattern more than unlikely 
unchanged from the end of the Late Archaic Period.   

Prehistoric archaeological sites within CCAFS are typically middens and mounds.  A midden is a refuse deposit 
resulting from human activities, generally consisting of soil, food remains (bone and shell), and discarded artifacts. At 
CCAFS there are two types of middens.  A black earth or sheet midden is, as the name implies, identifiable by the 
presence of black organic soils. They tend to be linear and can range in size from approximately 10 ft. (3 m) to a 0.5 
miles (0.8 m) or more in size.  A shell midden (or shell mound) is a mound-like deposit of shell.  At CCAFS both were 
used as living floors and may contain human remains.  A mound can be just soil or a combination of shell and soil.  
They typically were used for interment of the dead, ceremonial centers, or as the home of high status individuals.  
Other prehistoric archaeological sites at CCAFS include isolated finds or small clusters containing a few artifacts.   
Historic occupation periods of CCAFS are: First Spanish (1513-1763), British (1763-1783), Second Spanish (1783-
1821), American Territorial (1821-1842), Early Statehood (1842-1861), Civil War (1861-1865), Reconstruction and 
Late Nineteenth Century (1865-1899), and Twentieth Century (1900+). The earliest documented continuous human 
occupation of Cape Canaveral was in the mid-1840s when veterans of the Seminole Indian Wars were granted land 
patents for their service in the wars. In 1844, the first lighthouse was established on what is now CCAFS. The 
population remained low until after the Civil War. During the years following the Civil War displaced southerners, 
former slaves, and veterans from the north moved to Florida to begin a new life. CCAFS remained somewhat isolated 
until well into the 1880s and was accessible only by boat. In the early 1900s roads were constructed which opened 
CCAFS to more people and by the time of the Florida Land Boom in the 1920s small communities were springing up 
on the island. This ended with the start of the Great Depression and remained after World War II.  Historic 
archaeological sites on CCAFS tend to be homestead/farmstead sites, small surface scatters, small house sites, 
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linear resources such as former unpaved roads or trails, and cemeteries.  Most tend to be Twentieth Century in origin 
and not NRHP eligible.  
 
A National Historic Landmark district was established in the 1980s and consists of those launch complexes directly 
associated with the human space program. Several other launch complexes and associated facilities are eligible for 
inclusion in the NRHP due to their association with the Cold War Intercontinental Ballistic Missile (ICBM) and 
Intermediate-Range Ballistic Missile (IRBM) programs or due to unique architectural style or engineering/construction 
methods. CCAFS also owns the Cape Canaveral Lighthouse, one of the oldest standing structures in Brevard 
County. The lighthouse is eligible for inclusion in the NRHP.  
 
3.4.2 Traditional Cultural Properties  
 
Significant traditional cultural properties (TCPs) are subject to the same regulations as other types of historic 
properties and are afforded the same protection. Traditional resources associated with the Ais could include 
archaeological sites, burial sites, mounds, ceremonial areas, caves, hillocks, water sources, plant habitat or gathering 
areas, or any other natural area important to this culture for religious or heritage reasons. By their nature, traditional 
resource sites often overlap with (or are components of) archaeological sites. As such, the National Register listed or 
eligible sites (as well as any archaeologically sensitive areas) could also be considered traditional sites or could 
contain traditional resource elements. There are no remaining Ais Indians. They are represented by the Seminole 
and Miccosukee Tribes of Indians of Florida. While burial sites are sacred sites they have not been declared TCPs on 
CCAFS, but are afforded protection under NAGPRA and ARPA.  There are no TCPs on CCAFS property including 
the project area per the Seminole Tribe of Florida and the Seminole Nation of Oklahoma 2011 CCAFS site visit and 
2015 review of the 45 SW Integrated Cultural Resources Management Plan.  
 
3.4.3 Paleontological Sites 
 
Paleontology is the study of fossils including what fossils tell us about the ecologies of the past, about evolution, and 
about our place, as humans, in the world. The major laws protecting fossils on federal lands are the Federal Land 
Policy and Management Act (1976), NEPA, and various sections of Part 43 of the Code of Federal Regulations. No 
paleontological sites have been documented on CCAFS. However, several fossil sites have been documented within 
five miles of the CCAFS boundaries. Fossil sites in this region of Florida tend to be deeply buried (12-18 ft. (3.7-5.5 
m) below ground surface on average) linear deposits of accumulated bone dating to the Pleistocene. 
 
3.4.4 LC-11 and LC-36 Proposed Action Location Status 
 
Within the context of the descriptive paragraphs above, LC-11 was constructed in 1957 and LC-36 was constructed 
in 1961.  Both were designed and built to support the unmanned Atlas missile program. LC-11 was operated by the 
USAF from 1957 to 1966, after which it was salvaged. LC-36 was operated by NASA from 1961 through 1990.  
Ownership was thereafter transferred to the USAF which continued support for Atlas II and Atlas III launches until 
operations ended following an Atlas IIAS launch on August 31, 2004.   
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According to USAF environmental records, the historic value of LC-36 existed in the engineering significance of its 
components.  In 1995, the United States Army Corps of Engineers Construction Engineering Research Labor 
(USACERL) prepared a final report entitled “Historic American Engineering Record (HAER) of Complex 13, 26, 36 
Cape Canaveral Air Station, Cape Canaveral, Florida”. The final HAER contained an overview historical account of 
CCAFS as well as individual engineering descriptions, photo documentation and drawing records of each launch 
facility.  The Florida Department of State, Division of Historical Resources, previously determined LC-36 appeared to 
meet the criteria for listing in the NRHP. However, a Memorandum of Agreement (MOA) mitigated adverse effects for 
proposed modifications in 1988-1989. The USAF completed Historic American Building Survey (HABS) Level II 
Standards and other requirements as part of the 1988 MOA. In 2005, the Florida Department of State, Division of 
Historical Resources requested the USAF document LC-36 on Florida Master Site File Resource Group Forms. This 
additional documentation served as adequate mitigation for LC-36 demolition activities in 2006. 
 
The 45 SW Cultural Resource Manager (CRM) has stated that LC-36 is within a large archaeological site at CCAFS.  
As such, the CRM indicated archaeological artifacts (if any) within LC-36 were lost or destroyed during site 
development in the early 1960s.  According to the CRM, there are no known cultural resource issues at LC-36 since 
the USAF has documented historical significance to the Florida SHPO and the site has been developed for more 
than 40 years, although Building 05501 (the Blockhouse) is a listed historical building due to its historic architectural 
design. 
 
LC-11 and LC-36 have a known prehistoric Malabar I site that exists to the west of the eastern perimeter road around 
the launch complex (Florida Master Site File location 8Br1642).  A review of the Florida Master Site File data 
indicates that multiple archaeological sites (8BR238, 8BR238A, BR238D & 8BR1642) are recorded within the project 
area. The 45 SW CRM determined that LC-11 was ineligible for listing in the NRHP, however, due to its historical 
importance in the early development of the Atlas programs, LC-36 has been determined to be eligible.  
 
A Phase I Cultural Resource Assessment Survey (CRAS) of the proposed license parcel, also referred to as the Area 
of Potential Effect (APE) was accomplished between February and May, 2016.  This survey satisfied requirements of 
Section 106 of NHPA as amended. The survey included a comprehensive literature and records review of pertinent 
historic documents to develop a historic context for the study area and conducts a systematic archaeological survey 
to determine the presence or absence of significant cultural resources within the APE.  It was conducted in 
compliance with the NHPA of 1966, as amended; the Archaeological and Historic Preservation Act, as amended; and 
the Advisory Council on Historic Preservation’s revised regulations in 36 CFR, Part 800. The work was also in 
compliance with Section 267.12, Florida Statues, Chapter 1A-46 of the Florida Administrative Code and the Florida 
Division of Historical Resources’ Performance Standards. Under the ARPA, a permit was obtained from the 45 SW 
CRM who approved the work plan. All investigations were performed by professional archaeologists meeting the 
qualifications established in the Secretary of Interior’s Standards and Guidelines.  
 
The survey located a total of ten archaeological sites, two structures, four resource groups (historic roads), one 
archeological occurrence, and three isolated finds. None of these resources have been deemed significant or eligible 
for inclusion on the NRHP. There is no issue within the construction footprint, however there is an area located 
outside the construction footprint that may be of further interest to the 45 SW CRM; if any activity is to take place in 
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this area the 45 SW CRM should be notified prior to work as they may want to attempt to recover these items which 
are in a very fragile state due to harsh coastal conditions.  A copy of the SHPO response letter can be found in 
Appendix E. 
 
3.5  AIR QUALITY 

 
This section describes air quality conditions at CCAFS for the atmosphere at altitudes below 914 m (3000 ft), which 
contains the atmospheric boundary layer for the KSC and CCAFS areas and is considered the ROI for this EA.  
Atmospheric monitoring for chemicals at CCAFS occurs within the atmospheric boundary layer that people 
inhabit.   
 
CCAFS is located in Brevard County and is classified as “an attainment area” with National Ambient Air Quality 
Standards (NAAQS); see Table 3-6 for a list of NAAQS.  Air quality  at CCAFS is regulated federally under Title 
40 CFR 50 NAAQS, Title 40 CFR 51 (Implementation Plans), Title 40 CFR 61 and 63 (National Emission 
Standards for Hazardous Air Pollutants [NESHAPs]), and Title 40 CFR 70 (Operating Permits).  Florida ambient 
Air Standards (Rule 62-204.240 FAC) was repealed in February, 2012. Other specific Florida regulations that 
may be applicable to launch complex operational activities include Rule 62-210, FAC (Stationary Source 
General Requirements) which establishes general requirements for stationary sources of air pollutant emissions 
and provides criteria for determining the need to obtain an air construction or air operation permit, Rule 62-212, 
FAC (Stationary Source Preconstruction Permitting), Rule 62-213, FAC (Operating Permits), and Rule 62-242, 
FAC (Mobile Sources).  CCAFS is considered a major source of air pollution for regulated criteria pollutants and 
is now classified as a minor source of regulated Hazardous Air Pollutants (HAPs) under the current Title V 
Operating Permit.  No conformity determination is required as the facility is located within a NAAQS attainment 
area for all regulated criteria pollutants.   

 

 

Table 3-6: National Ambient Air Quality Standards (NAAQS) 

Pollutant 
[links to historical tables of NAAQS 
reviews] 

Primary/  
Secondary 

Averaging Time Level Form 

Carbon Monoxide (CO) primary 
8 hours 9 ppm Not to be exceeded more 

than once per year 1 hour 35 ppm 

Lead (Pb) 
primary and  
secondary 

Rolling 3 month 
period 

0.15 μg/m3 (1) Not to be exceeded 

Nitrogen Dioxide (NO2) 
primary  1 hour 100 ppb 

98th percentile of 1-hour 
daily maximum 
concentrations, averaged 
over 3 years 

primary and 
secondary 

1 year 53 ppb (2) Annual Mean 
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Table 3-6: National Ambient Air Quality Standards (NAAQS) 

Pollutant 
[links to historical tables of NAAQS 
reviews] 

Primary/  
Secondary 

Averaging Time Level Form 

Ozone (O3) 
primary and  
secondary 

8 hours 0.070 ppm (3) 

Annual fourth-highest daily 
maximum 8-hour 
concentration, averaged over 
3 years 

Particulate Matter (PM) 

PM2.5 

primary 1 year 12.0 μg/m3 
annual mean, averaged over 
3 years 

secondary 1 year 15.0 μg/m3 
annual mean, averaged over 
3 years 

primary and  
secondary 

24 hours 35 μg/m3 
98th percentile, averaged 
over 3 years 

PM10 
primary and 
secondary 

24 hours 150 μg/m3 
Not to be exceeded more 
than once per year on 
average over 3 years 

Sulfur Dioxide (SO2) 
primary 1 hour 75 ppb (4) 

99th percentile of 1-hour 
daily maximum 
concentrations, averaged 
over 3 years 

secondary 3 hours 0.5 ppm 
Not to be exceeded more 
than once per year 

 
NOTES: 
(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 µg/m3 as a calendar quarter average) also remain in effect. 
(2) The level of the annual NO2 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) O3 standards additionally remain in 
effect in some areas. Revocation of the previous (2008) O3 standards and transitioning to the current (2015) standards will be 
addressed in the implementation rule for the current standards.  
(4) The  previous SO2 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 one 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 SO2 standards or is not meeting the requirements of a SIP 
call under the previous SO2 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 require NAAQS. 
 SOURCE: EPA Website accessed February 2016 
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Table 3-7 below is a summary of the 2013, 2014, and 2015 ambient air quality measurement data for the local 
region.  The updated table below shows that ground-level concentrations of criteria pollutants in the ROI around LC-
11, LC-36 and CCAFS continue to be within and less than the NAAQS. 
 
 
Table 3-7: Measured Ambient Air Concentrations of Criteria Pollutants in the Region 

Pollutant Averaging Time Nearest 
Monitoring 

Station 

Maximum Measured Concentration 
(ppm, except PM in µg/m3) 

2013 2014 2015 
O3 

 

 

8 Hours Palm Bay- 
Melbourne- 

Titusville 

0.063 (4th max) 0.063 (4th max) 0.059 (4th max) 

CO 8 Hour Orlando-
Kissimmee- 

Sanford 

1.0 1.5 1.2 

NO2 1 Hour Orlando-
Kissimmee 

Sanford 

0.034 0.036 0.025 

SO2 1 Hour Palm Bay-
Orlando-

Kissimmee-
Sanford 

0.003 0.007 0.003 

PM10 24 Hour Palm Bay- 
Melbourne- 

Titusville 

54 (2nd max) 44 (2nd max) 47 (2nd max) 

PM2.5 24 Hour Palm Bay- 
Melbourne- 

Titusville 

21 14 12 

Lead Quarterly No lead monitors 
are located 

within 100 miles 
of LZ-1 

 
- 

 
- 

 
- 

     NOTE: The ozone standard is attained when the expected number of days per calendar year with maximum hourly   
    average concentrations above the standards, average over three consecutive years, is equal to or less than  
    one.  By this statistic, the standard is met when the fourth-highest average concentration in each or the  
    three years is less that the value of the standard.  
        Source: EPA, 2015  
 
Presented below in Table 3-8 is a summary for years 2013 and 2014 for CCAFS Air Emissions Inventory Report 
actual tons per year of NAAQS regulated criteria pollutants and total HAPs that are included in the current 
CCAFS Title V Air Operating Permit.  This table includes Volatile Organic Compounds (VOC).  CCAFS is still 
listed as a “synthetic minor” source for HAPs but remains a Title V “major” source of criteria pollutants (45 SW, 
2016a). In all categories CCAFS has reduced HAPs emissions from 2011 levels; 2012 and 2015 measurements 
were not available. 
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Criteria pollutants and HAP emission numbers for 2014 are lower than previous years primarily because a number of 
emission units were shut down and some did not operate in 2014.  For example, LC-18 and LC-46 Blast Yards have 
been experiencing sporadic operations since 2013.  Hangar U Paint Booth, the Engine-Driven Chiller Unit at the XY 
facility, two diesel-fired boilers at Building 70000, and one diesel-fired boiler at the Carpenter Shop have been shut 
down permanently.  Additionally, there has been a reduction in prescribed burn (vegetation burning) operations (45 
SW, 2016a). 
 
3.6        CLIMATE 
 
The topic of climate, especially impacts from proposed action, is global in nature.  However for this EA, the ROI is 
considered the area around LC-11 and LC-36 specifically, and the CCAFS-KSC area generally.  According to the 
FAA (1050.1F Desk Reference) there are currently no accepted methods of determining significance applicable to 
aviation or commercial space launch projects given the small percentage of emissions they contribute. CEQ has 
noted that “it is not currently useful for the NEPA analysis to attempt to link specific climatological changes, or the 
environmental impacts thereof, to the Climate.” As noted by CEQ, “climate change is a particularly complex challenge 
given its global nature and inherent interrelationships among its sources, causation, mechanisms of action, and 
impacts; however, analyzing the proposed action’s climate impacts and the effects of climate change relevant to the 
proposed action’s environmental outcomes can provide useful information to decision makers and the public and 
should be very similar to considering the impacts of other environmental stressors under NEPA.”  Therefore the CEQ 
specifically asks agencies to consider: 
 

1) The potential effects of a proposed action on climate change as indicated by its Green House Gas (GHG) 
emissions; and  
2) The implications of climate change for the environmental effects of a Proposed Action. 
 

Current GHG emissions and sea level considerations are discussed below.   
 
 

Table 3-8: Summary of CCAFS Criteria Pollutant & HAPs Emissions (Tons per Year-TPY) for 2011, 
2013, and 2014 

Pollutant 2011 (TPY) 2013 (TPY) 2014 (TPY) 
PM 2.5 364.923 172.230 0.657 

PM10 167.561 78.082 0.723 

NOx 65.525 36.595 6.800 

SO2 4.160 2.094 0.081 

CO 15.018 11.731 5.329 

VOC 10.816 9.695 3.805 

HAPs 0.945 0.725 0.719 
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3.6.1 Climate Features 
 
The proposed action area lies along the Atlantic coast in Brevard County, Florida.  This area experiences a 
subtropical climate indicative of hot, humid summers with distinct wet and dry seasons.  From 1981 to 2010 
precipitation averaged 52.00 inches (1.3 m) per year, with high precipitation months averaging 7.6 inches (0.19 m) for 
August and September, and the driest month averaging 2.27 inches (0.06 m) in January (NASA, 2013).  During the 
same time period, temperatures vary between an average high of 71.4 degrees in January to an average of 90.6 
degrees in July and August.  Wind speeds for the area average 8.5 knots (8.5 meters/second (mps)). 
 
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.  The 
Atlantic 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 $100M. Additionally, many habitats, such as 
marshes, shoreline, and dunes were affected, at least temporarily, due to the storm surge and beach erosion (NASA 
2004b). The central Florida region has the highest number of thunderstorms in the U.S. during the summer months 
(May – September), and over 70% of the annual 48 inches (122 cm) rainfall occurs in the summer. During 
thunderstorms, wind gusts of more than 60 miles/hour (97 kilometers/hour) and rainfall of over 1.0 inches (2.5 cm) 
often occur in a one-hour period, and there are numerous cloud-to-ground lightning strikes.  
 
At the coast, “mean sea level” or 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 and tidal 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 19.86 ft. (6.05 m).  The average high tide for CCAFS is 21.54 ft. (6.57 
m), while the average low tide is 18.15 ft. (5.53 m).  The highest observed water level at CCAFS was 25.91 ft. (7.90 
m) on September 26, 2004 (NASA, 2013).  An eustatic sea level change is that which is caused by an alteration to 
the volume of water in the world ocean.  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). 
 
GHGs 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 economic and social consequences across the globe.  In 
August 2016 the CEQ issued NEPA guidance for considering the effects of climate change and GHG emissions.   
Specifically, GHG analysis and quantitative estimates of GHG emissions are to be included in evaluation of the 
Proposed Action. Per 2016 CEQ guidance, GHGs are discussed in EA Section 4.5 Air Emissions and Section 4.6 
Climate  (CEQ Memorandum 1 August 2016).   
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Table 3-11 below shows the most recent summary of GHG for all activities at CCAFS (45 SW, 2016a).  While all 
data is not yet available for 2014 and 2015, 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 (45 SW , 2016a).   Note that 
the threshold for reporting GHG is 25,000 Metric Ton Carbon Dioxide Equivalent (MtCO2 e) per year (40 CFR 98). 
 

TABLE 3-9 Summary of Greenhouse Gases Emissions for CCAFS (Years 2011 through 2013) 

GHG 
GHG Emissions for                  2011 

Ton (Short) Ton (Metric) MtCO2e 

CO2 3,160.034 2,866.735 2,866.735 

N2O 0.052 0.047 14.624 

CH4 122.215 110.872 2,328.303 

                                                      TOTAL REPORTABLE GHG*  for 2011 5,209.662 

GHG GHG Emissions for                  2012 

 Ton (Short) Ton (Metric) MtCO2e 

CO2 2,827.90 2,565.43 2,565.42 

N2O 0.05 0.04 13.21 

CH4 211.41 191.79 4,027.65 

                                                      TOTAL REPORTABLE GHG*  for 2012 6,606.28 

GHG GHG Emissions for                  2013 

 Ton (Short) Ton (Metric) MtCO2e 

CO2 6,148.266 5,577.651 5,577.651 

N2O 227.900 206.500 61,153.000 
CH4 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 
NOTE: MtCO2e = Metric Ton Carbon Dioxide Equivalent 
            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 phase in. 

 
3.7  HAZARDOUS MATERIALS/HAZARDOUS WASTE 
 
The ROI for potential impacts from hazardous material, solid waste, and pollution prevention includes the areas 
within and around LC-11 and LC-36.  
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3.7.1 Hazardous Material and Hazardous Waste 
 
Hazardous materials (hazmat) are any substance or material that has been determined to be capable of posing an 
unreasonable risk to health, safety, and property when transported in commerce (49 CFR 172). This includes 
hazardous substances and hazardous wastes. Hazardous substances are any element, compound, mixture, solution, 
or substance defined as a hazardous substance under the Comprehensive Environmental Response, Compensation, 
and Liability Act (CERCLA) and listed in 40 CFR 302. If released into the environment, hazardous substances may 
pose substantial harm to human health or the environment. Hazardous wastes have characteristics as defined by the 
Resource Conservation and Recovery Act (RCRA) in 40 CFR 261 which “… may (a) cause, or significantly contribute 
to, an increase in mortality or an increase in…illness or (b) pose a substantial present or potential hazard to human 
health or the environment when improperly treated, stored, transported, or disposed of or otherwise managed.” 
Hazardous waste is further defined as any solid waste that possesses hazardous characteristics of toxicity, 
ignitability, corrosivity, or reactivity, or is specifically listed as a hazardous waste in Subpart D of 40 CFR Part 261.  
 
The EPA regulates hazardous chemicals, substances, and wastes under RCRA, CERCLA, and the Toxic 
Substances Control Act. These provide requirements for the generation, storage, transportation, treatment, and 
disposal of hazardous materials and hazardous waste. EPA and various states also have regulations regarding the 
operation and maintenance of underground and aboveground storage tanks. In addition, OSHA has definitions and 
workplace safety-related requirements and thresholds for approximately 400 hazardous and toxic substances, and 
the Department of Transportation (DOT) has definitions and requirements for the safe transport of hazardous 
material. Numerous types of hazardous materials are currently used at CCAFS to support the various missions and 
general maintenance operations. Categories of hazardous materials used in support of current lift vehicle system 
activities include petroleum products, oils, lubricants, volatile organic compounds, corrosives, refrigerants, adhesives, 
sealants, epoxies, and propellants (USAF, 2000). 
 
At CCAFS, hazardous materials are managed by being registered and tracked through the HAZMART Pharmacy 
program.  Management of hazardous materials, excluding hazardous fuel, is the responsibility of each individual or 
organization. The Joint Propellants Contractor on station controls the purchase, transport, and temporary storage of 
hazardous propellants.  
 
Individual contractors and organizations maintain their own hazardous waste satellite accumulation points and 90-
day hazardous waste accumulation areas, in accordance with RCRA. There is no limit to the volume of hazardous 
waste that can be stored at a 90-day hazardous waste accumulation area, but wastes must be disposed of off-site 
within 90 days. Under current real property agreements, Blue Origin would be responsible for the collection and 
transport of hazardous wastes (including propellant waste) from the satellite accumulation areas to a 90-day 
hazardous waste accumulation area, then to an off-site permitted treatment, storage, and disposal facility. As 
specified under lease agreements and contracts, the contractors are under contract to reduce, where possible, the 
use of Class II Ozone-Depleting Substance and Environmental Planning and Community Right-to-Know Act 
(EPCRA) 313 chemicals. There are no sites at CCAFS listed or under consideration for listing on the National 
Priorities List (NPL) (EPA, 2007b).  
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Hazardous materials and petroleum products previously used or stored on site at LC-11 included chlorinated 
solvents, petroleum compounds, and lead and polychlorinated biphenyl (PCB) based paint.  Liquid Oxygen was used 
to fuel the Atlas missiles, and chlorinated solvents were used to flush engine components. Additionally, the paint 
used on the structures at the facility was likely lead and PCB based. Thus, discharges of lead and PCBs at the facility 
likely occurred during launching and refurbishment activities.  No hazardous material has been used or stored on-site 
from at least 2009 to present.  Prior to that period of time while an active launch facility hazardous material included 
chlorinated solvents, petroleum compounds, and lead and polychlorinated biphenyl based paints.  The presence of 
hazardous materials in the soil and groundwater is discussed more thoroughly in Section 3.7.3 below. 
 
Management of hazardous materials and petroleum related fuels is the responsibility of each individual 
organization on the installation.  RCRA requirements would be accomplished by the directives listed in the 
respective permits issued to KSC or CCAFS (Installation Emergency Management Plan 10-2, 45 SW Management 
Plan 19-14, and KHB 8800.6).  There are no sites at CCAFS listed or under consideration for listing on the 
National Priorities List (EPA, 2013).  Any former Underground Storage Tanks (USTs) located at LC-11 (one 500 
gallon (1892 L) diesel tank and one 1,000 gallon (3875 L) diesel tank) were removed several years ago.  USTs 
were also removed from LC-36 at least prior to 2009. 
 
USAF provides emergency spill response that is beyond capability of the user. Blue Origin is responsible for 
preparing its own Emergency Response Plan for the OLV Program in accordance with the CCAFS Hazardous 
Materials Emergency Response Plan. The CCAFS Hazardous Materials Emergency Response Plan ensures 
that adequate and appropriate guidance, policies, and protocols regarding hazardous material incidents and 
associated emergency response are available to and followed by all installation personnel and commercial 
entities.  
 
Blue Origin would also develop its own Spill Prevention Control and Countermeasure (SPCC) plans for 
petroleum related storage tanks and systems at LC-11 and LC-36 for any planned UST or petroleum ASTs.     
 
3.7.2 Solid Waste 
 
Solid waste, more commonly known as non-hazardous refuse, trash or garbage, consists of everyday items such as 
product packaging, grass clippings, furniture, clothing, bottles, food scraps, newspapers, and appliances (EPA, 
2008a).  Alkaline batteries are considered universal waste and are handled separately. General solid refuse at 
CCAFS is collected by a private contractor and disposed of off-site at the Brevard County Landfill, a Class I 
landfill located at 2250 Adamson Road in the City of Cocoa, Florida, or other appropriate and permitted 

facilities.  According to the Brevard County website, the existing facility has capacity until 2018, but has land 
to develop additional capacity that could last another decade. 
 
The 45 SW also manages a recycling program for appropriate waste material from CCAFS sites. During initial 
site inspections at LC-11 in the fall of 2015, two roll-offs and one box dumpster containing commercial waste were 
observed at the parking area; they have since been removed. Additionally, a large pile of commercial waste/debris 
(steel pipes, concrete rubble, etc.) was observed just northwest of the deluge flume.  During the same inspection at 
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LC-36, a small wall consisting of concrete masonry units (cinder blocks), as well as some wood and rock debris, was 
observed in front of the road leading from LC-36 to LC-2, however no dumpsters were observed. Blue Origin would 
dispose of construction and demolition waste in accordance with approved permits and at approved landfills. 
 
3.7.3 Installation Restoration Program 
 
The DoD established the Installation Restoration Program (IRP) to identify, characterize, and evaluate past disposal 
sites and remediate associated contamination as needed to protect human health and the environment.  The IRP 
was initiated at CCAFS in 1984. The IRP efforts at CCAFS have been conducted in parallel with the program at 
PAFB and in close coordination with the EPA, the FDEP and NASA.  CCAFS is not an NPL site, and the IRP sites 
are being evaluated and remediated under RCRA authority while meeting the CERCLA regulations. 
 
The environmental status of each launch complex ranges from the identification of an area as an active solid waste 
management unit (SWMU), through assessment and remediation if required, to a closed or “no further action” (NFA) 
unit. A SWMU can be defined as any discernible unit where solid wastes have been placed at any time. A RCRA 
Facility Assessment identifies releases or migration of contaminants from a SWMU.  Listed in the paragraphs below 
is a brief history of the remedial activities at LC-11 and LC-36; Figure 3-5 shows the locations of each SWMU.  
Copies of the IRP LUCIP for LC-11 and LC-36 can be found in Appendix F; “Fact Sheets” discussing details of the 
two active SMWU’s are contained in Appendix G.  
 
As a former active launch complex, a number of hazardous chemicals were stored and used at LC-11 and LC-36   
on-site, including trichloroethylene (TCE), trichloroethane, fuels, methyl ethyl ketone, alcohols, oils, hydrazine, red 
fuming nitric acid, paints, lubricants, Freon and PCBs. It has also been established that historical paint formulations 
used on launch structures included PCBs and lead.  Routine sand blasting activities following launches dispersed the 
PCBs throughout site surface soils. Additionally, paint delamination from the launch structure also contributed to PCB 
and lead contamination throughout the sites.  The land on which LC-11 was constructed has two 2 SWMUs. SWMU 
C 073 involves a former ‘disposal pit’ located adjacent to the perimeter road northeast of the former launch area, and 
north of the current location of the pond. The area was reported to be the disposal location for old transformers 
containing PCBs and oils. An assessment conducted in the area from 1993 to 1996 did not indicate the presence of 
contaminants of concern for SWMUC073.  This SWMU was granted NFA status by state and federal regulatory 
agencies. 
 
SWMU C036 is centered on the former location of the LC-11 launch platform and encompasses all of the former 
support facilities. The soil contains PCBs and heavy metals, while the groundwater is impacted by “residual industrial 
solvents and other industrial waste products”.  Approximately 104 tons (94.3 metric tons) of petroleum and heavy 
metal impacted sediment was removed from the deluge basin in the late 1990s and properly disposed of off-site. 
Based on information provided by the 45 SW IRP group, additional assessment for dioxin/furan impacted soil, and 
additional soil removal is planned at SWMU C036 in order to reduce PCB concentrations below Industrial Soil 
Cleanup Target Levels (SCTLs).  Since at least 2005 the groundwater contamination has been addressed, 
characterized and is in a natural attenuation long-term monitoring program.  The last report was issued in 2013, and 
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a new report is expected in mid-2016 which should show continued decrease of contaminant levels. (LC-11 and LC-
36 draft EBS Dated November 2015). 
 
Soil contamination (PCBs) however apparently was never fully addressed or “characterized” for remediation.  
Therefore a data-gap investigation Work Plan was recently submitted to the USACE on July 21, 2015, which 
supports additional assessment activities at LC-11, Facility 1567, Site DP002B, SWMU C036.  The purpose of this 
Work Plan is to support the investigation to: 

 

 Delineate the lateral and vertical extent of PCB contamination in soil at LC-11 to the FDEP industrial SCTL; 

 Assess whether historical thallium results represent actual concentrations in soil that are greater than the 
residential SCTL or analytical artifact; and 

 Investigate the potential presence of polychlorinated dibenzo-p-dioxins (PCDDs) and polychlorinated 
dibenzofurans (PCDFs) in soil. 

 
The IRP program intends to finish clean-up actions at LC-11 in September, 2016.  
 
In 2013 the Five-Year Review concluded that the LC-11 remedy is no longer fully protective of human health due to 
the PCB detections in soil greater than the industrial SCTL. Land use controls remain in place for soil and 
groundwater at LC-11. 
 
LC-36 is listed as SWMUC050 and has had similar events occur, but assessment and remediation efforts have 
progressed further. As of the production of this EA, soil and groundwater investigation appears to have been 
completed and the facility currently has a Long-term Monitoring Plan (LTM) for groundwater. Soil contamination 
above industrial cleanup levels have been removed, but contamination still exists between residential and industrial 
levels. Land use controls remain in place for soil and groundwater LC-36.  Annual LTM reports issued in the 
September 2012 and April 2013 periods discuss sampling events for the complexes, SWMUC036 and C050 at 
CCAFS, Florida. In summary, the following applies: 
 

 Residential or other non-industrial development is not permitted without obtaining prior approval from FDEP 
concerning the SWMU land use change. Dependent on-site conditions and the nature and intensity of the 
proposed land use change, additional site investigations and assessments could be required for the USAF. 
Based on these analyses, additional remedial measures may be required prior to land use change. 
  

 In the event of property redevelopment, proper engineering controls will be in place to prevent contact with, 
or unauthorized release or disposal of, contaminated media. 
 

 Soils will not be disturbed or moved during property development, maintenance, or construction, without: 

 USAF Review, coordination, and approval of the proposed construction/development plans via 
AF Form 103 (Base Civil Engineer Work Request), 332 (Base Civil Engineer Work Request), 
813 (Request for Environmental Impact Analysis), or similar process; 
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 Ensuring proper engineering controls are in-place so that unauthorized release or disposal of 
the affected media does not occur. This includes conducting appropriate testing and 
developing of a disposal plan prior to off-site disposal; and 

 Use of proper Personal Protective Equipment (PPE) by site workers, as determined by the 
project’s occupational health and safety advisor.  

 

 The consumptive use of the surficial aquifer groundwater is prohibited.  Incidental consumption and dermal 
exposure to contaminated groundwater from the surficial aquifer will be prevented. When maintenance or 
construction projects are planned in the area, this will be addressed by the project proponent’s health and 
safety advisor. 

 

 Contaminated groundwater will not be contacted, pumped, or discharged during property development, 
maintenance, or construction, without following certain conditions listed in the attached LUCIPs. 

 
3.7.4 Pollution Prevention 
 
Pollution prevention is reducing or eliminating waste at the source by modifying production processes, promoting the 
use of non-toxic or less-toxic substances, implementing conservation techniques, and re-using materials rather than 
putting them into the waste stream (EPA, 2008b). EO 12088, Federal Compliance with Pollution Control Standards, 
directs federal agencies to comply with “applicable pollution control standards” in prevention, control, and abatement 
of environmental pollution and to consult with EPA, state, and local agencies concerning the best techniques and 
methods available for prevention, control, and abatement of environmental pollution. The CEQ Memorandum on 
Pollution Prevention and NEPA encourages early consideration of opportunities for pollution prevention (CEQ, 1993).  
Municipal solid waste is regulated and managed at the state and community level (EPA, 2008b).   
 
Project design engineers must consider the environmental implications of all projects during the design phase, 
develop designs that minimize or eliminate environmental liability, and perform a pollution prevention environmental 
analysis for the project early in the design phase. The analysis should focus on potential pollution that may result 
from the proposed project and must make recommendations that promote pollution prevention measures whenever 
feasible. Designs should include sustainability initiatives including but not limited to energy conservation, water 
conservation, and use of recycled or reclaimed content. Where pollution cannot be prevented, the environmental 
analysis would make recommendations that promote recycling, energy recovery, treatment, and environmentally safe 
waste disposal practices. All construction and service contracts are required to comply with AFI 32-7086, Hazardous 
Materials Management.  
 
Blue Origin would develop its own pollution prevention methods and processes that would meet USAF and local 
requirements. 
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3.8 ORBITAL DEBRIS 
 
This section addresses the aspects associated with man-made orbital debris. The ROI, in this case, is the Blue 
Origin’s spacecraft’s potential orbital tracks around the Earth. Orbital debris is a concern as a potential collision 
hazard to spacecraft. Large pieces of debris are of concern with respect to re-entry and eventual Earth impact. Space 
debris can be classified as either natural or man-made objects. The measured amount of man-made debris equals or 
exceeds that of natural meteoroids at most low-Earth orbit (LEO) altitudes [i.e., below 1,243 miles (2,000 km)]. Man-
made debris consists of material left in Earth orbit from the launch, deployment, and deactivation of spacecraft. It 
exists at all inclinations and primarily at LEO altitudes of approximately 800 to 1000 km (500 to 625 mi) (USAF 1998). 
Orbital debris moves in many different orbits and directions, at velocities ranging from 1.9 to over 47 miles/second (3 
to over 76 km/s) relative to Earth (USAF, 2001; USAF 2007). Re-entry debris would include non-recoverable items 
from launch activities such as jettisoned vehicle stages, as well as recoverable items like solid rocket boosters and 
manned spacecraft. Impacts from recoverable and non-recoverable components from launch activities are planned to 
occur in broad ocean areas cleared of shipping or air traffic. Although space debris is not explicitly mentioned in any 
U.S. legislation, an Executive Branch policy directive, National Space Policy (September 19, 1996), identifies the 
following guidance to support major U.S. space policy objectives: 
 

The United States will seek to minimize the creation of space debris. NASA, the Intelligence 
Community, and the DoD, in cooperation with the private sector, will develop design guidelines for 
future government procurements of spacecraft, launch vehicles, and services. The design and 
operation of space tests, experiments and systems, will minimize or reduce accumulation of space debris 
consistent with mission requirements and cost effectiveness. 

 
3.8.1 Characteristics of Orbital Debris 
 
It is estimated that there are more than 10,000 objects greater than 4 inches (10 cm) in size in orbit, tens of millions 
between 0.039 and 4 inches (0.1 and 10 cm) in size in orbit, and trillions less than 0.039 inch (0.1 cm) in size in orbit 
Office of Science Technology Policy (OSTP, 1995). Most cataloged orbital debris occurs in LEO because most space 
activity has occurred at those altitudes. LEO occurs at altitudes less than 1,243 miles (2,000 km). The quantity of 
orbital debris has been growing at a roughly linear rate, and growth is projected to continue into the future (USAF, 
1998). Orbiting objects lose energy through friction with the upper reaches of the atmosphere and various other orbit-
perturbing forces. Over time, the object falls into progressively lower orbits and eventually falls to Earth. Once the 
object enters the measurable atmosphere, atmospheric drag would slow it down rapidly and cause it either to burn up 
or de -orbit and fall to Earth. Satellites with circular orbital altitudes of less than 248 miles (400 km) may re-enter the 
atmosphere within a few months, whereas satellites with orbital altitudes greater than 559 miles (900 km) may have 
lifetimes of 500 years or more (OSTP, 1995). 
 
3.8.2 Hazards to Space Operations from Debris 
 
The effects of launch vehicle-generated orbital debris impacts on other spacecraft depend on the altitude, orbit, 
velocity, angle of impact, and mass of the debris. Debris less than about 0.004 inch (0.01 cm) in diameter can cause 
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surface pitting and erosion. Long-term exposure of payloads to such particles is likely to cause erosion of exterior 
surfaces and chemical contamination, and may degrade operations of vulnerable components. Debris between 0.004 
and 0.4 inch (0.01 and 1.0 cm) in diameter would produce impact damage that can be serious. Objects larger than 
0.4 inch (1.0 cm) in diameter can produce catastrophic damage (OSTP, 1995). 
 
3.9 WATER RESOURCES 
 
Water resources include groundwater and surface water bodies and wetlands, floodplains, and their physical, 
chemical and biological characteristics. CCAFS is within the Florida Middle East Coast Basin watershed and 
situated on a barrier island that separates the BRL from the Atlantic Ocean. This basin contains three major 
bodies of water: the BRL to the immediate west, Mosquito Lagoon to the north, and the Indian River Lagoon (IRL) to 
the west of Merritt Island.  Several water bodies in the Middle East Coast Basin have been designated as 
Outstanding Florida Waters in Chapter 62-3 of the Florida Administrative Code, including most of Mosquito Lagoon 
and the BRL, Indian River Aquatic Preserve, Banana River State Aquatic Preserve, Pelican Island National Wildlife 
Refuge, and Canaveral National Seashore.  These water bodies are afforded a higher level of regulatory protection.  
In addition, in 1990 the IRL system was designated as an Estuary of National Significance under the EPA’s National 
Estuary Program.  Due to distance, engine testing and launch operations are not expected to have any effect to the 
IRL and BRL. The proposed transportation route of the OLV does pass over the IRL, but no foreseeable impact is 
likely to occur as a result of this activity. The BRL has been designated a Class III surface water; a designation under 
the Clean Water Act that intends for a level of water quality suitable for recreation and the production of fish and 
wildlife communities.   
 
3.9.1 Groundwater 
 
The surficial and the Floridan aquifer system underlie CCAFS.  The surficial aquifer system, which is comprised 
generally of sand and marl, is under unconfined conditions and is approximately 70 ft. (21.3 m) thick.  The water table 
in the aquifer is generally a few feet below the ground surface.  The surficial aquifer is recharged by infiltration of 
precipitation through the thin vadose zone.  Assuming negligible runoff, the amount of recharge is approximately 
equal to the amount of precipitation minus the amount returned to the atmosphere through evaporation and 
transpiration (NASA 2013).  Overall groundwater flow direction across LC-11 and LC-36 is predominantly to the south 
and southwest under a relatively flat hydraulic gradient that averaged 0.0009 ft./ft. (0.3 mm/m) in April 2013.  Depth 
to groundwater varies but is approximately 3.3 ft. (1 m) in areas off LC-11 and LC-36 and beyond the fence line.  The 
Floridan aquifer is the primary source of potable water in central Florida and contains water under artesian 
conditions.  It is confined by the clays, sands and limestones of the overlying Hawthorn Formation which is 
approximately 80 to 120 ft. (24.4 to 36.6 m) thick.  Water enters the Floridan aquifer near the center of the Florida 
peninsula and moves laterally toward the coasts.  In the vicinity of CCAFS, groundwater in the shallow aquifer and in 
the Floridan aquifer flows to the northeast.   
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3.9.2 Wetlands and Floodplains 
 
Wetlands are defined in AFI 32-1067, Water and Fuel Systems (4 February 2015), as those areas that are inundated 
by surface or ground waters that support plants and animals that need saturated or seasonally saturated soil to grow 
and reproduce.  Wetlands include swamps, marshes, bogs, sloughs, mud flats and natural ponds, and these 
ecosystems are considered to be some of the most biologically productive of all habitats.  Figure 3-6 shows the area 
surface water and wetlands. The ditch to the north of LC-11 separates it from LC-12, and drains land between ICBM 
road-based launch complexes and the Atlantic Ocean.  The ditch leads west to another set of ditches which 
ultimately drain to the BRL to the west.  The ditches usually contain water and have been noted to support various 
water species such as mullet, mud turtles, and nesting alligators.   
 
Land in and around some of the wetlands has recently been subject to invasive species management to control 
Brazilian pepper or other nuisance/exotic wetland vegetation.  Vegetation within the area consists of white top sedge 
(Dichromena colorata), sawgrass (Cladium jamaicense), thistle (Cirsium nuttallii), white beggar ticks (Bidens alba), 
broom grass (Andropogon virginicus), wax myrtle (Myrica cerifera), saltbush (Baccharis halimifolia), grape vine (Vitis 
sp.), and St. Johns wort (Hypericum sp.) 
 
Floodplains are lowland and relatively flat areas adjoining inland and coastal waters and other flood prone areas such 
as offshore islands, including at a minimum, that area subject to a one percent or greater chance of flooding in any 
given year. The base floodplain is typically called the 100-year floodplain (one percent chance floodplain).   The 100-
year floodplain basically surrounds much of LC-11 and LC-36 and is shown on the Brevard County Flood Insurance 
Rate Map, Panel 360 (Map number 12009C0360G) dated March 17, 2014 (https://MSC.FEMA.gov) in Appendix H. 
Floodplains are also shown in Figure 3-7. 
 
DOT has implemented EO 11988 through policies and procedures documented in DOT Order 5650.2, Floodplain 
Management and Protection. DOT Order 5650.2 defines the natural and beneficial values provided by floodplains to 
include “natural moderation of floods, water quality maintenance, groundwater recharge, fish, wildlife, plants, open 
space, natural beauty, scientific study, outdoor recreation, agriculture, aquaculture, and forestry.” Since some of the 
new construction will occur in a floodplain, based on DOT Order 5650.2, the analysis (presented in Section 4.9) shall 
indicate if the encroachment would be a “significant encroachment,” that is, whether it would cause one or more of 
the following to occur: 
 

 The action would have a considerable probability of loss of human life; 

 The action would likely have substantial, encroachment-associated costs or damage, including interrupting 
aircraft service or loss of a vital transportation facility (e.g., flooding of a runway or taxiway, important 
navigational aid out of service due to flooding, etc.); 

 The action would cause notable adverse impact on natural and beneficial floodplain values. 
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3.10 GEOLOGY AND SOILS 
 
CCAFS topography consists of a series of relic dune ridges formed by wind and wave action, indicating that gradual 
beach deposits occurred throughout time.  The higher naturally occurring elevations occur along the eastern portion of 
CCAFS, with a gentle slope to lower elevations toward the marshlands along the BRL.  Land surfaces are level to 
gently sloping along the LCs with elevations that range from sea level to 15 ft. (4.6 m) above MSL.  The geology 
underlying CCAFS can be generally defined by four stratigraphic units: the surficial sands, the Caloosahatchee Marl, 
the Hawthorn Formation, and the limestone formations of the Floridan aquifer.  The surficial sands immediately 
underlying the surface are marine deposits that are typically approximately 10 to 30 ft. (3 to 9.1 m) below the surface.  
The Caloosahatchee Marl underlies the surficial sands and consists of sandy shell marl that extends to a depth of 70 
ft. (21.3 m) below the surface.  The Hawthorn Formation, which consists of sandy limestone and clays, underlies the 
Caloosahatchee Marl and is the regional confining unit for the Floridan aquifer.  This formation is generally 80 to 120 ft. 
(24.4 to 36.6 m) thick, typically extending to a depth of approximately 180 ft. (54.9 m) below the surface.  Beneath the 
Hawthorn Formation lie the limestone formations of the Floridan aquifer, which extend several thousand feet below the 
surface of CCAFS (USAF 2005). 
 
The Soil Survey of Brevard County, Florida, 1974, identifies eleven different soil types within CCAFS, with the three 
most prominent soils comprising the Canaveral-Palm Beach-Welaka association.  It is about 37 percent Canaveral 
soil, 17 percent Palm Beach soils, nine percent Welaka soils, and 37 percent soils of minor extent.  This association is 
made up of nearly level and gently sloping ridges interspersed with narrow wet sloughs that generally parallel the 
ridges and extend the entire length of the county along the coast near the Atlantic Ocean.  The most prevalent type of 
soil is Canaveral Sand.  Canaveral soils are on moderately low ridges and consist of a mixture of light-colored quartz 
sand grains and multicolored shell fragments.  The major soils in this area are moderately well drained to excessively 
drained, and sandy throughout.  The soils are exceptionally dry, even though the water table is often near the surface 
during rainy periods.  The Caloosahatchee Marl underlies the surficial sands and consists of sandy shell marl that 
extends to a depth of 70 ft. (21.3 m) below the surface.  The Hawthorn Formation, which consists of sandy limestone 
and clays, underlies the Caloosahatchee Marl and is the regional confining unit for the Floridan aquifer.  A copy 
of the Brevard County, Florida Soils Map for the area around LC-11 and LC-36 is included in Appendix I. 
 
3.11  TRANSPORTATION 

Regional Access  

The CCAFS area can be accessed from Daytona Beach via U.S. Highway (US) 1 or Interstate 95; Orlando lies 
approximately 50 miles (80.5 km) to the west on State Route (SR) 528; and Miami is approximately 187 miles 
(300.9 km) to the south on US 1 or Interstate 95. Access to the site can also be made by way of Pier Road from the 
southwest, however the road is permanently blocked in the area of MSA3. In addition, a 10,000 ft. long air strip 
(KXMR) operated by the USAF is present on CCAFS approximately 4,000 ft. southwest of the Site.  
 
Local Access  
The majority of the employees and other related support services providers for CCAFS reside within the 
unincorporated areas of Brevard County and in the cities of Cape Canaveral, Cocoa, Cocoa Beach, and Rockledge, 
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which are all within 14 miles (22.5 km) of CCAFS.  The key roads providing access to CCAFS from the surrounding 
local communities include SR A1A, SR 520, SR 528, SR 401, SR 405, and SR 3.  The NASA Causeway (SR 405), 
Cape Road connects CCAFS with KSC, the inner barrier islands and the mainland.  Southern access into CCAFS 
occurs through Gate 1 which is accessed by SR 401 via SR A1A, and SR 528.  Western access into CCAFS is 
provided by NASA Parkway East and SR 405.  From the north, CCAFS can be accessed through Gate 4 and Gate 6 
at KSC along Cape Road.  Since the Shuttle Program was terminated in 2011, the general work force that would be 
using these roadways has substantially declined.   
 
The main on-site roadway on CCAFS is Samuel C. Phillips Parkway, a two lane road in some areas, and four-
lane divided highway in other areas that accommodates most of north-south traffic and connects with KSC to 
the north. LC-11 is located on ICBM Road which also runs north and south but further east, closer to the beach. 
It can be accessed from Samuel C. Phillips Parkway by Central Control Road on the south and by Heavy 
Launch Road on the north.  ICBM road is a lightly traveled road.  LC-36 entry is directly from Central Control 
Road. 
 
Additionally, Port Canaveral affords a significant amount of ocean-going transportation through its channel 
south of CCAFS.  This traffic includes commercial shipping and cruise lines, commercial and private fishing and 
pleasure boats.  The channel is also used by the US Navy, the US Coast Guard, and recovery vessels that 
have been associated with rocket launches and vehicle stage recoveries in the past.  Recovery vessels would 
moor in the Port Canaveral basin, or at the Hangar AF Wharf within the IRL.    
 
Discussions with 45 SW personnel indicate that the roads and supporting structures (culverts, bridges, pavement) 
were constructed to meet Florida DOT standards. Condition of road ways within CCAFS were most recently 
assessed in 2013 in a report titled Roads and Parking Lots Pavement Condition Index Survey Report at Cape 
Canaveral Air Force Station, December 2013 (AMEC, 2013).  Most road pavement conditions were indexed as either 
good or fair.  However a section of Samuel C Phillips Pkwy (Section ID 01A) was assigned an index condition of 
poor.  That section extends from approximately LC-41 north to the turn-off to where KSC Pad 39A is.   The 
transportation study indicated that while conditions of most culverts which may be transited appeared to be in good 
condition, some older culverts may require replacement because their conditions cannot be deterministically 
calculated due to age and condition.  Roadways on KSC property from Commerce Way to Cape Road also appear to 
be in good or fair condition; however launch pad 39A area by-pass road includes three or four areas where steel 
plates lay on top of culvert sections.   
 
Posted speed limit at CCAFS ranges from less than 5 miles an hour at the south gate to 35 miles an hour in the 
industrial areas, to 50 miles an hour on much of the non-industrial areas including large stretches of Samuel C. 
Phillips Pkwy, Control Road, and ICBM Road.  Posted speeds in some areas on KSC along the VAB area and 
Crawler way are 25 miles an hour and 35 miles an hour, while non-industrial areas of NASA posted speeds reach 55 
miles an hour.  Past launch vehicle stages and payloads for Atlas, SpaceX Falcon 9, and Delta programs have 
regularly transited these roadways to reach launch complexes 41, 40, and 37 respectively.  During the Shuttle launch 
years, vehicle elements regularly transited KSC roadways to reach the vehicle assembly building on Saturn 
Causeway. 
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3.12  UTILITIES 
 
Utility systems were evaluated as to their capability to provide service to CCAFS and to the individual 
operational launch pad sites such as LC-11 and LC-36.  Sufficiency is based upon review of CCAFS demand, 
other installation facilities, and incorporated and unincorporated areas of the applicable county. Attributes 
considered include processing, distribution/storage capacities, and related factors, such as average daily 
consumption and projected peak demand.  Historic and projected utility use was determined from records of 
purveyors, regulatory compliance reports and the application of generally accepted average growth rates.  The 
utility systems addressed in this analysis include the following facilities and infrastructure elements: 
 

 Water (potable and deluge/fire protection) 

 Wastewater (domestic and industrial) 

 Electricity 

 Stormwater 
 
During operations at LC-11 and LC-36 from the late 1950s until the late 1970s (and currently for LC-36) these 
services were provided to the facility by CCAFS.  During demolition activities, piping and cabling systems were 
terminated at various points along the entrance to LC-11 from ICBM Road.  For LC-36, these services 
continued since Space Florida became a license-holder in 2009.  Natural gas connection is provided to LC-36 
by Sunshine State Gas and in 2015 gas consumption for the CCAFS was 44,527,000 sq. ft. (1,260,864 m2) (45 
SW, 2016b). 
  
3.12.1 Water Supply, Treatment, and Distribution 
 
Water for CCAFS is acquired from the City of Cocoa’s municipal potable water distribution system under a long-term 
agreement. The City of Cocoa utilizes groundwater from well fields in east Orange County to draw from the 
Intermediate and Floridan aquifer. The City owns and operates a potable water treatment facility at the same 
location.  The City also has Aquifer Storage Wells (ASWs) where they can store water underground during low 
usage, as well as surface waters in the form of the Taylor Creek Reservoir.  Water supplied to the CCAFS flow from 
all three sources, as it is blended together after treatment. 
(Source: http://www.cocoafl.org/DocumentCenter/Home/View/4327) 
 
The City’s contract is with the U.S. Government and includes KSC, CCAFS and Patrick Air Force Base (PAFB).  A 
total of 6.5 million gallons per day (MGD) (24,605,178 million liters per day (MLD)) is allocated for PAFB and CCAFS.  
Additionally, 2.5 MGD (9,463,530 MLD) is allocated for KSC.  For 2015, total consumption of water for CCAFS and 
KCS averaged was 0.64 MGD (2,422,663 MLD).  CCAFS, in turn, recovers a portion of the cost of water under its 
contracts with commercial contractors operating on CCAFS (45 SW, 2016b).  Water is utilized at CCAFS for both 
potable and non-potable purposes.  Non-potable use includes fire protection, limited irrigation and launch-related 
consumption.  CCAFS recently upgraded the distribution facilities to improve water quality in the potable distribution 
system.  Potable water is currently supplied to LC-36, and would be available to re-connect to LC-11.  
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For planning purposes, treatment plant capacity is considered to be either the plant’s physical treatment capacity or 
its permitted withdrawal capacity, whichever is smaller.  Generally, the treatment capacity exceeds the withdrawal 
capacity of a given facility. Treatment capacities are based upon the mechanical equipment installed, which typically 
provides for redundant or back-up reliability. 
 
3.12.2 Wastewater Collection and Treatment 
 
CCAFS treats both domestic and industrial wastewater at an on-base wastewater treatment plant (WWTP). 
The WWTP was upgraded in 2000 to provide higher levels of treatment and reliability.  The volume of 
wastewater treated in 2015 for Cape and KSC combined was 429,156 gal/day or 0.43 MGD (1,627,727 MLD).  The 
WWTP has a permitted capacity of 0.8 MGD (3,028,329 MLD).  Future industrial wastewater permits would be 
obtained by the commercial launch operator in coordination with USAF.  LC-11 and LC-36 would reconnect to 
the WWTP system.  Deluge discharge water treatment would be required since a deluge system is planned for 
testing engines at LC-11, and for launching rockets at LC-36.  However, Blue Origin is also assessing the 
possibility of either reusing the deluge water (after filtering) or possibly discharging to ground.  Although the 
CCAFS Regional WWTF treats both Domestic and Industrial Wastewater, it is permitted as a Domestic 
Wastewater Treatment Facility and must meet those treatment requirements and standards.  The treatment 
facility is not considered an industrial wastewater treatment facility. 
 
3.12.3 Electrical Supply 
 
Historically, CCAFS use of Brevard County’s electricity demand represented approximately 0.4% of the total.  
Transmission lines enter the station at three locations:  from the southwestern boundary, across the NASA 
Causeway and from Merritt Island.  The three feeds are capable of providing 59 MVA (Mega Volt/Amperes) to 
CCAFS, which is well in excess of that required.  Electrical usage in 2015 was 140,352 MWH (Mega 
Watt/Hours) (45 SW, 2016b). Reduction of voltages to typical levels is accomplished through a combination of 
substations and local transformers.  The existing distribution system appears to be capable of supplying 
electricity to the existing launch facilities.  Current capacity is available should the need arise.  Electrical 
service to LC-11 and LC-36 would be reinstalled under the Proposed Action to supply basic needs to support 
operations and launch support functions.  
 
3.12.4 Natural Resources and Energy 
 
As discussed above, CCAFS, and therefore individual launch complexes, draw required power and water from the 
City of Cocoa.  There are no usable natural resources or local energy sources available in the area of LC-11 and LC-
36 that would either be used, or be prevented from being used.  From an efficiency or sustainability standpoint, 
Florida Power and Light breaks down their energy production for 2014 as follows: 
 

1.       68% Natural Gas 
2.       23% Nuclear 
3.       5% Purchased Power 
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4.       4% Coal 
5.       Less than 1 % Oil and Solar. 

(Source: http://www.nexteraenergy.com/pdf/annual.pdf 2014) 
 
3.12.5 Stormwater Collection 
 
Impervious areas constructed after 1992 are subject to the FAC and requirements of the St. Johns River 
Water Management District (SJRWMD) to provide for the treatment of pollutants and the attenuation of 
potential flooding impacts.  In October 2013 the SJRWMD also instituted a State-Wide Environmental 
Resource Permit (ERP) process which combined FDEP and SJRWMD requirements and submittal needs into 
one submittal process for large construction activities.).  As facilities are improved or built, stormwater 
systems must be built or upgraded to be consistent with the requirements of SJRWMD Rule 40C-4, FAC. Blue 
Origin would be required to submit storm water plans that would present these systems to the SJRWMD and 
receive an ERP prior to beginning construction.  The CCAFS roadway system is drained to a swale system, 
which removes potential floodwater from the road surfaces.  As previously mentioned, the stormwater 
management system at CCAFS is multi-basinal.  Because of the relatively flat topography, constructed canals 
and ditches have been created to facilitate drainage around developed areas.  Current stormwater flow from 
LC-11 and LC-36 follows pre-existing flow paths, both constructed and natural.  Land east of the LC-11 and 
LC-36 facilities is generally drained by normal saturation into the ground, or by flowing east to a man-made 
ditch, which then flows west to the IRL. 
 
3.13  HEALTH AND SAFETY 
 
The discussion of human health and safety includes both workers and the general public.  Safety issues include 
injuries or deaths, which are usually the result of one-time accidents.  Injuries include impacts on a human resulting 
from an exposure to toxic concentrations of chemicals/hazardous materials, radiant heat, or overpressures from 
accidental releases or explosions (such as flying debris), or accidents resulting from working in confined spaces, and 
that require medical treatment or hospitalization.  Health issues result from activities where people may be impacted 
over a long period of time rather than immediately.  The standards applicable to the evaluation of health and safety 
effects differ for workers and the public; thus, it is useful to consider each separately. 
 
Blue Origin is responsible for protecting worker health and safety in accordance with OSHA regulations. .  OSHA 
regulations are found in 29 CFR.  During clearing and construction phases, all workers will be subject to OSHA and 
safety programs.  Standard construction methods would be used and all safety regulations and guidelines would be 
followed.   
 
With regard to launch and landing operations, the areas in and around CCAFS that could be affected by 
payload processing, vehicle safing, transport, and launch/landing operations are the subject of health and 
safety concerns.  Range safety organizations review, approve, monitor, and impose safety holds, when 
necessary, on all pre-launch and launch operations in accordance with AFSPC 91-710.  The objective of the 
range safety program is to ensure that the general public, launch area personnel, foreign land masses, and 
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launch area resources are provided an acceptable level of safety, and that all aspects of prelaunch and launch 
operations adhere to public laws.  Impact debris corridors for launch vehicles would be similar to those regularly 
established for launch vehicles previously launched from LC-36 and other complexes at CCAFS.   Debris data 
developed for other vehicles in compliance with AFSPC 91-710 also satisfies FAA requirements.  Impact debris 
corridors would be established off the Brevard County, Florida coast to meet security requirements and reduce 
the hazard to persons and property similar to a launch-related activity.  Several structure heights from the 
Proposed Action must be evaluated to assess impact on airfield (Skid Strip (KXMR)). Impact on the navigable 
airspace and measures to maintain aircraft operational safety would be addressed with the 45 SW per Unified 
Facilities Criteria (UFC) 3-260-01 and are discussed further in Section 4.  

 
Explosive safety quantity-distance criteria are used to establish safe distances from launch and operational 
complexes and associated support facilities to non-related facilities and roadways.  DoD and USAF Explosive Safety 
Standards establish these regulations.  The criteria utilize the trinitrotoluene, also called TNT, explosive equivalent 
of propellant to determine safe distances from space launch operations or processing and holding areas.  LC-
11 and LC-36 were originally sited to meet these criteria under the Atlas programs.   With new Blue Origin facilities, 
vehicles, and quantities in the process of design and assessment, new, revised and appropriate safety distances 
would be set and approved by the USAF.  Per AFSPC 91-710, all facilities including launch complexes used to store, 
handle, or process ordnance items or propellants shall be properly sited and approved in accordance with DoD 
quantity distance criteria and explosives safety standards as specified in DoD 6055.9-STD and implemented in 
AFMAN 91-201.  
 
3.14 SOCIOECONOMICS 

 
CCAFS is located in eastern Brevard County, Florida which has an estimated population of approximately 543,376 
according to the 2010 census of Brevard County.  The Brevard County median household income went from $50,684 
in 2011 to $48,483 (+/- $859) in 2014, and the unemployment rate went from approximately 11.4 to 6.9 percent 
during the same time period.  Space Florida’s report titled Brevard Workforce-Aerospace Work Force Outlook Report 
Phase III, dated January 2010, and estimated that over 9,000 workers may be affected by the loss of the Shuttle 
Program.  However as reported by Florida Today in October 2014, unemployment was estimated to be approximately 
7.1 percent in a Florida Today article (Kowarski, 2014) with a predicted increase of 1.9 percent by the year 2017.   In 
general, the economic influence of the aerospace industry has declined somewhat with the termination of the Shuttle 
program.  However, commercial space launch companies such as Blue Origin and several others have had a positive 
impact on the economics of Brevard County. Florida has a strong commitment to growing its already prominent 
aerospace industry which is ranked third among states with employment in the aerospace industry. In 2005, Florida 
employed 145,000 people in the industry and generated $7.5 billion in earnings and in 2011 those numbers 
increased to about 147,365 people in the industry representing about $8.38 billion in earnings. (U.S. Census Bureau, 
2015; U.S Bureau of Labor Statistics, 2015; Cape Canaveral USCB 2015). 
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3.15       ENVIRONMENTAL JUSTICE 
 
Environmental justice is defined by the EPA as "The fair treatment and meaningful involvement of all people 
regardless of race, color, national origin, or income with respect to the development, implementation, and 
enforcement of environmental laws, regulations, and policies." EO 12898, "Federal Actions to Address 
Environmental Justice in Minority Populations and Low-Income Populations," requires all federal agencies to 
adopt strategies to address environmental justice concerns within the context of agency operations.  
Environmental Impact Analysis Process (EIAP), as promulgated in Title 32 CFR Part 989, requires that a 
project proponent comply with EO 12898 to ensure that these types of impacts are considered in EAs and other 
environmental documents. 
 
The 2010 Census of Population and Housing reports numbers of minority residents are as follows: Minority 
populations included in the census are identified as Black or African American, American Indian and Alaskan 
Native, Asian, Native Hawaiian/Other Pacific Islander, Hispanic, or Other.  Based upon the US Census Bureau 
2014 QuickFacts information, Brevard County had a population of 556,885 persons.  Of this total, 9.3 percent 
were Hispanic, 10.7 percent were Black, and 75.8 percent were considered White but not Hispanic, and 
approximately 1.7 percent were other races (Brevard, 2015).  The closest population center is Cocoa Beach, 
approximately 6 miles south of LC-11 and LC-36. 

3.16       SECTION 4(f) PROPERTIES 
 
The federal statute that governs impacts in this Resource Area is DOT Act, Section 4(f) provisions. Section 4(f) of the 
DOT Act, which is codified and renumbered as Section 303(c) of 49 U.S.C., provides that the Secretary of 
Transportation will not approve any program or project that requires the use of any publicly owned land from a public 
park, recreation area, or wildlife and waterfowl refuge of national, state, or local significance or land from a historic 
site of national, state, or local significance as determined by the officials having jurisdiction thereof, unless there is no 
feasible and prudent alternative to the use of such land and such program, and the project includes all possible 
planning to minimize harm resulting from the use.  This order continues to be referred to as Section 4(f) matters or 
properties.   
 
No designated 4(f) properties, including public parks, recreation areas, or wildlife refuges, exist within the boundaries 
of CCAFS.  There are however public parks and recreation areas, in addition to the Merritt Island National Wildlife 
(MINWR) Refuge which is adjacent to KSC and CCAFS, and the Canaveral National Seashore which is adjacent to 
KSC and north of CCAFS.  The nearest public park, Jetty Park, is located about 5 miles south of LC-11 and LC-36 in 
the City of Cape Canaveral.  Other public parks within an approximate 15 mile (24.1 km) radius of the launch site 
include the following: Kelly Park, KARS Park, Kings Park, and Manatee Cove Park.  Additionally, the St. John’s 
National Wildlife Refuge and Tosohatchee State Game Preserve are located west of Interstate 95 in Orange County.  
The MINWR overlaps the northwestern portion of the KSC; all areas of KSC not directly utilized for NASA operations 
are managed by MINWR and NPS. Canaveral National Seashore is adjacent to the MINWR and north of CCAFS.   
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4.0 ENVIRONMENTAL CONSEQUENCES 
 
The analysis in this section focuses on the potential environmental impacts from the construction and operation of the 
BE-4 engine testing at LC-11 and the construction and operation of the OLS at LC-36. Changes to the natural and 
human environment that could result from the Proposed Action are evaluated relative to the existing environmental 
conditions as described in Section 3.0.  Three levels of impact may be identified: 
 

 No Impact - No impact is predicted, 

 No Significant Impact - An impact is predicted, but the impact does not meet the intensity/context 
significance criteria for the specified resource, and 

 Significant Impact - An impact is predicted that meets the intensity/context significance criteria for the 
specified resource. 

 
Under NEPA (42 U.S.C. 4321 et seq.), significant impacts are those that have potential to significantly affect the 
quality of the human environment.  Human environment is a comprehensive phrase that includes the natural 
and physical environments and the relationship of people to those environments (40 CFR Section 1508.14).  CEQ 
Regulations specify that in determining the significance of effects, consideration must be given to both “context” and 
“intensity” (40 CFR Part 1508.27): 
 
Context means that the significance of an action must be analyzed in several contexts, such as society as a whole, 
to an affected region, to affected interests, or to just the locality.  In other words, the context measures how far the 
effect would be “felt.” 
 
The intensity of an action (i.e., the severity of the impact) regionally and locally may be determined by: whether it 
is beneficial or adverse.  Intensity refers to the “punch strength” of the effect within the context involved.  The 
intensity of an action may be determined by: 
 

 Unique characteristics in the area (i.e., wetlands, parklands, ecologically critical areas, cultural 
resources, and other similar factors); 

 Overall beneficial project effect versus individual adverse effect(s); 

 Public health and safety; 

 Degree of controversy; 

 Degree of unique or unknown risks; 

 Precedent-setting effects for future actions; 

 Cumulatively significant effects; 

 Cultural or historic resources; 

 Special-status species or habitats; and/or 

 Compliance with federal, state, or local environmental laws. 
 
The level at which an impact is considered significant varies for each environmental resource.  Based on the criteria 
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discussed above, a resource-specific definition of what constitutes a significant impact was prepared for each of the 
16 resource areas analyzed in this chapter.   
 
4.1  LAND USE ZONING / VISUAL RESOURCES 
 
An impact may be considered significant if the project results in nonconformance with approved land use plans or a 
conflict with existing uses or values of the project area or other properties.  Proposed changes to visual resources 
can be assessed in terms of ‘visual dominance’ and ‘visual sensitivity.’  Visual dominance describes noticeable 
physical changes in an area.  The magnitude of visual dominance may vary depending on the degree of change in an 
area.  Visual sensitivity is attributed to a particular setting and the desire to maintain the current visual resources in a 
viewshed.  Areas such as coastlines and national parks are usually considered to have high visual sensitivity.  When 
evaluating visual impact, the ability of the general public to view the area where the proposed action or change to the 
visual resource would occur must also be taken into account.   
 
Proposed Action 
 
The Proposed Action would occur at LC-11 and LC-36, which are both designated for space launch activities.  
Reusing the launch complexes, construction of related facilities and operations for launching of Blue Origin’s OLV 
would be consistent with both the 45 SW General Plan and the USAF mission at CCAFS and with past operations 
at LC-11 and LC-36.  Therefore, the Proposed Action would generate no significant impacts on on-base land 
use.  Activities at LC-11 and LC-36 would be in conformance with its designated use for space vehicle launches.   
 
The Blue Origin OLS will include several structures including water towers, and support structures which would be 
permanent structures at the OLS.  While the Blue Origin facilities and the Blue Origin OLV would not be visible by 
the public except possibly from the ocean; the Blue Origin OLV launches and associated exhaust contrail would be 
visible in the sky.  However, the contrail visual impact would be similar to all other vehicle launches and would 
dissipate quickly as wind and air currents affect the trail.  Therefore, the Proposed Action would not generate 
significant impacts on visual resources within the flight range of the Blue Origin OLV vehicle.  
 
Issuance of a federal license or permit for an activity in or affecting a coastal zone must be consistent with the CZMA, 
which is managed by the Florida Department of Community Affairs.  The CZMA of 1972 requires federal agency 
activities with reasonably foreseeable effects on coastal zones to be consistent with state programs that are 
approved under Federal coastal management programs.  The state agency that implements or coordinates a state’s 
federally approved coastal management program is responsible for federal consistency reviews.  Construction and 
operation of the engine test cell would occur at LC-11; the test stand would be approximately 228 ft. MSL (69.5 m).  
Operation and launch activities for the Blue Origin OLV at LC-36 would take place in the state-designated coastal 
zone similar to other vehicle launches.  The refurbishment and construction activities involved with the planned 
integration facility, which will rise to a height of approximately 145 ft. MSL (44.2 m), will be installed at least 500 ft. 
(152.4 m) west of the beach dune area.  This height is lower than the existing National Reconnaissance Office (NRO) 
Eastern Processing Facility further inland of LC-11 and LC-36. Lightning protection towers may be approximately 534 
ft. MSL (162.8 m) tall.  However they would become part of the visual sight that currently exists at LC-46, LC-37, LC-
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40, and LC-41 along the coast. Local communities to the south and west have been acclimated to frequent launches 
of similar or larger size.  Launch related visual impacts would be temporary and relatively infrequent, with up to 12 
launches per year; therefore, coastal resources would not be affected.  Light impacts on reptiles, namely nesting sea 
turtles are discussed in Section 4.3.  Therefore, minimal impacts to natural shoreline processes, visual horizon, or 
coastal resources would be expected.  The FDEP Clearinghouse staff reviewed the document and determined that 
the Proposed Action is consistent with the FCMP.  FDEP concurrence would be based on compliance with FCMP 
authorities, which includes federal and state monitoring of the activity to ensure its continued conformance, and 
adequate resolution of any issues that arise during subsequent regulatory reviews.  The FDEP’s final concurrence 
letter of the project’s consistency with the FCMP is included in Appendix J.  Potential noise impacts on humans in the 
coastal zone are discussed in Section 4.2, Noise, and potential noise impacts on wildlife in the coastal zone are 
discussed in Section 4.3, Biological Resources.   
 
No-Action Alternative 
 
Under the No-Action Alternative, the reuse of LC-11 and LC-36 and launch of the Blue Origin OLV would not be 
implemented; therefore no impacts to land use or the coastal zone would occur.   
 
4.2  NOISE 
 
Noise impact criteria are based on land use compatibility guidelines and on factors related to the duration and 
magnitude of noise level changes.  Annoyance effects are the primary consideration for most noise impact 
assessments on humans.  Noise impacts on wildlife are discussed in Section 4.3, Biological Resources.  In 
accordance with FAA Order 1050.1F, a significant noise impact would occur if the Proposed Action would cause 
noise sensitive areas to experience an increase in noise of DNL 1.5 dBA or more at or above DNL 65 dBA noise 
exposure when compared to the No Action Alternative during the same timeframe.  Since the reaction to noise level 
changes involves both physiological and psychological factors, the magnitude of a given noise level change can 
be as disruptive as the resulting overall noise level.  A readily noticeable increase in noise levels would often be 
considered a significant effect by the local residents, even if the overall noise level was still within land use 
compatibility guidelines.  On the other hand, noise level increases that are unnoticed by most people are not 
considered a significant change, even if the overall noise level is somewhat above land use compatibility 
guidelines.  Finally, certain noise levels (e.g., from sonic booms) have the potential to break glass or damage 
structures.  A high risk or high potential to break glass or damage structures caused by high noise levels generated 
from the proposed project would be considered a significant impact.   
 
Proposed Action 
 
Clearing and Construction Related Noise  
There are no sensitive receptors (e.g., schools, hospitals) in the vicinity of LC-11 or LC-36.  Low to moderate levels 
of noise would be generated by heavy equipment, work vehicles, and other construction equipment during land 
clearing and construction.  Vehicles associated with the Proposed Action typically have a dBA between 65 and 100, 
at a distance of 50 ft. (15.2 m) (EPA, 1971).  No impacts are anticipated since all work activities of the Proposed 
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Action would be planned for daylight hours to avoid nuisance noise in the evenings.  In accordance with 29 CFR 
1910.95, protection against the effects of noise exposure would be provided. When employees are subjected to 
sound levels, exceeding those listed in Table 4-1, feasible administrative or engineering controls would be utilized.  
 

Table 4-1: Permissible Noise Exposures Duration Per Day (Hours)  
Number of Hours Sound Level (dBA) 

8  90  

6  92  

4  95  

3  97  

2  100  

1.5  102  

1  105  

0.5  110  

 
If such controls do not reduce sound levels to the levels presented in Table 4-1, hearing protection would be provided 
and used to reduce exposure at the project site, therefore there would be no adverse impacts to the local area or to 
workers.  Noise levels during construction would not exceed current levels in the area.  The relative isolation of LC-11 
and LC-36 reduces the potential for noise to affect adjacent communities.  The closest residential areas to CCAFS 
are about 5.5 miles (8.9 km) to the south, in the cities of Cape Canaveral and Cocoa Beach.  Residential areas and 
resorts along the beach would expect to have low overall noise levels, normally about 45 to 55 dBA.  Clearing and 
construction noise would not exceed ambient noise levels and would cause an impact on CCAFS or to nearby 
communities. 
 
Under the Clean Air Act (CAA), the EPA administrator established the ONAC to carry out investigations and studies 
on noise and its effect on the public health and welfare.  Through ONAC, the EPA coordinated all federal noise 
control activities, but in 1981 the Administration concluded that noise issues were best handled at the state and local 
level.  As a result, ONAC was closed and primary responsibility of addressing noise issues was transferred to state 
and local governments.  However, EPA retains authority to investigate and study noise and its effects, disseminate 
information to the public regarding noise pollution and its adverse health effects, respond to inquiries on matters 
related to noise, and evaluate the effectiveness of existing regulations for protecting the public health and welfare, 
pursuant to the Noise Control Act of 1972 and the Quiet Communities Act of 1978.   
 
The Noise Control Act identified 65 dBA as a desirable noise level for compatible land uses.  This level is not 
regarded as a noise standard, but as a basis to set appropriate standards that should also factor in local 
considerations and issues.  Noise impacts from the operation of construction equipment are usually limited to a 
distance of 1,000 ft. (304.8 m) or less.  If such controls do not reduce sound levels to the levels presented in Table 4-
1, hearing protection would be provided and used to reduce exposure at the proposed construction project site, 
therefore there would be no adverse impacts to the local area or to workers.  Cumulative effects on noise levels were 
also considered and were negligible, see Section 5, Cumulative Impacts.   
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Operations and Launch Vehicle Related Noise 
 
Under the Proposed Action, regular operational noise not associated with the engine test stand or launch would be 
expected to be at the industrial level or less, and therefore would not present an impact above normal industrial 
activities at CCAFS.   
 
Noise generated during launch related operations is discussed in terms of test stand and launch noise, and sonic 
boom impacts.  To properly address these aspects of the test stand and Blue Origin heavy launch vehicle related 
noise, Blue Origin commissioned a noise study accomplished by Blue Ridge Research and Consulting, LLC.  Noise 
contours can be found in Appendix B. In compliance with FAA Order 1050.1F, the FAA’s Office of Environment and 
Energy must approve non-standard noise methodologies (i.e., modeling approaches not listed in FAA Order 
1050.1F).  Blue Origin’s noise methodology was approved by the FAA’s Office of Environment and Energy (see 
Appendix K).  As DNL contours representing the no action alternative at CCAFS are unavailable, an alternative 
method was used to identify potential areas where significant noise impacts may occur as a result of the proposed 
operations.  The DNL contours from 60 dBA to 85 dBA are presented Appendix B. The DNL 65 and 60 dBA contours 
extend approximately 1.4 and 2 miles (2.3 to 3.2 km) from LC-36’s launch pad, respectively. This area does not 
encompass land outside of the CCAFS boundaries and thus no residences are impacted. The DNL is dominated by 
cumulative noise from the static engine tests. However, for single event based metrics, launch events will generate 
greater noise levels than single-engine static tests. The longer duration and greater number of annual operations of 
static engine tests generate more total sound exposure on a yearly basis than launch events, as seen in the larger 
DNL 80 and 85 dBA contour areas around the engine test stand.  Engine testing and rocket launches would not 
result in significant noise impacts. 
 
Regulations also state that exposure to impulsive or impact noise should not exceed a 140 dB peak sound pressure 
level, or 115 dbA for extended periods of time.  The OASPL provides a measure of the sound level at any given time, 
while the maximum A-weighted OASPL (LA max) indicates the maximum OASPL achieved over the duration of the 
event. OSHA has set an upper limit noise level of 115 dBA for fifteen minutes as a guideline to protect human 
hearing from long-term continuous daily exposures to high noise levels and to aid in the prevention of noise-induced 
hearing loss. A single heavy vehicle launch event at LC-36 would generate levels at or above an LA max of 115 dBA 
within 0.9 miles (1.4 km) of the launch pad. The single-engine static test LA max contours are more directive than the 
launch event as a result of redirecting the plume in-line with the deflector heading. A receptor located along the peak 
directivity angle may experience an LA max of 115 dBA at approximately 0.3 miles (0.5 km) from the engine test stand 
as shown by the orange contour in Appendix B. Sound levels produced by static engine tests would remain constant 
over the duration of the event whereas the levels produced by launch events will decrease as the rocket moves 
further away from the receptor. Noise levels above an LA max of 115 dBA would remain within CCAFS boundaries for 
both launch and static engine test events. Noise levels above an LA max of 115 dBA generated during engine testing 
will not impact any facilities beyond Blue Origin’s license parcel. The Proposed Action is not expected to generate 
propulsion noise that impacts structures beyond that of past or current NASA and CCAFS launch operations. 
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The study also addressed the un-weighted levels of OASPL, which provides a measure of sound levels at any given 
time and is measured in dB.  For a launch event the 120 dB contour line would extend approximately 5.6 miles from 
the site; for a single engine test a more focused contour line would extend approximately 1.1 miles away.  
 
In addition to modeling the launch noise, the ground overpressure due to sonic booms was qualitatively assessed to 
give a complete view of the noise impact generated by a launch event.  Launches of a heavy vehicle from LC-36 
would produce sonic booms during the vehicle’s ascent. However, the resulting sonic booms would be directed 
northeasterly out over the ocean in the direction of the launch azimuth. Note that the presence and/or location of 
sonic boom regions will be highly dependent on the actual trajectory and atmospheric conditions at the time of flight. 
The nominal launch trajectory would generate sonic booms that impact ground level over the Atlantic Ocean making 
them inaudible on the mainland. Therefore, with respect to human health and safety or structural damage, noise 
impacts due to sonic booms are not expected. Thus a quantitative analysis was not performed. However, to provide 
perspective, modeled sonic booms from EELVs at other launch sites ranged from 3.0 to 5.25 psf (143.6 to 251.4 Pa), 
for a liquid-fueled medium class launch vehicle and liquid-fueled heavy class launch vehicle, respectively. A sonic 
boom due to the overflight of a Titan IV from Vandenberg AFB was measured at a number of locations in the 
Channel Islands, 30 to 40 miles (64.4 km) from the launch pad. The overpressures recorded at these locations were 
less than 2.4 psf (114.9 Pa), with the exception of one site which recorded an 8.4 psf (402.2 Pa) focused sonic boom. 
As CCAFS and the adjacent KSC have previously launched heavy-class vehicles such as the Space Shuttle and 
Saturn V, sonic booms on launch were 30 to 40 miles (48.3 to 64.4 km) out over the Atlantic and the community is 
familiar with the sonic boom impacts generated by heavy-class vehicle launches at CCAFS. The launch vehicles 
including the Falcon Heavy and NASA’s Space Launch System (SLS) evaluated for launch at KSC LC-39A would 
produce sonic booms lesser in magnitude than those of the Space Shuttle. These sound overpressures occur over 
the Atlantic Ocean, are directed in front of the vehicle, and do not impact land areas. No serious impacts were 
observed during the Shuttle Program. The Constellation Programmatic EIS indicated the magnitude and location of 
Constellation (Ares I and V) sonic booms would be similar to those experienced with the Space Shuttle. SLS sonic 
booms are expected to be similar to those estimated for the Ares I or V vehicles. The exact location of the sonic 
boom footprint would be mission specific and would occur over the open ocean (NASA 2013).  Since the Blue Origin 
OLV vehicles are of similar size and thrust energies (or less) than the Space Shuttle or SLS vehicles, no impact 
would be expected from the Blue Origin OLVs.   
 
Also, during the proposed first stage landing on the at-sea platform, the launch vehicle is expected to land east off 
the Florida coast.  Sonic boom measurements were recorded at various points in Florida along the descent and 
landing trajectory of multiple Space Shuttle flights in the 1980s.  A maximum measured overpressure of 2.2 psf 
(105.3 Pa) was recorded in Titusville during the landing of the STS-51D flight. All sonic boom measurements 
recorded in Florida during orbiter landings have been accurately predicted by computer model analyses. Estimated 
noise levels over the open ocean under vehicle flight path ranged from 2 to 4 psf (95.8 to 191.5 Pa) for reentry of 
Space Shuttle SRB casings and the external tank. Atmospheric entry sonic boom or overpressures from the Space 
Shuttle Orbiter were estimated at 2.1 psf (100.5 Pa) (NASA 2013).   
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No-Action Alternative 
 
Under the No-Action Alternative, facilities would not be constructed, the Blue Origin OLV engines would not 
be tested, the facilities would not be constructed, and Blue Origin operations would not occur; therefore; no 
impacts from noise would occur.   
 
4.3  BIOLOGICAL RESOURCES 
 
An impact to biological resources may be considered significant if the USFWS or the NMFS determines that the 
action would be likely to jeopardize the continued existence of a federally listed threatened or endangered species, or 
would result in the destruction or adverse modification of federally designated critical habitat. Also, a biological 
resource impact may be considered significant if the action would substantially diminish habitat for a plant or animal 
species, substantially diminish a regionally or locally important plant or animal species, interfere substantially with 
wildlife movement or reproductive behavior, and/or result in a substantial infusion of exotic plant or animal species.    
 
Any action that may affect federally listed species or their critical habitats requires consultation with the USFWS 
under Section 7 of the ESA of 1973 (as amended).  Also, the MMPA of 1972 prohibits the taking of marine mammals, 
including harassing them, and may require consultation with the NMFS.  The NMFS is also responsible for evaluating 
potential impacts to Essential Fish Habitat (EFH) and enforcing the provisions of the 1996 amendments to the 
Magnuson-Stevens Fishery Conservation and Management Act (MSFCMA) (50 CFR 600.905 et seq.).   
 
4.3.1 Vegetation 
 
Construction 
 
The Proposed Action will result in the clearing of approximately 20 acres (8.1 ha) of vegetation; construction activities 
will necessitate the clearing of both native and invasive vegetation.  The area located within the fence line has been 
loosely maintained, comprised of a few scattered trees and herbaceous groundcover.  Species observed within the 
fence line that would be removed include sand cordgrass, crowfoot grass, prickly pear, saw palmetto, Brazilian 
pepper, sand live oak, cabbage palm, beach sunflower, dog fennel, ragweed, and pepper grass.  Since some of the 
approximately 20 acres (9.1 ha) of vegetation planned to be removed is invasive species, including Brazilian pepper 
and Australian pine, and since the species would not reappear because some of the land would be built on, paved, or 
be maintained as grass for storm water run-off retention ponds; clearing would include a limited positive effect.  The 
other vegetation that would be removed is either low-quality grasses (no listed federal or state species), or potential 
scrub jay habitat which is addressed below.  Once vegetation is removed from this area using heavy machinery, 
much of it would be graded using large, heavy tracked bull dozers.  Material would either be removed to a suitable 
off-site area, or burned on location in accordance with USAF regulations as schedule and burn conditions permit.  
The grading of this area would be required.  Conversion of vegetative community from scrub to open grass area, and 
loss of habitat and native vegetation would be compensated through the restoration of overgrown scrub-jay habitat 
located elsewhere on CCAFS and is addressed in section 4.3.3 below.   
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Launch Operations 
 
Launch activities for the Blue Origin OLV could have some small impacts near the launch pad associated primarily 
with fire and heat.  NASA has mapped the effects on local vegetation of 14 Delta, 20 Atlas, and 8 Titan launches from 
CCAFS (Schmalzer et al, 1998).  Vegetation scorching has been limited to small areas (less than a hectare (2.5 
acres)) within 150 m (492 ft.) of the launch pad for Atlas and Titan launches.  Acid and particulate deposition for Delta 
launches has extended less than 1 km (0.6 mi) from the launch pad and affected relatively small areas (up to 46 
hectares (114 acres)).  Continuous acid deposition has not exceeded 1 km (0.6 mi) from the launch pad for Titan 
launches.  However, isolated acid deposition has occurred up to 9.3 km (5.8 mi) from the launch pad under certain 
meteorological conditions.  Particulate deposition from Titan launches has occurred over larger areas (2,366 hectares 
or 5847 acres) and up to 14.6 km (9.1 mi) from the launch pad. No discernible vegetation or other environmental 
damage appears to be caused by this particulate deposition (USAF, 1998). However, the Blue Origin vehicle utilizes 
liquid fuels (LOX and LNG) and there is comparatively less or very little expected acid or particulate deposition. 
Therefore, the Blue Origin launch would affect a much smaller area to a much lesser extent.   
 
4.3.2 Wildlife and Migratory Birds 
 
Construction 
 
Clearing and construction activities associated with the Proposed Action would occur over an approximate two year 
period.  Wildlife present in the area also could be affected by construction noise.  Wildlife response to noise can be 
physiological or behavioral.  Physiological responses can range from mild, such as an increase in heart rate, to more 
damaging effects on metabolism and hormone balance.  Behavioral responses to man-made noise include attraction, 
tolerance, and aversion.  Each has the potential for negative and positive effects, which vary among species and 
among individuals of a particular species due to temperament, sex, age, and prior experience with noise.  Responses 
to noise are species-specific; therefore, it is not possible to make exact predictions about hearing thresholds of a 
particular species based on data from another species, even those with similar hearing patterns (USAF, 2010).  
Noise generated during construction activities of the Proposed Action at any of the option locations would potentially 
have discernible, but temporary effects on wildlife occurring nearby. A degree of buffering of noise is afforded to 
wildlife by vegetation; attenuation rates of up to 10 dBA per 328 ft. (100 m) have been demonstrated in vegetated 
areas. Given that rate, noise would be expected to carry 984 to 1,312 ft. (300 to 400 m) away from the construction 
sites. Most wildlife occurring closer to noise sources would be free to move away or find shelter (e.g., burrows); 
therefore, the impacts would be expected to be minimal (NASA 2013). In addition to construction related noise 
impact, clearing would eliminate potential habitat for wildlife.  It is anticipated that the moderate level of noise 
generated from construction activities would act as a warning mechanism for wildlife within the construction site, and 
should help minimize impacts to animals inhabiting land affected by the Proposed Action.  
 
Mammals 
Potential noise related impacts to mammalian species during construction activities would include disruption of 
normal activities due to noise and ground disturbances.  These impacts would be minor and short-term and, 
therefore, would not cause significant impact to mammalian populations within the vicinity of the project area. 
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Reptiles and Amphibians 
Reptile and amphibian hearing is poorly studied.  However, reptiles and amphibians are sensitive to vibrations, which 
provide information about approaching predators and prey.  Vibration and noise associated with construction 
activities would potentially cause disturbance to amphibians and reptiles.  These impacts would be short-term and 
would not cause a significant impact to reptilian and amphibian populations within the vicinity of the project area 
(USAF 2010).   
 
Migratory Birds 
Potential impacts to birds resulting from construction and human generated noise include disruption in foraging, 
roosting, and courtship activities. If construction was scheduled to occur during the avian breeding season, 
construction would occur in accordance with the MBTA to avoid impacts to nesting migratory birds.   Biological 
surveys would occur prior to commencement of construction activities, and bird nests would be marked.  In 
compliance with the MBTA, construction workers would not directly or indirectly disturb the nest or an adjacent area 
until a biologist determines the nest is no longer in use.  Impacts to migratory birds would be short-term and only 
affect individuals at or near the construction site; thus, construction would not cause a significant impact to migratory 
bird populations.  Monitoring during construction activities would identify any potential disturbances of nests so 
measures could be implemented to avoid adverse effects.   
 
Launch Operations 
 
Launch operations would not be expected to significantly impact biological resources around LC-36, including 
terrestrial vegetation, wildlife, marine species, protected species, or Florida species of special concern.  Noise from 
launches and sonic booms was identified as a potential concern for wildlife during the NEPA documentation process 
for the Space Shuttle Program, however, no impacts were observed. Even the maximum number of launches 
anticipated in the NASA Proposed Action (24 per year from both pads) would result in only interrupting normal 
behavior twice per month (NASA, 2013). No animal mortality has been observed at CCAFS that could be attributed to 
Delta, Atlas, or Titan launches (Schmalzer, 1998).  In similar fashion, no negative effects have been observed after 
the Falcon 9 launches as well.  Extrapolating these results to future Blue Origin launch vehicles is appropriate until 
further studies may be accomplished at CCAFS.  Although spring and fall migration will see periodic groups of 
migrating Northern right whales that follow the US coastline to as far sought as Cape Canaveral, since the sonic 
boom footprint lies over 30 miles from CCAFS, the sonic booms are not expected to negatively affect the survival of 
any marine species (USAF, 1998).  The landing platform would be required to limit speed leaving or entering Port 
Canaveral during migratory periods.  
 
The expected sonic booms created by the landing event would occur over the open Atlantic Ocean, at least 250 
miles down-range. The effects of a sonic boom on whales or other open ocean species are not known.  However 
because these sonic booms are infrequent, and the marine species in the ocean’s surface waters are present in low 
densities, the effect on ocean species is not expected to be significant.   
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4.3.2.1 Effects on Marine Life 
 
During normal operations and a nominal launch, the Blue Origin OLV vehicle and spacecraft would be 
carried over the Cape Canaveral coastal waters and into orbit without impacts of any kind on the marine life or 
habitat. Even in the event of an airborne launch termination action, a Blue Origin spacecraft or launch vehicle may 
survive to impact the water essentially intact.  The spacecraft may be carrying unused portions of hypergolic 
propellants; nominal values of MMH fuel and/or NTO oxidizer.  A lesser hazard may exist from small amounts of 
battery electrolyte also carried on all spacecraft vehicles, but the risk from electrolyte is far smaller due to lesser 
quantities, lower toxicity and more rugged containment. Hence analysis focuses on the hypergolic propellants. 
 
Comparatively, the reliability of the Delta launch vehicle is estimated to be approximately 98 percent, the highest 
demonstrated reliability of any American expendable launch vehicle (USAF, 1998).  A reliability of 95 percent is 
typically used for EELV launch vehicles. While Blue Origin is determining quantitative values, reliabilities of the Blue 
Origin launch vehicles are also expected to be similar to other launch vehicle development programs which range 
from 70 percent reliability in early development to 98 percent reliability as the program matures.  Hence, it is unlikely 
that a spacecraft would impact in the ocean.  The USAF had made a “no effect” determination on species protected 
by the Endangered Species Act under NMFS for the returning first stage; as documented in Appendix D, the NMFS 
does not consult with this determination.  
 
The toxicology of hydrazine, MMH and nitrogen tetroxide with marine life is not well known.  Nitrogen tetroxide almost 
immediately forms nitric and nitrous acid on contact with water, and would be very quickly diluted and buffered by 
seawater; hence, it would offer negligible potential for harm to marine life.  With regard to hydrazine fuels, these 
highly reactive species quickly oxidize forming amines and amino acids, which are beneficial nutrients to small 
marine organisms.  Prior to oxidation, there is some potential for exposure of marine life to toxic levels, but for a very 
limited area and time.  A half-life of 14 days for hydrazine in water is suggested based on the unacclimated aqueous 
biodegradation half-life (Howard, 1991).  In short, an improbable mishap downrange would occur over the open 
ocean and would not likely jeopardize any wildlife, given the relatively low density of species within the surface 
waters of these open ocean areas (USAF, 1998).  Debris from launch failures has a small potential to adversely 
affect managed fish species and their habitats in the vicinity of the project area.  None of the booster stages would 
have parachutes; and the capsule, during a nominal recovery would not land in the ocean.   
 
For impact to occur to marine life due to either a nominal landing in the ocean, or a mishap over the ocean which 
would be extremely rare, species would need to be present at or near the surface at the same time as the event.  
Therefore, the USAF determined that, since a series of exceedingly rare events must occur in a particular sequence 
in order to impact marine species the proposed action would have “no effect” on ESA-listed marine species (except 
the sea turtles on nesting beaches, which is discussed in Sec 4.3.3 below).   
 
No Action Alternative 
Under the No Action alternative, no changes to the landscape and availability of habitat and nesting areas utilized by 
wildlife and migratory species would occur, and noise from construction or operation would also not occur.  
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Therefore, a slight positive impact would be expected due to the CCAFS Natural Resource Program being able to 
conduct restoration activities within the Proposed Action area. 
 
4.3.3 Threatened and Endangered (T&E) Species of Concern 
 
Federal and state threatened and endangered wildlife species that occur or have the potential to occur within the 
project area of the Proposed Action are shown below in Table 4-2.  Species of Special Concern are also listed. 
Potential project related impacts to these species are listed in this table and are further discussed below.  
Construction activities have the potential to result in the take of some special status wildlife species from activities 
such as disturbance, excavation, crushing or burial.  In accordance with ESA Section 7, the USAF determined that 
the proposed project “may affect and is likely to adversely affect” the southeastern beach mouse, eastern indigo 
snake, and the loggerhead, green, leatherback, hawksbill, and Kemp's Ridley sea turtles.  The USFWS concurred 
with that determination.  The USAF also determined that the proposed project “may affect, and is likely to adversely 
affect” the Florida scrub-jay from impacts to unoccupied potential scrub-jay habitat; the USFWS concurred with that 
determination.  The USAF also determined that the proposed action may affect but is not likely to adversely affect the 
wood stork, red knot, piping plover, and the manatee.  The USFWS concurred with this determination.  While the 
gopher tortoise is not a federally listed species, it is currently a candidate for listing.  Since it is a state listed species 
however, the 45th SW will undertake special conservative actions consistent with state guidelines and requirements.    
The USAF prepared a Biological Assessment (BA) and submitted it to the USFWS in January 2016 in accordance 
with Section 7 consultation. The USFWS issued a subsequent Biological Opinion (BO) on May 27, 2016 stating that 
the Proposed Action is not likely to jeopardize the continued existence of any federally listed species; a copy of the 
BO is contained in Appendix C.  No significant impacts on threatened and endangered species would occur. In its 
BO, the USFWS listed terms and conditions for which USAF must comply.     
 

Table 4-2  Potential Impacts to Federal and State Protected Wildlife Species that Occur or Have Potential to 
Occur within the Proposed Action Area 
 
Common Name 
   Scientific Name 

Status Occurrence Potential Impacts 
USFWS 
(Federal) 

FWCC 
(State) 

American Alligator 2 
  Alligator mississippiensis 

T1 T1 Documented Disruption due to noise 

American Wood Stork 
  Mycteria americana 

T T Potential Loss of breeding habitat. 
Disruption due to noise. 

Eastern Indigo Snake 
  Drymarchon corais couperi 

T T Potential Crushing by equipment 
Loss of habitat 
Disruption due to noise 

Florida Mouse 
  Podomys floridanus 

---- SSC3 Potential Crushing by equipment 
Loss of habitat 
Disruption due to noise 
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Florida Pine Snake 
  Pituophis melanoleucus mugitus 
   

---- SSC Potential Crushing by equipment 
Loss of habitat 
Disruption due to noise 

Florida Scrub-Jay 
  Aphelocoma coerulescens 

T T Documented Loss of potential habitat 
Disruption due to noise 

Gopher Tortoise 
  Gopherus polyphemus 

---- T Documented Crushing by equipment 
Disruption due to noise 

Gopher frog 
  Lithobates capito 

---- SSC Potential Crushing by equipment 
Loss of habitat 
Disruption due to noise 

Green Sea Turtle 
  Chelonia mydas 

T E4 Documented Disruption and disorientation of 
nesting and hatching turtles 
due to light 

Hawksbill Sea Turtle 
  Eretmochelys imbricata 

E E Documented Disruption and disorientation of 
nesting and hatching turtles 
due to light 

Kemp’s Ridley Sea Turtle 
  Lepidochelys kempii 

E E Documented Disruption and disorientation of 
nesting and hatching turtles 
due to light 

Leatherback Sea Turtle 
  Dermochelys coriacea 

E E Documented Disruption and disorientation of 
nesting and hatching turtles 
due to light 

Loggerhead Sea Turtle 
  Caretta Caretta 

T T Documented Disruption and disorientation of 
nesting and hatching turtles 
due to light 

Northern Right Whale 
  Eubalaena glacialis 

E E Documented Disruption of breeding habitat 

Piping Plover 
  Charadrius melodus 

T T Potential Loss of breeding habitat. 
Disruption due to noise. 

Red Knot  
  Calidris canutus 

T ---- Potential Loss of breeding habitat. 
Disruption due to noise. 

Southeastern Beach Mouse 
  Peromyscus polionotus niveiventris 

T T Documented  Crushing by equipment 
Disruption due to noise 

West Indian Manatee 
  Trichechus manatus 

T SSC Documented Collisions with boating or barge 
traffic in Port of Canaveral area. 

1 T – Threatened       3 SSC – Species of Special Concern   4 Endangered 
2 The American Alligator is protected due to its similarity of appearance to the American Crocodile 
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4.3.3.1 Florida Scrub-Jay 
 
The clearing for the Proposed Action will result in the loss of approximately 14-15 acres of potential scrub-jay habitat 
plus an additional 3.5 acres of less than suitable potential scrub-jay habitat.  The 2015 Florida scrub-jay census did 
not reveal the presence of any scrub-jay groups or individuals within the Proposed Action area as shown in Figure 3-
2; therefore direct impacts are not expected.  The site does contain suboptimal habitat in the form of coastal scrub, 
wetlands, and other natural areas that have been determined to be marginally capable of being occupied by the 
Florida scrub-jay.  The Proposed Action will result in the taking of unoccupied Florida scrub-jay habitat. 
 
Potential effects to the Florida scrub-jay during construction activities would include disruption of normal activities due 
to noise and ground disturbances.  These impacts would be short-term and would elicit a “startle response” to avoid 
the noise.  This would help the birds to avoid the threat and therefore, would not cause a negative impact to 
populations near the project area.  Noise associated with rocket launches may startle many species within the 
CCAFS area.  However actual noise impact to wildlife, including Florida scrub-jay is expected to be minimal.  
Additionally, regarding current and past launch programs on CCAFS, the Atlas, Titan, and Delta launches have been 
documented to not cause any animal mortality or significant impact to wildlife on CCAFS (USAF 1998).   
 
Direct Effect 
The Florida scrub-jay is found within much of the scrub habitat (generally less than 10 feet in height) on CCAFS in 
addition to the KSC and Cape Canaveral National Seashore.  The known distribution is a result of annual surveys 
conducted by CCAFS 45 SW staff.  As reported in the BA, the 2015 census resulted in 154 groups with a total of 431 
birds.  This data represented a decrease of four groups and 49 birds from the 2014; however, the number of groups 
is a 25% increase from the 116 observed in 2003.  In 2013-2015, the closest scrub-jay groups to LC-11 & LC-36 
were north near LC-14, see figure 3-2.  However, there are no documented Florida scrub-jays that occupy the 
proposed action area.  The Proposed Action would involve clearing all vegetation within the construction area.  
Clearing of this area would result in the direct permanent loss of approximately 15-18 acres of scrub-jay habitat.  A 
take may occur as the result of loss of habitat.  The probability and level of incidental take is dependent upon the 
number of Florida scrub-jays within the region; their ability to disperse; and the amount and distribution of available 
suitable habitat.  It is possible that as construction proceeds, they would move away from the construction site; 
however, the USFWS anticipates that a “take” may occur.    
 
Indirect Effect 
Indirect effects are caused by or result from the Proposed Action, are later in time, and are reasonably certain to 
occur.  Indirect effects may occur outside of the area directly affected by the action.  Indirect effects may include 
other federal actions that have not undergone Section 7 consultations, but will result from the action under 
consideration.  The indirect effects will occur in two ways: (1) operation of LC-11 and LC-36 will add activity adjacent 
to occupied habitat, possibly resulting in scrub-jays being struck by vehicles or (2) proposed habitat restoration and 
management activities are expected to enhance scrub-jay dispersal when complete. Dreschel et al. (1990), 
Fitzpatrick et al. (1991), and Mumme et al. (2000) which are references used in the USFWS BO provide the best 
scientific and commercial data on the likelihood of incidental take as the result of scrub-jays being killed by vehicles.  
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The only scientific documentation of road-kill mortality in Florida scrub-jays are from scrub-jays living in a territory 
immediately adjacent to a road, not from dispersing some unknown distance across a road to a new territory.   
 
Mitigation Measures 
 
Mitigation for direct and indirect impacts to the scrub-jay would help lessen or compensate for impacts caused by the 
Proposed Action.  The USAF proposes to restore unoccupied scrub-jay habitat at a ratio of 2:1 for 15 ac (every acre 
lost will require compensation in the amount of two acres) and 1.5:1 for 3.5 ac of impacted lower quality habitat.  The 
resultant 37 acres to be restored will be located in Land Management Unit (LMU 33).  A combination of mechanical 
treatment and prescribed burning would be used to restore habitat.  In addition to the restoration of habitat, CCAFS 
would avoid construction in scrub-jay occupied areas during the nesting season from March 1 through June 30; 
ensure that, prior to clearing of scrub-jay habitat, there is suitable habitat within 1200 feet; that the USFWS would be 
notified of any unauthorized taking of scrub-jays identified during construction; and that CCAFS would conduct 
routine scrub-jay monitoring and submit reports describing the actions taken to implement the terms and conditions of 
the “Incidental Take Statement” of the BO. The BO in Appendix C contains details concerning the restoration 
activities that would take place.  Figure 4-1 shows LMU 33 where the restoration would occur.  
 
If a dead scrub-jay is found at the project site, it will be salvaged in accordance with proper protocols and notification 
will be made to the USFWS office in Jacksonville. 
 
4.3.3.2 Southeastern Beach Mouse 
 
The Proposed Action is expected to require the clearing and grading of approximately 100 acres of the LC-11 and 
LC-36 complex.  The southeastern beach mouse is known to inhabit parts of the area planned to be impacted and, 
as such, there is a planned “take” associated with the proposed action.   
 
Direct Effect 
Construction and operations will occur at least 300 feet west of the beach dune area; typical habitat of the beach 
mouse.  However, the Proposed Action could result in a take of beach mice due to a loss of potential habitat and the 
destruction of beach mice burrows from equipment conducting limited clearing and construction activities in areas 
further inland.  Based on observations made in the field during the recent survey, and plans for construction, the 
USAF believes that less than five acres of land proposed to be impacted may have potential to contain habitat that 
supports the southeastern beach mouse; leaving substantial area for apparent expanding beach mouse habitat. 
 
Potential noise related effects to the southeastern beach mouse during construction activities would include 
disruption of normal activities due to noise and ground disturbances.  These impacts would be short-term and would 
elicit a “startle response” to avoid the noise.  This would help the mice to avoid the threat and therefore, would not 
cause an impact to the beach mouse within the vicinity of the project area.  Actual noise impact to wildlife is expected 
to be minimal.  Additionally, regarding current and past launch programs on CCAFS, neither the Atlas, the Titan, nor 
the Delta launches have been documented to cause any animal mortality or significant impact to wildlife habitat on 
CCAFS (USAF, 1998). 
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Indirect Effect 
It is expected there would be no indirect effects, since habitat may return over time for the southeastern beach 
mouse.  
 
Mitigation Measures 
 
Mitigation for direct impacts to the southeastern beach mouse would help lessen or compensate for impacts caused 
by the Proposed Action.  The proposed restoration of habitat for the scrub-jay is expected to be beneficial to 
southeastern beach mice.  Based on past studies completed for CCAFS, beach mice benefit from the same land 
management activities being conducted for scrub-jays, and the population is expanding into inland locations.  
Therefore, the potential exists to create approximately 37 acres of additional habitat for beach mice.  Additionally, 
long-term restoration of the limited cleared vegetation area around the planned complex would be over-seeded with 
grasses which may restore habitat.  If a dead beach mouse is found at the project site, it will be salvaged in 
accordance with proper protocols and notification would be made to the USFWS office in Jacksonville. 
 
4.3.3.3 Eastern Indigo Snake 
 
The Proposed Action will result in the loss of approximately 20 acres of potential eastern indigo snake habitat 
(includes wetland habitat). A take may occur as the result of habitat loss, although adjacent habitat is available.  
Eastern indigo snakes would also be vulnerable to mortality as a result of injuries sustained during construction 
activities. 
 

Reptiles and amphibians are sensitive to vibrations, which provide information about approaching predators and 
prey.  Vibration and noise associated with construction activities would elicit a “startle response” to avoid the noise.  
These impacts would be short-term and would not cause a negative impact to the eastern indigo snake within the 
vicinity of the project area (USAF, 2010).  Noise associated with rocket launches may startle many species within the 
CCAFS area.  However actual noise impact to wildlife is expected to be minimal.  Additionally, regarding current and 
past launch programs on CCAFS, Atlas, Titan, and Delta launches have been documented to not cause any animal 
mortality or significant impact to wildlife on CCAFS (USAF, 1998). 
 

Direct Effect 
Clearing and construction activities have the potential to result in incidental take of some individuals of eastern indigo 
snake from disturbance and possible mortality during project activities.  A take may occur as the result of this habitat 
loss, although adjacent habitat is available.  Eastern indigo snakes would also be vulnerable to mortality as a result of 
injuries sustained during activities such as vegetation clearing and grading. 
 
The probability and level of incidental take is dependent upon the number of eastern indigo snakes within the region; 
their ability to disperse; and the amount and distribution of available suitable habitat.  It is possible that as 
construction proceeds, they would move away from the construction site; however, the USFWS anticipates that 
“take” may occur.  Incidental take in the form of mortality to eastern indigo snakes would be avoided through 
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preconstruction surveys and relocation of any individuals present within the boundaries of the work area.  Prior to any 
land disturbance activities, a survey would be required to identify locations of gopher tortoise burrows within the 
project area.  This survey would include a burrow count and habitat characterization and would be conducted in 
accordance with FWCC guidelines.  Any eastern indigo snakes encountered during gopher tortoise burrow 
excavation would be safely relocated outside the project area 
 
Indirect Effect   
It is expected that indirect effects could occur from increased traffic in and around LC-11 and LC-36 due to the 
operation of the OLS and testing facility adjacent to occupied habitat, possibly resulting in indigo snakes being struck 
by vehicles.  Since a portion of their suitable habitat would be impacted by the Proposed Action, the indigo snakes 
may have to go elsewhere and cause them to cross busy roads which could result in road-kill mortality. 
 
Mitigation Measures 
 
Mitigation for direct impacts to the eastern indigo snake would help lessen or compensate for impacts caused by the 
Proposed Action.  The 45 SW Indigo Snake Protection/Education Plan would be presented to the project manager, 
construction manager and personnel.  Educational signs would be displayed at the site informing personnel of the 
snake’s appearance, its protected status, and who to contact if any are spotted in the area.  If any indigo snakes are 
encountered during clearing activities, they would be allowed to safely leave the area on their own.  Furthermore, any 
indigo snakes encountered during gopher tortoise burrow excavation, if required, would be safely moved out of the 
project area.  An eastern indigo snake monitoring report would be submitted in the event that any indigo snakes are 
observed.  Approximately 37 acres of potential scrub-jay, beach mouse and eastern indigo snake habitat at CCAFS 
would be restored over a five-year period.  Only individuals with permits would attempt to capture the eastern indigo 
snakes.  If an indigo snake is held in captivity, it would be released as soon as possible in release sites approved by 
the USFWS on the CCAFS. If a dead indigo snake is found at the project site, it will be salvaged in accordance with 
proper protocols and notification will be made to the USFWS office in Jacksonville. 
 
4.3.3.4 Marine Turtles 
 
The proposed clearing and construction of new facilities would not directly impact the nesting beach.  While exterior 
lighting proposed for the new facilities has the potential to be visible from the beach and could result in adult and/or 
hatchling disorientation adjacent to LC-11 and LC-36, operation of the test stand would occur primarily during 
daylight hours, and lighting impact would be limited by a 45 SW and USFWS approved Light Management Plan. 
 
Sea turtles are not expected to be affected by vibration and noise associated with construction activities since the 
project area would be beyond the beach and dune area.  However, noise associated with rocket launches may startle 
many species within the CCAFS area.  Actual noise impact to wildlife is expected to be minimal.  Additionally, 
regarding current and past launch programs on CCAFS, the Atlas, Titan, and Delta launches have been documented 
to not cause any animal mortality or significant impact to wildlife on CCAFS (USAF, 1998).  Anticipated sonic boom 
noise during a launch in the area is minimal, and large sonic boom close to 10 psf may only occur 30 to 40 miles 
offshore and would also have no effect.  Similarly, effects by probable sonic booms during a landing of the first stage 
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on an at-sea platform would occur at least 250 nautical miles east of the Florida coast and would not be expected to 
have an impact on communities. No significant impacts on marine turtles would occur.  
 
Direct Effect 
The Proposed Action would involve clearing vegetation within the construction area of the proposed action.  Although 
the proposed clearing and construction of new facilities would not impact the nesting beach, exterior lighting 
proposed for the new facilities has the potential to be visible from the beach.  Disorientation of adult or hatchling sea 
turtles could result in an indirect take on the adjacent beach.  Lighting visible from the beach can cause adult and 
hatchling sea turtles to move landward, rather than seaward, which increases the chances of mortality.  The USFWS 
concurs with the 45 SW’s determination that the proposed project “may affect and is likely to adversely affect” the 
loggerhead, green, leatherback, hawksbill, and Kemps ridley sea turtles.  However, provided an approved Light 
Management Plan is prepared for the LC-11 and LC-36 complex and for the operations there of, impact to the 
species of sea turtles that utilize the area is expected to be minimal.   
 
Indirect Effect   
It is not expected that indirect effects would occur from the Proposed Action.  
 
Mitigation Measures 
 
To prevent or minimize impacts to sea turtles from new or temporary facility lighting, all exterior lighting proposed for 
this project would be in accordance with the 45 SW Instruction 32-7001, Exterior Lighting Management dated 
January 25, 2008.  Additionally, a Light Management Plan would be required for the new facilities.  Adherence to “45 
SW Instruction 32-7001, Exterior Lighting Management” would reduce the potential for disorientation to occur”.  Strict 
adherence to the plan would be monitored to ensure disorientation is kept to a minimum.  This Plan would be 
approved by the USAF and by the USFWS prior to any facility construction.   
 
4.3.3.5 Gopher Tortoise 
 
The Proposed Action will result in the loss of occupied gopher tortoise habitat.  Due to the probability of being 
disturbed by clearing activities, all tortoises that may be impacted would be safely excavated by FWC authorized 
gopher tortoise agents and relocated to an approved gopher tortoise recipient site on CCAFS property.  Relocation 
activities on military bases are exempt from FWC permitting and fees per the FWC Gopher Tortoise Management 
Plan.  All excavation activities follow state protocol and requirements.  Additionally, the USAF is required to provide 
an annual report that includes relocation activities taking place on its property in accordance with the Gopher Tortoise 
Candidate Conservation Agreement.  The Proposed Action could result in a direct take due to mortality or injuries 
sustained by heavy equipment. 
 
Reptiles and amphibians are sensitive to vibrations, which provide information about approaching predators and 
prey.  Vibration and noise associated with construction activities would potentially cause short-term disturbance to 
gopher tortoises.  These impacts would be short-term and would not cause a significant impact to populations within 
the vicinity of the project area (USAF, 2010).  Noise associated with rocket launches may startle many species within 
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the CCAFS area.  However actual noise impact to wildlife is expected to be minimal.  Additionally, regarding current 
and past launch programs on CCAFS, Atlas, Titan, and Delta launches have been documented to not cause any 
animal mortality or significant impact to wildlife on CCAFS (USAF, 1998). 
 
Direct Effect 
The Proposed Action would involve clearing vegetation within the construction area of the proposed action.  A 
tortoise survey indicated that there are over 62 burrows in the area.  Although the proposed clearing and construction 
of new facilities would eliminate current burrows, a pre-construction tortoise trapping and burrow excavation process 
will be implemented to ensure gopher tortoise survival and relocation.  Construction activities have the potential to 
cause harm to gopher tortoises during such project activities as ground clearance, grading, and moving equipment. 
 
Indirect Effect   
It is not expected that indirect effects would occur from the Proposed Action.   
 
Mitigation Measures 
 
To minimize impacts to gopher tortoises, pre-construction surveys would be conducted to locate tortoises within the 
project area.  Tortoises found during pre-construction surveys, and trappings or burrow excavations, would be 
relocated to nearby viable habitat within CCAFS areas.  The tortoise surveys would include a burrow count and 
habitat characterization and would be conducted in accordance with FWC guidelines.  A monitoring report would be 
submitted in the event that any gopher tortoises are relocated.  If a dead gopher tortoise is found at the project site, it 
would be salvaged in accordance with proper protocols and notification would be made to the FWC.   
 
4.3.3.6 Piping Plover 
 
The Proposed Action is expected to impact approximately 8.29 acres of primary wetlands, but will not come within 
300 feet of the Atlantic coast beach areas (piping plover habitat) located within the project area.  Noise associated 
with rocket launches may startle many species within the CCAFS area.  Actual noise impact to wildlife is expected to 
be minimal.  Additionally, regarding current and past launch programs on CCAFS, the Atlas, Titan, and Delta 
launches have been documented to not cause any animal mortality or significant impact to wildlife on CCAFS (USAF 
1998).  Anticipated sonic boom noise in the area is minimal, and large sonic boom close to 10 psf may only occur 
beyond 30 to 40 miles off shore and would also have no effect to wildlife. 
 
Direct Effect 
Direct effects are expected to occur in the form of noise related to the operation of the OLS and launches of the OLV.  
It is expected that these effects may elicit a, “startle” response.  However, these effects are predicted to be short in 
duration and are not expected to cause lasting negative consequences.   
 
Indirect Effect 
It is expected that no indirect effects would occur.   
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Mitigation Measures 
 
No habitat is expected to be impacted as a result of the proposed action.  Noise effects would be minimal and only 
cause a “startle” effect.  Due to these factors, mitigation will not be required.   
 
4.3.3.7 American Wood Stork 
 
The Proposed Action is expected to impact approximately 8.29 acres of primary wetlands located within the project 
area.  These wetlands are generally of poor quality, and dominated by exotic hardwood species.  These are not 
considered to be prime wood stork foraging areas. 
 
Noise associated with rocket launches may startle many species within the CCAFS area.  Actual noise impact to 
wildlife is expected to be minimal.  Additionally, regarding current and past launch programs on CCAFS, the Atlas, 
Titan, and Delta launches have been documented to not cause any animal mortality or significant impact to wildlife on 
CCAFS (USAF 1998).  Anticipated sonic boom noise in the area is minimal, and large sonic booms close to 10 psf 
may only occur beyond 30 to 40 miles off shore and would also have no effect on wildlife. 
 
Direct Effect 
Direct effects relating to the American wood stork are expected to be in the form of wetland impacts and noise.  
Wetlands represent the core of habitat for the American wood stork, however, the wetlands being impacted as a part 
of the proposed action are generally of poor quality.  Wood storks have not been observed utilizing the wetlands at 
LC-11 or LC-36 for nesting, but it is possible that they occasionally use the wetlands for foraging purposes.  In 
addition to wetland impacts, noise from OLS operation and OLV launches are expected to elicit a, “startle” response.  
However, these effects are predicted to be short in duration and are not expected to cause lasting negative 
consequences.   
 
Indirect Effect 
It is expected that indirect effects could occur from increased traffic in and around LC-11 and LC-36 due to the 
operation of the OLS and testing facility adjacent to occupied habitat, possibly resulting in wood storks being struck 
by vehicles.   
 
Mitigation Measures 
 
Mitigation in the form of wetland enhancement, restoration, and creation would offset impacts to the American wood 
stork.  In addition, because existing wetlands in the project area are of poor quality, these mitigation measures will 
provide new habitat that is more appropriate to the species than what is currently available.  
 
4.3.3.8 Red Knot 
 
The Proposed Action is expected to impact approximately 8.29 acres of primary wetlands, but will not come within 
300 feet of the Atlantic coast beach areas (red knot habitat) located within the project area.  Noise associated with 
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rocket launches may startle many species within the CCAFS area.  Actual noise impact to wildlife is expected to be 
minimal.  Additionally, regarding current and past launch programs on CCAFS, the Atlas, Titan, and Delta launches 
have been documented to not cause any animal mortality or significant impact to wildlife on CCAFS (USAF 1998).  
Anticipated sonic boom noise in the area is minimal, and large sonic boom close to 10 psf may only occur beyond 30 
to 40 miles off shore and would also have no effect to wildlife.   
 
Direct Effect 
Direct effects are expected to occur in the form of noise related to the operation of the OLS and launches of the OLV.  
It is expected that these effects may elicit a, “startle” response.  However, these effects are predicted to be short in 
duration and are not expected to cause lasting negative consequences.   
 
Indirect Effect 
It is expected that no indirect effects would occur.    
 
Mitigation Measures 
 
No red knot habitat is expected to be impacted as a result of the proposed action.  Noise effects would be minimal 
and only cause a “startle” effect.  Due to these factors, mitigation will not be required.   
 
4.3.3.9 West Indian Manatee 
 
The Proposed Action is not likely to have an adverse effect on manatees in the area.  Manatees are not expected to 
be affected by vibration and noise associated with construction activities since they are not in the area continuously 
and the project area would be west of and beyond the beach and dune area.  However, noise associated with rocket 
launches may startle many species within the CCAFS area.  Anticipated sonic boom noise would be beyond 30 miles 
at sea for launches and beyond 3250 miles for first stage landings and would also have no effect.  BMPs would be 
employed to avoid striking manatees during the landing platforms return to Port Canaveral and off-load of the 
returned first stage vehicle. 
 
Direct Effect 
It is not expected that direct effects would occur from the Proposed Action. 
 
Indirect Effect 
It is not expected that indirect effects would occur from the Proposed Action. 
 
Mitigation Measures 
 
Standard BMPs such as posting look-outs and traveling at low speeds would be employed while the landing platform 
is transiting in and out of the Port Canaveral area.   
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4.3.3.10 American Alligator 
 
The proposed action is not likely to negatively impact the American Alligator; which has been noted to inhabit the 
drainage ditches and canals on the license area perimeter.  The alligator is not expected to be affected by the 
vibration and noise associated with construction activities.  Noise from both construction and post-construction 
operations may startle the alligator; however these effects are predicted to be minimal and would not induce long 
term consequences.  Additionally, regarding current and past launch programs on CCAFS, the Atlas, Titan, and Delta 
launches have been documented to not cause any animal mortality or significant impact to wildlife on CCAFS (USAF, 
1998).  Anticipated sonic boom noise in the area is minimal, and large sonic boom close to 10 psf may only occur 
beyond 30 to 40 miles off shore and would also have no effect. 
 
Direct Effect 
It is not expected that direct effects would occur from the Proposed Action.  
 
Indirect Effect 
It is not expected that indirect effects would occur from the Proposed Action. 
 
Mitigation Measures 
 
No mitigation measures should be necessary as there is no effect predicted to occur due to the proposed action. 
 
4.3.3.11 Northern Right Whale 
 
The Proposed Action is not likely to have an impact on right whales in the area, and was not specifically mentioned in 
the BA or in the BO.  Whales are not expected to be affected by vibration and noise associated with construction 
activities since they are not in the area continuously and the project area would be west of and beyond the beach and 
dune area.  However, noise associated with rocket launches may startle species located in the near-shore area 
during migration season.  Actual noise impact to wildlife is expected to be minimal.  Additionally, regarding current 
and past launch programs on CCAFS, the Atlas, Titan, and Delta launches have been documented to not cause any 
animal mortality or significant impact to wildlife on CCAFS (USAF, 1998).  Anticipated sonic boom noise in the area is 
minimal, and large sonic boom close to 10 psf may only occur beyond 30 to 40 miles off shore, beyond the typical 
migration routes of the whale and would also have no effect. 
 
Direct Effect 
It is not expected that direct effects would occur from the Proposed Action, with the exception of the landing platform 
traveling to or from Port Canaveral during whale migration season, which is typically spring months until late May. 
 
Indirect Effect 
It is not expected that indirect effects would occur from the Proposed Action. 
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Mitigation Measures 
 
To minimize interaction in critical habitat areas boats are not to get within 500 yards (418 sq. m) of the right whale.  In 
2008 the rule was finalized and included mandatory reduced speed for ships 65 ft. (59 m) in length or longer to travel 
at 10 knots or less in the critical habitat areas along the east coast during species migration times of the year to 
reduce the threat of ship collisions.  If there is a collision with a whale, a report must be made to the NMFS regional 
stranding coordinator in Miami. 
 
No Action Alternative 
 
Under the No Action Alternative, no changes to the landscape, land and/or vegetation would occur.  The BE-4 
engines would not be tested at LC-11 and the Blue Origin OLV would not be launched form LC-36.  Therefore, a 
slight positive impact would be expected due to the CCAFS Natural Resource Program being able to conduct 
restoration activities within the Proposed Action area. These positive impacts would be expected for the Florida 
scrub-jay, southeastern beach mouse, eastern indigo snake, gopher tortoises, the Florida pine snake, the Florida 
mouse, gopher frog, the American alligator, the wood stork, piping plover, and red knot. No impact would be 
expected for any marine turtles or for the northern right whale.   
 
4.4  HISTORICAL AND CULTURAL RESOURCES 
 
Impacts on cultural resources would be considered significant if they resulted in the disturbance or loss of value 
or data that qualify a site for listing in the NRHP; if there was substantial disturbance or loss of data from newly 
discovered properties or features prior to their recordation, evaluation, and possible treatment; or if the project 
substantially changed the natural environment or access to it such that the practice of traditional cultural or 
religious activities was restricted. 
 
Proposed Action 
 
Neither LC-11 nor LC-36 are considered an historic complex; however the Blockhouse (Building 05501) at LC-36A is 
listed as a historical landmark.  An interview with the USAF 45 SW CRM, indicated that LC-36 is within a large 
archaeological site at CCAFS.  As such the CRM indicated archaeological artifacts (if any) within LC-36 were lost or 

destroyed during site development in the early 1960s.  While Building 05501 (the Blockhouse) is an historic building 

and could not be demolished or modified, Blue Origin does not intend to use or modify the blockhouse; it would be 
protected from potential effects of nearby construction activities.  While most of Blue Origin’s planned construction 
work would be within the current perimeter of LC-36, there are some areas which would extend beyond that fence 
line; see Figure 3-1.  Therefore an archaeological Phase I survey was conducted by an outside firm, and managed by 
the 45 SW CRM.  The letter of concurrence from the SHPO can be found in Appendix E; cultural and historical 
resources are not expected to be impacted. 
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No-Action Alternative 
 
Under the No-Action Alternative, facilities would not be constructed, the Blue Origin OLV engines would not 
be tested, and Blue Origin launches would not occur, therefore, no impacts would occur to historical or cultural 
resources. 
 
4.5  AIR QUALITY 
 
This section describes the potential effects to air quality resulting from either implementation of the Proposed 
Action, or the No-Action Alternative. The Proposed Action would have a significant impact on regional air quality 
if the worst-case scenario emission estimate exceeded current federal and state air quality standards within 
Brevard County. This exceedance would occur if calculated long and short-term impacts from the direct and 
indirect emission sources were significant when compared with the federal and state standards for CCAFS and 
Brevard County, and both lower and upper atmospheres.   
 
Proposed Action  
 
Blue Origin would have essentially three sources of air emission.  The first source would be from construction related 
equipment while the LC-11 and LC-36 areas were redeveloped and built.  The second would be from testing the BE-
4 engine, and the third would be from the launch of a Blue Origin OLV heavy rocket.  Total construction time is 
assumed to be approximately two years.  Additional truck and worker transportation emissions would be minor.  The 
following analysis compares the OLV to previously analyzed vehicles and spacecraft as part of NASA’s routine 
payload final EA (June 2002 and updated in 2011). In that document all candidate launch vehicles considered for 
launch of routine payload spacecraft at CCAFS were reviewed through the environmental impact analysis process 
and determined to have no substantial impact on ambient air quality. In addition, range safety regulations at CCAFS 
prohibit launches when air dispersion models predict a toxic hazard to the public. Consequently, the public in and 
around the launch sites is unlikely to be exposed to concentrations of any launch vehicle emissions that exceed the 
allowable public exposure limits adopted by the range safety organizations. 
 
During the construction phase of each of the alternative actions greenhouse gas emissions such as CO2 would be 
released by fossil fuel powered machinery and vehicles. These emissions are considered minimal and unavoidable 
and in many cases represent only a shift in location of machinery and vehicle use and not an addition to total regional 
emissions (NASA, 2008).  During the operational phase of the new facility, car operations would increase, but as 
mobile sources, they would not cause a significant impact on air quality.  Blue Origin would develop required 
processes and incorporate any CAA requirements in order to obtain a Title V air permit if needed; preliminary 
indications are that a Title V air permit will not be required. 
 
Air Quality Impacts from Launch Vehicles 
 
The CAA does not list rocket engine combustion emissions as ozone depleting substances (ODSs), and therefore 
rocket engine combustion emissions are not subject to limitations on production or use.  Launch emissions are 

 



  DRAFT  

 

Environmental Assessment 
Blue Origin Orbital Launch Site at CCAFS October 2016                                                                                                                          

 
4-24 

considered mobile source emissions and are not required to obtain air permits.  While not regulated, rocket engine 
combustion is known to produce gases and particles that reduce stratospheric ozone concentrations locally and 
globally (WMO, 1991).   
 
The propulsion systems utilized by the Blue Origin OLV emit a variety of gases and particles into the stratosphere.  A 
large fraction of these emissions are chemically inert and do not affect ozone levels directly. Other emissions are not 
highly reactive, but they do have an impact on ozone globally since they participate in chemical reactions that help 
determine the concentrations of ozone destroying gases known as radicals. A small fraction of rocket engine 
emissions are the highly reactive radical compounds that attack and deplete ozone in the plume wake immediately 
following launch.  
 
All of the types of emissions described for this proposed program are exempt from air permitting requirements at 
CCAFS pursuant to FAC Rule 62-210.300(3)(a), Categorical Exemptions, although these type emissions are required 
to be estimated and would be included in the next Title V Air Emissions Inventory Update for the CCAFS facility-wide 
emissions estimations. These types of categorically excluded emissions units or activities are considered to produce 
“insignificant” emissions pursuant to FAC Rule 62-213.430(6). The liquid fuel loading operations on CCAFS are 
included as categorically excluded from air permitting and are considered to be insignificant sources of air pollution 
by the FDEP.  
 
Comparison launch vehicles for the Blue Origin OLVs include the Athena, Atlas family, Delta family, Pegasus, 
Taurus, and Titan II.  The liquid engines and solid rocket motors (SRMs) on these vehicles produce air emissions 
during liftoff and flight.  The primary emission products from the BE-4 liquid engines which use LNG and LOX are 
carbon dioxide, carbon monoxide, and water vapor.  Most carbon monoxide emitted by liquid engines is oxidized to 
carbon dioxide during afterburning in the exhaust plume. 
 

Table 4-3 below lists the quantity of criteria pollutants and hydrochloric acid (HCl) that would be emitted into the 
lowest 915 m (3,000 ft) of atmosphere during each launch of five comparison launch vehicles.  The criteria pollutants 
include VOCs, nitrogen oxides (NOX), CO, SO2, and particulate matter less than 10 microns in diameter (PM10).  
 
Emission of aluminum oxide from the SRMs is included in the PM10 column.  These five vehicles represent the 
largest emission sources from various combinations of liquid engines and SRMs on older vehicles.  Specifically, they 
represent: a) LH2/LOX engines (Delta IV-H), b) RP1/LOX engines (Atlas V Heavy), c) A-50/NTO engines (Titan II), d) 
LH2/LOX engines with SRMs (Delta IV M+ (5,4), and e) RP1/LOX engines with SRMs (Atlas V 551/552).   Since the 
BE-4 engine is liquid fueled it would burn more cleanly and have no NOx, SO2, or HCI. 
 

T a b l e  4 - 3 : Air Emissions (tons) Per Launch of comparison Vehicles into Lowest 3,000 Feet 
of Atmosphere 

 
Vehicle VOC NOx CO SO2 PM10 HCl 
Delta IV Heavy 0 1.6 0 0 0 0 
Atlas V Heavy 0 1.2 0 0 0 0 
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Titan II 0 0.04 0.06 0 0 0 
Delta IV Medium+ 0 0.71 0.0054 0 10 5.1 
Atlas V 551/552 0 1.1 0.01 0 15 7.8 

            Sources: USAF, 2000a & USAF, 1987 
 
Table 4-4 below shows predicted emissions from the OLV engine emissions planned ground tests.  The BE-4 engine 
produces approximately 550,000 lbf of thrust. The testing assumed 30 minutes cumulative run time per month 
(approximately nine (9) times), for a total of approximately 21,600 seconds total annual engine test time for a 12-
month year.  Most CO emitted by the liquid fuel engines is oxidized to CO2 during afterburning in the exhaust plume. 
Thus, CO2, a GHG, is the primary emission from the actual launch vehicle. Other pollutants could be emitted during 
launch operations and engine test operations, including CO that is not oxidized to CO2. Only a small proportion of the 
emissions associated with each launch would have the potential to affect ambient air quality, which is defined as the 
area below the mixing height, and which is typically defined as 3,000 ft.  The launch of the Blue Origin OLV would be 
expected to reach the mixing height within a few seconds.   
 

Table 4-4 Emissions Tests for The BE4 Engine 
Species Emission rate, lbm/sec Annual Emissions, TPY 

CO 1.09142 11.787 

CO2 1406.954 15195.103 

H 0.008422 0.091 

H2 0.054077 0.584 

H2O 1165.503 12587.432 

O 1.304409 14.088 

OH 5.355169 57.836 

TOTAL:  27866.921 

Source: Blue Origin Test Stand Emission Estimates 2016 

The following air emissions analysis is provided to support estimates for a full heavy-lift OLV launch event.  Blue 
Origin analysts used industry-standard computer modeling to generate emission outputs including NASA Chemical 
Equilibrium with Applications (CEA) and Standard Plume Flowfield III.  
 

 CEA- CEA is a program which calculates chemical equilibrium product concentrations from any set of 
reactants and determines thermodynamic and transport properties for the product mixture. Built-in 
applications include calculation of theoretical rocket performance, Chapman-Jouguet detonation 
parameters, shock tube parameters, and combustion properties. 
 

 Standard Plume Flowfield III- The Standard Plume Flowfield (SPF-III) is a Joint Army Navy NASA Air Force 
(JANNAF) standard computer code used for predicting the gas dynamic structure of single-phase and two-
phase low altitude of less than 43.5 miles (< 70 km) rocket exhaust plumes. SPF is used to predict plume 
signatures and plume/vehicle interaction phenomena, and incorporate the effects of flow over the missile 
body and in the base separated region.) 
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Using these modeling techniques, Blue Origin provided the data shown in Table 4-5 for a typical launch of the heavy 
–lift vehicle (4.5Mflbf total thrust / 550,000  lbf per engine), and  Table 4-6 for an annual total of 12 heavy-lift vehicles 
for expected emissions  under 3,000 feet of the flight.  
 

Table 4-5 Air Emissions (tons) Per Launch of Orbital Launch Vehicle into Lowest 3,000 feet of Atmosphere 

Vehicle CO CO2 H H2 H20 O OH 

Blue Origin OLV 0.145 187.012 0.007 0.007 154.919 0.173 0.711 
 
 

Table 4-6  Total Annual Emissions below 3,000 feet, TPY (12 Launches) 

Vehicle CO CO2 H H2 H20 O OH 

Blue Origin OLV 1.74 2244.15 0.01 0.09 1859.02 2.08 0.711 
 
 
These amounts are not enough to result in an exceedance of the NAAQS for CO. Small quantities of the other 
pollutants, such as NOx, would primarily occur above 3,000 ft. and would disperse quickly after launch and therefore 
were not quantified for the analysis and are essentially zero.  Brevard County and CCAFS is in attainment, and 
therefore the General Conformity Rule does not apply. In conclusion, the operational impacts from the Proposed 
Action on air quality would not be significant for a launch of the OLVs. 

 
Air dispersion models are used at CCAFS to predict toxic hazard corridors for nominal launches, catastrophic launch 
failures, and spills of liquid propellants. Among the models used are the Rocket Exhaust Effluent Dispersion Model 
(REEDM), the Launch Area Toxic Risk Assessment Model (LATRA), and the Ocean Breeze/Dry Gulch (OB/DG) 
model.  As documented in previous EAs and EISs performed for the launch vehicles at CCAFS, these emissions 
would not substantially impact ambient air quality or endanger public health.  The potential for an accidental release 
of liquid propellants would be minimized by adherence to applicable USAF and NASA safety procedures (USAF, 
1998).  Spills would be managed according to a spill response plan already in place at CCAFS.  
 
For payloads which may contain hypergolic fuels, U. S. Air Force Toxic Chemical Dispersion Model (AFTOX) output 
relevant to this EA Appendix L documents the mean hazard distance predictions for release of the routine payload's 
maximum liquid propellant loads, which consist of 1000 kg (2200 lb) of hydrazine, 1000 kg (2200 lb) of MMH, and 
1200 kg (2640 lb) of NTO. The AFTOX Version 4.0 (Kunkel, 1991) was used to predict the mean hazard distances 
resulting from the spillage of each of the three liquid propellants. AFTOX is a simple Gaussian puff/plume dispersion 
model that assumes a uniform wind field. AFTOX was used to predict mean distances to selected downwind 
concentrations of each toxic vapor. The selected concentrations used for this analysis were the Short-Term 
Emergency Guidance Levels (STEGLs) for hydrazine (0.12 ppm 1-hour average), MMH (0.26 ppm 1-hour average), 
and nitrogen dioxide (1.0 ppm 1- hour average). AFTOX runs were conducted for daytime and nighttime conditions at 
two different wind speeds (2 and 10 m/s (7 and 32 feet per second)). These meteorological conditions were selected 
to illustrate possible hazard distances. Other meteorological conditions would produce different hazard distances but 
would not change the conclusion that the concentrations fall below hazardous levels within a relatively short distance 
of the release. Other acceptable modeling such as REEDM, LATRA, or OB/DG would be used by CCAFS with Blue 
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Origin input to verify parameters stated by AFTOX results. 
 
Spillage of the entire payload propellant load, while unlikely, could occur during payload processing, payload 
transportation, payload mating to the launch vehicle, or during the actual launch operation. A launch accident could 
result in payload ground impact resulting in propellant tank rupture and spillage. The cases modeled by AFTOX are 
worst case since they assume that the spills are unconfined and evaporate to completion without dilution or other 
mitigating action.  
 
The relatively small emissions associated with ground support operations or refueling operations would have little 
incremental and cumulative impact in an area that presently meets air quality standards. The OLV Program is 
designed for minimal vehicle assembly or processing on the launch pad, with most of the vehicle assembly taking 
place at proposed Blue Origin facilities at CCAFS.  Engine testing at LC-11 would be less than 21,600 seconds per 
year (30 minutes per month). The length of each test is dependent upon the necessary requirements of the test, 
however, it is estimated that there would be nine (9) test events per month. Since the atmospheric emissions 
associated with engine testing and launch programs is expected to be brief and sporadic, the long-term cumulative 
air quality impacts in the lower atmosphere would not be expected to be significant.   
 
No-Action Alternative 
 
Under the No-Action Alternative, the Blue Origin OLV would not be launched and engine testing would not occur; 
therefore, no impacts to air quality would occur. 
 
4.6 CLIMATE 
 
This section describes the potential effects to climate resulting from either implementation of the Proposed Action, or 
the No-Action Alternative.  This section also discusses the potential effects that currently understood climate change 
issues may have on the Proposed Action and the No-Action Alternative. The 2016 CEQ specifically asks agencies to 
consider; 
 

1) The potential effects of a proposed action on climate change as indicated by its Green House Gas (GHG) 
emissions; and  
2) The implications of climate change for the environmental effects of a Proposed Action. 

 
Some of the impact on climate is presumed to be caused by increases in GHG.  However there are no significance 
thresholds for aviation or commercial space launch GHG emissions, nor has the FAA identified specific factors to 
consider in making a significance determination for GHG emissions. There are currently no accepted methods of 
determining significance applicable to aviation or commercial space launch projects given the small percentage of 
emissions they contribute. Therefore, it is difficult to assess what would be a significant impact on the climate. 
Conversely, based on a global input, it is difficult to also assess what significant impact climate may have upon the 
Proposed Action at CCAFS.     
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Since the late 2000s there have been changes in GHG regulations which are required to be addressed.  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 economic and social consequences across the globe.  
 
Table 4-7 below shows the most recent summary of GHG for all activities at CCAFS (45 SW, 2016b).  Note that the 
threshold for reporting GHG is 25,000 MtCO2 per year (40 CFR 98); data for 2014 and 2015 is not yet available. 
 

TABLE 4-8 Summary of Greenhouse Gases Emissions for CCAFS (Years 2011 through 2013) 

GHG 
GHG Emissions for                  2011 

Ton (Short) Ton (Metric) MtCO2e 

CO2 3,160.034 2,866.735 2,866.735 

N2O 0.052 0.047 14.624 

CH4 122.215 110.872 2,328.303 

                                                      TOTAL REPORTABLE GHG*  for 2011 5,209.662 

GHG GHG Emissions for                  2012 

 Ton (Short) Ton (Metric) MtCO2e 

CO2 2,827.90 2,565.43 2,565.42 

N2O 0.05 0.04 13.21 

CH4 211.41 191.79 4,027.65 

                                                      TOTAL REPORTABLE GHG*  for 2012 6,606.28 

GHG GHG Emissions for                  2013 

 Ton (Short) Ton (Metric) MtCO2e 

CO2 6,148.266 5,577.651 5,577.651 

N2O 227.900 206.500 61,153.000 

CH4 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 
NOTE: MtCO2e = Metric Ton Carbon Dioxide Equivalent 
            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. 

 
Annual GHG emissions associated with the Proposed Action operations are compared to U.S. 2011 GHG emissions 
(EPA, 2013) and the 2011 global CO2 emissions in Table 4-8 below.  The estimated worst case CO2 emissions from 
probable annual operations of the Blue Origin OLV at CCAFS of 17,439 MtCO2 (15,195 MtCO2 for engine testing and 
2,244 MtCO2 for 12 launches) is less than a millionth of 1 percent of the total GHG emissions generated by the U.S. 
in 2010 and much less than a millionth of 1 percent of the total CO2 emissions generated worldwide as reported in a 
European Commission–Joint Research Centre 2012 document.  Emissions of GHGs from the Proposed Action alone 
would not cause any appreciable global warming that may lead to climate change.  However, these emissions would 
increase the atmospheric concentration of GHGs.  At present, no methodology exists that would enable estimating 
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the specific impacts that this increment of warming would produce locally or globally. However if Blue Origin tests 
their engines at the maximum rate per year, and launches the OLV at the rate of 12 per year (beginning after 2018), 
the production of CO2  may exceed 25% of the threshold for reporting GHG of 25,000 MtCO2 per year (40 CFR 98).  
It should be noted that this limit does not apply to launch vehicles, but is used as a general GHG “benchmark”. 
Therefore the impact to the climate would still not be significant. 
 

Table 4-8 Estimated Carbon Dioxide (CO2) Emissions from Blue Origin OLV Operations 
Annual Emissions Source Metric Tons CO2 per Year 
Global Total CO2 Emissions 3,400 x 107 

U.S. 2010 Total GHG Emissions 6,821.8x 106 

2013 CCAF GHG Emissions (Total ) 72,547.87 

12 Blue Origin OLV launches and a year’s engine testing 17,439 

Blue Origin OLV GHG Percent of Global GHG 
                                Percent of US GHG 
                                Percent of CCAFS GHG 

<.0000005 
<.000003 
24%  

NOTE: CCAFS 2014 and 2015 data not yet available 
 
Climate change effects on the Proposed Action were also considered in the analysis of the project. Effects 
considered per the 2016 CEQ guidance include increasing sea level, drought, high intensity precipitation events, 
increased fire risk, or ecological change. Climate change impacts are variable, therefore the effects listed were 
considered on regional and local lens: the Southeastern United States and CCAFS respectively. Sea level rise was 
taken into further analysis due to its predictability and impact on the region and potential effects on the project area. 
According to the 2014 “Climate Change Impacts in the United States: The Third National Climate Assessment,” this 
region is especially vulnerable to sea level rise which is expected to accelerate through 2100 (Carter, et al., 2014). 
Vulnerability was relative measure defined by the “coastal system’s susceptibility to change with its natural ability to 
adapt to changing environmental conditions” (Carter, et al., 2014). While there is strong predictability based on 
current scientific understanding that sea level will continue to rise throughout the 21st century and centuries to come, 
the 2013 “Fifth Assessment Report of the Intergovernmental Panel on Climate Change” concludes uncertainties 
remain regarding the magnitude and regional distribution of sea level rise (Church, et al., 2013).  
 
Blue Origin recognizes the regional and local vulnerability to sea level rise based on the coastal location of the 
Proposed Action. Adaptation mechanisms discussed in the Third National Climate Assessment were considered to 
mitigate impacts associated with climate change: protect, accommodate, or retreat (Cater, et al., 2014). Per the 45 
SW General Plan which outlines effects due to a change in climate and plans for future optimization of the base 
under altered climactic conditions, LC-11 and LC-36 do not need to be relocated in response to sea level rise; 
therefore Blue Origin has removed the “retreat” adaptation method from further consideration.  
 
Blue Origin factored global climate change and water level rise into the design of the OLS. All new road-ways would 
be constructed between 6 inches and 12 inches higher than existing roadways which are some of the highest in the 
area. The design falls into accordance with the CCAFS General Plan guidance. Current roadways at LC-36 are 
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approximately 7.5 feet above the 100 year flood stage.  Current design also calls for building floors to be at least 8.5 
feet above 100 year flood stage. 
 
 
The Proposed Action 
 
Redeveloping LC-11 to be used as an engine test stand, and LC-36 to be used as a launch facility would have a 
negligible effect on GHG on a global or on a regional basis, and therefore on the climate.  As shown above in Table 
4-9 engine testing and launch operations of the Blue Origin OLV would have an extremely small impact on GHG and 
the climate.   However, locally if Blue Origin tests their engines at the maximum rate per year, and launches the OLV 
at the rate of 12 per year (beginning after 2018), the production of CO2  may slightly exceed the threshold for 
reporting GHG of 25,000 MtCO2 per year (40 CFR 98).  It should be noted that this limit does not apply to launch 
vehicles, but is used as a general GHG “benchmark”. Therefore, no significant impact to the climate would occur. 
 
Climate effect on the proposed action would also be insignificant.  Blue Origin’s redevelopment and construction at 
LC-11 and LC-36 would include structural elevations of 10 feet or more above the current grade the launch pad itself 
would be approximately 60 feet above current grade.  Additionally, while the USAF General Plan proposes several 
launch complexes along ICBM Road be moved approximately 2,000 feet further inland from the Atlantic coastline to 
provide an environmental and security buffer, LC-11 and LC-36 would remain where they are (45 SW General Plan).   
 
No-Action Alternative 
 
Under the No-Action Alternative, the Blue Origin engine test stand and launch site would not be built, and the OLV 
would not be launched. Therefore, a slight positive impact would be expected due to the habitat management 
activities of CCAFS Natural Resource Program. 
 
4.7 HAZARDOUS MATERIALS/HAZARDOUS WASTE 
 
A project may result in a significant impact from hazardous materials/hazardous waste if it increases the potential for 
exposure to hazardous materials/waste or increases the likelihood of a hazardous materials release to the 
environment. Impacts on hazardous materials and waste management would also be considered significant if they 
resulted in noncompliance with applicable regulatory guidelines or increased the amounts generated beyond 
available waste management capacities.   
 
Proposed Action   
 
The Proposed Action would not be expected to result in significant impacts due to hazardous materials and solid 
waste around LC-11 or LC-36.  All hazardous materials would continue to be handled and disposed of per the 
requirements established by RCRA and OSHA (Hazardous Materials) and per the Hazardous Materials Contingency 
Plan developed for the other launch vehicle programs; Blue Origin would develop a compatible and compliant plan of 
their own; those plans have been developed and are successful at their Texas launch site. Blue Origin would also 
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develop and implement proper handling procedures for any payloads containing hypergolic fuels. Since all applicable 
federal, state, and local rules and regulations would continue to be followed for the proper storage, handling, and 
usage of hazardous materials under the Blue Origin OLV Program, no significant impacts due to hazardous materials 
management would occur under the Proposed Action. Changes in quantities of fuel would be addressed by revising 
required procedures appropriately. 
 
The approximate quantities of materials that would be used during processing of a routine payload spacecraft would 
remain the same as for other similar launch vehicles. Facilities at LC-36 would be permitted to process hypergolic 
propellants and would continue operating under those permit requirements for any hypergolic propellants and waste 
products.  
 
Space Vehicle Processing Hazardous Waste Production 
 
The hazardous materials used to process routine payload spacecraft could potentially generate hazardous waste.  
Blue Origin would conduct operations with hazardous waste in accordance with existing requirements.  No Class I 
ODSs would be used in the payload processing facilities.  
 
The approximate quantities of materials that would be used during processing of a routine payload mission would 
remain the same as for other similar launch vehicles.  Facilities at LC-36 would be permitted to process hypergolic 
propellants and would continue operating under those permit requirements for any hypergolic propellants and waste 
products.  The primary hazardous materials used under the Proposed Action would be propellants produced from 
BE-4 engine testing and from OLV launches.   
  
Solid waste would be expected to increase slightly with increased launch activities. The amount of solid waste 
generated would be handled under existing collection and disposal operations.  Blue Origin would develop a Pollution 
Prevention Management Plan, in coordination with CCAFS pollution prevention plans and goals, to comply with all 
federal, state, and local regulations.  Blue Origin would track the usage of all Emergency Planning and Community 
Right-to-Know Act (EPRCA) listed chemicals and report emissions to the responsible government organization at 
CCAFS. 
 
No-Action Alternative 
 
Under the No-Action Alternative, the Blue Origin OLV program would not be implemented; therefore, no impacts on 
hazardous materials or hazardous waste management would occur. 
 
4.8 ORBITAL DEBRIS 
 
4.8.1 OLV Orbital and Reentry Debris 
 
This section describes the potential effects of orbital debris from either implementation of the Proposed Action, or the 
No-Action Alternative.  Orbital debris, a result of U.S. and foreign space activities, may reenter the Earth’s 
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atmosphere. Blue Origin’s policy is to employ design and operations practices that limit the generation of orbital 
debris, consistent with mission requirements and cost-effectiveness.  General methods to accomplish this policy 
include: 
  

 Depleting on-board energy sources after completion of mission, 

 Limiting orbit lifetime after mission completion to 25 years or maneuvering to a disposal orbit, 

 Limiting the generation of debris associated with normal space operations, 

 Limiting the consequences of impact with existing orbital debris or meteoroids, 

 Limiting the risk from space system components surviving reentry as a result of post-mission disposal, and 

 Limiting the size of debris that survives reentry. 
 
Proposed Action 
 
Blue Origin would launch routine payloads which comply with NASA Handbook 8719.4 as a reference document to 
understand and mitigate orbital debris.  The Blue Origin OLV launch operations, flight profile and trajectory would be 
the same as other typical and recent launch vehicles launched form CCAFS.  There are two issues of note in 
evaluating orbital and reentry debris.  The first is the physical reentry of foreign objects and the resulting noise, 
contact force, and settling of the debris.  The second is the potential for hazardous materials that may be contained in 
or on the debris.  FAA and other launch organizations would ensure that “Notices to Mariners” and “Notices to 
Airmen” (NOTAM) would be provided prior to any launch to reduce the risk to aircraft and surface vessels.  Reentry is 
controlled by Range Safety and efforts would be coordinated to reduce the risk to shipping lanes and ensure vessel 
activity would be outside the launch and reentry zone.  
 
There are four laws relating to marine debris: 1) the Marine Plastic Pollution Research and Control Act; 2) the Marine 
Debris Research, Prevention, and Reduction Act (MDRPRA); 3) the Shore Protection Act; and 4) the Marine 
Protection, Research, and Sanctuaries Act (MPRSA) which regulates the ocean disposal of hazardous waste.  The 
most applicable law to reentry boosters is the MDRPRA.  This Act tasks NOAA and the U.S. Coast Guard to assess, 
reduce, and prevent marine debris and its adverse impacts on the marine environment and navigation safety. 
 
As previously discussed the first stage would land on an at-sea barge or may crash land in the Atlantic Ocean.  The 
stage would not have parachutes.  The second and possible third stages would be “safed” and either allowed to de-
orbit and land in the Indian Ocean, or would be boosted to a “safe” orbit.  Based on the preceding discussion, the 
launch of Blue Origin OLV and spacecraft, and their potential addition to, or affects from orbital debris is not expected 
to have a significant impact on the environment.  See the informal consultation email in Appendix D.  
 
No-Action Alternative 
 
Under the No-Action Alternative, the Blue Origin OLV program would not be implemented; therefore, no impacts from 
orbital debris would occur. 
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4.9 WATER RESOURCES 
 
A project may have a significant impact on water resources if it substantially affects a significant water body, such as 
an ocean, stream, lake, wetland, or bay; causes substantial flooding or exposes people to reasonably foreseeable 
hydrologic hazards such as flooding; substantially affects surface or groundwater quality or quantity; or exceeds the 
existing potable water or wastewater system capacities for CCAFS. 
 
This section describes the potential effects to surface water and groundwater, (including hydrology and water 
quality), wetlands, and floodplain resulting from either implementation of the Proposed Action, or the No-Action 
Alternative.   
 
Proposed Action 
 
The Proposed Action would not be expected to significantly impact water resources around LC-11 and LC-36 or 
around CCAFS.  The existing surface drainage patterns at LC-11 and LC-36 would be altered if any excavation 
and/or grading and the creation of additional impervious surfaces occurred.  The site has been previously disturbed, 
so natural drainage patterns no longer exist. The planned design and construction of the test stand at LC-11 and the 
launch complex/integration facility at LC-36 would change the existing drainage course, but adverse impacts to 
natural drainages are not anticipated.  Impacts from erosion, and specific measures to control both wind and water 
erosion of soils prior to, during, and after construction, would be taken care of by developing a Stormwater Erosion 
and Pollution Prevention Plan (SWPPP).  A stormwater management system would be required for the impervious 
surface construction at the launch site.  The design would be developed and an ERP would be reviewed and 
approved by the SJRWMD prior to beginning construction.  In addition, all required dredge and fill permits would be 
approved through the USACE.  
 
Because the disturbed area is greater than 1 acre, an NPDES Stormwater Construction Permit would be required by 
FDEP and a SWPPP would be implemented.  The ERP would also be required by SJRWMD for any activity that 
meets the requirements listed in Rule 40C, F.A.C prior to beginning construction.  Additionally, the 45 SW would be 
co-applicant on the permit. This process ensures that the design is in compliance with current and applicable 
stormwater and wastewater regulations, and protective of wetlands. Any direct and/or secondary impacts to wetlands 
would be discussed and offset as part of the ERP with SJRWMD and any stormwater flow alteration requirements 
would be addressed with the FDEP.  
 
Under the Proposed Action, launch deluge wastewater generated by both engine testing operations at LC-11 and 
launch operations at LC-36 would be contained in new, separate deluge (impermeable concrete) basins.  Collected 
water would be tested, then released either to the stormwater retention basins, or may be reused and pumped back 
to the storage tank.  Any discharge to the ground surface will require an Industrial Waste Water permit. A No 
Exposure Certification for exclusion from NPDES stormwater permitting will also be required. Blue Origin will 
continue discussions with FDEP and pursue all required permitting for stormwater discharge associated with 
industrial activity. With the deluge basin capacities of either 100,000 or 500,000 gallons, it is highly unlikely that 
deluge wastewater would be inadvertently discharged from the basin prior to testing and controlled discharge to 
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stormwater retention basins. Therefore, no significant impacts on jurisdictional waters of the U.S. are expected under 
operation of the Proposed Action.” 
 
The intermittent drainage from LC-36 could be affected by the exhaust cloud that would form near the launch pad at 
liftoff as a result of the exhaust plume and evaporation and subsequent condensation of deluge water. Because the 
Blue Origin vehicles use only LOX and LNG propellants, the exhaust cloud would consist of steam only and would 
not consist of any significant amounts of hazardous materials. As the volume of water condensing from the exhaust 
cloud is expected to be minimal and temporary, the exhaust cloud would result in no significant impacts on surface 
water quality at LC-36.   
 
Potable water would be supplied by the existing water distribution systems at CCAFS and the Proposed Action would 
have a negligible impact on system capacity or surface and groundwater resources.   
 
Wetlands and 100-year Floodplain   
 
Proposed Action 
Wetlands have been surveyed and delineated throughout the project site; construction or land management activities 
would attempt to avoid wetland areas, however it is expected that reusing/reactivating LC-11 and/or LC-36, and the 
additional planned construction for the OLV program would disturb wetlands.  Appendix M contains drawings which 
show detailed locations of wetlands as well as the planned impacts thereon.  Appendix N contains a SJRWMD 
summary of impact table.  Blue Origin has been working with the USAF, NASA, the USACE, and the SJRWMD to 
assess the most efficient means to mitigate the wetlands impact.  Based on formal wetlands surveys by the USACE, 
and the SJRWMD, matched against the planned design, approximately 8.29 existing acres of primary wetlands on 
the ~306 acre parcel would be impacted. The impact is minor in extent due the previously disturbed nature of LC-36 
and LC-11, Blue Origin’s commitment to wetland avoidance in design, and mitigation measures in place to offset loss 
with the creation and maintenance of wetlands at Blue Origin’s Exploration Park property.  
 
The Proposed Action yielded the smallest cumulative wetlands impact and was chosen because it was the least 
impactful alternative following an analysis of twelve different site layouts. Prior to site design, the wetlands were 
surveyed and avoided to the most practicable extent possible, however some impacts were unavoidable. Wetland 
loss within the context of Biological Resources is addressed in Section 4.3.   
 
The 100-year floodplain surrounds some parts of the LC-11 and LC-36 area as shown in the figure included in 
Appendix H.  Because the Proposed Action is subject to whether the project would be a significant floodplain 
encroachment in accordance with Executive Order 11988 and DOT Order 5650.2 or not, the action was assessed by 
considering each of the following three scenarios, which are followed by the finding: 
 

1. Would the action have a considerable probability of loss of human life? 
 
Construction and operation of the proposed launch site would not result in considerable probability of loss of 
human life. Designed or constructed buildings for human habitation would be elevated at least ten feet 
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above 100 year flood levels.  The proposed site would also not prohibit people from entering or exiting the 
area should a flood event occur. 
 

2. Would the action likely have substantial, encroachment-associated costs or damage, including interrupting 
aircraft service or loss of a vital transportation facility (e.g., flooding of a runway or taxiway, important 
navigational aid out of service due to flooding, etc.)? 
 
The proposed site would be constructed within a large contiguous floodplain that spans the coast of Florida.  
Construction would result in clearing approximately 20 acres of vegetation and/or wetlands within the 
floodplain.  This is a small area compared to amount of floodplain in the vicinity of CCAFS.  The Proposed 
Action would not result in new areas being subject to 100-year floods, nor would it result in existing areas 
subject to 100-year floods becoming more prone to floods. 
 

3. Would the action cause a notable adverse impact on natural and beneficial floodplain values? 
 
Based on the analysis in Section 4.3 (Biological Resources), and an understanding that the Proposed Action 
calls for limited cutting and grubbing of all vegetation in the floodplain, construction impacts to the natural 
and beneficial floodplain values wildlife (including federally threatened or endangered species) has been 
addressed by the USFWS required BA and BO and found not to be significant.   

 
Based on the expected adverse impacts on one of the natural and beneficial floodplain values (i.e., wildlife), the 
Proposed Action would result in a floodplain encroachment per DOT Order 5650.2.  With the mitigation identified in 
the USFWS’s BO, no significant impacts on wildlife within the floodplain are expected.  It should be noted that the 
boundary of launch complexes LC-12, LC-13, LC-14, and most of LC-46 are also located within the 100-year 
floodplain as discussed in the reactivation and reuse EA (USAF, 2005).  The required site plans for the OLS affords 
no other practicable alternative that would meet the requirements of the project. The public was made aware of this 
floodplain encroachment through Blue Origin’s public notice in the Florida Today newspaper (3-day advertisement). 
 
Mitigation Measures 
 
Blue Origin intends to mitigate the impacted wetlands resulting from the Proposed Action through the creation and 
enhancement of approximately 53 acres of wetlands at their Manufacturing Facility parcel in Brevard County, Florida. 
Blue Origin’s Manufacturing Facility property which consists of 139 acres at Exploration Park is located within 
Kennedy Space Center.  The planned creation and enhancement activity is expected to yield up to 14.5 functional 
gain units/credits and has been coordinated with the USACE and the SJRWMD, as well as USAF and NASA.  An 
excess of 8.297 credits exists to support mitigation activities for the Proposed Action at CCAFS.  Specifically to 
address mitigation of wetlands impacts, Blue Origin has created a Financial Responsibility Mechanism for mitigation, 
monitoring and corrective action for the project.  This investment of nearly $2M provides for the creation of 33+ acres 
of wetlands that is specifically dedicated to offsetting wetlands impacts at CCAFS and is detailed in the approved 
ERP 143199-2 for the Manufacturing Facility. The referenced Manufacturing Facility permit was received on April 29, 
2016, and is documented on the SJRWMD website. As part of a detailed pre-application meeting with SJRWMD, 
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Blue Origin discussed its strategy to mitigate LC-11 and LC-36 wetlands impacts through creation of 33 acres of 
wetlands and with concurrence of SJRWMD, subsequently submitted a draft LC-11 and LC-36 I-ERP permit package 
which documents wetlands impacts and mitigations.  The result of this analysis shows impact to wetlands would not 
be significant.    
 
Significant impacts to the floodplain are not expected.  Stormwater management systems would mitigate flooding 
potential due to constructed impervious surfaces (launch pads and roads).   
 
No-Action Alternative 
 
Under the No-Action Alternative, facilities would not be constructed and Blue Origin OLV launches would not occur, 
therefore, no impacts to hydrology or water quality, wetlands of floodplains would occur.  
 
4.10 GEOLOGY AND SOILS 
 
A project may result in a significant geologic impact if it increases the likelihood of, or results in exposure to, 
foundation instability, land subsidence, or other severe geologic hazards. It may also be considered a significant 
geologic impact if it results in the loss of the use of soil for agriculture or habitat, loss of aesthetic value from a unique 
landform, loss of mineral resources, or causes severe erosion or sedimentation. 
 
Proposed Action 
 
The Proposed Action would not be expected to impact geology and soils.  No unique geologic features of exceptional 
interest or mineral resources occur in the project area.  Refurbishment of the former launch complexes and additional 
construction within this Proposed Action would follow methods that are standard in the industry to avoid unnecessary 
discharge into wetlands and surface waters such as double silt fencing, floating turbidity barriers, filter socks and 
temporary diversion beams among other techniques, if necessary; therefore, no impact would occur to these 
resources.  Since there has been recorded site contamination and a removal action, any soil that may be disturbed 
should remain onsite or properly disposed of in accordance with the LUCIPs included in Appendix F.  Operation of 
the Proposed Action would not affect geology or soils at or near LC-11 and LC-36.  Therefore, no impacts on these 
resources would occur under operation of the Proposed Action.   
 
No-Action Alternative 
 
Under the No-Action Alternative, the Blue Origin OLV Program would not be implemented; therefore, no impacts on 
geology and soils would occur. 
 
 
 
 
 



  DRAFT  

 

Environmental Assessment 
Blue Origin Orbital Launch Site at CCAFS October 2016                                                                                                                          

 
4-37 

4.11 TRANSPORTATION 
 
This section discusses the projected traffic conditions along roadways which may be affected by Blue Origin’s OLV 
Program and OLS operations.  A project would have a significant impact on transportation if it caused an exceedance 
of the capacity of roadways or impacted structural sections of roadways.   
 
Proposed Action 
 
The Proposed Action would impact transportation; however plans to address roadway, culvert and turn radius 
improvements have been developed and would be implemented prior to the transport of any vehicle to the launch 
facility.  The length, width, height (Payload) and weight of the vehicle stages are larger than previous launch vehicles 
used at LC-36.  The added length would require a special trailer rig with specially designed and built dual lane trailers 
having up to eight axles.  The first stage would be carried by an eight-axle trailer on the front end, and a six-axle 
trailer in the rear, and would be pulled by a separate truck.  The load would spread to the axles and to the wheel 
base ensuring that the roadways would not experience loads greater than recommended by the FDOT.  The second 
and third stage if used and the payload would each be trucked separately to the LC-36 integration facility in similar 
fashion.  A special traffic study was developed that would support this Proposed Action.  Minor road modifications in 
some road intersections and turning situations would be needed, some traffic signals would need to be modified or 
moved, and two sets of power lines would be required to either be elevated more, or run under the roadway to 
eliminate obstructions.   
 
Since each transported load would require a slower than posed speed, following traffic, and in some areas counter 
flow, traffic would need to be blocked and/or re-routed.  To reduce any slow-pace traffic affects, vehicle transport 
would be scheduled in “off-hours” and would avoid peak flows periods generally from 6:00 to 9:00 AM and from 3:30 
to 5:30 PM.  Shipment of these components to CCAFS and to the site would occur no more than 12 times a year; 
therefore, they would have no significant impact on traffic in the region.  Transport of a returned first stage from the 
port off load areas to LC-36 would also occur 12 times or less per year; these travel delays would not be significant.  
Blue Origin would schedule and work with the US Coast Guard and port authorities for the sea-going platform/ship 
that would be carrying the first stage through various possible locations at Port Canaveral to ensure there would be 
no impacts to other traffic or to sea life such as the manatee.  Hazardous materials and hazardous wastes 
transferred for the vehicles would be managed as those normally encountered in public transportation; their shipment 
over public highways and roads would be in compliance with DOT regulations.  Worker trips to LC-11 and LC-36 
would increase gradually each year starting in 2017, and rise to approximately 75 Blue Origin employees at CCAFS 
by year 2025.  Although this is an increase, the yearly increase would not present a significant impact on 
transportation.   
 
Overall launch viewing traffic per year has declined significantly since the Shuttle Program was terminated in 2011.  
Traffic volume increases for a Blue Origin OLV launch would be expected, but initially is expected to be less than that 
of a Shuttle launch.  Therefore impact from increased visitor or public observers would cause no significant impact on 
CCAFS and local traffic patterns.    
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Blue Origin will continue to coordinate transportation planning through the appropriate 45 SW and NASA KSC 
channels, including the KSC Center Planning Office and Construction of Facilities office to minimize transportation 
operational impact.  
 
No-Action Alternative 
 
Under the No-Action Alternative, Blue Origin would not reuse LC-11 for the testing of rocket engines and would not 
redevelop LC-36 into a launch facility.  Blue Origin would not test engines for future use by the government, and 
would not launch their OLV from LC-36; therefore, no impacts on transportation would occur. 
 
4.12 UTILTIES 
 
This section describes the potential effects to the water supply system, the solid waste management aspect, and the 
electrical supply system by implementing the Proposed Action or the No-Action Alternative.  The action may have a 
significant impact on these resources if it substantially affects capacity of the systems to maintain existing services. 
 
Proposed Action 
 
Water Supply 
 
Current potable and non-potable water supply to LC-11 and LC-36 was designed to support portions of the Atlas 
launch vehicle program.  The LC-11 area would support the testing of a BE-4 engine; the test stand would be 
designed to include a fire protection system, as well as a noise/heat suppression system to be used when engines 
are tested.  Current plans call for a water volume of approximately 500,000 gallons of water be stored in a 300 foot 
tall water tank.  The water could supply either the test stand (and a usage rate of about 40,000 [gallons] per test) or 
an OLV launch event, in which case all 500,000 gallons may be used for noise and heat suppression.  The pumping 
rate required to refill the tank within 8-24 hours assuming the tank was empty would not be a significant impact on the 
CCAFS water supply system.  Since only one launch vehicle would be in preparation for a launch at any given point, 
or generally once a month, the Blue Origin OLV program reliance on the water supply would be relatively small and 
there would be no significant impact expected. 
 
Electrical Power 
 
The electrical power capabilities for operation at LC-11 and LC-36 were designed to support portions of the Atlas 
program.  Blue Origin would reconnect LC-11 electrical power to the CCAFS grid.  LC-36 is currently already 
connected to the electrical supply system.  Power usage during normal operation and in support of any launch event 
would be approximately equal to past events.  As discussed with CCAFS personnel, needs for LC-36 would not 
cause a significant impact on available electrical power capabilities for the Proposed Action.   
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Solid Waste Management 
 
Impacts on solid waste would be considered significant if they resulted in noncompliance with applicable regulatory 
guidelines or increased the amounts generated beyond available waste management capacities.  Operation of the 
EELV Program was anticipated to generate approximately 0.3 ton of solid waste per day (USAF, 1998).  Operation of 
the Proposed Action is expected to generate less solid waste than the EELV Program.  The Blue Origin vehicle 
launch operations is not expected to increase solid waste, therefore the Proposed Action would generate no 
significant impacts on solid waste.  Blue Origin would also develop pollution prevention measures and recycling 
programs that would reduce overall waste. 
 
No-Action Alternative 
 
Under the No-Action Alternative, Blue Origin would not reuse LC-11 for the testing of rocket engines and would not 
redevelop LC-36 into a launch facility.  Blue Origin would not test engines for future use by the government, and 
would not launch their OLV from LC-36; therefore, no impacts to water supply, or electrical use, or solid waste 
management, would occur. 
 
4.13      HEALTH AND SAFETY 
 
An impact would be considered significant if it created a potential public health, or involved the use, production, or 
disposal of materials that pose a hazard to people, animals, or plant populations in the affected area. 
 
Proposed Action 
 
As described in Section 3.13, CCAFS range safety regulations ensure that the general public, launch area personnel, 
and foreign land masses are provided an acceptable level of safety, and that all aspects of any construction, pre-
launch and launch operations adhere to public laws.  Range safety organizations review, approve, monitor, and 
impose safety holds, when necessary, on all pre-launch and launch operations.  All payload processing and launch 
facilities used to store, handle, or process ordnance items or propellants must have an Explosive Quantity-Distance 
Site Plan.  All payload and launch programs that use toxic materials must have a Toxic Release Contingency Plan for 
facilities that use the materials. A Toxic Hazard Assessment must also be prepared for each facility that uses toxic 
propellants.  The Toxic Hazard Assessment identifies the safety areas to be controlled during the storage, handling, 
and transfer of the toxic propellants.  Additionally, as part of the FAA license application review process; the FAA 
would conduct a safety review of operations. 

 
Hazardous materials such as propellant, ordnance, chemicals, and booster/payload components are transported in 
accordance with DOT regulations for interstate shipment of hazardous substances (Title 49 CFR 100-199). 
Hazardous materials such as liquid rocket propellant are transported in specially designed containers to reduce the 
potential of a mishap should an accident occur.  The testing of rocket engines, or the operation and launch of the 
Blue Origin OLV, does not present any change to current operations and does not introduce different or new 
hazardous materials or operations.   
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Airfield Flight Operations Safety  
 
The Blue Origin proposed OLS facility would contain several structures that would exceed the existing CCAFS air 
field (Skid Strip (KXMR)) Airspace Imaginary Inner Horizontal Surface which is set at 150 ft. above runway elevation.  
Since structure height (described in Section 2) would exceed that limit, an Airfield Waiver has been submitted to the 
USAF.  The tallest element is the Lightning Protection System (LPS) consisting of three (3) towers, as well as related 
down conductors and guy wires which may reach a height of 540 feet.  The LPS is required for launch vehicle 
protection while the vehicle is at the launch pad.  A LPS provides for mitigation of public safety and mission risks 
associated with the damage of safety or flight critical components due to lightning strike.  
 
Due to this exceedance, and the requirement for a waiver request, Blue Origin performed a Risk Assessment 
analysis to determine the potential negative effect of the proposed construction on air navigation. Possible event 
occurrences were identified and assigned probability, severity and risk levels. While final determinations will be made 
by the USAF through the waiver process, Blue Origin assessed the overall risk level following implementation of 
control measures as low enabling safe, efficient use and preservation of the Navigable Airspace. 
 
Blue Origin is working through the Airfield Waiver Process with the 45 SW per Unified Facilities Criteria (UFC) 3-260-
01. With the implementation of viable risk control measures, it is assessed that the Skid Strip can remain fully 
operational to meet AF and other user mission needs. Potential mitigation options include revision to instrument 
approach and departure procedures, addition of Runway End Identifier Lights (REILs), and installation of bird 
deterrent systems. 

 
Explosive Site Safety 
 
The overall OLS site plan is influenced by the presence of several Potential Explosive Sites including fuel storage 
areas, ordnance storage and, for short durations, fueled satellites awaiting launch.  Blue Origin would implement 
engineering design controls to limit road closures to launch days.  Public clear distances to be implemented on 
launch days would be limited to CCAFS. This impact is expected to be no greater than current launch operations at 
CCAFS.   
 
In addition, the launch pad site design would be developed to locate explosive hazards so as to minimize the impacts 
to inhabited buildings on CCAFS when the launch vehicle is fueled and ready for launch.   Similar to all other launch 
and hazardous operations at CCAFS, the Proposed Action must account for public safety distances and may require 
temporary road closures. Best management practices and the preferred mitigation measure to minimize any potential 
risks in the Central Control Road area will be addressed in the AF Explosive Siting Process.  This process includes a 
Risk Assessment to determine the extent of mitigation necessary.  Blue Origin currently estimates road closures 
would occur during launch for a total impact of 6 hours per month. If Central Control Road closure is required, an 
alternate route may be south to Lighthouse Road, then to Flight Control Road.  Coordination would be developed to 
minimize impact when considered in context with the 45 SW and its tenants.  Therefore, based upon on-going and 
future coordination with 45 SW safety, required safety arcs present no significant impact. 
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4.13.1 Hazardous and Toxic Propellants 
 

Processing of routine payload spacecraft may involve the handling of toxic and hazardous propellants including 
hydrazine, MMH, and NTO.  Hydrazine and MMH are strong irritants and may damage eyes and cause respiratory 
tract damage.  Exposure to high vapor concentrations can cause convulsions and possibly death.  Repeated 
exposures to lower concentrations may cause toxic damage to liver and kidneys as well as anemia.  The U.S. EPA 
classifies hydrazine and MMH as probable human carcinogens.  Both are flammable and could spontaneously ignite 
when exposed to an oxidizer.  NTO is a corrosive oxidizing agent.  Contact with the skin and eyes can result in 
severe burns.  Inhalation of vapors can damage the respiratory system. NTO would ignite when combined with fuels 
and may promote ignition of other combustible materials.  Fires involving NTO burn vigorously and produce toxic 
fumes. 
 
Health and safety risks for personnel involved in the propellant loading operations in the payload processing facilities 
would be reduced or minimized by adherence to OSHA and Air Force Occupational Safety and Health (AFOSH) 
regulations.   These regulations require use of appropriate protective clothing and breathing protection.  Toxic vapor 
detectors are used in the facilities to monitor for leaks and unsafe atmospheres. 
 
Spills, fires, and explosions would be possible outcomes from accidents during payload processing. A violent fire or 
an explosion could produce severe injuries or even death.  A catastrophic accident of this type during payload 
processing would be extremely unlikely.  Most propellant spills would be contained within the processing facility with 
no health impacts to personnel.  The most likely consequences of a severe accident during processing would be 
some level of damage to the spacecraft and the immediate liquid propellant transfer area.  Facility design would limit 
damage to the spacecraft and the transfer area. Injuries would not be anticipated if facility personnel follow 
emergency procedures.  If human error (e.g., not following procedures, not wearing protective clothing, or not 
donning breathing equipment) occurs at the time of the accident, exposure of personnel to toxic propellant vapors 
may result.  This would give some level of short-term adverse health impact and an incremental increase in the 
chance of the exposed individual developing cancer.   
 
Extremely small quantities of toxic propellant vapors would be emitted from payload processing facilities during 
propellant loading operations.  These small emissions would not impact the health of the public or on-site personnel.  
The THA for the facility would provide additional protection by identifying the safety areas to be cleared of 
unprotected personnel during propellant operations.   
 
4.13.2 Launch Vehicle Impacts 
 
The Range Safety organizations at CCAFS use models to predict launch hazards to the public and on-site personnel 
prior to every launch. These models calculate the risk of injury resulting from toxic gases, debris, and blast 
overpressure from both nominal launches and launch failures. Launches are postponed if predicted risk of injury 
exceeds acceptable limits.  The allowable collective public risk limit in use at CCAFS is extremely low (100 x 10-6). 
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Blue Origin would also develop a Preliminary Flight Data Package well in advance of each scheduled mission 
(launch) of the OLV.  The Data Package document, which has been developed for a planned initial launch, discussed 
launch trajectory and fall-out areas in depth.  Current plans would have trajectories that immediately head east or 
northeast over the Atlantic, and do not pass over land until the booster nearly completes its orbit injection over Africa 
or Europe. At that time it will be above sparsely populated areas for approximately 11 seconds.  The first stage would 
be expected to fall approximately 750 nautical miles downrange in the Atlantic Ocean, east of and well off the 
Carolina coast. This action would not increase launch rates nor utilize launch systems beyond the scope of 
previously approved programs at CCAFS.   
 
Blue Origin would follow the existing rigorous USAF launch safety certification process and would be required to gain 
a launch license from the FAA prior to start of launch operations. These processes ensure the public is not exposed 
to risk greater than that experienced during current launches from CCAFS. Similar to current launch operations on 
the Cape, areas of CCAFS would require evacuation for short periods of time on launch day. Evacuations would be 
limited to CCAFS and not impact the public.  Therefore the operation and launch of the Blue Origin OLV would not 
significantly impact health and safety.   
 
No-Action Alternative 
 
Under the No-Action Alternative, Blue Origin would not reuse LC-11 for the testing of rocket engines and would not 
redevelop LC-36 into a launch facility.  Blue Origin would not test engines for future use by the government, and 
would not launch their OLV from LC-36; therefore, no health and safety impacts would occur.   
 
4.14 SOCIOECONOMICS  
 
Socioeconomic impacts would be considered significant if they substantially altered the location and distribution of 
the local population, caused the population to exceed historic growth rates, decreased jobs so as to substantially 
raise the regional unemployment rates or reduce income generation, substantially affected the local housing market 
and vacancy rates, or resulted in the need for new social services and support facilities.   
 
Proposed Action 
 
Blue Origin plans to add administrative, engineering, operations and construction workforce over the next 10 years, 
primarily outside CCAFS at its Exploration Park Manufacturing Complex. The project includes a $220M capital 
investment and is expected to create approximately 330 permanent Blue Origin jobs by 2023. A subset of these jobs, 
approximately 50-75, would reside at LC-36. Additionally, this project is expected to create approximately 600 indirect 
construction-related jobs. This would present a direct positive impact to the economy of the Space Coast. The 
addition of these workers at CCAFS does not represent a significant increase in the population or growth rate of the 
region which was 543,376 people recorded during the 2010 census.  While the proposed action would not 
significantly affect the local housing market, the addition of added economic activity would result in a small but 
positive impact to the local economy, especially since the Shuttle Program was terminated in 2011 and thousands of 
local workers lost their jobs. Additionally, the indirect effects of material purchases, and sub-contract labor force 
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growth would also be a positive impact, therefore the Proposed Action would generate no negative socioeconomic 
impacts on the region and would generate a small positive impact.  
 
No-Action Alternative 
 
Under the No-Action Alternative, Blue Origin would not reuse LC-11 for the testing of rocket engines and would not 
redevelop LC-36 into a launch facility.  Blue Origin would not test engines for future use by the government, and 
would not launch their OLV from LC-36; therefore there may be a small negative impact on socioeconomics.   
  
4.15 ENVIRONMENTAL JUSTICE 
 
A significant impact to environmental justice would occur if: 

 There was a significant adverse impact to the natural or physical environment or to health that affected a 
minority or low -income population; 

 There was a significant adverse environmental impact on minority or low-income populations that 
appreciably exceeded those on the general population or other comparison group; 

 The risk or rate of environmental hazard exposure by a minority or low-income population was significant 
and exceeded those by the general population or other comparison group; or 

 A health or environmental effect occurred in a minority or low-income population affected by cumulative or 
multiple adverse exposures from environmental hazards. 

 
Proposed Action 
 
The construction of facilities, and operation and launch of the Blue Origin OLV would occur within the boundaries of 
CCAFS and over the Atlantic Ocean similar to current operations of existing launch vehicles.  Since there are no 
minority or low income groups in that area, environmental impacts generated by the proposed action would not be 
significant and would not affect minority or low-income populations.  
 
No-Action Alternative 
 
Under the No-Action Alternative, Blue Origin would not reuse LC-11 for the testing of rocket engines and would not 
redevelop LC-36 into a launch facility.  Blue Origin would not test engines for future use by the government, and 
would not launch their OLV from LC-36; therefore, environmental justice would not be affected.   
 
4.16 SECTION 4(f) PROPERTIES 

 
Impacts to Section 4(f) properties would be significant if the action involves more than a minimal physical use of a 
Section 4(f) resource or constitutes a “constructive use” based on an FAA determination that the project would 
substantially impair the Section 4(f) resource. Resources that are protected by Section 4(f) are publicly owned land 
from a public park, recreation area, or wildlife and waterfowl refuge of national, state, or local significance; and 
publicly or privately owned land from an historic site of national, state, or local significance. Substantial impairment 
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occurs when the activities, features, or attributes of the resource that contribute to its significance or enjoyment are 
substantially diminished. 

 
Proposed Action  
 
There are no Section 4(f) properties located within the boundaries of CCAFS.  Therefore, there would be no physical 
use of a Section 4(f) property via permanent use of land, and there would be no temporary occupancy of a Section 
4(f) property.  When there is no physical use and no temporary occupancy, but there is the possibility of constructive 
use, the FAA must determine if the impacts would substantially impair the 4(f) property. Section 4(f) properties 
located within approximately a 15 mile radius of LC-11 and LC-36 include Merritt Island National Wildlife Refuge, 
Cape Canaveral National Seashore, Jetty Park, Kelly Park, KARS Park, Kings Park, and Manatee Cove Park. 
Additionally, the St. Johns National Wildlife Refuge and Tosohatchee State Game Preserve are located west of the 
launch site.  Due to their proximity to LC-11 and LC-36, these properties would experience noise from proposed Blue 
Origin OLV launches. Noise levels at these 4(f) properties would increase temporarily during launches. The 
increased noise level would only last a few minutes and would occur up to twelve times a year under the Proposed 
Action.  
 
All pre-launch activities and effects would be contained within or very close to the boundaries of LC- 11 and LC-36. 
Due to the vehicle trajectory, the launch vehicles would accelerate over the Atlantic Ocean and away from Section 
4(f) lands. The recoverable first stage of the Blue Origin OLV would not impact Section 4(f) lands since it is expected 
to fall over 750 nautical miles downrange in the Atlantic Ocean, east of and well off the Carolina coast, away from 
such sensitive areas.  
 
For decades, the 4(f) properties have been experiencing increased noise levels during launches taking place at 
CCAFS and adjacent KSC including the Space Shuttle, Delta V, Titan IV, and the Falcon 9 that have launched from 
CCAFS and KSC facilities. Due to the long history of these 4(f) properties experiencing noise from launches at 
CCAFS and KSC, the Proposed Action would not substantially diminish the protected activities, features, or attributes 
of any of the Section 4(f) properties identified, and thus would not result in substantial impairment of the properties. 
Therefore, the Proposed Action would not be considered a constructive use of these Section 4(f) properties and 
would not invoke Section 4(f) of the DOT Act.  
 
No-Action Alternative 
 
Under the No-Action Alternative, Blue Origin would not reuse LC-11 for the testing of rocket engines and would not 
redevelop LC-36 into a launch facility. Blue Origin would not test engines for future use by the government, and 
would not launch their OLV from LC-36; therefore, no Section 4(f) property impacts would occur. 
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5.0 CUMULATIVE IMPACTS  
 
According to 40 CFR § 1508.7, cumulative impacts are defined as “…the incremental impact of the actions when 
added to other past, present, and reasonably foreseeable future actions, regardless of what agency (federal or non-
federal) or person undertakes such other actions.”  Within the realm of space vehicle operations, this EA addresses 
the reuse (construction) of LC-11 and LC-36, operational testing of the BE-4 engines, and the launch of Blue Origin’s 
OLVs.  Cumulative impacts include impacts from construction and space vehicle operations at CCAFS and other 
past, present, and reasonably foreseeable future activities that could affect the resources impacted by the Proposed 
Action.  Reasonably foreseeable future activities include construction projects occurring at CCAFS and surrounding 
areas that would meaningfully interact in time and space with the Proposed Action such that potential cumulative 
impacts could result.   
 
5.1 REASONABLY FORESEEABLE FUTURE ACTIONS 
 
Current and future actions include a variety of actions in and around the CCAFS ROI.  Documents that were 
reviewed for reasonably foreseeable actions at CCAFS, KSC, and surrounding areas include: 
 

 USAF Final Environmental Assessment for SpaceX Construction of and Falcon 9 landing facility at LC-
13/LZ-1, 2014. 

 

 NASA Final Environmental Assessment for Suborbital Processing, Launch, and Recovery Operations, 
August 24, 2012 
 

 NASA Final Environmental Assessment for Multi-Use of Launch Complexes 39A and 39B, John F. Kennedy 
Space Center, FL, June 25, 2013 

 
 FAA Aerospace Forecast Fiscal Years 2011–2031, 2013 

 
 FAA Final Supplemental Environmental Assessment to the September 2008 Environmental Assessment for 

Space Florida Launch Site Operator License, July 2010 
 

 FAA Draft Environmental Impact Statement (in development) for the Shiloh Commercial Launch Complex 
 

 Space Florida Cape Canaveral Spaceport (CCS) Complex Master Plan 2013 
 

 NASA KSC Master Plan, 2012-2032 
 

 USAF CCAFS General Plan, 2015  
 

 Port of Canaveral “State of the Port” 2014   
 

 NASA Environmental Impact Statement for the International Space Research Park (ISRP) at Kennedy 
Space Center, June 2004.   
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 USAF 45 SW Integrated Natural Resources Management Plan and Integrated Cultural Resources 

Management Plan 
 
 

Future developments that may occur at complexes near the Proposed Action were investigated. It was recently 
announced that Moon Express has finished negotiations to license LC-17 and LC-18 from the USAF at CCAFS. 
Moon Express reportedly will use the two complexes to develop and test its lunar lander and test flight operations. In 
addition, SpaceX has proposed to expand its use of Landing Zone 1 (Formerly LC-13) for landing operations. The 
company has also announced their plans to expand its single landing area by adding two additional pads for first 
stage rocket landing operations. 
 
Generally, each of the documents listed above promotes future space related operations and development in part by 
emphasizing reuse or modernization of existing facilities at CCAFS, KSC and Port Canaveral.  Some of the plans 
however also propose new construction in currently undeveloped areas.  The following paragraphs briefly discuss 
general future plans.   
 
5.1.1 CCAFS Future Actions and Launch Schedule 
 
A new CCAFS General Plan is currently being developed.  The summary states that future development would be 
guided by sustainability. To accomplish this, 50-year Long Term Development Plans (LTDPs) were created for each 
installation.  The LTDPs are the 45 SW’s vision for future development.  They provide land use options that support 
the mission of the Wing, its partners and future government and commercial space operations.  The LTDPs are 
rooted in the 45 SW’s Strategic Plans and illustrate how increases in launch tempo and associated support activities 
can occur sustainably and compatibly with the efficient use of land and energy, the conservation of natural resources 
and the safe operation of launch vehicles and processing facilities.  Future facilities and launch complexes would be 
developed as to minimize any potential impact or compatibility with current facilities and the environment.   
 
The General Plan also reviewed future launch complexes along ICBM road which may or may not be affected by a 
rise in sea level.  The USAF General Plan calls for LC-36 and LC-46 to remain in their current location; however 
other existing complexes to the north of LC-36 may be re-developed further inland, and ICBM road may also be 
moved further to the west. 
 
The short-term forecast for CCAFS and KSC launches during the next several years are shown below in Table 5-1.  
Space launch forecasts for KSC and CCAFS launch pads are difficult to determine at this point.  Launch schedules 
for both SpaceX and Blue Origin were up to 12 per year for each vehicle.  Specific data for the Atlas and the Delta 
vehicles were unavailable.  Additionally according to NASA’s multi-use of pads 39A and 39B at KSC, they would 
have the capability to accept various launch vehicles including, but not limited to, Atlas V, Delta IV, Delta IV Heavy, 
Liberty, Falcon 9 and 9 v1.1, Falcon Heavy, Antares, RSLV-S, Athena IIc, Xaero, and the Space Launch System 
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(SLS).  While no time frame was provided, an assumption was made that each of those pads would eventually be 
able to launch one vehicle per month or a cumulative total of 24 per year. 
 

Sources: SpaceX and www.spacelaunch.com, www.spacecoastlaunches.com www.spaceflightinsider.com and   
                               www.floridatoday.com 

NOTES: Launch Forecasts are not firm.  SpaceX’s website lists 6 future Falcon Heavy missions and 40 future Falcon 
9 missions, but does not specify a date (or even a year) that has been assigned for the launches.  FloridaToday.com 
stated there would be “up to 30 launches this year,” with 12 being from ULA and the rest from SpaceX. 
http://www.spaceflightinsider.com/launch-schedule/ ). 
 
5.1.2 KSC Redevelopment Plans 
 
Based upon the Final Environmental Assessment for Suborbital Processing, Launch, and Recovery Operations;  
August 24, 2012 the following Proposed Actions are in planning for the KSC area.  First to increase flight operations 
at the Shuttle Landing Facility (SLF), second to include horizontal take-off (launch) and landing (HTOL) of suborbital 
rocket powered vehicles from the SLF, and third to develop a site to process, launch, and land Vertical Take-off and 
Landing (VTOL) vehicles conducting suborbital flights.   
 
Increased flight operations at the SLF would involve construction of new facilities at the south-field and mid-field sites 
and increased flight operations at the SLF in the following broad categories: commercial spaceflight program and 
mission support aviation, aviation test operations including unmanned aerial vehicles (UAV), airborne research and 
technology development and demonstration, parabolic flight missions, testing and evaluation of experimental 
spacecraft, ground based research and training, and development and demonstration of future supersonic passenger 
flight vehicles.  To take full advantage of the capabilities of the SLF, new construction would occur at both the south-
field and mid-field sites.   
 

TABLE 5-1  Future planned Vehicle Launches at KSC and CCAFS 
Year Launch Vehicles (number of Launches) TOTAL 

 Falcon 9 
(LC-40) 

Falcon 
Heavy (Pad 
39A KSC) 

Atlas V 
(LC-41) 

Delta IV 
(LC-37) 

BLUE 
ORIGIN 
(LC-36) 

 

2016 5 1 8 4 0 18 
2017 10 1 5 5 0 21 
2018 10 1   4 15 
2019 10 1   8 19 
2020 5 1   10 16 
2021  1   12 13 
2025     12 12 
       
Total 
Launches 

40 6 13 9 46  
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The HTOL of suborbital rocket powered vehicles is proposed to occur at a single location, the SLF. The HTOL site 
would support medium thrust rockets.  The HTOL vehicles would take off horizontally using rocket powered engines 
of no greater than 26,689 Newtons (N) (6,000 pounds-force [lbs-f]) of thrust, and would use a steep ascent trajectory.  
Multiple users with their own vehicles could be utilizing the site for these operations.  The VTOL site would support 
reusable vehicles in the small to medium classes with thrusts of up to 13,345 N (3,000 lb-f).  Such vehicles could fly 
up to 105km (65 mi) in altitude, return to launch site, and land in a powered mode.  Their rocket engines would be 
processed and the vehicle would either be prepared for another flight or removed from the launch area. The site 
improvements for this proposed facility would include a launch and landing concrete pad, two surface systems 
regolith test beds, parking areas for trucks, fuel tankers, trailers and cars, power hook-ups, LOX loading area, LOX 
tanker truck parking, and a GHe loading/unloading area.  The VTOL is anticipated to be a multi-user facility 
supporting the integration and launch of two or more vehicle systems using a single launch pad.  It is anticipated that 
the combined average annual launch rate would exceed 100 launches per year.  The VTOL site location would be 
selected from one of three alternatives.  After the Space Shuttle Program ended in 2011, activity level and operations 
at the SLF greatly decreased.  Many facilities, including those addressed in this EA, would either be maintained at a 
reduced level, maintained in long-term storage mode, or disassembled.   
 
In 2004 NASA developed an EIS, with the Florida Space Authority (FSA) acting as a cooperating Agency, which 
addressed the environmental impacts associated with the proposed development of the International Space 
Research Park (ISRP) now identified as Exploration Park.  Development of the ISRP is intended to bring new 
research and development (R&D) uses to KSC in Brevard County, Florida.  NASA has entered into an agreement 
with the State of Florida, through the FSA, to jointly study the development of up to 160 ha (400 acres) of land on 
KSC as a research park.  KSC comprises 56,500 ha (139, 490 ac) of land controlled by NASA within Brevard and 
Volusia Counties.  The study area analyzed included KSC, Brevard County, and the five adjoining counties (Indian 
River, Orange, Osceola, Seminole, and Volusia Counties). Exploration Park would support the collaborative missions 
of NASA and the FSA, by providing for complementary research and development (R&D) objectives, NASA mission 

enhancement, public-private partnership opportunities, and space commercialization and development.  As a center 
for R&D, the ISRP would bring together a dynamic mix of industry, academia, and government researchers to focus 
their combined strengths in areas of R&D critical to the long-term success of the NASA and its partners.   
 
The Preferred Alternative proposed the development of the ISRP on approximately 140 ha (345 ac) of KSC property.  
This development and related construction activities would occur on land located immediately south of the KSC 
Visitors Complex along the recently constructed Space Commerce Way.  About 130 ha (321 ac) of the development 
would occur on the west side of Space Commerce Way (Phases A-E).  The site is dominated by citrus groves and 
includes remnant wetlands and disturbed habitats.   
 
Since 2004 construction for Phase F on an approximate 10 ha (24 ac) parcel east of Space Commerce Way, 
adjacent to and west of the Space Life Science Laboratory (SLSL) was approved, but has not been developed as of 
the time of this writing.    
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Also in October, 2015 NASA revisited the EIS and issued a REC and together with Space Florida1 agreed to develop 
some of the land for lease or use by Blue Origin for a manufacturing facility.  That project location is Exploration Park 
Phase 2 and consists of 139 acres located on the west side of Space Commerce Way and would include site 
preparation, construction, and operation of a manufacturing and processing facility that would support development 
of reusable launch vehicles utilizing rocket-powered Vertical Take-off and Vertical Landing (VTVL) systems.  Of the 
approximately 139 acres, 71 acres would be developed, 54.3 would be proposed wetland mitigation area, and 13.78 
acres would be undeveloped area. The project’s conceptual site design would contain an approximately 380,000 
square foot (sf) manufacturing building, a 36,000 sf adjacent support Ground Service Equipment (GSE) building, a 
connecting anodizing building, a fire pump house and water storage tank, parking areas, connecting roadways, and 
stormwater management ponds.  Land is reserved for a separate payload processing building, which may be 
designed and constructed in the future (3-5 years).  Land for a training center and parking has also been reserved in 
the southeast corner of the project site (currently labeled as visitor center parcel).   
 
Per a recent announcement, OneWeb will also be constructing a Manufacturing Facility at Exploration Park. It is 
planned to be a 100,000 square foot manufacturing facility.  
 
5.1.3 KSC Pad 39A, 39B Redevelopment 
 
The Final Environmental Assessment for Multi-Use of Launch Complexes 39A and 39B, John F. Kennedy Space 
Center, FL, June 25, 2013, document was reviewed for future planned development and for the future use of LC-39A 
for the SpaceX Falcon Heavy launch vehicle.  The Proposed Action includes the following: first, to construct a 
Horizontal Integration Facility (HIF) at one or more of five potential locations, second, to provide RP-1 Storage at 
individual locations or at a common location, and third to allow multiple user launch capabilities at LC 39A and LC 
39B.  Flight operations at LC 39A and LC 39B by multiple users would require construction of new RP-1 storage and 
transfer facilities.  Options for these facilities include either individual storage locations at each launch pad or at a 
centrally located common storage facility.  Delivery of RP-1 by railcar is being considered and, therefore, railroad 
connections to chosen storage location(s) would be necessary to provide a mode of transport for incoming fuel 
supplies.  These railroad connections would be constructed within existing roadways.  A HIF is proposed to provide 
housing for launch vehicle preparation prior to launch.  Five location options for the HIF were reviewed. Launch 
vehicles include Atlas V, Delta IV, Delta IV Heavy, Liberty, Falcon 9, Falcon Heavy, Antares, RSLV-S, Athena IIc, 
Xaero, and the SLS.  The potential for up to two launches per month by NASA and/or commercial users would 
provide the ability to continue space exploration.   
 
The construction of new facilities and associated infrastructure, modifications of existing facilities and infrastructure, 
and proposed launch procedures and activities would be consistent with existing KSC activities and pose no new 

                                                           
1 Space Florida is the current aerospace economic development agency of the State of Florida. The agency was created by 
consolidating three existing space entities into a single new organization via the Space Florida Act, enacted in May 2006 by the 
Florida Legislature. The predecessor entities were the Florida Space Authority, Florida Space Research Institute and Florida 
Aerospace Finance Corporation. 
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types of impacts.  The maximum number of launches would be no more than two per month in any combination of 
users for the Proposed Action.  Additional current actions at KSC include the Ground Systems Development and 
Operations (GSDO) leading the center's transformation from a historically government-only launch complex to a 
spaceport with activity involving government and commercial vehicles alike.  The program's primary objective is to 
prepare the center to process and launch the next-generation vehicles and spacecraft designed to achieve NASA's 
goals for space exploration.  To achieve this transformation, program personnel are developing the necessary ground 
systems while refurbishing and upgrading infrastructure and facilities to meet tomorrow's demands. This 
modernization effort keeps flexibility in mind, in order to accommodate a multitude of government, commercial and 
other customers.  KSC future actions include the launch of suborbital vehicles from the SLF and other locations 
including LC 39B.  This would expand KSC’s spaceport capabilities to include the processing, launch, and recovery 
of horizontally and vertically launched suborbital rocket powered vehicles.  A FONSI for this action was published in 
December, 2013.   
 
Based on the findings of that FONSI, SpaceX began construction of their HIF, and refurbishment of the launch pad in 
2014.  The new facility is expected to be completed in 2016, with the first launch of a Falcon Heavy vehicle in late 
2016 or early 2017.   
 
5.1.4 Cape Canaveral Spaceport 
 
Based upon Space Florida’s Cape Canaveral Spaceport Complex Master Plan developed in 2013, the following 
paragraphs describe plans for future activities.  The Cape Canaveral Spaceport (CCS) primarily consists of KSC and 
CCAFS, as geographically defined by section 331.304 of the Florida Statutes.  Section 331.360(3) of the Florida 
Statutes requires Space Florida to “develop a spaceport master plan for the expansion and modernization of space 
transportation facilities within spaceport territories to meet current and future commercial, national, and state space 
transportation requirements.”  The Master Plan provides information and analysis to guide Space Florida in its efforts 
to face the market, grow the space industry, and attract commercial space, technology, and life science related 
businesses through expansion and modernization of facilities infrastructure at the CCS.  During the past 10 years, 
Florida has invested over $500 million in financing and infrastructure at the CCS in support of commercial, national 
and state space transportation requirements.  Those funds in part provided efforts for a FAA Launch Site Operator 
License for LC-46.  This would allow Space Florida to offer the site for launches of solid- and liquid-propellant launch 
vehicles to launch operators for several types of vertical launch vehicles, including 139 Athena-1 and Athena-2, 
Minotaur, Taurus, Falcon 1, Alliant Techsystems small launch vehicles and launches of Minuteman-derivative 
booster vehicles.  Space Florida proposes to support a maximum of 24 annual launches from LC-46, including 12 
solid propellant launches and 12 liquid propellant launches.  The proposed launch vehicles and their payloads would 
be launched into low earth orbit or geostationary orbit.  All vehicles are expected to carry payloads, including 
satellites (FAA, 2008).  Much of the future plans involve re-development and re-use of legacy facilities at both KSC 
and CCAFS.  Space Florida is also discussing adding a rail component to the transportation plans, which parallels 
current efforts by Port Canaveral for a connecting rail line. 
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5.1.5 Shiloh Launch Complex 
 
 

Space Florida proposes to develop a non-federal launch site that is state-controlled and state-managed. Space 
Florida's goal is to provide launch site options other than federal installations/ranges.  Under the Proposed Action, 
Space Florida would construct and operate a commercial space launch site (known as the Shiloh Launch Complex) 
consisting of two vertical launch facilities and two off-site operations support areas.  This facility is located 
immediately north of KSC property, includes approximately 150 acres and straddles the Volusia County and Brevard 
County border.  The Shiloh Launch Complex would accommodate up to 24 launches per year (12 launches per 
vertical launch facility), as well as up to 24 static fire engine tests or wet dress rehearsals per year (12 static fire 
engine tests or wet dress rehearsals per vertical launch facility).  The vehicles to be launched include liquid fueled, 
medium- to heavy-lift class orbital and suborbital vertical launch vehicles.  The FAA is the lead federal agency for 
preparing an EIS in accordance with NEPA.  The USACE, NASA, USFWS, National Park Service, and the Florida 
Department of State, Division of Historical Resources are cooperating agencies.  The FAA published a Notice of 
Intent (NOI) on December 26, 2013, and held scoping meetings in the local area on February 11-12, 2014.  A 
summary of those meetings were published in 2014.  A Draft EIS is not yet available; additional time required to 
address significant issues surrounding the area’s natural environment has caused a delay in the original schedule. 

 
5.1.6 Port Canaveral 
 
The Port is located on the coastal barrier island along the east coast of central Florida and abuts the Atlantic Ocean 
on the east, the City of Cape Canaveral on the south, the Banana River on the west, and CCAFS on the north.  It is 
composed of two sections – the Harbor and the Barge Canal. The Canaveral Harbor is a man-made, deepwater Port 
located on the barrier island north of the City of Cape Canaveral.  The Port also controls the land on Merritt Island 
known as the Barge Canal, which includes the man-made canal connecting the Indian and Banana Rivers and State 
Road 528 also known as the Beachline.  The Port’s authority for Master Plan is provided for in the Port’s Charter and 
by Florida Statute, which requires each deepwater Port in Florida to have a master plan.  In addition, state law 
requires each deepwater Port that has spoil disposal responsibility to provide for or identify disposal sites for dredged 
materials in the future land use to ensure proper long-term management of dredged materials.  The Port has played 
a major role in addressing the regional transportation needs. In addition to the maritime transportation facilities of the 
Port, SR 528, also known as the Beachline, is constructed on property made available by the Port.  The Port also 
constructed a flyover on SR 401 to improve traffic flow among cruise terminal, Port, and CCAFS traffic.  The Port has 
conducted regular traffic analysis to ensure the free flow of traffic within the Port.  As a result of these studies, the 
Port has widened a portion of George King Boulevard and has plans to widen the remainder of the road in the future.  
The Port is working with the Cities of Cocoa Beach and Cape Canaveral to develop an aquifer storage and recovery 
system to temporarily store reclaimed water to be used for irrigation purposes.  The Port is also designing a pump out 
system for waste from gaming ships to address the dumping of such wastes offshore.  The Port has also 
implemented a comprehensive program of environmental protection including manatees, sea turtles, right whales, 
dunes, and addressing beach erosion.  A summary of the Port’s future development plans includes but is not limited 
to the following areas.   
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 Complete Cruise Terminal #1 (Completed in 2015)  

 New 10 Year Royal Caribbean Contract with two 5-year Options – Explorer of the Seas  
 New 3-year Norwegian Cruise Lines 
 contract – Home Port Ship Fall 2015  

 New Carnival Ships – Sunshine – Liberty  

 3 Disney Home Port Ships; adding – Magic Spring - Wonder Fall  

 Add Holland America – Celebrity – Princess – Cunard – Regent  

 Develop new Cruise Terminal #3 (In Progress) 

 Develop backup areas of 20 acres for container areas and an expanded 35 acres for autos and other 
commodities (In progress) 

 Morton Salt signed a 10-year lease expansion including 2 added acres and expanded plant, facilities and 
warehouse  

 Increase current 17,000+ jobs to 50,000  

 Connecting via Rail to Inland Ports, include rail line via NASA property (In discussion) 

 Beachline (528) Widening-8 lanes Orlando to I-95, 6 lanes to the Port  

 Cruise will grow from 4 million to 5 million passenger movements in 2016 and to 6 million by 2018 

 Cargo growth will triple to over 12 million tons in the next 3 years  
 

Many of these actions involve federal agency agreements or funding which will in turn require NEPA coordination and 
documentation.   
 
5.2 CUMULATIVE IMPACT ANALYSIS ON RESOURCE AREAS 
 
The following resource areas briefly discuss the cumulative impacts associated with the proposed action interacting 
with relevant past, present, and reasonably foreseeable future actions.  As described in Section 4.0, no direct 
impacts were identified for geology and soils, environmental justice, 4(f) properties, or secondary impacts.  When 
considered with other past, present, and foreseeable future actions, the Proposed Action would therefore have little 
effect on any cumulative impacts associated with these resource categories and are therefore not considered further 
in this analysis.   
 
The actions listed in Table 5.1 as well as other projects described above, considered in conjunction with the 
Proposed Action, formed the basis for the cumulative impacts analysis.  This section analyzes the interaction of the 
Proposed Action with the actions described in the section preface and evaluates the potential cumulative impacts 
from these interactions. The areas which were reviewed include land use/visual resources (which includes coastal 
resources), noise, biological resources, historical and cultural resources, air quality, climate, hazardous 
materials/hazardous waste (which includes sold waste and pollution prevention), water resources, transportation, 
utilities, health and safety, and socioeconomics.  Of these, the ROIs for land use, air quality, noise, socioeconomics, 
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and transportation extend beyond CCAFS and KSC and are consistent with the ROIs presented in past EISs or EAs 
for this area as listed in Section 9 (references cited).   
 
Land Use/Visual Resources 
 
The Proposed Action would not result in any significant impacts to land use compatibility since CCAFS and KSC 
currently allow space vehicle operations; use of LC-11 and LC-36 for launch operations does not limit use of 
surrounding launch complexes even if there would be minor operational constraints during launches.  Furthermore, 
the Proposed Action would not generate impacts on visual resources within the flight range other than a possible 
short-lived visible vehicle contrail.   
 
Cumulative impacts on land use from increased launch vehicle and landing operations at KSC and CCAFS would be 
minimal.  These impacts would be a result of increased quantities and types of commodities used and stored at the 
KSC Shuttle Landing Facility or other existing facilities, as well as potential additional land use category designations.  
New safety setbacks may also be established as necessary, but these would be determined during the individual 
projects’ licensing process with the FAA.  Development of the VTOL site at KSC is expected to have a moderate 
effect on land use due to the undisturbed/undeveloped nature of the area.  Currently, the land at KSC is set aside 
primarily for conservation, being managed by MINWR for wildlife and habitat diversity.  However, relatively few 
natural areas on KSC are being converted to operational use.  Mitigation for impacts to these sites could be 
accomplished through habitat restoration in other degraded areas of KSC, which similar to CCAFS, has ongoing 
efforts installation-wide to improve habitat for managed species.  Additionally, since the Proposed Action at LC-11 
and LC-36 is being constructed mostly on previously developed land and in natural habitat that will be mitigated, the 
overall cumulative impact to natural areas is less than significant.  As a result, the overall cumulative effect of other 
past, present, and reasonably foreseeable future actions on land use and visual resources is considered negligible 
and not significant. When considered with other past, present, and foreseeable future actions, the Proposed Action 
would not contribute a noticeable incremental impact. It is not a significant impact on land use and visual resources.   
 
Noise 
 
A short-term, small increase in the noise level received in the community from the proposed launch of the Blue Origin 
vehicle may occur; the event would be similar to other launches and would be a relatively short-term impact.  Sonic 
booms may occur but the focused over pressure would be over the ocean, and would not be considered a significant 
impact.  Noise associated with the construction, operations, and launch/landing activities associated with the VTOL 
are common to each site.  Differences in overall impact are associated with the magnitude in changes in land use 
and proximity to non-direct launch workplaces.  Minimal impacts to the current noise environment would be observed 
at current launch complex sites.  The nearest communities are not expected to experience a significant adverse 
impact.  Construction-related noise would be local, short term, and would be managed using OSHA guidance.   
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As a result, the overall cumulative effect when combined with other past, present, and reasonably foreseeable future 
actions from noise is considered minor and not significant.  Additionally, two simultaneous launches in the ROI would 
never occur.  When considered with other past, present, and foreseeable future actions, the Proposed Action would 
not contribute a noticeable incremental impact.  
 
Biological Resources 
 
The launch event would not be expected to have a significant impact on terrestrial vegetation and wildlife, marine 
species, or protected species beyond similar launch activities which occur at CCAFS or KSC.  In the event of a 
mishap downrange over the open ocean impact to wildlife would not be significant given the relatively low density of 
species within the surface waters of these open ocean areas (USAF, 1998).  Debris from launch failures has a small 
potential to adversely affect managed fish species and their habitats in the vicinity of the project area.   
 
When evaluated with other projects occurring or proposed on CCAFS, KSC or the Port Canaveral area, the proposed 
removal of approximately 15-20 acres of occupied/potential habitat would result in a reduction of available breeding 
habitat, as well as a reduction in the availability of scrub habitat for restoration.  However, the restoration of 
approximately 30-40 acres of habitat within LMU 33 (mitigation for the Proposed Action) would result in habitat that 
could support additional scrub-jay territories.  The current INRMP goal is for CCAFS to support 250 breeding pairs of 
scrub-jays.  Cumulative impacts on the gopher tortoise are not anticipated with the Proposed Action.  Gopher 
tortoises observed within any area to be impacted by ground disturbance would be excavated and relocated to an 
onsite recipient area approved and managed by the USAF.  Cumulative impacts on beach mice are not anticipated 
for the Proposed Action.  Although beach mice are known to occur in the area, limited clearing and construction 
would occur in the area.  Adherence to the Light Management Plan and 45 SW lighting policies will minimize impacts 
to marine turtles.   Amber LED lighting will be used to minimize potential adverse impacts on nesting turtles and/or 
their young.  According to the USFWS BO, there are no known state, local, or private actions that are reasonably 
certain to occur in the action area that would result in cumulative effects to the Florida scrub-jay, southeastern beach 
mouse, eastern indigo snake, and sea turtles. Additionally, cumulative impacts on American alligator, piping plover, 
and red knot are not expected to occur with the Proposed Action.   
 
Mitigation actions discussed in Section 4 and the BO shown in Appendix D would be accomplished to minimize the 
effect on threatened and endangered species due to construction activities.  Impacts from other construction related 
actions would not be significant. The numbers of listed species that occur within areas which may be reused are low, 
and loss of the habitats at sites would not contribute to the decline of any protected species populations.   Limited 
acreage of scrub lost would be small and could be mitigated through restoration of degraded scrub habitat elsewhere 
on KSC and CCAFS.  As a result, the overall cumulative effect of the Proposed Action when considered with other 
past, present, and foreseeable future actions is not anticipated to contribute a noticeable impact to biological 
resources. 
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The overall cumulative effect of other past, present, and reasonably foreseeable future actions on biological 
resources are considered minor and not significant given scrub-jay habitat mitigation measures.  When considered 
with other past, present, and foreseeable future actions, the Proposed Action would not contribute a noticeable 
incremental impact on biological resources.  
 
Historical and Cultural Resources 
 
Cumulative effects or impacts on historic facilities are not expected to be significant.  Any proposed modification or 
demolition activities to NRHP-listed facilities would require consultation with the SHPO in accordance with state and 
federal requirements. The SHPO would then be able to determine impact on any future potential activity, and could 
halt the activity or mitigate potential impacts. The Proposed Action is not anticipated to result in significant cumulative 
impacts on historical and cultural resources. 
 
Air Quality  
 
CCAFS, KSC, and Brevard County are in an “Attainment” area and the operational emissions for the proposed Blue 
Origin engine testing and vehicle launch represent an extremely small percentage of the Brevard County regional 
emissions and would not cause an exceedance of any NAAQS or GHG.  Analysis of air impacts for RLV launch and 
landing actions discussed in the NASA document also concludes there would be no significant impacts on the air 
resource area.   
 
In addition, there are a number of Executive Orders such as EO 13514 Federal Leadership in Environmental, Energy, 
and Economic Performance that provide emission reduction expectations for federal agencies.  The public in and 
around the landing sites are also unlikely to be exposed to concentrations of any vehicle emissions that exceed the 
allowable public exposure limits adopted by the range safety organizations.  Potential emissions resulting from 
launches of the Blue Origin OLV would be small in comparison to combined launches of other vehicles such as the 
Falcon 9 and Heavy, Delta, Atlas, Titan, Saturn V rockets, and the Space Shuttle.  Therefore, operations would have 
minimal cumulative impacts.   
 
As a result, the overall cumulative effect when combined with other past, present, and reasonably foreseeable future 
actions on air quality is considered minor and not significant.  When considered with other past, present, and 
foreseeable future actions, it is not anticipated that the Proposed Action would substantially contribute to impacts on 
air quality.  
 
Climate  
 
The refurbishment, construction and launch operations at LC-11 and LC-36 would not be expected to have a 
significant impact on the climate, locally or globally.  The discussion about GHG production in Section 4 indicates that 
the construction and launch contributions to potential increase globally is extremely small, essentially less than can 
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be measured.  The potential effect on the Proposed Action by global climate change may only be seen in potential 
ocean level rise; but as stated in the USAF General Plan, even with that potential, LC-36 location and operation 
would not be affected. 
 
As a result, the overall cumulative effect when combined with other past, present, and reasonably foreseeable future 
actions on climate is considered minor and not significant.  When considered with other past, present, and 
foreseeable future actions, it is not anticipated that the Proposed Action would contribute a noticeable impact on 
climate.  
 
Water Resources including Wetlands and Floodplains 
 
Based upon discussions in Section 4.9, current and future launch events would not have a significant impact on 
wetlands and floodplains.  Mitigation would occur to compensate for losses of wetland habitats in conjunction with 
USACE and SJRWMD guidelines and requirements; in the case of the Blue Origin Proposed Action. The 
compensatory mitigation site will be located at Exploration Park at KSC.  Cumulative loss of floodplain function and 
values in the area may occur due to additional development (from several projects) in the floodplain. Although 
floodplains are generally avoided, if construction is justified then specifications would adhere to floodplain standards 
and requirements. 

 
New construction at CCAFS and KSC is expected to be limited and would occur at a relatively slow pace.  
Construction of new facilities in the surrounding (non-federal) area supporting Port Canaveral development may 
occur more rapidly and would have resultant impacts. If federal approval or funding is involved in construction at the 
Port, a NEPA analysis of impacts would be required.    With the implementation of normal BMP controls in the form of 
a stormwater management system, development of the future sites would have a minor cumulative effect on 
hydrology and water quality.  Regionally, vegetated lands are increasingly being covered by impermeable surfaces 
(buildings, roads, parking lots), which increases runoff and limits replenishment of groundwater.  Although stormwater 
management has been implemented for construction efforts since the 1990s, these retention and detention ponds 
are sometimes not able to accommodate large amounts of water associated with heavy rainfall, resulting in some 
excess runoff flowing into canals and wetlands.  However, because extreme rainfall events are rare, these quantities 
are generally small, and can be contained by existing water management systems.   
 
The cumulative effects on surface water quality in local waterways from the development would be minor.  Surface 
water discharges from the selected site would be managed according to requirements of the SJRWMD conditions for 
issuance of ERPs.  Water quality impacts would be minimized by the design, operation, and maintenance of a 
stormwater management system that would meet or exceed all requirements of the SJRWMD (SJRWMD Rule 40C-
42.026(4)).  Stormwater analyses would be conducted to determine the amount of land necessary to provide 
adequate treatment and storage capacity, for both pre- and post-developed conditions.  The resulting stormwater 
storage and treatment areas would help filter much of the suspended solids out of the water percolating into the 
ground.  In addition, the biological and chemical processes that take place in stormwater detention/retention ponds 
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would reduce the amount of contaminants found in runoff, and fewer pollutants would make their way into the water 
table.  As a result, the overall cumulative effect when combined with other past, present, and reasonably foreseeable 
future actions on water resources is not significant.  When considered with other past, present, and foreseeable 
future actions, the Proposed Action would not contribute a noticeable incremental impact on water resources. 
 
Hazardous Materials/Hazardous Waste 
 
Operations supporting the proposed action would use a small amount of products containing hazardous materials, 
including paints, solvents, oils, lubricants, acids, batteries, propellants, and chemicals, as routinely and normally used 
at CCAFS for similar operations.  Continued implementation of existing handling and management procedures for 
hazardous materials, hazardous wastes, and solid wastes generated would limit the potential for impacts.  Numerous 
types of hazardous materials are used to support the missions and general maintenance operations at CCAFS and 
KSC.  Management of hazardous materials is the responsibility of each individual or organization and is regulated 
under RCRA (40 CFR 260-280) and Rule 62-730.  Although releases of hazardous materials and wastes can occur 
in the environment, it is not expected that there would be substantial cumulative contamination issues as a result of 
the Proposed Action.  Safeguards are in place to minimize the release of toxic chemicals in the environment, and 
rapid emergency response plans would ensure that accidental spills would be cleaned up quickly. 
 
Land clearing and construction practices for the foreseeable future are not expected to introduce hazardous materials 
and hazardous wastes into the environment.  As a result, the overall cumulative effect when combined with other 
past, present, and reasonably foreseeable future actions from hazardous materials and waste are not significant  
When considered with other past, present, and foreseeable future actions, the Proposed Action would have a 
negligible contribution to impacts from hazardous materials and waste.  
 
Utilities and Transportation 
 
There would be a low demand for additional electrical power for the Proposed Action and therefore direct impact 
would be negligible.  Water supply requirements would be minimal measured against available supply.  Current and 
future actions would require a water supply in order to successfully function.  Water for CCAFS and KSC is acquired 
from the City of Cocoa’s municipal potable water distribution system under a long-term agreement which has over a 
37 million gallon per day (MGD) capacity.  The City’s contract is with the U.S. Government and includes KSC, 
CCAFS and Patrick Air Force Base.  A total of 6.5 MGD is allocated for all three facilities.  Historically, total 
consumption of water from the city for all three facilities has averaged only 3.7 MGD.  Future disposal of wastewater 
would need to be evaluated for the quality and quantity of wastewater to be disposed and approved to discharge to 
the facility after evaluation of the impacts to plant wastewater unit processes, treatment and frequency of discharge. 
 
From a transportation standpoint, as Port Canaveral continues its growth plans, additional shipping and follow-on 
passenger and cargo transportation needs will increase.  More cruise ships are scheduled for arrivals and 
departures, as well as cargo shipping.  The Proposed Action would increase traffic for workers at CCAFS, but not 
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significantly.  Occurrence would be limited to once or twice a month and would be further limited to non-peak traffic 
periods.  Traffic may be affected during transport of launch vehicle stages on to CCAFS property; however time of 
transport would avoid heavy morning and late afternoon traffic.  It is noted that access to the Site can be made by 
way of Pier Road from the southwest, however the road is permanently blocked in the area of MSA5. 
 
 As a result, the overall cumulative effect when combined with other past, present, and reasonably foreseeable future 
actions on utilities and transportation are considered negligible. The Proposed Action would not contribute a 
noticeable incremental impact on utilities and transportation. 
 
Health and Safety 
 
Similar to all other launch and hazardous operations at CCAFS, the Proposed Action must account for public safety 
distances and may require road closures. Road closure is not anticipated for engine test periods. Similar to other 
launch vehicle providers at CCAFS and KSC who close roads periodically to assure public safety, Blue Origin 
currently estimates road closures would occur on launch day for a total impact of 6 hours per month. Blue Origin 
would implement engineering design controls to limit impacts of payload processing such that road closures would be 
avoided.  If a temporary Central Control Road closure is required, an alternate route may be south to Lighthouse 
Road, then to Flight Control Road.  Coordination would be developed to minimize impact when considered in context 
with other CCAFS clients, such as operations at LC-17 and LC-18. If Central Control Road closure is required, an 
alternate route is available.  Also, any impacts to surrounding sites such as historic sites LC-1, LC-2, LC-3, and LC-4 
can be mitigated through blast walls or berms so as to mitigate any potential risks.  The Proposed Action does not 
require transportation mitigation measures beyond that of similar launch activities which occur at CCAFS or KSC.  
 
The Blue Origin proposed OLS facility would contain several structures that would exceed the existing CCAFS air 
field (Skid Strip (KXMR)) Airspace Imaginary Inner Horizontal Surface which is set at 150 ft. above runway elevation.  
With the implementation of viable risk control measures, it is assessed that the Skid Strip can remain fully operational 
to meet USAF and other user mission needs.  
 
Blue Origin would follow the existing rigorous USAF launch safety certification process and would be required to gain 
a launch license from the FAA, both of which would require a detailed public safety risk assessment to assure that 
safety impacts to the public meet Federal and USAF standards.  Public clear distances to be implemented on launch 
days would be limited to CCAFS. Over time, this impact is expected to be no greater than current launch operations 
at CCAFS.  The Proposed Action would not result in a substantial increase in potential impacts to health and safety 
of the public.   
 
When considered with other past, present, and foreseeable future actions, the Proposed Action does not significantly 
impact safety.  
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Socioeconomics 
 
The Proposed Action would not significantly affect the local housing market.  The Proposed Action would generate no 
negative socioeconomic impacts on the region and would generate a small one-time positive impact during 
construction activities.  The Spaceport (KSC and CCAFS) is Brevard County’s major employer.  The presence of 
these employers causes a chain of economic reactions throughout the local region and nearby counties.  These 
employment opportunities and resultant local economic contributions (housing, services, and recreation) cumulatively 
have a positive influence on socioeconomics, through contributions to the local economy.  As a result, the overall 
cumulative effect when combined with other past, present, and reasonably foreseeable future actions on 
socioeconomics is considered minimal, beneficial, and positive.  When considered with other past, present, and 
foreseeable future actions, it is anticipated that the Proposed Action would contribute a minor beneficial impact on 
socioeconomics.   
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6.0  APPLICABLE ENVIRONMENTAL REQUIREMENTS  
 
This section provides a description of representative federal, state, local, regulations with which Blue Origin must 
comply during construction and operation of the proposed action.   
 
6.1 FEDERAL REGULATIONS 
 
Federal Regulations Regarding Environmental Quality 
The National Environmental Policy Act (42 U.S.C. 4321-4347 as amended) requires federal agencies to analyze the 
potential environmental impacts of major federal actions and alternatives and to use these analyses, along with 
public input in their decision making on whether and how to proceed with the Proposed Action or Alternatives.   
 
Federal Regulations Regarding Biological Resources 
Public Law 93-205 requires military installations to protect and conserve federally listed, endangered, and threatened 
plants and wildlife.   
 
The Endangered Species Act of 1973 declares the intention of the Congress to conserve threatened and endangered 
species and the ecosystems on which those species depend.  The Act requires that federal agencies, in consultation 
with the U.S. Fish and Wildlife Service and National Marine Fisheries Service (NMFS), use their authorities in 
furtherance of its purposes by carrying out programs for the conservation of endangered or threatened species.  
Section 7 of the Endangered Species Act (16 U.S.C. 1536) contains provisions that require federal agencies to 
consult with the Secretary of Interior and to take necessary actions to ensure that actions authorized, funded, or 
carried out by them do not jeopardize the continued existence of endangered species and threatened species.  
Federal agencies must ensure that actions taken will not result in the destruction or modification of the habitat of 
endangered species.   
 
The MMPA (16 U.S.C. 1361 et seq.), Section 101(a)(5)(A) directs the Secretary of Commerce to allow, upon request, 
the incidental, but not intentional, taking of marine mammals by United States citizens who engage in a specified 
activity (other than commercial fishing) within a specified geographical region if certain findings are made and 
regulations are issued.  Permission may be granted for periods of 5 years or less if the NMFS finds that the taking will 
have a negligible impact on the species or stock(s); will not have an unmitigatable adverse impact on the availability 
of the species or stock(s) for subsistence uses; and the permissible methods of taking and requirements pertaining to 
the monitoring and reporting of such taking are set forth.   
 
The Florida Endangered and Threatened Species Act (FETSA) establishes the conservation and wise management 
of threatened & endangered (T&E) species as State policy.  Agencies are required to consider impacts to T&E 
species when planning and implementing projects, as mandated by the Florida Wildlife Commission (FWC).   
 
The Magnuson-Stevens Fishery Conservation and Management Act (Sustainable Fisheries Act) identifies Essential 
Fish Habitat (EFH) and threats to EFH.  This Act requires consultation with NMFS to ameliorate any threats to EFH 
from non-fishing activities.   
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The MMPA prohibits the harassing or killing of any marine mammal.  Harassment is any act of pursuit, torment, or 
annoyance which has the potential to injure a marine mammal or marine mammal stock in the wild by causing 
disruption of behavioral patterns, including, but not limited to, migration, breathing, nursing, breeding, feeding, or 
sheltering.  The Act requires the observation of distance requirements from marine mammals as imposed by the 
NMFS.   
 
Federal Regulations Regarding Cultural Resources 
 
The National Historic Preservation Act of 1966 (Public Law 89-665), as amended; Executive Order 11593 of 1971 (36 
CFR 154); the American Indian Religious Freedom Act of 1978 (Public Law 95-341); the Archaeological Resource 
Protection Act of 1979 (Public Law 96-95); the Native American Graves Protection and Repatriation Act of 1990 
(Public Law 101-601); and the Air Force Instruction for cultural resource management of 2014 (AFI 32-7065).  On a 
day-to-day basis, cultural resource management at CCAFS is guided primarily by the National Historic Preservation 
Act and its implementing regulations, 36 CFR 800.   
 
The Archaeological Resource Protection Act was passed in 1979 to protect archaeological resources and sites on 
public lands, and requires a permit for any excavation or removal of archaeological resources from public lands.   
 
The Native American Graves Protection and Repatriation Act and its implementing regulations, 43 CFR 10, provides 
ownership or control of Native American human remains and selected cultural items excavated or discovered on 
federal lands with designated Native American tribes, organizations, or groups.  If human remains or selected cultural 
items are discovered on federal lands, the appropriate Native American group must be notified.  AFI 32-7065 
provides detailed guidance for compliance with relevant extant authorities.   
 
Federal Regulations Regarding Air Quality 
 
The proposed action is federally regulated by the following CFR Titles listed and discussed below:  
 
Title 40 CFR 50 National Ambient Air Quality Standards (NAAQS): The Clean Air Act required the EPA to 
establish ambient ceilings for certain criteria pollutants. Subsequently, the EPA promulgated regulations that set 
NAAQS.  Two classes of standards were established: primary and secondary.  Primary standards prescribe the 
maximum permissible concentration in the ambient air required to protect public health.  Secondary standards 
specify levels of air quality required to protect public welfare, including materials, soils, vegetation, and wildlife, from 
any known or anticipated adverse effects.  The criteria pollutants for which the NAAQS have been established 
include carbon monoxide, nitrogen dioxide, ozone, PM10, PM2.5, and sulfur dioxide.   
 
The EPA classifies air quality within each Air Quality Control Region with regard to its attainment of federal primary 
and secondary NAAQS.  According to EPA guidelines, an area with air quality better than the NAAQS for a specific 
pollutant is designated as in attainment for that pollutant.  Any area not meeting ambient air quality standards is 
classified as nonattainment.  When there is a lack of data for the EPA to define an area, the area is designated as 
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unclassified and treated as an attainment area until proven otherwise.   
 
Title 40 CFR 51 Subpart W (General Conformity): General conformity rule applies to federal actions that are not 
covered by transportation conformity rule, with several listed exceptions.  Other than the listed exemptions and 
presumptions of conformity, general conformity applies to actions in which projected emissions exceed applicable 
conformity de minimis thresholds.  However, if the emissions from a federal action do not equal or exceed de minimis 
thresholds but do represent 10 percent or more of a nonattainment or maintenance area's total emissions of any 
criteria pollutant, the action is considered "regionally significant" and the requirements of conformity determination 
apply.   
 
Title 40 CFR 61 (NESHAP): The National Emissions Standards for Hazardous Air Pollutants (NESHAP) regulates 
stationary sources with a prescribed standard under Title 40 CFR 61.  Such stationary sources may be required to 
obtain an operating permit issued by an authorized Air Pollution Control agency or by EPA in accordance with Title V 
of the Clean Air Act.  The NESHAP identifies and list a variety of hazardous air pollutants that are regulated.   
 
Title 50 CFR 63 Subpart GG for manufacturers of commercial, civil, or military aerospace vehicles or components 
and that are major sources of hazardous air emissions.  Such emissions would result from cleaning operations, 
surface coating with primers and topcoats, paint removal, and waste storage.   
 
Hazardous wastes that are subject to Resource Conservation and Recovery Act (RCRA) requirements would be 
exempt from the subpart.  Those wastes would include specialty coatings, adhesives, primers, and sealant materials 
at aerospace facilities.  Other exemptions would include hazardous air pollutants or VOC contents less than 0.1 
percent for carcinogens or 1.0 percent for non-carcinogens and low volume coatings.   
 
Title 40 CFR 70 (State Operating Permit Programs): In accordance with Title V of the Clean Air Act large facilities 
that are capable of producing large amounts of air pollution are required to obtain an operating permit.  Permits are 
issued by the District.  Typical activities that require the Clean Air Act Title V permit include any major source (source 
that emits more than 100 tons per year of criteria pollutant in a nonattainment area for that pollutant or is otherwise 
defined in Title I as a major source); affected sources as defined in Title IV; sources subject to Section 111 regarding 
New Source Performance Standards; sources of air toxics regulated under Section 112 of the Clean Air Act; sources 
required to have new source or modification permits under Parts C or D of Title I of the Clean Air Act; and any other 
source such as hazardous waste pollutants designated by EPA regulations.   
 
Part 70 Federal Operating Permits are issued to specific emission sources.  Sources requiring permits are 
determined based on the source's potential to emit certain threshold levels of pollution given their equipment and 
processes.  Facilities requiring Part 70 Federal Operating Permits include sources with the potential to emit the 
following: 
 
Hazardous Air Pollutant (HAP) amounts equal to or greater than: 100 tons/year of any regulated air pollutant; 10 
tons/year of any individual HAP or 25 tons/year of a combination of HAPs; or lesser quantity thresholds for any HAP 
established by the EPA rulemaking.  Any stationary source defined by the EPA as major for the District under Title I, 
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Part D (Plans for Nonattainment Areas) of the Clean Air Act and its implementing regulations including: 
 

For ozone nonattainment areas, sources with the potential to emit 100 tons per year or more of volatile organic 
compounds or oxides of nitrogen in areas classified as "marginal" or "moderate," 50 tons per year or more in areas 
classified as "serious," 25 tons per year or more in areas classified as "severe," and 10 tons per year or more in 
areas classified as "extreme"; 
 

 Acid rain sources included under the provisions of Title IV of the Clean Air Act and its implementing regulations. 

 Any source required to have a pre-construction review permit pursuant to the requirements of the New Source 
Review/Prevention of Significant Deterioration program under Title I, Parts C and D of the Clean Air Act and its 
implementing regulations; 

 Any solid waste incineration unit required to obtain a Part 70 permit pursuant to Section 129(e) of the Clean Air 
Act and its implementing regulations; and 

 Any stationary source in a source category required to obtain a Part 70 permit pursuant to regulations 
promulgated by the EPA Administrator. 

 
Title 49 CFR Parts 100-199: Liquid propellant for the Orbital Launch Vehicle must be shipped and handled in 
accordance with Title 49 CFR Parts 100-199.  The liquid propellants would be shipped directly from the 
manufacturing location to the launch site. 
 
Federal Regulations Regarding Hazardous Waste/Hazardous Materials 
 
The Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) of 1980 responds to the 
immediate cleanup of hazardous waste contamination from accidental spills or from waste disposal sites that may 
result in long-term environmental damage. 
 
The RCRA of 1974 (42 U.S.C. 6901 et seq.) was designed to control the handling and disposal of hazardous 
substances by responsible parties.  Hazardous waste, as defined by RCRA, is a "waste that may cause or 
significantly contribute to serious illness or death, or that poses a substantial threat to human health or the 
environment when improperly disposed."  The treatment, storage, and disposal of solid waste (both hazardous and 
nonhazardous) is regulated under the Solid Waste Disposal Act as amended by RCRA and the Hazardous and Solid 
Waste Amendments of 1984.   
 
The Superfund Amendments and Reauthorization Act (SARA) of 1986, Title III: Emergency Planning and Community 
Right-to-Know Act establishes standards for community right-to-know programs, and requires the reporting of 
releases of certain toxic chemicals.  Local planning committees, comprising government, news media, industry, 
environmental organizations, and medical representatives, receive right-to-know information from facilities.  Facilities 
with Standard Industrial Classification codes between 20 and 39 that manufacture, process, or otherwise use listed 
toxic chemicals, must report a release of these toxic chemicals to the environment, in greater than reportable 
quantities, on a Form R. 
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49 CFR Section 170 are Department of Transportation requirements for the shipment of hazardous materials.  This 
section specifies the proper container type, shipping name, and labeling requirements for the transportation of 
hazardous materials. 
 
The Toxic Substances Control Act of 1976 regulates chemical substances and mixtures that present an 
unreasonable risk of injury to health, or the environment, and acts with respect to chemical substances and mixtures 
which are imminent hazards. 
 
Federal Regulations Regarding Water Resources 
 
The Clean Water Act (33 U.S.C. 1251 et seq.) prohibits the discharge of pollutants from a point source into navigable 
waters of the United States, except in compliance with a National Pollutant Discharge Elimination System (NPDES) 
(40 CFR Part 122) permit.  The navigable waters of the United States are considered to encompass any body of 
water whose use, degradation, or destruction will affect interstate or foreign commerce.   
 
Section 402 of the Clean Water Act requires that the EPA establish regulations for issuing permits for storm water 
discharges associated with industrial activity.  An NPDES permit is required if activities involve the disturbance of 1 to 
5 acres of land.  A NOI must be submitted to the SJRWMD by Blue Origin and a storm water pollution prevention 
plan must be developed.   
 
Section 404 establishes a program to regulate the discharge of dredge and fill materials into waters of the US, 
including wetlands.  Activities in waters of the US that are regulated under this program include fill for development, 
water resource projects (such as dams and levees), infrastructure development (such as highways and airports), and 
conversion of wetlands to uplands for farming and forestry.  EPA and the Corps of Engineers jointly administer the 
program.  In addition, the U.S. Fish and Wildlife Service, NMFS, and state resource agencies have important 
advisory roles.   
 
Federal Regulations Regarding Environmental Justice and Coastal Zone Management 
 
Executive Order 12898 (Federal Actions to Address Environmental Justice in Minority Populations and Low Income 
Populations) requires that all federal agencies develop environmental justice strategies and make environmental 
justice a part of their mission by identifying and addressing, as appropriate, any disproportionate and adverse human 
health or environmental effects of their activities on minority or low income populations.   
 
The Coastal Zone Management Act (CZMA) of 1972 (16 USC 1451-1465) (Florida Department of Community Affairs 
(FDCA)) plays a significant role in water quality management.  Under the CZMA, a Federal action that may affect the 
coastal zone must be carried out in a manner that is consistent with state coastal zone management programs.   
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6.2 STATE AND LOCAL REGULATIONS 
 
State regulations are contained generally in the Florida Administrative Codes.   Pertinent requirements include 
obtaining NPDES permits for construction, Title V Air construction and operation permits, and Stormwater 
Management requirements.  The latter is managed within the SJRWMD as part of the Environmental Resource 
Permit (ERP) program.  Requirements that apply to the biological impact aspects of construction and operations, 
including listed T&E species and species of special concern are managed by the FWC. 
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Cultural Resources Program Manager 
45 CES/CEIE 
185 West Skid Strip Road                                                                    
Patrick AFB, FL 32925-2231 
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Gretchen R. Kelley, P.E. and Susan Moor 
St Johns River Water Management District 
Division of Regulatory, Engineering, & Environmental 
Services 

525 Community College Parkway 
Palm Bay, FL 32909 
 

 
The Florida State Clearinghouse reviews EAs for projects planned in Florida pursuant to Gubernatorial Executive 
Order 95-359; the Coastal Zone Management Act; 16 U.S.C. SS 1451-1464 as amended; and NEPA, 42 U.S.C. 
§4321, §§4331–4335, and §§4341–4347.  The State of Florida Clearinghouse sends copies of the draft EA to 
applicable state regulatory agencies for review and submits any comments to be addressed in the final EA.  
Therefore, this EA will be submitted for Clearinghouse review.  Other federal and state agency coordination, approval 
and permits include: 
 

 Consultation with the USFWS pursuant to the federal ESA and the MBTA. 

 Informal Consultation with the NMFS pursuant to the federal MSFCMA, the MMPA, and ESA.   

 Coordination with DOT to renew and/or maintain transportation permits.  

 Consultation with SHPO 

 SJRWMD ERP  

 FDEP  Pre-Construction Permit 

 USACE CWA Section 404 permit & tribal consolations 
 
The USAF invites public participation in decision-making on new proposals through the NEPA process.  Public 
participation with respect to decision-making on the Proposed Action is guided by 38 CFR Part 26.  A pre-scoping 
notice issued in late June 2106 inviting early public comment on the Proposed Action preceded this Draft EA review.  
The public was allowed a 30-day period to submit comments; one letter was received and is contained in Appendix 
O.  The letter contained 10 general questions about the Proposed Action.  All 10 of the questions were considered 
and addressed in the development of this Draft EA. Questions regarding the site selection process and the project 
scope are addressed in the EA Section 2, “Description of the Proposed Action and Alternatives.” Questions regarding 
biological impacts are addressed in EA Section 4.3 “Biological Resources;” the Biological Opinion can also be found 
in Appendix C. Questions regarding hazardous materials are addressed in EA Section 4.7 “Hazardous 
Materials/Hazardous Waste.” Questions regarding wetland and floodplain impacts are addressed in EA Section 4.9 
“Water Resources.” Specifically, due to distance, engine testing and launch operations are not expected to have any 
effect on the IRL and BRL. The proposed transportation route of the OLV does pass over the IRL, but no foreseeable 
impact is likely to occur as a result of this activity. 
 
Consideration of the views and information of all interested persons promotes open communication and enables 
better decision-making.  At the EA Final Draft stage, copies of the draft EA and FONSI will be made available to the 
public in local public libraries and the 45 SW Public Affairs Office at Patrick Air Force Base.  A Notice of Availability 
(NOA) will be published in the local newspaper announcing the availability of the documents at the appropriate time.  
Agencies, organizations, and members of the public with a potential interest in the Proposed Action are urged to 
participate.  Public and agency comments on these documents will be considered in the final version of the EA and in 
the decision making process. 
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Appendix B 
Orbital Launch Site Noise Contours and Noise Study Results Summary 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



D  CONTOURS AT BLUE ORIGIN’S ORBITAL LAUNCH SITE

The DNL 65 and 60 dBA contours extend approximately 1.4 and 2 miles (2.3 to 3.2 km) from LC-36’s launch pad, respectively. This area 
does not encompass land outside of the CCAFS boundaries and thus no residences are impacted. 



MAXIUM A-WEIGHTED OASPL: 115 dBA CONTOUR

An Lmax of 115 dBA is used as the best available, conservative threshold to identify potential locations where hearing protection should 
be considered. No facilities are impacted by Engine Noise Testing beyond Blue Origin’s Proposed Action. 



Noise Study for Blue Origin’s Cape Canaveral Orbital Launch Site EA 
Final Report – April 6, 2016 

6 Summary 
Blue Origin intends to design and develop an Orbital Launch Site at CCAFS. Blue Origin plans to conduct 
launch operations of a LFHCLV and static engine testing at the LC-36/LC-11 site. This report documents 
the noise analysis for operations of a LFHCLV and the potential community noise exposure of the 
proposed action. 
The noise impact of the proposed future actions is evaluated based on the FAA Order 1050.1F, 
Environmental Impacts: Policies and Procedures. A significant noise impact is one in which the “action 
would increase noise by DNL 1.5 dB[A] or more for a noise sensitive area that is exposed to noise at or 
above the DNL 65 dB[A] noise exposure level, or that will be exposed at or above this level due to the 
increase, when compared to the No Action Alternative for the same timeframe.” As DNL contours 
representing the no action alternative at CCAFS are unavailable, an alternative technique was used to 
identify potential areas where significant noise impacts may occur as a result of the proposed operations. 
For any potential impacts to occur, the LFHCLV launches and engine test noise would have to combine 
with existing noise to generate a DNL of 65 dBA or more. Existing noise exposure at or below 63.5 dBA 
would require the LFHCLV launches and engine tests to generate levels at or above DNL 60 dBA to produce 
an increase of 1.5 dBA in the DNL to levels above 65 dBA. Therefore, DNL 60 dBA is used to conservatively 
identify potential areas where noise impacts may occur as a result of the proposed operations. The DNL 
65 and 60 dBA contours extends approximately 1.4 and 2 miles from the launch pad, respectively. This 
area does not encompass land outside of the CCAFS boundaries and thus no residences are impacted. The 
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DNL is dominated by energy generated by the static engine tests, despite the fact that launch events will 
generate greater noise levels than single-engine static tests on a single-event basis. 
To assess the impact of rocket noise with respect to hearing conservation, maximum A-weighted OASPL 
contours are provided. OSHA has set an upper limit noise level of 115 dBA as a guideline to protect human 
hearing from long-term continuous daily exposures to high noise levels and aid in the prevention of NIHL. 
The 115 dBA contour associated with launch events extends approximately 0.9 miles from the launch pad. 
For single-engine static test events, the 115 dBA contour extends approximately 0.3 miles from the engine 
test stand along the peak directivity angle. Noise levels above an LA,max of 115 dBA will remain within CCAFS 
boundaries for both launch and static engine test events. 
To assess the impact of rocket noise with respect to structural damage claims, maximum unweighted 
OASPL contours are provided. A NASA technical memo written by Guest and Sloan [41] estimated that 
one damage claim in 1,000 households exposed is expected at an average continuous level of 111 dB, and 
one in 100 households at 120 dB. The 120 and 111 dB contours associated with launch events extend 
approximately 5.6 and 14.3 miles from the launch pad, respectively. The 120 dB contour is mainly within 
CCAFS boundaries, with the exception of the northeast corner of Port Canaveral including Jetty Park 
Campground. The 111 dB contour extends north into Kennedy Space Center, east to Sharpes and south 
to Orlando Beach. For single-engine static test events, the 120 and 111 dB contours extend approximately 
1.1 and 2.7 miles from the engine test stand, respectively, along the peak directivity angle. Unlike the 
launch events, the Lmax of 120 dB and 111 dB contours for single-engine static tests do not encompass land 
outside of the CCAFS boundaries. 
The potential for sonic boom impacts as a result of LFHCLV launches and capsule landing vehicle was 
qualitatively assessed and discussed. The nominal LFHCLV launch trajectory is in a primarily northeasterly 
direction, which is out over the water. The sonic booms generated would impact ground level over the 
Atlantic Ocean making them inaudible on the mainland. Landings of the Blue Origin capsule at a pre-
determined land location would also produce sonic booms during the capsule’s decent. The highest boom 
levels will occur as the capsule approaches the landing site, along the direction of the landing azimuth. 
The over pressures generate by the Blue Origin capsule would be similar to those generated by the Apollo 
Command Module during re-entry, which were measured at levels up to 0.8 psf [39]. For landing 
operations, the predicted sonic boom overpressure levels are less than 2 psf. Therefore, the potential for 
structural damage as a result of capsule landings for well-maintained structures is unlikely. Damage will 
be generally limited to bric-a-brac or structural elements that are in ill-repair. The potential for hearing 
damage (with regards to humans) is negligible, as the predicted sonic boom overpressure levels over land 
are substantially lower than the ~4 psf impulsive hearing conservation noise criteria. Therefore, with 
respect to human annoyance and health and safety or structural damage, noise impacts due to sonic 
booms are not expected. 
The proposed launches of a LFHCLV are not expected to generate propulsion noise or sonic boom impacts 
greater than what the community has been exposed to as a result of previous launches from CCAFS and 
the adjacent KSC including the Space Shuttle and Saturn V. 
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candidate for federal listing.  Due to its status as a state-listed threatened species, however, the 45 SW 

will undertake special conservation actions consistent with state guidelines and requirements. These 

are included in the “Description of the Proposed Action” section.  

This BO is based on information provided in the final BA for the proposed LC-11 & LC-36 actions 

received on January 22, 2016.  A complete administrative record is on file at the Ecological Service 

Office in Jacksonville, Florida. 

CONSULTATION HISTORY 

On December 1, 2015, the Service received a phone call from the 45 SW informing them of the 

proposed action and discussed potential impacts on federally listed species.  At that time, the     45 

SW indicated a BA would be submitted for the proposed project. 

On 8-12 December, 2015, contracted staff for Blue Origin conducted beach mouse surveys in 

potential southeastern beach mouse habitat that would be impacted at LC-11 and 36 to determine the 

presence/absence of the species and potential effects of the proposed action.  Two southeastern beach 

mice were captured. 

On December 23, 2015, the Service received a copy of the BA for the proposed project.  

On January 11, 2016, the Service requested additional information to clarify information contained 

within the BA. 

On January 22, 2016, the Service had all necessary information to complete a BO. 

On January 29, 2016, the Service received a draft BO from the 45 SW to assist the Service in 

completion of the BO. 

BIOLOGICAL OPINION 

DESCRIPTION OF THE PROPOSED ACTION 

The Proposed Action would be to construct and operate a commercial Orbital Launch Site (OLS) at 

the combined areas of LC-36 and LC-11 at CCAFS, Florida. The facility would contain infrastructure 

to test rocket engines, integrate launch vehicles, and conduct launches of liquid fueled, medium and 

heavy-lift class orbital launch vehicles (OLV). The action includes construction of a launch pad, 

engine test stand, integration facility, launch vehicle wash building, fuel storage tanks, as well as 

roads, lighting, a parking lot and multiple stormwater retention ponds throughout the complex. 

Operationally, the proposed action includes the potential for up to 12 launches per year of the OLV.   
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The action area consists of land in and around the historic launch complexes LC-11 and LC-36 and 

the scrub-jay habitat compensation area within Land Management Unit 33.  The two complexes are 

located centrally within the Air Force Station and exist east of the intersection of ICBM Road and 

Central Control Road, south of Launch Complex 12 and west of the Atlantic Ocean within Sections 

20 & 21, Township 23 South, Range 38 East, Brevard County, Florida.  A broader area of potential 

impacts includes turtle nesting beach on CCAFS directly east and north and south of LC-11 and LC-

36, and the immediate offshore waters of the Atlantic Ocean.    

The area within the fence line at LC-11 and LC-36 constitute the majority of land that is previously 

disturbed.  The area within this section of the proposed action has been loosely maintained, 

comprised of a few scattered trees and herbaceous groundcover along with remnants of the launch 

pads ancillary support structures, and roads, all of which represents approximately 100 acres of 

“previously disturbed” areas.   

Beyond the fence line, within the limits of the proposed action, the Site contains several distinct 

habitat types.  Coastal scrub community and wetlands dominates the majority of the area outside the 

fence (approximately 206 acres).  This community type is comprised by a mix of coastal and oak 

scrub; scrub oaks are the dominant canopy species, but the area is overgrown and contains stands of 

Brazilian pepper (Schinus terebinthifolia).  Patches within this area appears to have undergone recent 

land management activities focused on Brazilian pepper.  Species observed within this community 

type include sand live oak (Quercus geminata), live oak (Quercus virginiana), myrtle oak (Quercus 

myrtifolia), Brazilian pepper, tough buckthorn (Bumelia tenax), cabbage palm (Sabal palmetto), and 

Spanish bayonet (Yucca aloifolia).  This habitat type has a closed canopy along with a dense 

understory comprised of saw palmetto (Serenoa repens), greenbrier (Smilax spp.), beautyberry 

(Callicarpa americana), wax myrtle (Myrica cerifera), rusty lyonia (Lyonia ferrunginea), partridge 

pea (Galactia elliottii), bracken fern (Pteridium aquilinum), and morning glory (Ipomoea indica).   

It is anticipated that of the 306 acre site, the Proposed Action area would require about 120 acres of 

clearing and construction.  A large portion of the action, approximately 100 acres, has previously 

been disturbed or constructed upon and is within the existing fence line of the LC-11 and LC-36 

complexes.  The remaining actions that will occur outside the fence line and result in impacts to 

natural, undisturbed lands are approximately 20 acres.  Of this area, approximately 7 acres may be 
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primary wetland impacts, and approximately 14-15 acres may be characterized as potential scrub jay 

habitat.  All areas would be cleared using heavy machinery.  Cleared material would be placed in 

wheeled dump trucks for removal from that area.  Once vegetation is removed from this area using 

heavy machinery, much of it would be graded using large, heavy, tracked bull dozers.  Material 

would either be removed to a suitable off-site area, or burned on location in accordance with USAF 

regulations as schedule and burn conditions permit.  Any new roadways would be constructed of 

compacted soil and appropriate impervious pavement material to support large equipment.  Each 

paved road would be approximately 25 feet wide and would include swales on either side of the 

roads.  Long-term maintenance for the swale areas is expected to be mowed grass.  Standard large-

scale grass mowing equipment would be used on a periodic basis to maintain vegetation to about 

three inches in height in this area.   

The USAF is proposing to restore habitat at Land Management Unit (LMU) 33 in order to 

compensate for impacts to unoccupied potential scrub-jay habitat.  A combination of mechanical 

treatment, prescribed burning, and herbicide application for invasives would be used to restore 

habitat.  Any vegetation that is optimal height for scrub-jays will be avoided and left untreated.  This 

LMU is located adjacent to occupied habitat and therefore will provide acreage for scrub-jays to 

expand.  Additionally, the northern portion of the LMU is currently undergoing restoration under 

another BO.  Although the area in which the proposed action will occur is not currently occupied, to 

reduce the potential to impact nesting scrub-jays, a survey will be conducted prior to clearing to 

ensure no scrub-jays are nesting within 300’ of clearing activities. 

The restoration of LMU 33 is expected to begin within three months of ground breaking at LC-11 and 

LC-36 and it is expected that all restoration would be completed within 12 months.  Controlled 

burning of the unit, if required, would be conducted as soon as range scheduling allows.  Due to the 

height of the vegetation in the unit, it is expected that much of the vegetation debris would be hauled 

off and/or disposed on-site using an air-curtain incinerator.  All other vegetation that is of suitable 

height would be left and burned as scheduling permits.  Yearly maintenance would include 

monitoring and control of invasive species, as well as maintenance of any artificial openings created 

during restoration activities.  LMU33 would be placed on a 5-7 year burn rotation schedule and roller 

chopping and/or burning would occur as the unit exceeds optimal scrub-jay height.  Blue Origin will 

provide funding for the restoration and maintenance of this site. 
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Regarding gopher tortoises, the 45th SW natural resource personnel would be notified if any burrows 

were found to encroach upon the OLS and/or roadways for removal.  Tortoises would be excavated 

by Florida Fish and Wildlife Conservation Commission (FFWCC) authorized agents using a track 

hoe or via bucket trapping.  Tortoises would be relocated onsite to a USAF approved recipient site.  

A survey would be done at the recipient site to ensure the unit is not already occupied and/or would 

not result in overpopulation with the additional tortoises.  Targeted occupancy is 1.5 acres per tortoise 

on highly suitable soils and 2.5 acres per tortoise on moderate or less suitable soils. 

 

STATUS OF THE SPECIES/CRITICAL HABITAT 

This section provides pertinent biological and ecological information for the Florida scrub-jay, 

southeastern beach mouse, eastern indigo snake, loggerhead sea turtle, green sea turtle, leatherback 

sea turtle, hawksbill sea turtle, and Kemp’s ridley sea turtle, as well as information about their status 

and trends throughout their entire range.  We use this information to assess whether a federal action is 

likely to jeopardize the continued existence of the above-mentioned species.  The "Environmental 

Baseline" section summarizes information on status and trends of the Florida scrub-jay, southeastern 

beach mouse, eastern indigo snake, loggerhead sea turtle, green sea turtle, leatherback sea turtle, 

hawksbill sea turtle, and Kemp’s ridley sea turtle specifically within the action area.  These 

summaries provide the foundation for our assessment of the effects of the proposed action, as 

presented in the "Effects of the Action" section 

 

FLORIDA SCRUB-JAY (Aphelocoma coerulescens) 

Species/Critical Habitat Description 

Florida scrub-jays are about 10 to 12 inches long and weigh about 3 ounces.  They are similar in 

size and shape to the blue jay (Cyanocitta cristata), but differ significantly in coloration 

(Woolfenden and Fitzpatrick 1996a).  Unlike the blue jay, the scrub-jay lacks a crest.  It also lacks 

the conspicuous white-tipped wing and tail feathers, black barring, and bridle of the blue jay.  The 

Florida scrub-jay's head, nape, wings, and tail are pale blue, and its body is pale grey on its back 
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and belly.  Its throat and upper breast are lightly striped and bordered by a pale blue grey "bib."  

Scrub-jay sexes are not distinguishable by plumage, and males, on the average, are only slightly 

larger than females (Woolfenden 1978).  The sexes may be differentiated by a distinct "hiccup" 

call vocalized only by females (Woolfenden and Fitzpatrick 1986).  Scrub-jays that are less than 

about five months of age are easily distinguishable from adults; their plumage is smokey grey on 

the head and back, and they lack the blue crown and nape of adults.  Molting occurs between 

early June and late November and peaks between mid-July and late September (Bancroft and 

Woolfenden 1982).  During late summer and early fall, when the first basic molt is nearly done, 

fledgling scrub-jays may be indistinguishable from adults in the field (Woolfenden and 

Fitzpatrick 1984).  The wide variety of vocalizations of the scrub-jay is described in detail in 

Woolfenden and Fitzpatrick (1996b).  No critical habitat has been designated for this species; 

therefore none will be affected by the proposed project. 

Life History/Population Dynamics 

Scrub-jays are non-migratory, extremely sedentary, and have very specific habitat requirements 

(Woolfenden 1978).  They usually reside in oak scrub vegetated with sand oak, myrtle oak, inopine 

oak, and Chapman oak, along with saw palmetto, scrub palmetto, scattered sand pipe, and 

rosemary.  Such habitat occurs only on fine, white, drained sand, along, along the coastlines in 

Florida, and in dunes deposited during the Pleistocene, when sea levels were much higher than at 

present (Laessle 1958, 1968).  Scrub-jays are rarely found in habitats with more than 50 percent 

canopy cover over three meters in height (U.S. Fish and Wildlife Service 1990).  The habitat 

required for the scrub-jay greatly restricts the bird's distribution.  Active management either through 

burning or mechanical clearing is necessary to maintain optimum conditions.  In general, scrub-jay 

habitat consists of dense thickets of scrub oaks less than nine feet tall, interspersed with bare sand 

used for foraging and storing of acorns (U.S. Fish and Wildlife Service 1990). 

Florida scrub-jays are monogamous and remain mated throughout the year (Sprunt 1946 

Woolfenden 1978).  Scrub-jays have a social structure that involves cooperative breeding, a trait 

that the other North American species of scrub-jays do not show (Woolfenden and Fitzpatrick 

1984).  Scrub-jays live in families ranging from two birds (a single mated pair) to extended 

families of eight adults and one to four juveniles.  Fledgling scrub-jays stay with the breeding 
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pair in their natal territory as “helpers,” forming a closely-knit cooperative family group.  Pre- 

breeding numbers are generally reduced to either a pair with no helpers or families of three to 

four individuals (a pair plus one or two helpers).  The presence of helpers generally increases 

reproductive success and survival within the group, which naturally causes family size to 

increase (Woolfenden and Fitzpatrick 1978). 

Scrub-jays have a well-developed intrafamilial dominance hierarchy with breeder males most 

dominant, followed by helper males, breeder females, and finally, female helpers (Woolfenden and 

Fitzpatrick 1977).  Helpers take part in sentinel duties (McGowan and Woolfenden 1989), 

territorial defense, predator- mobbing, and the feeding of both nestlings (Stallcup and Woolfenden 

1978) and fledglings (McGowan and Woolfenden 1990).  The well-developed sentinel system 

involves having one individual occupying an exposed perch watching for predators or territory 

intruders.  When a predator is seen, the sentinel scrub-jay gives a distinctive warning call, and all 

family members seek cover in dense shrub vegetation (Fitzpatrick et al.1991). 

Florida scrub-jay pairs occupy year-round, multi-purpose territories (Woolfenden and Fitzpatrick 

1984; Fitzpatrick et al. 1991).  Territory size averages 22 to 25 acres, with a minimum size of 

about 12 acres.  The availability of territories is a limiting factor for scrub-jay populations.  

Because of this limitation, non-breeding adult males may stay at the natal territory as helpers for 

up to five years, waiting for either a mate or territory to become available (Fitzpatrick et al. 1991).  

Birds may become breeders in several ways: (1) by replacing a lost breeder on a non-natal territory 

(Woolfenden and Fitzpatrick 1984); (2) through "territorial budding," where a helper male becomes 

a breeder in a segment of its natal territory (Woolfenden and Fitzpatrick 1978); (3) by inheriting a 

natal territory following the death of a breeder; (4) by establishing a new territory between existing 

territories (Woolfenden and Fitzpatrick 1984); or (5) through "adoption" of an unrelated helper by a 

neighboring family followed by resident mate replacement (B. Toland, USFWS, pers. comm.1996).  

Territories can also be created by restoring habitat through effective habitat management efforts 

in areas that are overgrown (Thaxton and Hingtgen 1994).  

To become a breeder, a scrub-jay must find a territory and a mate.  Evidence presented by 

Woolfenden and Fitzpatrick (1984) suggests that scrub-jays are monogamous.  The pair retains 

ownership and sole breeding privileges in its particular territory year after year.  Courtship to 
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form the pair is lengthy and ritualized, and involves posturing and vocalizations made by the 

male to the female (Woolfenden and Fitzpatrick 1996b). Copulation between the pair is 

generally out of sight of other scrub-jays (Woolfenden and Fitzpatrick 1984).  These authors 

also reported never observing copulation between unpaired scrub-jays or courtship behavior 

between a female and a scrub-jay other than her mate.  Age at first breeding in the scrub-jay 

varies from one to seven years, although most individuals become breeders between two and 

four years of age (Fitzpatrick and Woolfenden 1988).  Persistent breeding populations of scrub-

jays exist only where there are scrub oaks in sufficient quantities to provide an ample winter 

acorn supply, cover from predators, and nest sites during spring (Woolfenden and Fitzpatrick 

1996a). 

Nesting is synchronous, normally occurring from 1 March through 30 June (Woolfenden and 

Fitzpatrick 1990; Fitzpatrick et al. 1991).  On the Atlantic Coastal Ridge and southern Gulf coast, 

nesting may be protracted through the end of July (B. Toland, USFWS, pers. comm. 1996; J. 

Thaxton Uplands, Inc., pers. comm. 1998).  In suburban habitats, nesting is consistently 

initiated earlier (March) than in natural scrub habitat (Fleischer 1996), although the reason for 

this difference is unknown. 

Clutch size ranges from 1 to 5 eggs, but is typically 3 or 4 eggs.  Clutch size is generally larger 

(up to 6 eggs) in suburban habitats, and the birds try to rear more broods per year (Fleischer 

1996).  Eggs are incubated for 17 to 18 days, and fledging occurs 16 to 21days after hatching 

(Woolfenden 1974, 1978; Fitzpatrick et al. 1991).  Only the breeding female incubates and 

broods eggs and nestlings (Woolfenden and Fitzpatrick 1984).  Annual productivity must 

average at least two fledged per pair for a population of scrub-jays to support long- term 

stability (Woolfenden and Fitzpatrick 1990; Fitzpatrick et al. 1991). 

Fledglings depend upon adults for food for about 10 weeks, during which time they are fed by 

both breeders and helpers (Woolfenden 1975; McGowan and Woolfenden 1990).  Survival of 

scrub-jay fledglings to yearling age class averages about 35 percent in optimal scrub, while 

annual survival of both adult males and females averages about 80 percent (Fitzpatrick et al. 

unpubl. data).  Data from Archbold Biological Station, however, suggest that survival and 

reproductive success of scrub-jays in sub-optimal habitat is substantially lower (Woolfenden 
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and Fitzpatrick 1991).  These data help explain why local populations inhabiting unburned, late 

successional habitats become extirpated.  The longest observed lifespan of a Florida scrub-jay 

is 15.5years at Archbold Biological Station in Highlands County (Woolfenden and Fitzpatrick 

1996b). 

Scrub-jays are nonmigratory and permanently territorial.  Juveniles stay in their natal (Woolfenden 

and Fitzpatrick 1984).  Once scrub-jays pair and become breeders, they stay on their breeding 

territory until death.  In suitable habitat, fewer than five percent of scrub-jays disperse more than 

five miles (Fitzpatrick et al. 1991).  All documented long distance dispersals have been in 

unsuitable habitat such as woodland, pasture, or suburban plantations.  Scrub-jay dispersal 

behavior is affected by intervening land uses.  Protected scrub habitats will most effectively 

sustain scrub-jay populations if they are located within surrounding habitat types that can be 

used and traversed by scrub-jays. 

Brushy pastures, scrubby corridors along railways and road rights-of-way, and open burned 

flatwoods offer links for colonization among scrub-jay subpopulations. Stith et al. (1996) 

believed that a dispersal distance of five miles is close to the biological maximum for scrub-

jays. 

Scrub-jays forage mostly on or near the ground, often along the edge of natural or man-made 

openings.  They visually search for food by hopping or running along the ground beneath the 

scrub or by jumping from shrub to shrub.  Insects, particularly orthopterans (e.g., locusts, 

crickets, grasshoppers, beetles) and lepidopterau (e.g., butterfly and moth) larvae, form most of 

the animal diet throughout most of the year (Woolfenden and Fitzpatrick 1984).  Acorns are the 

most important plant food (Fitzpatrick et al. 1991).  From August to November each year, scrub-

jays may harvest and cache 6,000 to 8,000 oak acorns throughout their territory.  It is estimated 

that 1/3 of these acorns are later recovered and eaten.  Caching allows scrub-jays to eat acorns every 

month of the year.  This reliance on acorns and caching may constitute a major reason for the scrub- 

jay's restriction to the oak scrub and sandy ridges within Florida (Fitzpatrick et al. 1991). 
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Status and Distribution 

The Florida scrub-jay is found exclusively in peninsular Florida, and is restricted to scrub habitat 

(U.S. Fish and Wildlife Service 1990).  The Florida scrub-jay was listed as a threatened species on 

June 3, 1987 (52 FR 2d l 15-20719).  The main causes responsible for the decline were as follows: 

The Present or Threatened Destruction. Modification, or Curtailment of its Habitat or Range: 

The existence of scrub-jays throughout their range depends on the existence of a particular serial 

stage of oak scrub habitat with unvegetated openings in sandy soils.  This habitat occurs naturally 

only in localized patches associated with recent or ancient shoreline deposits.  By the time of listing, 

large proportions of these habitat patches had been converted for human use, or were slated for 

imminent conversion.  Most of the coastal scrub habitat had already been cleared for beachfront 

hotels, houses, and condominiums, and much of the central Florida scrub had been converted to 

citrus groves, housing developments, and commercial real estate.  It was estimated that 40 percent 

of occupied scrub habitat had already been converted to other uses, and total population of the 

species had declined by at least halt:  As a result of rapid increase in human population numbers 

throughout central Florida, the pace of housing and agricultural development had accelerated since 

the 1960s, and it showed no signs of slowing. 

Overutilization for Commercial, Recreational, Scientific, or Educational Purposes: 

Reported shooting of scrub-jays and collection of the species as pets were considered threats. 

Disease or Predation: 

Disease and predation were not believed to be major threats at the time of listing. 

The Inadequacy of Existing Regulatory Mechanisms: 

The only laws protecting the Florida scrub-jay prior to the time of listing were the Migratory Bird 

Treaty Act of 1918 (MBTA) (16 U.S.C. 703 et seq.) and Florida State Law (Chapter 68A-27.004, 

Florida Administrative Code).  Neither of these laws protected the birds from habitat destruction, 

which constituted the major threat to the species. 
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Other Natural or Manmade Factors Affecting its Continued Existence: 

Suppression of fire by humans was identified as a factor in species' decline at the time of the listing.  

Historically, lightning strikes started fires, which maintained the sparse low scrub habitat needed by 

Florida scrub-jays.  Human efforts to suppress these fires to protect human interests allowed the 

scrub to become too dense and tall to support populations of scrub-jays.  Vehicular mortality of 

scrub jays due to accidental collisions along roadsides was recognized as a cause of the decline in 

some parts of the species' range. 

Continued and current threats to the species include: 

The Present or Threatened Destruction, Modification, or Curtailment of its Habitat or Range: 

Scrub habitats continued to decline throughout peninsular Florida since listing occurred, and habitat 

destruction continues to be one of the main threats to the Florida scrub-jay.  Cox (1987) noted local 

extirpations and major decreases in numbers of scrub-jays and attributed them to the clearing of 

scrub for housing and citrus groves.  Eighty percent or more of the scrub habitats have been 

destroyed along the Lake Wales Ridge since pre-human settlement (Fitzpatrick et al 1991).  Fernald 

(1989), Fitzpatrick et al. (1991, 1994), and Woolfenden and Fitzpatrick (1996a) noted that habitat 

losses due to agriculture, silviculture, and commercial and residential develop merit have continued 

to play a role in the decline in numbers of scrub-jays throughout the state. State-wide, estimates of 

scrub habitat loss range from 70 to 90 percent (Bergen 1994; Woolfenden and Fitzpatrick 

1996a; Fitzpatrick et al. unpubl. data). 

Toland (1999) estimated that about 85 percent of pre-European settlement scrub habitats had been 

converted to other uses in Brevard County.  This is due mainly to development activity and citrus 

conversion, which were the most important factors that contributed to the scrub-jay decline 

between 1940 and 1990.  A total of only 10,656 acres of scrub and scrubby flatwoods remain in 

Brevard County (excluding federal ownership), of which only 1,600 acres (15 percent) is in public 

ownership for the purposes of conservation.  Less than 1,977 acres of an estimated pre- settlement 

of 14,826 acres of scrubby flatwoods habitat remain in Sarasota County, mostly occurring in 

patches averaging less than 2.5 acres in size (Thaxton and Hingtgen 1996).  Only 10,673 acres of 

viable coastal scrubby flatwoods remained in the Treasure Coast region of Florida (Indian River, 
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Saint Lucie, Martin, and Palm Beach Counties) according to Fernald (1989).  He estimated that 95 

percent of scrub had already been destroyed for development purposes in Palm Beach County.  

Habitat destruction not only reduces the amount of area scrub-jays can occupy, but also increases 

fragmentation of habitat.  As more scrub habitat is altered, the habitat is cut into smaller and 

smaller pieces, separated from other patches by larger distances; such fragmentation increases the 

probability of genetic isolation, which is likely to increase extinction probability (Fitzpatrick et al. 

1991; Woolfenden and Fitzpatrick 1991; Snodgrass et al. 1993; Stith et al. 1996; Thaxton and 

Hingtgen 1996).  Dispersal distances of scrub-jays in fragmented habitat are further than in 

optimal unfragmented habitats, and demographic success is poor (Thaxton and Hingtgen 1996; 

Breininger 1999). 

Overutilization for Commercial, Recreational, Scientific, or Educational Purposes: 

The Service knows of only a few cases where scrub-jays have been shot.  One was in Volusia 

County which was investigated and prosecuted under the MBTA (J. Oliveros, USFWS, pers. 

comm.).  The Florida Fish and Wildlife Conservation Commission (FWC) investigated a case 

in which three scrub-jays were shot in Highlands County (N. Douglass, FWC, pers. comm.).  It 

does not seem that the small number and infrequent occurrence of scrub-jays taken in this 

manner has had an impact on the species. 

Disease or Predation: 

Most Florida scrub-jays mortality probably is from predation (Woolfenden and Fitzpatrick 1996b).  

The second most frequent cause may be disease, or predation on disease-weakened jays 

(Woolfenden and Fitzpatrick l996b).  Known predators of Florida scrub-jays are listed by 

Woolfenden and Fitzpatrick (1990), Fitzpatrick et al. (1991), Breininger (1999), and K. Miller 

(FWC, in Litt. 2004); the list includes eastern coachwhip (Masticophis flagellum), known to eat 

adults, nestlings, and fledglings, eastern indigo snake (Drymarchon corais couperi), known to eat 

adults and fledglings, rat snake (Elaphe obsolete), and corn snake (E. guttata).  Mammalian 

predators include bobcats (Lynx rufas), raccoons (Procyon lotor), cotton rats (Sigmodon hispidus), 

known to eat eggs, and domestic cats (Felis cattus), known to eat adults.  Franzreb and Puschock 

(2004) also have documented spotted skunks (Spilogale putorius) and grey fox (Urocyon 

cinereoargenteusi) as mammalian predators of scrubjay nests.  Fitzpatrick et al. (1991) suspected 
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that populations of domestic cats are able to eliminate small populations of scrub-jays.  Avian 

nest predators include great horned owls (Bubo virginianus), eastern screech-owl (Otus asio), red-

tailed hawk (Buteo jamaicensis), northern harrier (Circus cyaneus), fish crow (Corvus ossifragus), 

boat-tailed grackle (Quiscalus major), common grackle (Q. quiscula), American  crow (C. 

brachyrhynchos), blue jay (Cyanocitta cristata), and swallow-tailed kites (Elanoides forjicatusi).  

Fitzpatrick et al. (1991) reported that overgrown scrub habitats are often occupied by the blue jay, 

which may be one factor limiting scrub-jay populations in such areas.   Raptors which seem to be 

important predators of adult scrub-jays are merlin (Falco columbariusi), sharp-shinned hawk 

(Accipiter striatusi), and Cooper's hawk (A. cooperii), and northern harrier.  During migration and 

winter, these four raptor species are present in areas which contain scrub habitat, and scrub- jays 

may experience frequent confrontations (as many as one pursuit a day) with them (Woolfenden and 

Fitzpatrick 1990).  In coastal scrub, Woolfenden and Fitzpatrick (1996b) report that scrub-jays are 

vulnerable to predation by raptors in October, March, and April, when high densities of migrating 

accipiters and falcons are present.  Woolfenden and Fitzpatrick (1996b) and Toland (1999) 

suggest that in overgrown scrub habitats, hunting efficiency for scrub-jay predators is increased.  

Bowman and Averill (1993) noted that scrub-jays occupying fragments of scrub found in or near 

housing developments were more prone to predation by house cats and competition from blue jays 

and mockingbirds.  Woolfenden and Fitzpatrick (1996a, l996b) stated that proximity to housing 

deve1opments (and increased exposure to domestic cats) needs to be taken into consideration when 

designing scrub preserves.  Young scrub-jays are especially vulnerable to ground predators (e.g., 

snakes and mammals) before they are fully capable of sustained flight. 

The Florida scrub-jay hosts two protozoan blood parasites (Plasmodium cathemerium and 

Haemoproteus danilewskyi), but incidence is low (M. Garvin pers. comm., cited in Woolfenden 

and Fitzpatrick l996b).  Several scrub-jays sick from these two agents in March 1992 survived to 

become breeders.  The Florida scrub-jay carries at least three types of mosquito-borne encephalitis 

(St. Louis, eastern equine, and "Highlands jay"; M. Garvin and J. Day pers. comm., cited in 

Woolfenden and Fitzpatrick 1996b).  Of particular concern is the arrival of West Nile virus (the 

agent of another type of encephalitis) in Florida during 2001; since corvids have been particularly 

susceptible to the disease in states north of Florida, it is expected that scrub- jays will be affected. 
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Woolfenden and Fitzpatrick (1996b) noted three episodes of elevated mortality (especially among 

juveniles) in 26 years at Archbold Biological Station.  Each of these incidents occurred in 

conjunction with elevated water levels following unusually heavy rains in the fall, although high 

mortality does not occur in all such years.  During the most severe of these presumed epidemics 

(August 1979 through March 1980), all but one of the juvenile cohort and almost half of the 

breeding adults died (Woolfenden and Fitzpatrick 1984; Woolfenden and Fitzpatrick 1990).  The 

1979-1980 incidents coincided with a known outbreak of eastern equine encephalitis among 

domestic birds in central Florida (J. Day pers. comm., cited in Woolfenden and Fitzpatrick 

1996b).  From the fall of 1997 through the spring of 1998, the continuing population decline of 

Florida scrub-jays along the Atlantic coast and in central Florida may have been augmented by 

an epidemic of unknown origin (Breininger 1999). 

At CCAFS, Stevens and Hardesty (1999) noted a decline in juvenile survival from 60 to 70 percent 

in the preceding years to only 16 percent in 1997-98.  It stayed low (only 25 percent) in 1998-1999 

before again climbing into the mid-60 percent range.  Also, adult survival dropped from 70 to 80 

percent in the preceding years to 50 to 60 percent in 1997-98.  Overall, their annual surveys 

documented the largest one-year drop (pairs decreased by 17 percent and birds by 20 percent) in 

this population at the same time as the presumed state-wide epidemic.  In winter-summer of 1973, 

15 species of helminth fauna (including 8 nematodes, 5 trematodes, 1 cestode, and 1 

acanthocephalan) were found in 45 Florida scrub-jays collected in south-central Florida; the 

parasite load was attributed to a varied arthropod diet (Kinsella 1974).  These naturally-occurring 

parasites are not believed to have a negative impact on scrub-jay population levels. 

Larvae of a fly, Philornis (Neomusca) porteri, occur irregularly on scrub-jay nestlings.  The species 

pupates in the base of the nest; larvae locate in nares, mouth flanges, bases of remiges, and toes; 

apparently no serious effect on the scrub-jay host occurs (Woolfenden and Fitzpatrick l996b).  

Additionally, one indescribable chewing louse (Myrsidea sp., R. Price pers, comm., cited in 

Woolfenden and Fitzpatrick 1996b), one wing-feather mite (Pterodectes sp.), two chiggers 

(Eutrombicula lipovskyana), and a flea (Echidnophaga gallinacean); J. Kinsella pers. comm., cited 

in Woolfenden and Fitzpatrick 1996b) occur on some individuals, usually at low densities.  

Nymphs and larvae of four ticks (Amblyomma americanum, A. tuberculatum, Haemaphysalis 

leporispalustris, and Jxodes scapularis) are known to occur on scrub-jays, as well as the larvae of 
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the tick Amblyomma maculatum (L. Durden and J. Keirans pers. comm., cited in Woolfenden and 

Fitzpatrick 1996b).  These naturally occurring parasites are not believed to have a negative impact 

on scrub-jay population levels. 

The Inadequacy of Existing Regulatory Mechanisms: 

Woolfenden and Fitzpatrick (1996a) state the importance of enforcing existing federal laws 

regarding the management of federal lands as natural ecosystems for the long-term survival of the 

Florida scrub-jay.  The Service consults regularly on activities on federal lands which may affect 

scrub-jays and also works with private landowners through section 10 (a)(1)(B) incidental take 

permitting process of the Act when take is likely to occur and no federal nexus is present.  

Florida's State Comprehensive Plan and Growth Management Act of 1985 is administered mostly 

by regional and local governments.  Regional Planning Councils administer the law through 

Development of Regional Impact Reviews; at the local level, although comprehensive plans contain 

policy statements and natural resource protection objectives, they are only effective if counties 

enact and enforce ordinances.  As a general rule, counties have not enacted and/or enforced 

ordinances that are effective in protecting scrub-jays (Fernald 1989). 

The Wildlife Code of the state of Florida (Chapter 68A, Florida Administrative Code) prohibits 

taking of individuals of threatened species, or parts thereof, or their nests or eggs, except as 

authorized.  The statute does not prohibit clearing of habitat occupied by protected species, which 

limits the ability of the FWC to protect the Florida scrub-jay and its habitat. 

Other Natural or Manmade Factors Affecting its Continued Existence: 

Human interference with natural fire regimes has continued to play a major part in the decline 

of the scrub-jay and today may exceed habitat loss as the single most important factor 

(Woolfenden and Fitzpatrick 1991, 1996a; Fitzpatrick et al 1994).  Lightning strikes cause 

virtually all naturally-occurring fires in south Florida scrub habitat (Abrahamson 1984; Hofstetter 

1984).  Fire has been noted to be important in maintenance of scrub habitat for decades (Nash 

1895; Harper 1927; Webber 1935; Davis 1943; Laessle 1968; Abrahamson et al.1984).  

Human efforts to prevent and/or control natural fires have allowed the scrub to become too 

dense and tall to support populations of scrub-jays, resulting in the decline of local populations 



Biological Opinion   Dept. of the Air Force 45th Space Wing      FWS Log No. 04EF1000-2016-F-0164   16 

of scrub-jays throughout the state (Fernald 1989; Fitzpatrick et al. 1994; Percival et al.1995; 

Stith et al. 1996; Thaxton and Hingtgen 1996; Woolfenden and Fitzpatrick 1990, 1996a; Toland 

1999).  Woolfenden and Fitzpatrick 1990, 1996a; Toland 1999; Woolfenden and Fitzpatrick 

(1996a) cautioned, however, that fire applied too often to scrub habitat also can result in local 

extirpations.  Experimental data at Archbold Biological Station (Fitzpatrick and Woolfenden, 

unpubl. data) show that fire-return intervals varying between 5 and 15 years are optimal for 

long term maintenance of productive Florida scrub-jay populations in central Florida.  These 

intervals also correspond with those yielding healthy populations of listed scrub plants (Menges 

and Kohfeldt 1995; Menges and Hawkes 1998).  Optimal fire-return intervals may, however, be 

shorter in coastal habitats (Breininger and Schmalzer 1990; Schmalzer and Hinkle 1992a, b; 

Breininger et al. 1995, 1998). 

Stith et al. (1996) estimated that at least 2,100 breeding pairs were living in overgrown habitat.  

Toland (1999) reported that most of Brevard County's remaining scrub (estimated to be only 15 

percent of the original acreage) is extremely overgrown due to fire suppression.  He further 

suggests that the overgrowth of scrub habitats reduces the number and size of sand openings 

which are crucial to not only scrub-jays, but also many other scrub plants and animals. 

Reduction in the number of potential scrub-jay nesting sites, acorn cache sites, and foraging 

sites presents a problem for scrub-jays.  Fernald (1989) reported that overgrowth of scrub 

results not only in the decline of species diversity and abundance but also a reduction in the 

percentage of open sandy patches (Fernald 1989; Woolfenden and Fitzpatrick 1996b).  

Fitzpatrick et al. (1994) believed that fire suppression was just as responsible as habitat loss in 

the decline of the scrub-jay, especially in the northern third of its range.  Likewise, the 

continued population decline of scrub-jays within Brevard County between 1991 and 1999 has been 

attributed mainly to the overgrowth of remaining habitat patches (Breininger et al. 2001).  

Breininger et al. (1999a) concluded that optimal habitat management is essential in fragmented 

ecosystems maintained by periodic fire, especially to lessen risks of decline and extinction 

resulting from epidemics and hurricanes. 

Fitzpatrick et al. (1991, 1994) and Woolfenden and Fitzpatrick (1996a) expressed concern  for the 

management practices taking place on federal lands at Ocala National  Forest, MINWR/KSC, and 



Biological Opinion   Dept. of the Air Force 45th Space Wing      FWS Log No. 04EF1000-2016-F-0164   17 

CCAFS, all supporting large contiguous populations of Florida scrub-jays.  They predicted that 

fire suppression and/or too frequent fires (on the latter two) and silvicultural activities involving 

the cultivation of sand pine on Ocala National Forest would be responsible for continuing decline 

of scrub-jays in these large contiguous areas of scrub.  These areas should be those where 

populations are most secure because of federal agencies' responsibilities under section 7(a)(I) of the 

Act.  Monitoring of scrub-jay populations, demography, and nesting success is ongoing on all of 

these properties to assess the effectiveness of management practices in meeting scrub-jay recovery 

objectives. 

Housing and commercial developments within scrub habitats are accompanied by the development 

of roads.  Since scrub-jays often forage along roadsides and other openings in the scrub, they are 

often killed by passing cars.   Research by Mumme et al. (2000) along a two-lane paved road 

indicated that clusters of Florida scrub- jay territories found next to the roadside represented 

population sinks (breeder mortality exceeds production of breeding-aged recruits), which could be 

supported only by immigration.  Since this species may be attracted to roadsides because of the 

open habitat characteristics, road mortality presents a significant and growing management 

problem throughout the remaining range of the Florida scrub-jay (Dreschel et al.1990; Mumme 

et al. 2000), and proximity to high-speed paved roads needs to be considered when designing 

scrub preserves (Woolfenden and Fitzpatrick 1996a). 

Another potential problem in suburban areas supporting Florida scrub-jays is supplemental feeding 

by humans (Bowman and Averill 1993; R. Bowman unpubl. data, cited in Woolfenden and 

Fitzpatrick 1996a; Bowman 1998).  The presence of additional food may allow scrub-jays to persist 

in fragmented habitats, but recruitment in these populations is lower than in native habitats.  

However, even though human-feeding may postpone local extirpations, long-term survival cannot 

be ensured in the absence of protecting native oak scrub habitat, necessary for nesting. 

Scrub-jays in suburban settings often nest high in tall shrubbery.  During March winds, these 

nests tend to be susceptible to destruction (R Bowman and G.E. Woolfenden unpubl. data, cited in 

Woolfenden and Fitzpatrick 1996b; Bowman 1998). 

Hurricanes pose a potential risk for Florida scrub-jays, although the exact impact of such 

catastrophic events remains unknown.  Breininger et al. (1999b) modeled the effects of epidemics 
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and hurricanes on scrub-jay populations in varying levels of habitat quality.  Small populations of 

scrub-jays are more vulnerable to extirpation where epidemics and hurricanes are common.  Storm 

surge from a category 3 to 5 hurricane could inundate entire small populations of scrub-jays, and 

existing habitat fragmentation could prevent repopulation of affected areas.  However, this model 

also predicted that long-term habitat degradation had greater influence on extinction risk than 

hurricanes or epidemics. 

Fernald (1989) reported that many of the relatively few remaining patches of scrub within the 

Treasure Coast region of Florida had been degraded by trails created by off-road vehicles, illegal 

dumping of construction debris, abandoned cars and appliances, or household waste.  The invasion 

of these areas by exotic species, including Brazilian pepper (Schinus terebinthifolius), cypress 

pine (Callttris sp.), and Australian pine (Casuarina equisetifoliai) also was a problem.  Other 

human-induced impacts identified by Fernald include the introduction of domestic dogs (Canis 

familiarisv) and cats, black rats (Rattus rauusi), greenhouse frogs (Eleutherodactylus 

planlrostrisi), giant toads (Bufo marinusi), Cuban tree frogs (Osteopilus septentrionaiisi), brown 

anoles (Anolis sagrei), and other exotic animal species.  These exotic species may compete with 

scrub-jays for both space and food, although scrub-jays sometimes feed on them. 

A statewide scrub-jay census was last conducted in 1992-1993, at which time there were an 

estimated 4,000 pairs of scrub-jays left in Florida (Fitzpatrick et al. 1994).  The scrub-jay was 

considered extirpated in 10 counties (Alachua, Broward, Clay, Dade, Duval, Gilchrist, 

Hernando, Hendry, Pinellas, and St. Johns), and were considered functionally extinct in an 

additional five counties (Flagler, Hardee, Levy, Orange, and Putnam), where ten or fewer pairs 

remained.  Recent information indicates that there are at least 12 to 14 breeding pairs of scrub-

jays located within Levy County, higher than previously though (K. Miller, FWC, pers. comm. 

2004), and there is at least one breeding pair of scrub-jays remaining in Clay County (K. Miller, 

FWC, pers. comm. 2004).  A scrub-jay has been documented in St. Johns County as recently as 2003 

(J.B. Miller, FDEP, in litt. 5/13/03).  Populations are close to becoming extirpated in Gulf coast 

counties (from Levy south to Collier) (Fitzpatrick et al. 1994; Woolfenden and Fitzpatrick 1996a).  In 

1992-1993, population numbers in 19 of the counties were below 30 or fewer breeding pairs.  In the 

past, most of these counties would have contained hundreds or even thousands of groups (Fitzpatrick 

et al. 1994). Based on the amount of destroyed scrub habitat, scrub-jay population loss along the Lake 
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Wales Ridge is 80 percent or more since pre-European settlement (Fitzpatrick et al. 1991).  Since the 

early 1980s, Fitzpatrick et al. (1994) estimated that in the northern third of the species' range, the 

Florida scrub-jay has declined between 25 and 50 percent.  The species may have declined by as 

much as 25 to 50 percent in the last decade alone (Stith et al. 1996). 

On protected lands, scrub-jays have continued to decline due to inadequate habitat management 

(Stith 1999).  However, over the last several years, steps to reverse this decline have occurred, and 

management of scrub habitat is continuing in many areas of Florida (Hastie and Eckl 1999; Stith 

1999; TNC 2001; A. Birch, Brevard County Environmentally Endangered Lands (EEL), pers. 

comm.; M Camardese, CCAFS, pers. comm.). 

Analysis of Brevard County historic aerial photography and soil maps suggest that pre-European 

settlement oak scrub, scrubby pine flatwoods, and coastal scrub/strand covered at least 53,000 

acres outside of federal lands (Toland 1999).  Assuming average territory size of 25 acres per 

breeding pair, there were probably originally 2,200 to 2,500 Florida scrub-jay territories within 

Brevard County.  The 1992-1993 statewide survey estimated that on federal lands within Brevard 

County, there were 860 pairs of Florida scrub-jays remaining; outside of federal lands, 276 

breeding pairs of scrub-jays were present (Fitzpatrick et al. 1994).  The figure on non-federal lands 

within Brevard County had dropped to 185 in 1999 (Toland 1999), illustrating a precipitous decline 

of the scrub-jay population within the county.  Part of this decline may be attributed to a possible 

rare epidemic in 1997-1998.  A total of 1,620 acres of scrub habitat have been purchased (outside 

federal ownership) for preservation by Brevard County EEL, the St. Johns River Water 

Management District (SJRWMD), and the Florida Department of Environmental Protection  

(FDEP); 2,500 acres more of potential scrub-jay habitat are proposed for acquisition by EEL and 

the SJRWMD (Toland 1999).  All of these parcels need extensive restoration and management to 

obtain maximum usage by scrub- jays.  Over the last several years, an extensive effort to restore 

and manage these parcels has been undertaken by EEL, the SJRWMD, and FDEP (A. Birch, pers. 

comm.). 

In some areas of the range of the scrub-jay, it appears that the 1992-1993 state-wide census 

underestimated populations of scrub-jays, especially in areas where little was known about the 

status of the species.  The state-wide census in 1992-1993 estimated about 145 pairs of scrub-
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jays remained within Sarasota County (Fitzpatrick et al. 1994), although Christman (2000) found 

196 pairs of scrub-jays.  Likewise, Miller and Stith (2002) documented 54 pairs of scrub-jays 

within the Deep Creek area of Charlotte County; while the state- wide census in 1992-1993 

documented only 19 pairs (Fitzpatrick et al. 1994).  Given that habitat has continued to 

degrade and development activity has increased in these areas, it is unlikely that these

increased numbers reflect a population increase, but rather a greater effort in the survey process 

over that undertaken in 1992-1993 (Miller and Stith 2002).  Two possible reasons that the 

1992-1993 state-wide census underestimated some populations are (1) there was inadequate time

and/or resources to survey poorly-known areas and (2) scrubby flatwoods were often overlooked 

because surveyors relied on soil maps, which are not reliable predictors of where scrubby 

flatwoods occur. 

Stith (1999) utilized a spatially explicit individual-based population model developed 

specifically for the Florida scrub-jay to complete a metapopulation viability analysis of the 

species.  The species' range was divided into 21 metapopulations demographically isolated 

from each other.  Metapopulations are defined as collections of relatively discrete demographic 

populations distributed over the landscape; these populations are connected within the 

metapopulations through dispersal or migration (National Research Council 1995). A series of

simulations were run for each of the 21 metapopulations based on different scenarios of reserve

design ranging from the minimal configuration consisting of only currently protected patches 

of scrub (no acquisition option) to the maximum configuration, where all remaining significant 

scrub patches were acquired for protection (complete acquisition option).  The assumption was 

made that all areas that were protected were also restored and properly managed. 

Results from Stith's (1999) simulation model included estimates of extinction, quasi-extinction (the 

probability of a scrub-jay metapopulation falling below 10 pairs), and percent population decline.  

These were then used to rank the different state-wide metapopulations by vulnerability.  The model 

predicted that five metapopulations (NE Lake, Martin, Merritt Island, Ocala National Forest, and

Lake Wales Ridge) have low risk of quasi-extinction.  Two of the five (Martin and NE Lake), 

however, experienced significant population declines under the "no acquisition" option; the 

probability for survival of both of these metapopulations could be improved by more acquisitions. 
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Eleven of the remaining 21 metapopulations were shown to be highly vulnerable to quasi- extinction 

if no more habitat was acquired (Central Brevard, N Brevard, Central Charlotte, NW Charlotte,

Citrus, Lee, Levy, Manatee, Pasco, St. Lucie, and W Volusia).  The model predicted that the risk of 

quasi-extinction would be greatly reduced for 7 of the 11 metapopulations (Central Brevard, N 

Brevard, Central Charlotte, NW Charlotte, Levy, St. Lucie, and W Volusia) by acquiring all or most 

of the remaining scrub habitat.  The model predicted that the remaining four metapopulations 

(Citrus, Lee, Manatee, and Pasco) would moderately benefit if more acquisitions were made. 

Stith (1999) classified two metapopulations (S Brevard and Sarasota) as moderately vulnerable with 

a moderate potential for improvement; they both had one or more fairly stable subpopulations of 

scrub-jays under protection, but the model predicted large population declines.  The rest of the 

metapopulations could collapse without further acquisitions, making the protected subpopulations 

there vulnerable to epidemics or other catastrophes. 

Three of the metapopulations evaluated by Stith (1999) (Flagler, Central Lake, and S. Palm Beach) 

were classified as highly vulnerable to quasi-extinction and had low potential for improvement, since 

little or no habitat is available to acquire or restore. 

Analysis of the Species/Critical Habitat Likely to be Affected 

The Florida scrub-jay's status since its listing in 1987 has not improved.  The above analysis clearly 

shows two items that are essential for recovery of this species: (1) additional purchase of scrub lands 

for preservation in key areas and (2) restoration and management of publicly-owned scrub lands 

already under preservation.  Without both, it is unlikely that recovery can be achieved. 

SOUTHEASTERN BEACH MOUSE (Peromyscus polionotus niveiventris)

Species/Critical Habitat Description 

The southeastern beach mouse was listed as a threatened species under the Act in 1989 (54 FR 

20598). Critical habitat was not designated for this subspecies. 
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Life History 

The following account is from the South Florida Multi-Species Recovery Plan. Southeastern Beach 

Mouse Chapter (U.S. Fish and Wildlife Service 1999) and includes minor additions and changes to 

update the information. 

Taxonomy 

Peromyscus polionotus is a member of the order Rodentia and family Cricetidae.  The southeastern 

beach mouse (SEBM) is one of 16 recognized subspecies of oldfield mice P. polionotis (Hall 1981); 

it is one of the eight of those subspecies that are called beach mice. The SEBM was first described by 

Chapman (1889) as Hesperomys niveiventris. Bangs (1898) subsequently placed it in the genus 

Peromyscus, and Osgood (1909) assigned it the subspecies name P. polionotus niveiventris. 

Description 

The SEBM is the largest of eight recognized subspecies of beach mice, averaging 139 mm in total 

length (range of 10 individuals = 128 to 153 mm), with a 52 mm tail length (Osgood 1909; Stout 

1992). Females are slightly larger than males. These beach mice are slightly darker in appereance 

than some othersubspecies of beach mice, but paler than inland populations iof P. polionotus 

(Osgood 1909). Southeastern beach mice have pale, buffy coloration from the back of their head to 

their tail, and their underparts are white. The white hairs extend up on their flanks, high on their jaw, 

and within 2 to 3 mm of their eyes (Stout 1992). There are no white below. Juvenile P. p. niveiventris 

are more grayish in coloration thatn adults; otherwise they are similar in appearnace (Osgood 1909). 

Habitat 

Essential habitat of the SEBM is the sea oats (Uniola paniculata) zone of primary coastal dunes 

(Humphrey and Barbour 1981; Humphrey et al. 1987; Stout 1992).  This subspecies has also been

reported from sandy areas of adjoining coastal strand/scrub vegetation (Extine 19810; Extine and 

Stout; 1987; Rich et al. 1993). Which refers to a transition zone between the fore dune and the inland 

plant community (Johnson and Barbour 1990).  Beach mouse habitat is heterogeneous, and 

distributed in patches that occur in a narrow band along Floirda’s coast, structure and composition of 

the vegetative comminities that form the habitate can change dramatically over distances of only a 

few meters. 
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Primary dune vegetation described from SEBM habitate includes sea oats, dune panic grass (Panicum 

amarum), railroad vine (Ipomaea pes-caprae), beach morning glory (Ipomeaea stoelonifera), salt 

meadow cordgrass (Spartina patens), lamb’s quarters (Chenopodium album), saltgrass (Distichlis 

spicata), and camphor weed (Heterotheca subazillaris) (Extine 1980).  Coastal strand and inland 

vegetation is more diverse, and can include beach tea (Croton punctatus), prickly pear cactus 

(Opuntia humifusa), saw palmetto (Serenoa repens), wax myrtle (Myrica cerfera), rosemary 

(Ceratiola ericoiodes), sea grape (Coccoloba uvifera), oaks (Quercus spp.) and sand pine (Pinus

clausa) (Extine and Stout 1987). Extine (1980) observed this subspcies as fas as 1 km inland on 

Merritt Island; he concluded that the dune scrub communities he found in represent only marginal 

habitat for the SEBM. SEBM have been documented in coastal scrub several km from the beach 

habitat at Kennedy Space Center/Merritt Island NWR and CCAFS (Stout, personal communication, 

2004). Exdtine (1980) and Extine and Stout (1987) reported that the SEBM showed a preference for 

areas with clumps of palmetto, sea grape, and expanses of open sand. 

Within their dune habitat, beach mice construct burrows to use as refuges, nesting sites, and food 

storage areas.  Burrows of P. polionotus, in general, consist of an entrance tunnel, nest chamber, and 

escape tunnel. Burrow entrances are usually placed on the sloping side of a dune at the base of a 

shrub or clump of grass. The nest chamber is formed at the end of the level portion of the entrance 

tunnel at a depth of 0.6 to 0.9m, and the escape tunnel rises from the nest chamber to within 2.5 cm of 

the surface (Blair 1951). A beach mouse may have as many as 20 burrows within its home range. 

They are also known to use old burrows constructed by ghost crabs (Ocypode quadrata).

Foraging 

Beach mice typically feed on seeds of sea oats and dune panic grass (Blair 1951). The SEBM 

probably also eats the seeds of other dune grasses, railroad vine, and prickly pear cactus.  Although 

beach mice prefer the seeds of sea oats, these seeds are only available as food after they have been 

dispersed by the wind. Beach mice also eat small invertebrates, especially during late spring anmd 

early summer when seeds are acarce (Ehrhardt 1978). Beach mice will store food in their burrows.  

Behavior 

P. polionotus is the only member of the genus that digs an extensive burrow for refuge, nesting, and

food storage (Ehrhart 1978).  To dig the burrow, the mouse assumes a straddling position and throws 
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sand back between the hind legs with the forefeet.  The hind feet are then to kick sand back while the 

mouse backs slowly up and out of the borrow (Ivey 1949). Burrows usually contain multiple 

entrances, some of which are used as escape tunnels. When mice are disturbed in their burrows, they 

open escape tunnels and quickly flee to another burrow or to other cover (Ehrhart 1978).  Beach 

mice, in general, are nocturnal. They are more active under stormy conditions or moonless nights and 

less active on moonlit nights. Movements are primarily for foraging, breeding, and burrow 

maintenance. Extine and Stout (1987) reported movements of the SEBM between primary dubne and 

interior scrub on Merrtitt Island, and concluded that their home ranges overlap and can reach high 

densities in their preferred habitats. 

Reproduction and Demography 

Studies on Peromyscus species in peninsular Floirda suggest that these species may achieve greater 

densities and undergo more significant population fluctuations than their temperate relatives, partially 

because of their extended reproductive season (Bigler and Jenkins 1975).  Subtropical beach mice can 

reproduce throughout the year; however their peak reproductive activity is generally during late 

summer, fall, and early winter. Extine (1980) reported peak reproductive activity for P. p. niveiventris 

on Merritt Island during August and September, based on external characterisitics of the adults.  This 

peak in the timing and intensity of reproductive activity was also correlated to the subsequent peak in 

the proportion of juveniles in the population in early winter (Extine 1980). This patten is typical of 

other beach mice as well (Rave and Holler 1992). 

Sex rations in beach populations are generally 1:1 (Extine 1980; Rave and Holler 1992). Blair (1951) 

indicated that beach mice are monogamous; once a pair is mated they tend to remian together until 

death. He also found, however, that some adult mice of each sex show no desire to pair.  Nests of 

beach mice are constructed in the nest chamber of their burrows, a spherical cavity about 4 to 6 cm in 

diameter.  The nest comprises about one fourth of the size of the cavity and is composed of sea oat 

roots, stems, leaves and the chaffy parts of the panicles (Ivey 1949). 

The reproductive potential of beach mice is generally high (Ehrhardt 1978).  In capavity, beach mice 

are capable of producing 80 or more in there lifetime, aqnd producing litters regularly at 26-day 

intervals (Bowen 1968).  Litter size of beach mice, in general, ranges from two to seven, with an 

average of four.  Beach mice reach reproductive maturity as early as 6 weeks of age (Ehrhart 1978). 
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Population Dynamics

Status and Trends 

The distrubution of the beach mouse is limited due to modification and destruction of its coastal 

habitats.  On the Atlantic coast of Florida, the Anatasia Island beach mouse (P. p. phasma) and the 

SEBM were federally listed as endangered and threaten, respectively, in 1989 (54 FR 20602).  One 

additional Atlantic coast subspecies, the pallid beach mouse (P. p. decoloratus), was formerly 

reported from two sites in Volusia county, but extensive surveys provide substantial evidence that 

this subspecies is extinct (Humphrey and Frank 1992). 

The distribution of the SEBM has declined sighificantly, particularly in the southern part of its range. 

Historically, it was reported to occur along about 280 km of Florida’s central and southeast Atlantic 

coast from Ponce (Mosquito) Inlet, Volusia County, to Hollywood Beach, Broward County (Hall 

1981). Bangs (1898) reported it as exteremely abundant on all the beaches of the eat peninsula from 

Palm Beach at least to Mosquito (Ponce) Inlet. During the 1990s, the SEBM was reported only from 

Volusia County (Canaveral National Seashore); in Brevard County (Canaveral National Seashore, 

Kennedy Space Center/Merritt Island NWR, and CCAFS); a few localities in Indian River County 

(Sebastian Inlet SRA, Treasure Shores Park, and several private properties), and St. Lucie County 

(Pepper Beach County Park and Fort Pierce Inlet SRA) (Humphrey et al.  1987; Robson 1989; Land 

Planning Group, Inc. 1991; Humphrey and Frank  1992; U.S. Fish and Wildlife Service 1993).   

Populations of the SEBM are still found on the beaches of Canaveral National Seashore, Merritt 

Island NWR, and CCAFS in Brevard County, all on federally protected lands.  In April 2002, a 

population of SEBM was documented at the Smyrna Dunes Park, at the north end of New Smyrna 

Beach (A. Sauzo, personal communication, 2004).  Populations from both sides of Sebastian Inlet 

appear to be extirpated (A. Bard, personal communication, 2004). 

The status of the species south of Brevard County is currently unknown.   The surveys done during 

the mid-1990s indicate the distribution of this subspecies in the counties south of Brevard was 

severely limited and fragmented.  There are not enough data available to determine population trends 

for these populations.  These surveys revealed that it occurred only in very small numbers where it 

was found.  In Indian River County, the Treasure Shores Park population experienced a significant 

decline in the 1990s, and it is uncertain whether populations still exist at Turtle Trail or adjacent to 
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the various private properties (D. Jennings, personal communication, 2004).  Trapping efforts 

documented a decline from an estimated 300 individuals down to numbers in the single digits.  No 

beach mice were found during surveys in St. Lucie County and it is possible that this species is 

extirpated there.   The SEBM no longer occurs at Jupiter Island, Palm Beach, Lake Worth, Hillsboro 

Inlet or Hollywood Beach (U.S. Fish and Wildlife Service 1999). 

The primary reason for the significant reduction in the range of the SEBM is the loss and alteration of 

coastal dunes.   Large-scale commercial and residential development on the coast of Florida has 

eliminated SEBM habitat in the southern part of its range.  This increased urbanization has also 

increased the recreational use of dunes, and harmed the vegetation essential for dune maintenance.  

Loss of dune vegetation results in widespread wind and water erosion and reduces the effectiveness 

of the dune to protect other beach mouse habitat.   In addition to this increased urbanization, coastal 

erosion is responsible for the loss of the dune environment along the Atlantic coast, particularly 

during tropical storms and hurricanes.   The extremely active 2004 hurricane season had a 

pronounced effect on Florida's Atlantic coast beaches and beach mouse habitat. 

The encroachment of residential housing onto the Atlantic coast also increases the likelihood of 

predation by domestic cats and dogs.  A healthy population of SEBM on the north side of Sebastian 

Inlet SRA. in Brevard County was completely extirpated by 1972, presumably by feral cats (A. Bard, 

personal communication 2004).  Urbanization of coastal habitat could also lead to potential 

competition of beach mice with house mice and introduced rats. 

Beach mice along the Gulf Coasts of Florida and Alabama generally live about nine months (Swilling 

2000).  Field trapping research indicates that 68 percent (average) of mice alive in one month will 

survive to the next month.  Actual survival rates indicate that 18.5 to 87 percent of individuals 

survive no more than four months and some mice live between 12 and 20 months (Blair 1951; Rave 

and Holler 1992). Holler et al. (1997) found that 44.26 percent of beach mice captured for the first 

time survived to the next season (winter, spring, summer, and fall).  The mean survival rate for mice 

captured for a second time to subsequent capture was higher (53.90 percent).  More than ten percent 

of mice survived three seasons after first capture, and four to eight percent survived more than one 

year after initial capture. 
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Mice held in captivity by Blair (1951) and at Auburn University (Holler 1995) have lived three years 

or more. 

Analysis of the Species/Critical Habitat Likely to be Affected 

The southeastern beach mouse was listed as a threatened species primarily because of the 

fragmentation, adverse alteration and loss of habitat due to coastal development. The above 

analysis shows three items that are essential for recovery of this species: (1) purchase of coastal 

dune habitat for preservation; (2) removal of predation or competition by animals related to human 

development (cats and house mice); and (3) increase the regulations regarding coastal development. 

Status of the Species in the Action Area 

The southeastern beach mouse is found along the entire reach of coastline on CCAFS in addition to

the KSC and Cape Canaveral National Seashore.  The 45 SW funded a study in 2011-2012 to 

perform a demographic survey and evaluate the distribution and abundance of southeastern beach 

mice on CCAFS.  That study showed a wide distribution of beach mice across CCAFS, some well 

away from the coastal area.  Southeastern beach mice are still occasionally trapped inside facilities 

across CCAFS as well, which also indicates a wide distribution.  Since 2008, biologists have been 

monitoring habitat occupancy of the southeastern beach mouse on the federal lands encompassing 

CCAFS, Kennedy Space Center, Merritt Island National Wildlife Refuge and Canaveral National 

Seashore using tracking tubes.  This study has shown the presence of southeastern beach mice in the 

coastal area adjacent to LC-11 and 36.  In support of the EA and associated BA, a limited beach 

mouse survey was accomplished in December 2015.  The survey used the standard 200 Trap-night 

method approved by the FFWCC, and the USFWS.  The 46 Single Sherman live traps were placed at 

locations along approximately 1,400 feet of the eastern side of LC-36 and approximately 500 feet of 

the eastern side of LC-11.  Traps were opened in the late afternoon, baited with oats, and checked for 

captures the following morning.  During the four nights of trapping a total of two (2) southeastern 

mice were caught and released.  Of the captured mice, one (1) was located east of LC-11 and one (1) 

was located east of LC-36.   
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Factors affecting species environment within the action area

Federal actions have taken place within the action area that has impacted the southeastern beach 

mouse.  These projects resulted in incidental take through section 7 of the Act.  The impacts 

associated with these projects resulted in the loss of occupied habitat within the action area. 

However, the adverse effects of the southeastern beach mouse from these projects were off-set 

through on-site preservation and improvement of scrub habitat; resulting in a net increase in scrub 

habitat under active management.  On CCAFS, southeastern beach mice have been located in the 

scrub habitat and further inland than in the coastal strand. Improvements to the management of scrub 

have increased the amount of habitat used by the southeastern beach mouse.

EASTERN INDIGO SNAKE (Drymarchon courais couperi)

Species/Critical Habitat Description

The eastern indigo snake is one of eight subspecies of a primarily tropical species; only the eastern 

indigo and the Texas indigo Drymarchon melanurus erebennus occurs within the United States (U.S. 

Fish and Wildlife Service 1982). The eastern indigo snake is isolated from the Texas indigo snake by 

more than 600 miles (Moler 1992). The eastern indigo snake is the longest snake in North America, 

obtaining lengths of up to 104 inches (Ashton and Ashton, 1981).  Its color is uniformly lustrous-

black, dorsally and ventrally, except for a red or cream-colored suffusion of the chin, throat, and 

sometimes the cheeks. Its scales are large and smooth (central 3-5 scale rows are lightly keeled in 

adult males) in 17 scale rows at midbody. Its anal plate is undivided. Its antepenultimate supralabial 

scale does not contact the temporal postocular seales.   

The eastern indigo snake was listed as a threatened under the Act in 1978 (43 FR 4621).  No critical 

habitat has been designated for this species; therefore none will be affected by the proposed project. 

Life History/Population Dynamics 

Historically, the eastern indigo snake occurred throughout Florida and into the coastal plain of 

Georgia, Alabama, and Mississippi (Loding 19-22; Haltom 1931; Carr 1940; Cook 1954; Diemer and 

Speake 1983; Moler 1985a).  It may occurr in South Carolina, but its occurrence there cannot be 

confirmed. Georgia and Florida currently support the remaining endemic populations of eastern 
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indigo snake (Lawler 1977).  In 1982, only a few populations remained in the Florida panhandle, and 

the species was considered rare in that region.  Nevertheless, based on museum specimens and field 

sightings, the eastern indigo snake still occurs throughout Florida, even though they are not 

commonly seen (Moler 1985a). 

In south Florida, the eastern indigo snake is thought to be widely distributed and probably more 

abundant than in the northern limits of the range, especially compared to the low densities found in 

the panhandle of Florida.  Given their preference for upland habitats, indigos are not found in great 

numbers in wetland complexes of the Everglades region, even though they are found in pinelands 

and tropical hardwood hammocks in extreme south Florida (Steiner et al. 1983).

Indigo snakes also occur in the Florida Keys.  They have been collected from Big Pine and Middle 

Torch Keys, and are reliably reported from Big Torch, Little Torch, Summerland, Cudjoe, 

Sugarloaf, and Boca Chica Keys (Lazell 1989).  Given the ubiquitous nature of the eastern indigo 

throughout the remainder of its range, it is likely that it also occurs on other Keys. 

Over most of its range, the eastern indigo snake frequents a diversity of habitat types such as pine 

flatwoods, scrubby flatwoods, xeric sandhill communities, and tropical hardwood hammocks, edges 

of freshwater marshes, agricultural fields, coastal dunes, and human altered habitats.  Eastern indigo 

snakes need a mosaic of habitats to complete their annual cycle.  Interspersion of tortoise-inhabited

sandhills and wetlands improves habitat quality for the indigo snakes (Landers and Speake 1980; 

Auffenberg and Franz 1982).  Eastern indigo snakes require sheltered retreats from winter cold and 

desiccation (Bogert and Cowles 1947). Whenever the eastern indigo snake occurs in xeric habitats, it 

is closely associated with the gopher tortoise, the burrows of which shelter the indigo snakes from the 

winter cold and desiccating sandhills environment (Bogert and Cowles 1947; Speake et al. 1978;

Layne and Steiner 1996).   This dependence seems especially pronounced in Georgia, Alabama, and 

the panhandle of Florida, where the eastern indigo snake is largely restricted to the vicinity of the 

sandhill habitats occupied by gopher tortoises (Diemer and Speake 1981; Moler l985b; Mount 1975). 

The high use of xeric sandhill habitats throughout the northern portion of the eastern indigo's range 

can be attributed primarily to the availability of thermal refuge afforded by gopher tortoise burrows in 

the winter.  No such refuge is widely available off of the sandhills regions of southern Georgia and 

northern Florida.  In wetter habitats that lack gopher tortoises, eastern indigo snakes may take shelter 
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in hollowed root channels, hollow logs, or the burrows of rodents, armadillos (Dasypus 

novemcinctus), or crabs (Lawler 1977; Moler 1985b; Layne and Steiner 1996).

In the milder climates of central and southern Florida, eastern indigo snakes exist in a more stable 

thermal environment, where the availability of thermal refuge may not be as critical to the snake's 

survival, especially in extreme southern Florida. Throughout peninsular Florida, the eastern indigo 

snake can be found in all terrestrial habitats, which have not suffered high urban development.  

They are especially common in hydric hammocks throughout this region (Moler 1985a).  In central 

and coastal Florida, eastern indigo snakes are typically found in the state's high sandy ridges. In

extreme south Florida, these snakes are mainly found in pine flatwoods, pine rockland, tropical 

hardwood hammock habitats, and in most other undeveloped areas (Kuntz 1977). Eastern indigo 

snakes also use some agricultural lands (e.g., citrus) and various types of wetlands (Layne and

Steiner 1996).  

Even though thermal stresses may not be a year-round limiting factor in southern Florida, eastern 

indigo snakes seek and use underground refuge.  On the sandy central and coastal ridges of south 

Florida, indigo snakes use gopher tortoise burrows (62 percent) more than other underground 

refuge (Layne and Steiner 1996).  Other underground refuge used by indigo snakes include 

burrows of armadillos, cotton rats (Sigmodon hispidus), and land crabs; burrows of unknown 

origin; natural ground holes; hollows at the base of trees or shrubs; ground litter, trash piles, and in

the crevices of rock-lined ditch walls (Layne and Steiner 1996).  These refuge sites are used most 

frequently where tortoise burrows are not available, principally in the low lying areas off of the 

central and coastal ridges.  

Smith (1987) radio-tagged hatchling, yearling, and gravid eastern indigo snakes and released them 

in different habitat types on St. Marks National Wildlife Refuge in Wakulla County, Florida, in

1985 and 1986.  Smith monitored the behavior, habitat use, and oviposition sites selected by

gravid female snakes and concluded that the diverse habitats, including high pineland, pine-

palmetto flatwoods, and permanent open ponds were important for the eastern indigo snake's

seasonal activity.  In this study, habitat use also differed by age-class and season, adult indigo 

snakes often used gopher tortoise burrows during April and May, while juveniles used root and
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rodent holes. The indigo snakes used gopher tortoise burrows for oviposition sites in high pineland 

areas, but stumps were chosen in flatwoods and pond edge habitats (Smith 1987).  

Monitoring of radio-fitted indigo snakes on the central ridge of south Florida indicate that snakes in 

this part of the state use a wide variety of natural, disturbed, and non-natural habitat types throughout 

the year.  On the ridge itself, indigos favor mature oak phase scrub, turkey oak sandhill, and 

abandoned citrus grove habitats, while snakes found off the sandy ridges use flatwoods, seasonal 

ponds, improved pasture, and active and inactive agricultural lands.  There was no apparent selection 

for one habitat type over another as the use of habitats closely reflected the relative availability and 

distribution of the vegetation types in these areas (Layne and Steiner 1996).

In extreme south Florida (the Everglades and Florida Keys), indigo snakes are found in tropical 

hardwood hammocks, freshwater marshes, abandoned agricultural lands, coastal prairie, mangrove 

swamps, and human altered habitats (Steiner et al. 1983). It is suspected that they prefer hammocks 

and pine forests since most observations occur there, and use of these areas are disproportionate 

compared to the relatively small total area of these habitats (Steiner et al. 1983).

Reproduction: Most information on the reproductive cycle of the eastern indigo snake is from data 

collected in northern Florida. Here, breeding occurs between November and April, and females 

deposit four to twelve eggs during May or June (Moler l 992).  Speake (1993) reported an average 

clutch size of 9.4 for 20 captive bred females.  Young hatch in approximately three months, from 

late May through August.  Peak hatching activity occurs during August and September, while 

yearling activity peaks.in April and May.  In this region, breeding extends from June to January,

laying occurs from April to July, and hatching occurs during mid- summer to early fall (Layne and 

Steiner 1996).

Female indigo snakes can store sperm and delay fertilization of eggs; there is a single record of a

captive snake laying five eggs (at least one of which was fertilized) after being isolated for more 

than four years (Carson 1945). There is no information on how long eastern indigo snakes live in 

the wild; in captivity, the longest an eastern indigo snake lived was 25 years, 11 months (Shaw 

1959).
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Feeding: The eastern indigo snake is an active terrestrial and fossorial predator that will eat any 

vertebrate small enough to be overpowered. Layne and Steiner (1996) documented several 

instances of indigos flushing prey from cover and then chasing it.  Though unusual, indigo snakes 

may also climb shrubs or trees in search of prey.  An adult eastern indigo snake's diet may include 

fish, frogs, toads, other snakes, lizards, turtles, turtle eggs, juvenile gopher tortoises, small 

alligators, birds, and small mammals (Keegan 1944; Babis 1949; Kochman 1978; Steiner et al.

1983). Juvenile indigo snakes eat mostly invertebrates (Layne and Steiner l 996).

Movements: Indigo snakes range over large areas and into various habitats throughout the year, with 

most activity occurring during summer and fall (Smith 1987; Moler l 985b; Speake 1993). The 

average home range of an eastern indigo snake is 12 acres during the winter (December - April), 106 

acres during late spring early summer (May-July), and 241 acres during late summer and fall (August 

- November) (Speake et al. 1978). Adult male eastern indigo snakes have larger home ranges than

adult females and juveniles; their home range may encompass as much as 553 acres in the summer 

(Moler l985b; Speake 1993). By contrast, a gravid female may use from 4 to 106 acres (Smith 1987). 

These estimates are comparable to those found by Layne and Steiner (1996) in south central Florida, 

who determined adult male home ranges average about 183 acres, while adult females average about 

42 acres.  A more recent home-range study (Breininger et al. 2011) that included public and private 

lands in central Brevard County found that the mean modeled, fixed kernal home range for males 

within conservation areas such as the project area was approximately 46.8 acres for males and 17.8 

acres for females. The 95% confidence limits were estimated at between 32.3 and 70.8 acres for 

males, and 9.7 and 29.3 acres for females.  

Status and Distribution

As stated earlier, the eastern indigo snake was listed based on population decline caused by habitat 

loss, over-collection for the pet trade, and mortality from gassing gopher tortoise burrows to collect 

rattlesnakes (Speake and Mount 1973; Speake and McGlincy 1981).  At the time of listing, the main 

factor in the decline of the eastern indigo snake was attributed to exploitation for the pet trade.  As a 

result of effective law enforcement, the pressure from collectors has declined, but still remains a 

concern (Moler 1992).
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The eastern indigo snake utilizes a majority of habitats available, but tends to prefer open, 

undeveloped areas (Kuntz 1977). Because of its relatively large home range, this snake is 

especially vulnerable to habitat loss, degradation, and fragmentation (Lawler 1977; Moler l985b). 

Lawler (1977) noted that eastern indigo snake habitat had been destroyed by residential and 

commercial construction, agriculture, and timbering. He stated that the loss of natural habitat is 

increasing because of these threats in Florida and that indigo snake habitat is being lost at a rate of 

five percent per year.  Low-density residential housing is also a potential threat to the species, 

increasing the likelihood that the snake will be killed by property owners and domestic pets.

Extensive tracts of wild land are the most important refuge for large numbers of eastern indigo 

snakes (Diemer and Speake 1981; Moler l985b).

Additional human population growth will increase the risk of direct mortality of the eastern indigo 

snake from property owners and domestic animals.  Pesticides that bioaccumulate through the food 

chain may present a potential hazard to the snake as well pesticide use on crops or for 

forestry/silviculture would propose a pulse effect to the indigo snake (Speake 1993).  Direct 

exposure to treated areas and secondary exposure by ingestion of contaminated prey could occur.  

Secondary exposure to rodenticides used to control black rats may also occur (Speake 1993).  

The wide distribution and territory size requirements of the eastern indigo snake makes evaluation 

of status and trends very difficult.  We believe that activities such as collecting and gassing have 

been largely abated through effective enforcement and protective laws.  However, despite these 

apparent gains in indigo snake conservation, we believe that the threats described above are acting 

individually and collectively against the eastern indigo snake.  Though we have no quantitative 

data with which to evaluate trends of the eastern indigo snake in Florida, we surmise that the 

population as a whole is declining because of continued habitat destruction and degradation.

Natural communities continue to be altered for agriculture, residential, and commercial purposes, 

most of which are incompatible with the habitat needs of the eastern indigo snake (Kautz 1993).  

Habitat destruction and alteration is probably most substantial along the coasts, Keys, and high 

central ridges of southcentral Florida, where human population growth is expected to continue to

accelerate.  Agricultural interests (principally citrus) continue to destroy large expanses of suitable 

natural habitat in south Florida. 
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Even with continued habitat destruction and alterations, indigo snakes will probably persist in most 

localities where small, fragmented pieces of natural habitat remain. Tracts of appropriate habitat of 

a few hundred to several thousand acres may be sufficient to support a small number of snakes.

Unfortunately, we believe that current and anticipated habitat fragmentation will result in a large 

number of isolated, small groups of indigo snakes. Fragmented habitat patches probably cannot 

support a sufficient number of indigo snakes to ensure viable populations.

One of the primary reasons for listing of the species was the pressure on wild populations caused 

by over-collecting for the pet trade and commerce. Since the listing of the species, private 

collectors have engaged in a very active captive breeding program to fulfill the desires of 

individuals wanting specimens for personal pets. The Service controls the interstate commerce of 

the species via a permit program.  The Service believes that this has significantly reduced the 

collection pressures on the species.

Analysis of the Species/Critical Habitat Likely to be affected 

The eastern indigo snake was listed in January 1978 as a threatened species primarily due to 

habitat loss and to over-collecting for the pet trade. The above analysis shows two items that are 

essential for recovery of this species: (l) acquire and/or manage habitat to maintain viable populations 

and (2) study their movement, food habitats, and population ecology. 

SEA TURTLES 

Status of the Species/Critical Habitat

Loggerhead Sea Turtle  

The loggerhead sea turtle was federally listed as a threatened species on July 28, 1978 (43 Federal 

Register [FR] 32800).  The Service and the National Marine Fisheries Service (NMFS) listed the 

Northwest Atlantic Ocean (NWAO) distinct population segment (DPS) of the loggerhead sea turtle as 

threatened on September 22, 2011 (76 FR 58868).  The loggerhead occurs throughout the temperate 

and tropical regions of the Atlantic, Pacific, and Indian Oceans.   

The loggerhead sea turtle grows to an average weight of about 200 pounds and is characterized by a 

large head with blunt jaws.  Adults and subadults have a reddish-brown carapace. Scales on the top 



Biological Opinion   Dept. of the Air Force 45th Space Wing     FWS Log No. 04EF1000-2016-F-0164   35 

of the head and top of the flippers are also reddish-brown with yellow on the borders. Hatchlings are 

a dull brown color (NMFS 2009a). The loggerhead feeds on mollusks, crustaceans, fish, and other 

marine animals.  The loggerhead may be found hundreds of miles out to sea, as well as in inshore 

areas such as bays, lagoons, salt marshes, creeks, ship channels, and the mouths of large rivers.  Coral 

reefs, rocky places, and ship wrecks are often used as feeding areas.  

Within the Northwest Atlantic, the majority of nesting activity occurs from April through September, 

with a peak in June and July (Williams-Walls et al. 1983, Dodd 1988, Weishampel et al. 2006). 

Nesting occurs within the Northwest Atlantic along the coasts of North America, Central America, 

northern South America, the Antilles, Bahamas, and Bermuda, but is concentrated in the southeastern 

U.S. and on the Yucatán Peninsula in Mexico on open beaches or along narrow bays having suitable 

sand (Sternberg 1981, Ehrhart 1989, Ehrhart et al. 2003, NMFS and Service 2008).  

Critical habitat has been designated for the NWAO DPS of the loggerhead sea turtle (U.S. Fish and 

Wildlife Service 2014) 

Green Sea Turtle 

The green sea turtle was federally listed on July 28, 1978 (43 FR 32800). Breeding populations of the 

green turtle in Florida and along the Pacific Coast of Mexico are listed as endangered; all other 

populations are listed as threatened.  The green sea turtle has a worldwide distribution in tropical and 

subtropical waters.  The green sea turtle grows to a maximum size of about four feet and a weight of 

440 pounds.  It has a heart-shaped shell, small head, and single-clawed flippers. The carapace is 

smooth and colored gray, green, brown and black.  Hatchlings are black on top and white on the 

bottom (NMFS 2009b).  Hatchling green turtles eat a variety of plants and animals, but adults feed 

almost exclusively on seagrasses and marine algae.  

Major green turtle nesting colonies in the Atlantic occur on Ascension Island, Aves Island, Costa 

Rica, and Surinam.  Within the U.S., green turtles nest in small numbers in the U.S. Virgin Islands 

and Puerto Rico, and in larger numbers along the east coast of Florida, particularly in Brevard, Indian 

River, St. Lucie, Martin, Palm Beach, and Broward Counties (NMFS and Service 1991).  Nesting 

also has been documented along the Gulf coast of Florida from Escambia County through Santa Rosa 
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County in northwest Florida and from Pinellas County through Collier County in southwest Florida 

(FWC 2009a).   

Most green turtles spend the majority of their lives in coastal foraging grounds.  These areas include 

fairly shallow waters both open coastline and protected bays and lagoons.  While in these 22 areas, 

green turtles rely on marine algae and seagrass as their primary diet constituents, although some 

populations also forage heavily on invertebrates.  These marine habitats are often highly dynamic and 

in areas with annual fluctuations in seawater and air temperatures, which can cause the distribution 

and abundance of potential green turtle food items to vary substantially between seasons and years 

(Carballo et al., 2002). Many prey species that are abundant during winter and spring periods become 

patchy during warm summer periods. Some species may altogether vanish during extreme 

temperatures, such as those that occur during El Niño Southern Oscillation events (Carballo et al.,

2002).  

Open beaches with a sloping platform and minimal disturbance are required for nesting. 

Critical habitat for the green sea turtle has been designated for the waters surrounding Culebra Island, 

Puerto Rico, and its outlying keys.  

Leatherback Sea Turtle 

The leatherback sea turtle was federally listed as an endangered species on June 2, 1970 (35 FR 

8491). Leatherbacks have the widest distribution of the sea turtles; nonbreeding animals have been 

recorded as far north as the British Isles and the Maritime Provinces of Canada and as far south as 

Argentina and the Cape of Good Hope (Pritchard 1992). Foraging leatherback excursions have been 

documented into higher-latitude subpolar waters. They have evolved physiological and anatomical 

adaptations (Frair et al. 1972, Greer et al. 1973) that allow them to exploit waters far colder than any 

other sea turtle species would be capable of surviving.  

The adult leatherback can reach four to eight feet in length and weigh 500 to 2,000 pounds.  The 

carapace is distinguished by a rubber-like texture, about 1.6 inches thick, made primarily of tough, 

oil-saturated connective tissue.  Hatchlings are dorsally mostly black and are covered with tiny 

scales; the flippers are edged in white, and rows of white scales appear as stripes along the length of 

the back (NMFS 2009c).  Jellyfish are the main staple of its diet, but it is also known to feed on sea 
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urchins, squid, crustaceans, tunicates, fish, blue-green algae, and floating seaweed.  This is the 

largest, deepest diving of all sea turtle species.   

Leatherback turtle nesting grounds are distributed worldwide in the Atlantic, Pacific and Indian 

Oceans on beaches in the tropics and sub-tropics.  The Pacific Coast of Mexico historically supported 

the world’s largest known concentration of nesting leatherbacks. 

The leatherback turtle regularly nests in the U.S. Caribbean in Puerto Rico and the U.S. Virgin 

Islands. Along the U.S. Atlantic coast, most nesting occurs in Florida (NMFS and Service 1992).  

Leatherback nesting has also been reported on the northwest coast of Florida (LeBuff 1990, FWC 

2009a); and in southwest Florida a false crawl (non-nesting emergence) has been observed on Sanibel 

Island (LeBuff 1990).  Nesting has also been reported in Georgia, South Carolina, and North Carolina 

(Rabon et al. 2003) and in Texas (Shaver 2008).   

Adult females require sandy nesting beaches backed with vegetation and sloped sufficiently so the 

distance to dry sand is limited. Their preferred beaches have proximity to deep water and generally 

rough seas.  

Marine and terrestrial critical habitat for the leatherback sea turtle has been designated at Sandy Point 

on the western end of the island of St. Croix, U.S. Virgin Islands (50 Code of Federal Regulations 

(CFR) 17.95). 

Hawksbill Sea Turtle 

The hawksbill sea turtle was federally listed as an endangered species on June 2, 1970 (35 FR 8491). 

The hawksbill is found in tropical and subtropical seas of the Atlantic, Pacific, and Indian Oceans.  

The species is widely distributed in the Caribbean Sea and western Atlantic Ocean.   

Data collected in the Wider Caribbean reported that hawksbills typically weigh around 176 pounds or 

less; hatchlings average about 1.6 inches straight length and range in weight from 0.5 to 0.7 ounces.  

The carapace is heart shaped in young turtles, and becomes more elongated or egg-shaped with 

maturity.  The top scutes are often richly patterned with irregularly radiating streaks of brown or 

black on an amber background.  The head is elongated and tapers sharply to a point.  The lower jaw 

is V-shaped (NMFS 2009d).  
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Within the continental U.S., hawksbill sea turtle nesting is rare and is restricted to the southeastern 

coast of Florida (Volusia through Miami-Dade Counties) and the Florida Keys (Monroe County) 

(Meylan 1992, Meylan et al. 1995). However, hawksbill tracks are difficult to differentiate from 

those of loggerheads and may not be recognized by surveyors. Therefore, surveys in Florida likely 

underestimate actual hawksbill nesting numbers (Meylan et al. 1995).  In the U.S. Caribbean, 

hawksbill nesting occurs on beaches throughout Puerto Rico and the U.S. Virgin Islands (NMFS and 

Service 1993).   

Critical habitat for the hawksbill sea turtle has been designated for selected beaches and/or waters of 

Mona, Monito, Culebrita, and Culebra Islands, Puerto Rico.  

Kemp’s Ridley Sea Turtle

The Kemp’s ridley sea turtle was federally listed as endangered on December 2, 1970 (35 FR 18320). 

The Kemp's ridley, along with the flatback sea turtle (Natator depressus), has the most geographically 

restricted distribution of any sea turtle species. The range of the Kemp’s ridley includes the Gulf 

coasts of Mexico and the U.S., and the Atlantic coast of North America as far north as Nova Scotia 

and Newfoundland.   

Adult Kemp's ridleys, considered the smallest sea turtle in the world, weigh an average of 100 pounds 

with a carapace measuring between 24-28 inches in length. The almost circular carapace has a 

grayish green color while the plastron is pale yellowish to cream in color. The carapace is often as 

wide as it is long. Their diet consists mainly of swimming crabs, but may also include fish, jellyfish, 

and an array of mollusks.   

The majority of nesting for the entire species occurs on the primary nesting beach at Rancho Nuevo, 

Mexico (Marquez-Millan 1994). Outside of nesting, adult Kemp's ridleys are believed to spend most 

of their time in the Gulf of Mexico, while juveniles and subadults also regularly occur along the 

eastern seaboard of the U.S. (Service and NMFS 1992). There have been rare instances when 

immature ridleys have been documented making transatlantic movements (Service and NMFS 1992). 

It was originally speculated that ridleys that make it out of the Gulf of Mexico might be lost to the 

breeding population (Hendrickson 1980), but data indicate that many of these 25 turtles are capable 

of moving back into the Gulf of Mexico (Henwood and Ogren 1987). In fact, there are documented 
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cases of ridleys captured in the Atlantic that migrated back to the nesting beach at Rancho Nuevo 

(Schmid and Witzell 1997, Schmid 1998, Witzell 1998).   

Hatchlings, after leaving the nesting beach, are believed to become entrained in eddies within the 

Gulf of Mexico, where they are dispersed within the Gulf and Atlantic by oceanic surface currents 

until they reach about 7.9 inches in length, at which size they enter coastal shallow water habitats 

(Ogren 1989).   

No critical habitat has been designated for the Kemp’s ridley sea turtle.  

Life History 

Loggerhead Sea Turtle 

Loggerheads are long-lived, slow-growing animals that use multiple habitats across entire ocean 

basins throughout their life history. This complex life history encompasses terrestrial, nearshore, and 

open ocean habitats. The three basic ecosystems in which loggerheads live are the: 

1. Terrestrial zone (supralittoral) - the nesting beach where both oviposition (egg laying) and

embryonic development and hatching occur.

2. Neritic zone - the inshore marine environment (from the surface to the sea floor) where water

depths do not exceed 656 feet (200 meters). The neritic zone generally includes the

continental shelf, but in areas where the continental shelf is very narrow or nonexistent, the

neritic zone conventionally extends to areas where water depths are less than 656 feet.

3. Oceanic zone - the vast open ocean environment (from the surface to the sea floor) where

water depths are greater than 656 feet.

Maximum intrinsic growth rates of sea turtles are limited by the extremely long duration of the 

juvenile stage and fecundity. Loggerheads require high survival rates in the juvenile and adult stages, 

common constraints critical to maintaining long-lived, slow-growing species, to achieve positive or 

stable long-term population growth (Congdon et al. 1993, Heppell 1998, Crouse 1999, Heppell et al.

1999, 2003, Musick 1999). 

Numbers of nests and nesting females are often highly variable from year to year due to a number of 

factors including environmental stochasticity, periodicity in ocean conditions, anthropogenic effects, 



Biological Opinion   Dept. of the Air Force 45th Space Wing     FWS Log No. 04EF1000-2016-F-0164   40 

and density-dependent and density-independent factors affecting survival, somatic growth, and 

reproduction (Meylan 1982, Hays 2000, Chaloupka 2001, Solow et al. 2002). Despite these sources 

of variation, and because female turtles exhibit strong nest site fidelity, a nesting beach survey can 

provide a valuable assessment of changes in the adult female population, provided that the study is 

sufficiently long and effort and methods are standardized (Meylan 1982, Gerrodette and Brandon 

2000, Reina et al. 2002).  

Loggerheads nest on ocean beaches and occasionally on estuarine shorelines with suitable sand. 

Nests are typically laid between the high tide line and the dune front (Routa 1968, Witherington 

1986, Hailman and Elowson 1992). Wood and Bjorndal (2000) evaluated four environmental factors 

(slope, temperature, moisture, and salinity) and found that slope had the greatest influence on 

loggerhead nest-site selection on a beach in Florida. Loggerheads appear to prefer relatively narrow, 

steeply sloped, coarse-grained beaches, although nearshore contours may also play a role in nesting 

beach site selection (Mortimer 1982; Provancha and Ehrhart 1987).   

The warmer the sand surrounding the egg chamber, the faster the embryos develop (Mrosovsky and 

Yntema 1980). Sand temperatures prevailing during the middle third of the incubation period also 

determine the sex of hatchling sea turtles (Mrosovsky and Yntema 1980). Incubation temperatures 

near the upper end of the tolerable range produce only female hatchlings while incubation 

temperatures near the lower end of the tolerable range produce only male hatchlings.   

Loggerhead hatchlings pip and escape from their eggs over a one to three day interval and move 

upward and out of the nest over a two to four day interval (Christens 1990). The time from pipping to 

emergence ranges from four to seven days with an average of 4.1 days (Godfrey and Mrosovsky 

1997). Hatchlings emerge from their nests en masse almost exclusively at night, and presumably 

using decreasing sand temperature as a cue (Hendrickson 1958, Mrosovsky 1968, Witherington et al.

1990). Moran et al. (1999) concluded that a lowering of sand temperatures below a critical threshold, 

which most typically occurs after nightfall, is the most probable trigger for hatchling emergence from 

a nest. After an initial emergence, there may be secondary emergences on subsequent nights (Carr 

and Ogren 1960, Witherington 1986, Ernest and Martin 1993, Houghton and Hays 2001).   

Hatchlings use a progression of orientation cues to guide their movement from the nest to the marine 

environments where they spend their early years (Lohmann and Lohmann 2003). Hatchlings first use 
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light cues to find the ocean. On naturally lighted beaches without artificial lighting, ambient light 

from the open sky creates a relatively bright horizon compared to the dark silhouette of the dune and 

vegetation landward of the nest. This contrast guides the hatchlings to the ocean (Daniel and Smith 

1947, Limpus 1971, Salmon et al. 1992, Witherington and Martin 1996, Witherington 1997, Stewart 

and Wyneken 2004).   

Loggerheads in the Northwest Atlantic display complex population structure based on life history 

stages. Based on mitochondrial deoxyribonucleic acid (mtDNA), oceanic juveniles show no structure, 

neritic juveniles show moderate structure and nesting colonies show strong structure (Bowen et al.

2005). In contrast, a survey using microsatellite (nuclear) markers showed no significant population 

structure among nesting populations (Bowen et al. 2005), indicating that while females exhibit strong 

philopatry, males may provide an avenue of gene flow between nesting colonies in this region.   

Green Sea Turtle 

Green sea turtles deposit from one to nine clutches within a nesting season, but the overall average is 

about 3.3 nests. The interval between nesting events within a season varies around a mean of about 

13 days (Hirth 1997). Mean clutch size varies widely among populations. Average clutch size 

reported for Florida was 136 eggs in 130 clutches (Witherington and Ehrhart 1989). Only 

occasionally do females produce clutches in successive years. Usually two or more years intervene 

between breeding seasons (NMFS and Service 1991). Age at sexual maturity is believed to be 20 to 

50 years (Hirth 1997). 

Leatherback Sea Turtle 

Leatherbacks nest an average of five to seven times within a nesting season, with an observed 

maximum of 11 nests (NMFS and Service 1992). The interval between nesting events within a season 

is about nine to 10 days. Clutch size averages 80 to 85 yolked eggs, with the addition of usually a few 

dozen smaller, yolkless eggs, mostly laid toward the end of the clutch (Pritchard 1992). Nesting 

migration intervals of two to three years were observed in leatherbacks nesting on the Sandy Point 

National Wildlife Refuge, St. Croix, U.S. Virgin Islands (McDonald and Dutton 1996). Leatherbacks 

are believed to reach sexual maturity in six to 10 years (Zug and Parham 1996).  
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Hawksbill Sea Turtle 

Hawksbills nest on average about 4.5 times per season at intervals of approximately 14 days (Corliss 

et al. 1989). In Florida and the U.S. Caribbean, clutch size is approximately 140 eggs, although 

several records exist of over 200 eggs per nest (NMFS and Service 1993). On the basis of limited 

information, nesting migration intervals of two to three years appear to predominate. Hawksbills are 

recruited into the reef environment at about 14 inches in length and are believed to begin breeding 

about 30 years later. However, the time required to reach 14 inches in length is unknown and growth 

rates vary geographically. As a result, actual age at sexual maturity is unknown.  

Kemp’s Ridley Sea Turtle

Nesting occurs from April into July during which time the turtles appear off the Tamaulipas and 

Veracruz coasts of Mexico. Precipitated by strong winds, the females swarm to mass nesting 

emergences, known as “arribadas or arribazones,” to nest during daylight hours. The period between 

Kemp's ridley arribadas averages approximately 25 days (Rostal et al. 1997), but the precise timing 

of the arribadas is highly variable and unpredictable (Bernardo and Plotkin 2007). Clutch size 

averages 100 eggs and eggs typically take 45 to 58 days to hatch depending on temperatures 

(Marquez-Millan 1994, Rostal 2007).   

Some females breed annually and nest an average of one to four times in a season at intervals of 10 to 

28 days. Analysis by Rostal (2007) suggested that ridley females lay approximately 3.1 nests per 

nesting season. Interannual remigration rate for female ridleys is estimated to be approximately 1.8 

(Rostal 2007) to 2.0 years (Marquez-Millan et al. 1989). Age at sexual maturity is believed to be 

between 10 to 17 years (Snover et al. 2007).  

Population Dynamics 

Loggerhead Sea Turtle 

The loggerhead occurs throughout the temperate and tropical regions of the Atlantic, Pacific, and 

Indian Oceans. However, the majority of loggerhead nesting is at the western rims of the Atlantic and 

Indian Oceans. The most recent reviews show that only two loggerhead nesting beaches have greater 

than 10,000 females nesting per year (Baldwin et al. 2003, Ehrhart et al. 2003, Kamezaki et al. 2003,
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Limpus and Limpus 2003, Margaritoulis et al. 2003): South Florida (U.S.) and Masirah (Oman). 

Those beaches with 1,000 to 9,999 females nesting each year are Georgia through North Carolina 

(U.S.), Quintana Roo and Yucatán (Mexico), Cape Verde Islands (Cape Verde, eastern Atlantic off 

Africa), and Western Australia (Australia). Smaller nesting aggregations with 100 to 999 nesting 

females annually occur in the Northern Gulf of Mexico (U.S.), Dry Tortugas (U.S.), Cay Sal Bank 

(Bahamas), Sergipe and Northern Bahia (Brazil), Southern Bahia to Rio de Janerio (Brazil), 

Tongaland (South Africa), Mozambique, Arabian Sea Coast (Oman), Halaniyat Islands (Oman), 

Cyprus, Peloponnesus (Greece), Island of Zakynthos (Greece), Turkey, Queensland (Australia), and 

Japan.  

The loggerhead is commonly found throughout the North Atlantic including the Gulf of Mexico, the 

northern Caribbean, the Bahamas archipelago, and eastward to West Africa, the western 

Mediterranean, and the west coast of Europe.  

The major nesting concentrations in the U.S. are found in South Florida. However, loggerheads nest 

from Texas to Virginia. Total estimated nesting in Florida, where 90 percent of nesting occurs, has 

fluctuated between 52,374 and 98,602 nests per year from 2009-2013 (FWC 2014, 

http://myfwc.com/media/2786250/loggerheadnestingdata09-13.pdf). About 80 percent of loggerhead 

nesting in the southeast U.S. occurs in six Florida counties (Brevard, Indian River, St. Lucie, Martin, 

Palm Beach, and Broward Counties). Adult loggerheads are known to make considerable migrations 

between foraging areas and nesting beaches (Schroeder et al. 2003, Foley et al. 2008). During non-

nesting years, adult females from U.S. beaches are distributed in waters off the eastern U.S. and 

throughout the Gulf of Mexico, Bahamas, Greater Antilles, and Yucatán.  

From a global perspective, the U.S. nesting aggregation is of paramount importance to the survival of 

the species as is the population that nests on islands in the Arabian Sea off Oman (Ross 1982, Ehrhart 

1989). The status of the Oman loggerhead nesting population, reported to be the largest in the world 

(Ross 1979), is uncertain because of the lack of long-term standardized nesting or foraging ground 

surveys and its vulnerability to increasing development pressures near major nesting beaches and 

threats from fisheries interaction on foraging grounds and migration routes (Possardt 2005). The 

loggerhead nesting aggregations in Oman and the U.S. account for the majority of nesting worldwide. 
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Green Sea Turtle 

The majority of nesting occurs along the Atlantic coast of eastern central Florida, with an average of 

10,377 each year from 2008 to 2012 (B. Witherington, Florida Fish and Wildlife Conservation 

Commission, pers. comm., 2013). In the U.S. Pacific, over 90 percent of nesting throughout the 

Hawaiian archipelago occurs at the French Frigate Shoals, where about 200 to 700 females nest each 

year (NMFS and Service 1998b). Elsewhere in the U.S. Pacific, nesting takes place at scattered 

locations in the Commonwealth of the Northern Marianas, Guam, and American Samoa. In the 

western Pacific, the largest green turtle nesting aggregation in the world occurs on Raine Island, 

Australia, where thousands of females nest nightly in an average nesting season (Limpus et al. 1993). 

In the Indian Ocean, major nesting beaches occur in Oman where 30,000 females are reported to nest 

annually (Ross and Barwani 1995). 

Leatherback Sea Turtle 

A dramatic drop in nesting numbers has been recorded on major nesting beaches in the Pacific. 

Spotila et al. (2000) have highlighted the dramatic decline and possible extirpation of leatherbacks in 

the Pacific.  

The East Pacific and Malaysia leatherback populations have collapsed. Spotila et al. (1996) estimated 

that only 34,500 females nested annually worldwide in 1995, which is a dramatic decline from the 

115,000 estimated in 1980 (Pritchard 1982). In the eastern Pacific, the major nesting beaches occur in 

Costa Rica and Mexico. At Playa Grande, Costa Rica, considered the most important nesting beach in 

the eastern Pacific, numbers have dropped from 1,367 leatherbacks in 1988-1989 to an average of 

188 females nesting between 2000-2001 and 2003-2004. In Pacific Mexico, 1982 aerial surveys of 

adult female leatherbacks indicated this area had become the most important leatherback nesting 

beach in the world. Tens of thousands of nests were laid on the beaches in 1980s, but during the 

2003-2004 seasons a total of 120 nests was recorded. In the western Pacific, the major nesting 

beaches lie in Papua New Guinea, Papua, Indonesia, and the Solomon Islands. These are some of the 

last remaining significant nesting assemblages in the Pacific. Compiled nesting data estimated 

approximately 5,000 to 9,200 nests annually with 75 percent of the nests being laid in Papua, 

Indonesia.  
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However, the most recent population size estimate for the North Atlantic alone is a range of 34,000 to 

94,000 adult leatherbacks (TEWG 2007). In Florida, the number of nests has been increasing since 

1979 (Stewart et al. 2011). The average annual number of nests in the 1980s was 63 nests, which rose 

to 263 nests in the 1990s and to 754 nests in the 2000s (Stewart et al. 2011). In 2012, 1,712 nests 

were recorded statewide (http://myfwc.com/research/wildlife/sea-turtles/nesting/).  

Nesting in the Southern Caribbean occurs in the Guianas (Guyana, Suriname, and French Guiana), 

Trinidad, Dominica, and Venezuela. The largest nesting populations at present occur in the western 

Atlantic in French Guiana with nesting varying between a low of 5,029 nests in 1967 to a high of 

63,294 nests in 2005, which represents a 92 percent increase since 1967 (TEWG 2007). Trinidad 

supports an estimated 6,000 leatherbacks nesting annually, which represents more than 80 percent of 

the nesting in the insular Caribbean Sea. Leatherback nesting along the Caribbean Central American 

coast takes place between Honduras and Colombia. In Atlantic Costa Rica, at Tortuguero, the number 

of nests laid annually between 1995 and 2006 was estimated to range from 199 to 1,623. 

In Puerto Rico, the main nesting areas are at Fajardo on the main island of Puerto Rico and on the 

island of Culebra. Between 1978 and 2005, annual population growth rate was estimated to be 1.10 

percent (TEWG 2007). Recorded leatherback nesting on the Sandy Point National Wildlife Refuge 

on the island of St. Croix, U.S. Virgin Islands between 1990 and 2005, ranged from a low of 143 in 

1990 to a high of 1,008 in 2001 (Garner et al. 2005). In the British Virgin Islands, annual nest 

numbers have increased in Tortola from zero to six nests per year in the late 1980s to 35 to 65 nests 

per year in the 2000s (TEWG 2007).  

The most important nesting beach for leatherbacks in the eastern Atlantic lies in Gabon, Africa. It 

was estimated there were 30,000 nests along 60 miles of Mayumba Beach in southern Gabon during 

the 1999-2000 nesting season (Billes et al. 2000). Some nesting has been reported in Mauritania, 

Senegal, the Bijagos Archipelago of Guinea-Bissau, Turtle Islands and Sherbro Island of Sierra 

Leone, Liberia, Togo, Benin, Nigeria, Cameroon, Sao Tome and Principe, continental Equatorial 

Guinea, Islands of Corisco in the Gulf of Guinea and the Democratic Republic of the Congo, and 

Angola. In addition, a large nesting population is found on the island of Bioko (Equatorial Guinea) 

(Fretey et al. 2007). 
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Hawksbill Sea Turtle 

About 15,000 females are estimated to nest each year throughout the world with the Caribbean 

accounting for 20 to 30 percent of the world’s hawksbill population. Only five regional populations 

remain with more than 1,000 females nesting annually (Seychelles, Mexico, Indonesia, and two in 

Australia) (Meylan and Donnelly 1999). Mexico is now the most important region for hawksbills in

the Caribbean with about 3,000 nests per year (Meylan 1999). In the U.S. Pacific, hawksbills nest 

only on main island beaches in Hawaii, primarily along the east coast of the island of Hawaii. 

Hawksbill nesting has also been documented in American Samoa and Guam (NMFS and Service 

1998c).  

Kemp’s Ridley Sea Turtle

Most Kemp’s ridleys nest on the coastal beaches of the Mexican states of Tamaulipas and Veracruz, 

although a small number of Kemp’s ridleys nest consistently along the Texas coast (TEWG 1998). In

addition, rare nesting events have been reported in Alabama, Florida, Georgia, South Carolina, and 

North Carolina. Historical information indicates that tens of thousands of ridleys nested near Rancho 

Nuevo, Mexico, during the late 1940s (Hildebrand 1963). The Kemp's ridley population experienced 

a devastating decline between the late 1940s and the mid 1980s. The total number of nests per nesting 

season at Rancho Nuevo remained below 1,000 throughout the 1980s, but gradually began to increase 

in the 1990s. In 2009, 16,273 nests were documented along the 18.6 miles of coastline patrolled at 

Rancho Nuevo, and the total number of nests documented for all the monitored beaches in Mexico 

was 21,144 (Service 2009). In 2010, a total of 13,302 nests were documented in Mexico (Service 

2010). In addition, 207 and 153 nests were recorded during 2009 and 2010, respectively, in the U.S., 

primarily in Texas.  

Status and Distribution 

Loggerhead Sea turtle 

Five recovery units have been identified in the Northwest Atlantic based on genetic differences and a 

combination of geographic distribution of nesting densities, geographic separation, and geopolitical 

boundaries (NMFS and Service 2008). Recovery units are subunits of a listed species that are 

geographically or otherwise identifiable and essential to the recovery of the species. Recovery units 
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are individually necessary to conserve genetic robustness, demographic robustness, important life 

history stages, or some other feature necessary for long-term sustainability of the species. The five 

recovery units identified in the Northwest Atlantic are:  

1. Northern Recovery Unit (NRU) - defined as loggerheads originating from nesting beaches

from the Florida-Georgia border through southern Virginia (the northern extent of the nesting

range);

2. Peninsula Florida Recovery Unit (PFRU) - defined as loggerheads originating from nesting

beaches from the Florida-Georgia border through Pinellas County on the west coast of

Florida, excluding the islands west of Key West, Florida;

3. Dry Tortugas Recovery Unit (DTRU) - defined as loggerheads originating from nesting

beaches throughout the islands located west of Key West, Florida;

4. Northern Gulf of Mexico Recovery Unit (NGMRU) - defined as loggerheads originating from

nesting beaches from Franklin County on the northwest Gulf coast of Florida through Texas;

and

5. Greater Caribbean Recovery Unit (GCRU) - composed of loggerheads originating from all

other nesting assemblages within the Greater Caribbean (Mexico through French Guiana, The

Bahamas, Lesser Antilles, and Greater Antilles).

The mtDNA analyses show that there is limited exchange of females among these recovery units 

(Ehrhart 1989, Foote et al. 2000, NMFS 2001, Hawkes et al. 2005). Based on the number of 

haplotypes, the highest level of loggerhead mtDNA genetic diversity in the Northwest Atlantic has 

been observed in females of the GCRU that nest at Quintana Roo, Mexico (Encalada et al. 1999, 

Nielsen et al. 2012).  

Nuclear DNA analyses show that there are no substantial subdivisions across the loggerhead nesting 

colonies in the southeastern U.S. Male-mediated gene flow appears to be keeping the subpopulations 

genetically similar on a nuclear DNA level (Francisco-Pearce 2001).  

Historically, the literature has suggested that the northern U.S. nesting beaches (NRU and NGMRU) 

produce a relatively high percentage of males and the more southern nesting beaches (PFRU, DTRU, 

and GCRU) a relatively high percentage of females (e.g., Hanson et al. 1998, NMFS 2001, 

Mrosovsky and Provancha 1989). The NRU and NGMRU were believed to play an important role in 
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providing males to mate with females from the more female-dominated subpopulations to the south. 

However, in 2002 and 2003, researchers studied loggerhead sex ratios for two of the U.S. nesting 

subpopulations, the northern and southern subpopulations (NGU and PFRU, respectively) (Blair 

2005, Wyneken et al. 2005). The study produced interesting results. In 2002, the northern beaches 

produced more females and the southern beaches produced more males than previously believed. 

However, the opposite was true in 2003 with the northern beaches producing more males and the 

southern beaches producing more females in keeping with prior literature. Wyneken et al. (2005) 

speculated that the 2002 result may have been anomalous; however, the study did point out the 

potential for males to be produced on the southern beaches. Although this study revealed that more 

males may be produced on southern recovery unit beaches than previously believed, the Service 

maintains that the NRU and NGMRU play an important role in the production of males to mate with 

females from the more southern recovery units.  

The NRU is the second largest loggerhead nesting aggregation in the Northwest Atlantic. Annual nest 

totals from northern beaches averaged 5,215 nests from 1989-2008, a period of near-complete 

surveys of NRU nesting beaches (NMFS and Service 2008), representing approximately 1,272 

nesting females per year (4.1 nests per female, Murphy and Hopkins 1984). The loggerhead nesting 

trend from daily beach surveys showed a significant decline of 1.3 percent annually. Nest totals from 

aerial surveys conducted by the South Carolina Department of Natural Resources showed a 1.9 

percent annual decline in nesting in South Carolina since 1980. Overall, there is strong statistical data 

to suggest the NRU has experienced a long-term decline (NMFS and Service 2008).  

The PFRU is the largest loggerhead nesting assemblage in the Northwest Atlantic. A near complete 

nest census of the PFRU undertaken from 1989 to 2007 reveals a mean of 64,513 loggerhead nests 

per year representing approximately 15,735 females nesting per year (4.1 nests per female, Murphy 

and Hopkins 1984) (FWC 2008d). This near-complete census provides the best statewide estimate of 

total abundance, but because of variable survey effort, these numbers cannot be used to assess trends. 

Loggerhead nesting trends are best assessed using standardized nest counts made at INBS sites 

surveyed with constant effort over time. In 1979, the Statewide Nesting Beach Survey (SNBS) 

program was initiated to document the total distribution, seasonality, and abundance of sea turtle 

nesting in Florida. In 1989, the INBS program was initiated in Florida to measure seasonal 

productivity, allowing comparisons between beaches and between years (FWC 2009b). Of the 190 
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SNBS surveyed areas, 33 participate in the INBS program (representing 30 percent of the SNBS 

beach length).  

INBS nest counts from 1989–2010 show a shallow decline. However, recent trends (1998–2010) in 

nest counts have shown a 25 percent decline, with increases only observed in the most recent 6-year 

period, 2008–2013 although there was no trend observed (FWC/FWRI 2014). The analysis that 

reveals this decline uses nest-count data from 345 representative Atlantic-coast index zones (total 

length = 187 miles) and 23 representative zones on Florida’s southern Gulf coast (total length = 14.3 

miles). The spatial and temporal coverage (annually, 109 days and 368 zones) accounted for an 

average of 70 percent of statewide loggerhead nesting activity between 1989 and 2010.   

The NGMRU is the third largest nesting assemblage among the four U.S. recovery units. Nesting 

surveys conducted on approximately 186 miles of beach within the NGMRU (Alabama and Florida 

only) were undertaken between 1995 and 2007 (statewide surveys in Alabama began in 2002). The 

mean nest count during this 13-year period was 906 nests per year, which equates to about 221 

females nesting per year (4.1 nests per female, Murphy and Hopkins 1984; FWC 2008d). Evaluation 

of long-term nesting trends for the NGMRU is difficult because of changed and expanded beach 

coverage. Loggerhead nesting trends are best assessed using standardized nest counts made at INBS 

sites surveyed with constant effort over time. There are 12 years (1997- 2008) of Florida INBS data 

for the NGMRU (FWC 2008d). A log-linear regression showed a significant declining trend of 4.7 

percent annually (NMFS and Service 2008).  

The DTRU, located west of the Florida Keys, is the smallest of the identified recovery units. A near-

complete nest census of the DTRU undertaken from 1995 to 2004, excluding 2002, (nine years 

surveyed) reveals a mean of 246 nests per year, which equates to about 60 females nesting per year 

(4.1 nests per female, Murphy and Hopkins 1984) (FWC 2008d). Surveys after 2004 did not include 

principal nesting beaches within the recovery unit (i.e., Dry Tortugas National Park). The nesting 

trend data for the DTRU are from beaches that are not part of the INBS program, but are part of the 

SNBS program. There are nine years of data for this recovery unit. A simple linear regression 

accounting for temporal autocorrelation revealed no trend in nesting numbers. Because of the annual 

variability in nest totals, a longer time series is needed to detect a trend (NMFS and Service 2008).  
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The GCRU is composed of all other nesting assemblages of loggerheads within the Greater 

Caribbean. Statistically valid analyses of long-term nesting trends for the entire GCRU are not 

available because there are few long-term standardized nesting surveys representative of the region. 

Additionally, changing survey effort at monitored beaches and scattered and low-level nesting by 

loggerheads at many locations currently precludes comprehensive analyses. The most complete data 

are from Quintana Roo and Yucatán, Mexico, where an increasing trend was reported over a 15-year 

period from 1987-2001 (Zurita et al. 2003). However, since 2001, nesting has declined and the 

previously reported increasing trend appears not to have been sustained (NMFS and Service 2008). 

Other smaller nesting populations have experienced declines over the past few decades (e.g., 

Amorocho 2003).  

Recovery Criteria (only the Demographic Recovery Criteria are presented below; for the Listing 

Factor Recovery Criteria, please see NMFS and Service 2008)  

1. Number of Nests and Number of Nesting Females

a. Northern Recovery Unit

i. There is statistical confidence (95 percent) that the annual rate of increase

over a generation time of 50 years is 2 percent or greater resulting in a total

annual number of nests of 14,000 or greater for this recovery unit

(approximate distribution of nests is North Carolina =14 percent [2,000

nests], South Carolina =66 percent [9,200 nests], and Georgia =20 percent

[2,800 nests]); and 37

ii. This increase in number of nests must be a result of corresponding increases

in number of nesting females (estimated from nests, clutch frequency, and

remigration interval).

b. Peninsular Florida Recovery Unit

i. There is statistical confidence (95 percent) that the annual rate of increase

over a generation time of 50 years is statistically detectable (one percent)
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resulting in a total annual number of nests of 106,100 or greater for this 

recovery unit; and  

ii. This increase in number of nests must be a result of corresponding increases

in number of nesting females (estimated from nests, clutch frequency, and

remigration interval).

c. Dry Tortugas Recovery Unit

i. There is statistical confidence (95 percent) that the annual rate of increase

over a generation time of 50 years is three percent or greater resulting in a

total annual number of nests of 1,100 or greater for this recovery unit; and

ii. This increase in number of nests must be a result of corresponding increases

in number of nesting females (estimated from nests, clutch frequency, and

remigration interval).

d. Northern Gulf of Mexico Recovery Unit

i. There is statistical confidence (95 percent) that the annual rate of increase

over a generation time of 50 years is three percent or greater resulting in a

total annual number of nests of 4,000 or greater for this recovery unit

(approximate distribution of nests (2002-2007) is Florida= 92 percent [3,700

nests] and Alabama =8 percent [300 nests]); and

ii. This increase in number of nests must be a result of corresponding increases

in number of nesting females (estimated from nests, clutch frequency, and

remigration interval).

e. Greater Caribbean Recovery Unit

i. The total annual number of nests at a minimum of three nesting assemblages,

averaging greater than 100 nests annually (e.g., Yucatán, Mexico; Cay Sal

Bank, Bahamas) has increased over a generation time of 50 years; and
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ii. This increase in number of nests must be a result of corresponding increases

in number of nesting females (estimated from nests, clutch frequency, and

remigration interval).

2. Trends in Abundance on Foraging Grounds A network of in-water sites, both oceanic and

neritic, across the foraging range is established and monitoring is implemented to measure

abundance. There is statistical confidence (95 percent) that a composite estimate of relative

abundance from these sites is increasing for at least one generation.

3. Trends in Neritic Strandings Relative to In-water Abundance Stranding trends are not

increasing at a rate greater than the trends in in-water relative abundance for similar age

classes for at least one generation.

The Recovery Plan for the Northwest Atlantic Population of the Loggerhead Sea Turtle was signed in 

2008 (NMFS and Service 2008), and the Recovery Plan for U.S. Pacific Populations of the 

Loggerhead Turtle was signed in 1998 (NMFS and Service 1998e).  

Green Sea Turtle 

Annual nest totals documented as part of the Florida SNBS program from 1989-2008 have ranged 

from 435 nests laid in 1993 to 12,752 in 2007. The nest count for 2013 was more than twice the count 

from 2007 with a total of 36,195 nests recorded 

(http://myfwc.com/research/wildlife/seaturtles/nesting/statewide/). Nesting occurs in 26 counties with 

a peak along the east coast, from Volusia through Broward Counties. Although the SNBS program 

provides information on distribution and total abundance statewide, it cannot be used to assess trends 

because of variable survey effort. Therefore, green turtle nesting trends are best assessed using 

standardized nest counts made at INBS sites surveyed with constant effort over time (1989-2009). 

Green sea turtle nesting in Florida is increasing based on 19 years (1989-2009) of INBS data from 

throughout the state (FWC 2009a). The increase in nesting in Florida is likely a result of several 

factors, including: (1) a Florida statute enacted in the early 1970s that prohibited the killing of green 

turtles in Florida; (2) the species listing under the Act afforded complete protection to eggs, juveniles, 

and adults in all U.S. waters; (3) the passage of Florida's constitutional net ban amendment in 1994 

and its subsequent enactment, making it illegal to use any gillnets or other entangling nets in State 
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waters; (4) the likelihood that the majority of Florida green turtles reside within Florida waters where 

they are fully protected; (5) the protections afforded Florida green turtles while they inhabit the 

waters of other nations that have enacted strong sea turtle conservation measures (e.g., Bermuda); and 

(6) the listing of the species on Appendix I of Convention on International Trade in Endangered

Species of Wild Fauna and Flora (CITES), which stopped international trade and reduced incentives 

for illegal trade from the U.S.  

Recovery Criteria 

The U.S. Atlantic population of green sea turtles can be considered for delisting if, over a period of 

25 years, the following conditions are met:  

1. The level of nesting in Florida has increased to an average of 5,000 nests per year for at

least six years. Nesting data must be based on standardized surveys;

2. At least 25 percent (65 miles) of all available nesting beaches (260 miles) is in public

ownership and encompasses at least 50 percent of the nesting activity;

3. A reduction in stage class mortality is reflected in higher counts of individuals on foraging

grounds; and 39

4. All priority one tasks identified in the recovery plan have been successfully implemented.

The Recovery Plan for U.S. Population of Atlantic Green Turtle was signed in 1991 (NMFS and 

Service 1991), the Recovery Plan for U.S. Pacific Populations of the Green Turtle was signed in 1998 

(NMFS and Service 1998b), and the Recovery Plan for U.S. Pacific Populations of the East Pacific 

Green Turtle was signed in 1998 (NMFS and Service 1998a).  

Leatherback Sea Turtle 

Declines in leatherback nesting have occurred over the last two decades along the Pacific coasts of 

Mexico and Costa Rica. The Mexican leatherback nesting population, once considered to be the 

world’s largest leatherback nesting population (historically estimated to be 65 percent of the 

worldwide population), is now less than one percent of its estimated size in 1980. (Spotila et al. 1996) 

estimated the number of leatherback sea turtles nesting on 28 beaches throughout the world from the 
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literature and from communications with investigators studying those beaches. The estimated 

worldwide population of leatherbacks in 1995 was about 34,500 females on these beaches with a 

lower limit of about 26,200, and an upper limit of about 42,900. This is less than one-third the 1980 

estimate of 115,000. Leatherbacks are rare in the Indian Ocean and in very low numbers in the 

western Pacific Ocean. The largest population is in the western Atlantic. Using an age-based 

demographic model, (Spotila et al. 1996) determined that leatherback populations in the Indian Ocean 

and western Pacific Ocean cannot withstand even moderate levels of adult mortality and that the 

Atlantic populations are being exploited at a rate that cannot be sustained. They concluded that 

leatherbacks are on the road to extinction and further population declines can be expected unless 

action is taken to reduce adult mortality and increase survival of eggs and hatchlings. 

In the U.S., nesting populations occur in Florida, Puerto Rico, and the U.S. Virgin Islands. In Florida, 

the SNBS program documented an increase in leatherback nesting numbers from 98 nests in 1988 to 

between 800 and 900 nests per season in the early 2000s (FWC 2009a, Stewart and Johnson 2006). 

Although the SNBS program provides information on distribution and total abundance statewide, it 

cannot be used to assess trends because of variable survey effort. Therefore, leatherback nesting 

trends are best assessed using standardized nest counts made at INBS sites surveyed with constant 

effort over time (1989-2009). An analysis of the INBS data has shown a substantial increase in 

leatherback nesting in Florida since 1989 (FWC 2009b, TEWG Group 2007).  

Recovery Criteria 

The U.S. Atlantic population of leatherbacks can be considered for delisting if the following 

conditions are met: 

1. The adult female population increases over the next 25 years, as evidenced by a

statistically significant trend in the number of nests at Culebra, Puerto Rico, St. Croix,

U.S. Virgin Islands, and along the east coast of Florida;

2. Nesting habitat encompassing at least 75 percent of nesting activity in U.S. Virgin Islands,

Puerto Rico, and Florida is in public ownership; and.

3. All priority one tasks identified in the recovery plan have been successfully implemented.

The Recovery Plan for Leatherback Turtles in the U.S. Caribbean, Atlantic, and Gulf of

Mexico was signed in 1992 (NMFS and Service 1992), and the Recovery Plan for U.S.
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Pacific Populations of the Leatherback Turtle was signed in 1998 (NMFS and Service 

1998d).

Hawksbill Sea Turtle 

The hawksbill sea turtle has experienced global population declines of 80 percent or more during the 

past century and continued declines are projected (Meylan and Donnelly 1999). Most populations are 

declining, depleted, or remnants of larger aggregations. Hawksbills were previously abundant, as 

evidenced by high-density nesting at a few remaining sites and by trade statistics.  

Recovery Criteria 

The U.S. Atlantic population of hawksbills can be considered for delisting if, over a period of 25 

years, the following conditions are met:  

1. The adult female population is increasing, as evidenced by a statistically significant trend

in the annual number of nests on at least five index beaches, including Mona Island and

Buck Island Reef National Monument;

2. Habitat for at least 50 percent of the nesting activity that occurs in the U.S. Virgin Islands

and Puerto Rico is protected in perpetuity;

3. Numbers of adults, subadults, and juveniles are increasing, as evidenced by a statistically

significant trend on at least five key foraging areas within Puerto Rico, U.S. Virgin

Islands, and Florida; and

4. All priority one tasks identified in the recovery plan have been successfully implemented.

The Recovery Plan for the Hawksbill Turtle in the U.S. Caribbean, Atlantic, and Gulf of Mexico was 

signed in 1993 (NMFS and Service 1993), and the Recovery Plan for U.S. Pacific Populations of the 

Hawksbill Turtle was signed in 1998 (NMFS and Service 1998c). 

Kemp’s Ridley Sea Turtle

Today, under strict protection, the population appears to be in the early stages of recovery. The recent 

nesting increase can be attributed to full protection of nesting females and their nests in Mexico 

resulting from a binational effort between Mexico and the U.S. to prevent the extinction of the 
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Kemp’s ridley, and the requirement to use Turtle Excluder Devices (TEDs) in shrimp trawls both in 

the U.S. and Mexico. 

The Mexico government also prohibits harvesting and is working to increase the population through 

more intensive law enforcement, by fencing nest areas to diminish natural predation, and by 

relocating most nests into corrals to prevent poaching and predation. While relocation of nests into 

corrals is currently a necessary management measure, this relocation and concentration of eggs into a 

“safe” area is of concern since it can reduce egg viability.

Recovery Criteria 

The goal of the recovery plan is for the species to be reduced from endangered to threatened status. 

The Recovery Team members feel that the criteria for a complete removal of this species from the 

endangered species list need not be considered now, but rather left for future revisions of the plan. 

Complete removal from the federal list would certainly necessitate that some other instrument of 

protection, similar to the MMPA, be in place and be international in scope. Kemp’s ridley can be 

considered for reclassification to threatened status when the following four criteria are met:  

1. Continuation of complete and active protection of the known nesting habitat and the

waters adjacent to the nesting beach (concentrating on the Rancho Nuevo area) and

continuation of the bi-national protection project;

2. Elimination of mortality from incidental catch in commercial shrimping in the U.S. and

Mexico through the use of TEDs and achievement of full compliance with the regulations

requiring TED use;

3. Attainment of a population of at least 10,000 females nesting in a season; and

4. Successful implementation of all priority one recovery tasks in the recovery plan.

The Recovery Plan for the Kemp’s Ridley Sea Turtle was signed in 1992 (Service and NMFS 1992). 

Significant new information on the biology and population status of Kemp’s ridley has become 

available since 1992. Consequently, a full revision of the recovery plan has been completed by the 

Service and NMFS. The Bi-National Recovery Plan for the Kemp’s Ridley Sea 42 turtle (2011) 

provides updated species biology and population status information, objective and measurable 

recovery criteria, and updated and prioritized recovery actions.  
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Common threats to sea turtles in Florida 

Anthropogenic factors that impact hatchlings and adult female turtles on land, or the success of 

nesting and hatching include: beach erosion; armoring and nourishment; artificial lighting; beach 

cleaning; increased human presence; recreational beach equipment; beach driving; coastal 

construction and fishing piers; exotic dune and beach vegetation; and poaching. An increased human 

presence at some nesting beaches or close to nesting beaches has led to secondary threats such as the 

introduction of exotic fire ants (Solenopsis spp.), feral hogs (Sus scrofa), dogs (Canis familiaris), and 

an increased presence of native species (e.g., raccoons (Procyon lotor), armadillos (Dasypus 

novemcinctus), and opossums (Didelphis virginiana)), which raid nests and feed on turtle eggs. 

Although sea turtle nesting beaches are protected along large expanses of the western North Atlantic 

coast, other areas along these coasts have limited or no protection.  

Anthropogenic threats in the marine environment include oil and gas exploration and transportation; 

marine pollution; underwater explosions; hopper dredging; offshore artificial lighting; power plant 

entrainment or impingement; entanglement in debris; ingestion of marine debris; marina and dock 

construction and operation; boat collisions; and poaching and fishery interactions. On April 20, 2010, 

an explosion and fire on the Mobile Offshore Drilling Unit Deepwater Horizon MC252 occurred 

approximately 50 miles southeast of the Mississippi Delta. A broken well head at the sea floor 

resulted in a sustained release of oil, estimated at 35,000 and 60,000 barrels per day. On July 15, the 

valves on the cap were closed, which effectively shut in the well and all sub-sea containment 

systems. Damage assessment from the sustained release of oil is currently ongoing and the Service 

does not have a basis at the present time to predict the complete scope of effects to sea turtles range-

wide.  

Fibropapillomatosis, a disease of sea turtles characterized by the development of multiple tumors on 

the skin and internal organs, is also a mortality factor, particularly for green turtles. This disease has 

seriously impacted green turtle populations in Florida, Hawaii, and other parts of the world. The 

tumors interfere with swimming, eating, breathing, vision, and reproduction, and turtles with heavy 

tumor burdens may die.  
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Analysis of the Species/Critical Habitat Likely to be Affected 

Exterior lighting by the proposed action has the potential to impact nesting sea turtles and hatchlings.  

Extensive research has demonstrated that the principal component of the sea-finding behavior of 

emergent hatchlings is a visual cue (Carr and Ogren 1960, Dickerson and Nelson 1989, Witherington 

and Bjorndal 1991).  Artificial lighting on or near the beach has been documented to cause 

disorientation (loss of bearings) of hatchling and adult sea turtles (Witherington and Martin 1996), 

with often fatal results.   

Lighting is a major concern of sea turtle conservationists and regulatory agencies.  Since the 1980s, 

the 45 SW has taken an aggressive approach to minimize the impacts on sea turtles caused by exterior 

lighting by developing Light Management Plans (LMPs), conducting light inspections, monitoring 

sea turtle nesting and hatch rates, replacing lights with amber light emitting diode (LED) lamps, full 

cut off low pressure sodium (LPS) light fixtures, and adopting a 45 SW exterior lighting instruction, 

45 Space Wing Instruction (SWI) 32-7001 (available at: http://static.e-publishing.af.mil/production/ 

1/45sw/publication/45swi32-001/45swi32_7001.pdf).  45 SWI 32-7001 directs all facilities on the 45 

SW to extinguish unnecessary lights during nesting season (1 May - 31 October) in compliance with 

established federal, state and local laws.   

The preferred method of reducing direct and indirect light on the beach is to eliminate the light 

source.  In most cases, this cannot be achieved due to safety, security, and operational requirements.  

Research shows that various types of lights affect sea turtles to varying degrees and LPS lamps (589-

590 nanometers in wavelength) have the least effect on sea turtles (Nelson Engineering Co. 2001).  

Therefore, retrofitting existing light fixtures with LPS lamps is a preferential action that reduces the 

impacts to nesting and emerging sea turtles.  The majority of facilities with detrimental exterior 

lighting have been retrofitted with LPS lamps as well as shielding in order to minimize the adverse 

effects of artificial lights on sea turtles and other wildlife.  LMPs are required for new, large 

construction projects within the 45 SW in order to ensure that lighting issues for that particular site 

are addressed from design to post construction.  Currently, all major facilities with significant 

exterior lighting, such as launch complexes, port facilities and payload processing facilities have 

individual LMPs.  LMPs typically contain the following information: 

Facility drawings detailing the location, type and number of exterior lights;
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Specific security and lighting requirements;

Facility manager Point of Contact (POC); and

Schedule of lighting modifications required to comply with 45 SWI 32-7001 (if required).

Additionally, the 45 SW is transitioning to amber LED lamps when feasible because the LED lamps 

are more energy efficient and more turtle friendly and the light produces a more focused beam rather 

than the lateral spread observed with LPS.   

A LMP will be developed by Blue Origin to take into consideration the threat to sea turtles along the 

Atlantic Coastline.  This LMP will be approved by USFWS and the 45SW to ensure minimal impact 

to native sea turtle population.  In addition, surveys will continue to be conducted by 45SW during 

the nesting season to ensure sea turtle nesting is not being adversely affected by the proposed action 

and to gauge the overall sea turtle population at CCAFS.  

ENVIRONMENTAL BASELINE 

Status of the Species in the Action Area

Florida scrub-jay: The Florida scrub-jay is found within much of the scrub habitat (generally less than 

10 feet in height) on CCAFS in addition to the KSC and Cape Canaveral National Seashore.  The 

known distribution is a result of annual surveys conducted by CCAFS 45 SW staff.  As reported in 

the BA, the 2015 census resulted in 154 groups with a total of 431 birds.  This data represented a 

decrease of four groups and 49 birds from the 2014; however, the number of groups is a 25% increase 

from the 116 observed in 2003.  In 2013-2015, the closest scrub-jay groups to LC-11 & LC-36 were 

north near LC-14.  The trend in population size over the last ten years has been downward, with an 

occasional increase in numbers within the ten-year study.  The populations of scrub-jays occurring on 

CCAFS are a subset of the larger MINWR/KSC/ CCAFS metapopulation.   

The current Integrated Natural Resources Management Plan for CCAFS has a goal of 200 breeding 

pairs of scrub-jays.  Recent conversations with representatives from the USAF and USFWS regarding 

recovery actions for the Florida scrub-jay resulted is USAF natural resource managers categorizing 

CCAFS habitat into good, fair, and poor scrub, and habitat that is no and/or would not be managed as 
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scrub-jay habitat.  The USAF determined the amount of scrub/potential scrub available, and using the 

percentage that could be in optimal condition at any given time (50%-70%) and the average territory 

size of 25 acres/group, calculated that CCAFS could support 170-237 breeder pairs.  For the purposes 

of providing USFWS a number that could be used in recovery, USAF natural resource managers used 

200 breeder pairs as the new goal in the INRMP.   

Southeastern beach mouse:  The southeastern beach mouse is found along the entire reach of 

immediate coastline and within coastal strand on CCAFS in addition to the KSC and Cape Canaveral 

National Seashore.  The known distribution is a result of cursory surveys, intermittent trapping 

involving different construction projects, two demography studies conducted in 2007 and 2012, and 

annual occupancy studies conducted 2010-2015.  CCAFS conducted a limited survey from December 

8 – 12, 2015 within the project area to assess the presence of southeastern beach mouse.  Two beach 

mice were captured; one just northeast of the LC-11 perimeter road area and one just east of the LC-

36 north pad area. Beach mice  

Eastern indigo snake:  The eastern indigo snake is likely to occur within the boundaries of the project 

site due to the presence of suitable habitat, although none have been seen.  The eastern indigo snake 

standard protection measures will be used during the construction of the project.   

Sea turtles: Four species of federally protected sea turtles have been documented as nesting on 

CCAFS: the loggerhead (Caretta caretta), green (Chelona mydas), leatherback (Dermocheyls 

coriacea), and Kemp’s ridley (Lepidochelys kempii) sea turtles.  The loggerhead is by far the most 

common, followed by the green, leatherback, and Kemp’s ridley.  Nesting season typically begins in 

April, and concludes in late September to mid- October.  Sea turtles spend much of their lives in the 

ocean, with females coming ashore each year to nest.  Research has shown that females will avoid 

highly illuminated beaches and postpone nesting.  Artificial lights have also resulted in hatchling 

mortality as disoriented hatchlings move toward these light sources rather than the ocean.   

In 1988, in compliance with Section 7 of the ESA, the USAF developed Light Management Plans 

(LMPs) for various areas and facilities on CCAFS to protect sea turtles.  A BO issued by the USFWS 

requires that LMPs be developed for all new facilities that are in close proximity to the beach, are not 

compliant with 45th Space Wing lighting policies, have lighting directly visible from the beach,

and/or may cause significant sky glow.  In addition, USAF biologists conduct nighttime inspections 
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to ensure all exterior lighting is being operated in accordance with policies.  The BO authorizes no 

more than 3% incidental take of turtles as the result of disorientation on CCAFS.  Since the BO has 

been in effect, the level of incidental take at CCAFS has ranged from 0.26% to 2.53%.  

Factors Affecting Species’ Environment within the Action Area

This analysis describes factors affecting the environment for scrub-jays, southern beach mice, and 

eastern indigo snakes in the action area. There are no State, tribal, local or private actions affecting 

the species or that will occur contemporaneously with this consultation. Federal actions have taken 

place within the action areas that have impacted Florida scrub-jays, southeastern beach mice, eastern 

indigo snakes, and sea turtles. These projects sometimes resulted in incidental take anticipated 

through section 7 of the Act.  The impacts associated with some of these projects resulted in the loss 

of occupied habitat or habitat suitable for occupation within the action area. 

Prescribed burning and restoration of overgrown scrub for the benefit of the scrub-jay have occurred 

and are ongoing on CCAFS.  The Air Force continues to pursue its goal of increasing the breeding 

pairs of scrub-jays, as outlined in their INRMP.  The INRMP identifies a goal of burning and/or 

mechanical management of 500 acres per year; however, in recent consultations with USFWS, a 

consensus was reached that an average of 300 acres per year over a rolling 10-year time frame is 

more realistic.  This goal may be achieved more quickly if existing burning constraints are reduced in 

the future.  CCAFS has a prescribed burn working group that deals with issues of burn restrictions on 

CCAFS.  This group meets regularly at CCAFS.  Federal actions have taken place within the action 

area that has impacted the Florida scrub-jay.  The impacts associated with these projects resulted in 

the loss of occupied habitat within the action area. However, the adverse effects of the Florida 

scrub-jay from these projects were off-set through on-site addition, preservation and improvement of 

scrub habitat; resulting in a net increase in scrub habitat under active management.  On CCAFS, 

improvements to the management of scrub have increased the amount of habitat used by the Florida 

scrub-jay, and possibly the indigo snake the southeastern beach mouse. 

EFFECTS OF THE ACTION 

This section includes an analysis of the direct effects of the proposed action on the species and its 

interrelated and interdependent activities.  To determine whether the proposed action is likely to 
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jeopardize the continued existence of threatened or endangered species in the action area, the 

analysis takes into account consequences of the proposed action that affect rates of birth, death, 

immigration, and emigration because the probability of extinction in plant and animal populations is 

most sensitive to changes in these rates.   

Factors to Be Considered ·

The effects of the proposed project on the Florida scrub-jay, southeastern beach mouse, eastern 

indigo snake, and the loggerhead, green, leatherback, hawksbill and Kemp’s ridley sea turtles, may 

occur as direct and indirect effects. 

Direct Effects 

The LC-11 and 36 clearing and construction activities associated with the Proposed Action may 

result in the direct “take” of  Florida scrub-jays, eastern indigo snakes and southeastern beach mice as 

a result of impacts to individuals and/or their occupied or potentially occupied habitat. At the present 

time, there is no evidence that this area is currently occupied by scrub-jays.  The probability and level 

of incidental take is dependent upon the number of scrub-jays, southeastern beach mice and eastern 

indigo snakes within the action area; their ability to disperse; and the amount and distribution of 

available adjacent suitable habitat.  It is possible that as land clearing proceeds, they will move away 

from the site; however, the Service anticipates that “take” will occur in the form of loss of permanent 

habitat.

The proposed activity will result in the direct permanent loss of approximately 18.5 acres of scrub 

habitat and another five acres that could be considered eastern indigo snake habitat.  The proposed 

project will impact unoccupied potential scrub-jay habitat.  The proposed project will impact 

occupied southeastern beach mouse habitat adjacent to LC-11 and 36 areas, less than five acres.  

Since land clearing will occur in areas where southeastern beach mice were observed, the Service 

anticipates that “take” will occur.  Similar direct effects are expected for any eastern indigo snakes 

occurring with the project site.  Impacts to the three species will be minimized by using previously 

disturbed areas to the maximum possible extent, minimizing the construction footprint within non-

disturbed habitats, and compensating for unavoidable impacts through the restoration of 
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approximately 37 acres of potential scrub-jay, southeastern beach mouse, and eastern indigo snake 

habitat within Land Management Unit 33 on CCAFS. 

Due to the development of a site-specific light management plan that addresses both construction and 

operational lighting, and implementation of the 45 SW Lighting Instruction, the construction 

activities are not expected to directly affect sea turtles.  

As a result of the proposed action,  during launch operational periods, noise level from OLV launches 

would be expected to evoke, “startle responses” from wildlife in the area, but is not expected to 

adversely affect surrounding wildlife.  Similar effects are expected to result from engine tests.  These 

engine firings will occur for acceptance testing only, and will not test multiple engines 

simultaneously.  Current and past launches from CCAFS and Kennedy Space Center (KSC) have 

been documented to not cause animal mortality or significant adverse consequences to wildlife well-

being. 

It is anticipated that clearing and construction activities within the action area will produce moderate 

sound levels.  Test-firing of BE-4 engines and launches up to 12 times per year are expected to 

produce significantly higher levels. Such levels are expected to result in direct effects to Florida 

scrub-jays, eastern indigo snakes, and southeastern beach mice.  Effects would include disruption of 

normal activities due to noise and ground disturbance; however, these effects would be short-term 

and would elicit a “startle response” to avoid the noise.  This would help the Florida scrub-jay, 

eastern indigo snake, and southeastern beach mouse avoid the threat and therefore, would not cause a 

negative impact to populations near the project area.  Just as noise associated with rocket launches 

may startle many species within the CCAFS area, noise associated with test firing of engines may do 

the same.  Actual noise impact to wildlife is expected to be minimal.  Additionally, current and past 

launch programs on CCAFS, including the Atlas, Titan and Delta launches have been documented to 

not cause any animal mortality or significant impact to wildlife habitat on CCAFS (USAF 2013a).  

Sonic boom associated with launch is anticipated to occur over the open ocean and would, therefore, 

have no effect to wildlife on CCAFS. 
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Indirect Effects 

Indirect effects are caused by or result from the proposed action, are later in time, and are reasonably 

certain to occur.  Indirect effects may occur outside of the area directly affected by the action.  

Indirect effects may include other Federal actions that have not undergone section 7 consultations, 

but will result from the action under consideration.  The indirect effects will occur in two ways: (1) 

operation of the LC-11 & LC-36 launch facilities will add traffic along roadways adjacent to 

occupied habitat, possibly resulting in scrub-jays and snakes being struck by vehicles or (2) proposed 

habitat restoration and management activities are expected to enhance scrub-jay dispersal when 

complete. 

Dreschel et al. (1990), Fitzpatrick et al. (1991), and Mumme et al. (2000) provide the best scientific 

and commercial data on the likelihood of incidental take as the result of scrub-jays being killed by 

vehicles.  The only scientific documentation of road-kill mortality in Florida scrub-jays are from jays 

living in a territory immediately adjacent to a road, not from dispersing some unknown distance 

across a road to a new territory. 

The eastern indigo snake has a low probability of being impacted by increased traffic on the roads.  

Since a portion of their suitable habitat will be impacted by the proposed development, the snakes 

may have to go elsewhere and cause them to cross roads which could result in road-kill mortality. 

Indirect effects are not expected for the southeastern beach mouse or nesting or hatchling sea turtles..

CUMULATIVE EFFECTS

Cumulative effects include the effects of future State, local or private actions that are reasonably 

certain to occur in the action area considered in this biological opinion.  Future Federal actions that 

are unrelated to the proposed action are not considered in this section because they require separate 

consultation pursuant to section 7 of the Act.  There are no known State, local, or private actions 

that are reasonably certain to occur in the action area that would result in cumulative effects to the 

Florida scrub-jay, southeastern beach mouse, eastern indigo snake, and sea turtles. 
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CONCLUSION

After reviewing the current status of the Florida scrub-jay, southeastern beach mouse, eastern indigo 

snake, loggerhead sea turtle, green sea turtle, leatherback sea turtle, and Kemp’s ridley sea turtle, the 

environmental baseline for the action area, the direct and indirect effects of the proposed LC-11 & 

LC-36 construction and operation, and any cumulative effects, it is the Service's opinion that Blue 

Origin’s proposal to reconstruct LC-11 & LC-36 and operate the facility as an OLS for its medium 

and heavy lift vehicles is not likely to jeopardize the continued existence of the Florida scrub-jay, the 

southeastern beach mouse, eastern indigo snake, and the four species of sea turtles considered in this 

document. The Service has not designated critical habitat for these species except for the loggerhead 

sea turtle; therefore, none will be affected.  Although the Service designated critical habitat for the 

loggerhead sea turtle, the final rule exempted the CCAFS beaches from any designation.  

INCIDENTAL TAKE STATEMENT

Section 9 of the Act and Federal regulation under section 4(d) of the Act prohibit the take of 

endangered and threatened species, respectively, without special exemption.  Take is defined as to 

harass, harm, pursue, hunt, shoot, wound, kill, trap, capture or collect, or to attempt to engage in 

any such conduct.  Harm is further defined by the Service to include significant habitat 

modification or degradation that results in death or injury to listed species by significantly 

impairing essential behavioral patterns, including breeding, feeding, or sheltering.  Harass is 

defined by the Service as intentional or negligent actions that create the likelihood of injury to 

listed species to such an extent as to significantly disrupt normal behavior patterns which include, 

but are not limited to, breeding, feeding or sheltering.  Incidental take is defined as take that is 

incidental to, and not the purpose of, the carrying out of an otherwise lawful activity. Under the 

terms of section 7(b)(4)  and section 7(o)(2), taking that is incidental to and not intended as part of 

the agency action is not considered to be prohibited taking under the Act provided that such taking 

is in compliance with the terms and conditions of this Incidental Take Statement. 

The measures described below are non-discretionary, and must be implemented by the agency so 

that they become binding conditions of any grant or permit issued to the applicant, as appropriate, 

in order for the exemption in section 7(o)(2) to apply. 
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The Federal agency h as  a  continuing responsibility to regulate the activity that is covered by this. 

incidental take statement.  If the agency (1) fails to assume and implement the terms and conditions 

or (2) fails to retain oversight to ensure compliance with these terms and conditions, the protective 

coverage of section 7(o)(2) may lapse.  In order to monitor the impact of incidental take, the 

agency must report the progress of the action and its impact to the Service as specified in the 

incidental take statement. (50 CFR 402.14(1) (3)) 

AMOUNT OR EXTENT OF TAKE ANTICIPATED

The Service has reviewed the biological information for the Florida scrub-jay, information 

presented by the applicant's consultant, and other available information relevant to this action, and 

based on our review; incidental take in the form of harm or harassment is not anticipated for any 

groups or individuals.  However, due to the position of the local scrub-jay population at CCAFS 

within Florida’s central east coast meta population and genetic unit that is second only to the one 

within the Ocala National Forest in terms of its significance to the conservation and recovery of the 

species, CCAFS agreed in previous formal consultations to compensate for the loss of unoccupied 

suitable and potentially suitable habitat.  

The Service acknowledges that  the levels of incidental take of southeastern beach mice and

eastern indigo snakes are difficult to determine accurately for the following reasons: eastern indigo 

snakes are wide ranging, elusive, and exhibit great variation in territory sizes; southeastern beach 

mice are elusive because of their burrowing habits; and the extent of occupancy of clumped, non-

linear habitat landward of primary and secondary dune habitats is difficult to quantify.  Finding a 

dead or impaired specimen is unlikely; losses may be masked by predators removing dead or 

injured animals. The Service has reviewed the biological information for these species, information 

provided by representatives of the 45th SW, and has determined that incidental take in the form of

harm or harassment is anticipated for all the eastern indigo snakes utilizing the area within the 

proposed action.  Based on one limited survey, the Service has determined that incidental take in the 

form of harm or harassment is anticipated for up to five (5) southeastern beach mice in habitat that 

would be within and adjacent to the cleared area. 

The Service anticipates that nesting and hatchling sea turtles present within an action area that

includes the beach approximately 2.5 miles north and south of Launch Complex-11 and 36 for 
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launch and engine testing operations, may be taken from lighting associated with the launch 

operations (engine testing will only occur during daylight hours).  The incidental take is expected in

the form of direct and indirect harm to nesting and hatchling sea turtles resulting from 

misorientation or disorientation by the operational lighting that results in post nesting and hatching 

turtle movement in directions other than immediately towards open marine waters.  Direct harm 

includes mortality from predation, desiccation, adverse physical impacts with pedestrians, 

vehicles, and equipment on or contiguous to the beach, and entrapment within vegetation and

other natural landscape features, and within man-made structures, holes, ruts, etc.  Indirect harm 

includes a reduced survivorship probability in post hatchling turtles due to yolk depletion resulting 

from lighting misorientation or disorientation that increases hatchling time spent on a beach before 

reaching open marine waters. 

The 2008 BO established an annual level of take of sea turtles for all lighting present on CCAFS 

and PAFB at that time of 3% of all hatchlings at each installation, as well as a 3% take of adult 

females nesting at each installation due to disorientation/misorientation caused by lighting. 

Since that BO has been in effect, the levels of take at CCAFS has ranged from 0.26% to 2.53%.  

Based on these figures, we anticipate that the additional take from the proposed project will not 

appreciably add to those figures, and will not exceed the 3% threshold established for nesting and 

hatchling sea turtles at each installation under the 2008 BO.  We therefore are applying that take 

threshold to this project. 

If during the course of this action, the project description changes, this would represent new 

information requiring review of the reasonable and prudent measures provided. The Federal 

agency must immediately provide modification of the reasonable and prudent measures. 

EFFECT OF THE TAKE

In the accompanying biological opinion, the Service determined that this level of anticipated take 

is not likely to result in jeopardy to the species or destruction or adverse modification of critical 

habitat. 
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REASONABLE AND PRUDENT MEASURES

The Service believes the following reasonable and prudent measures are necessary and minimize 

impacts of incidental take Florida scrub-jays, southeastern beach mouse, eastern indigo snake, and 

loggerhead, green, leatherback, hawksbill and Kemp’s ridley sea turtles.  These reasonable and

prudent measures, with their implementing terms and conditions, are designed to minimize the 

impact of incidental take that might otherwise result from the proposed action.  

Florida scrub-jay 

1. Perform surveys for scrub-jay presence prior to any clearing activities.
2. Notify the Service of any unauthorized take of Florida scrub-jays identified during the

construction of the proposed facility.
3. Compensate for the amount of suitable and potentially suitable scrub-jay habitat permanently

lost as a result of land clearing activities with the enhancement, restoration, and maintenance
of 37 acres of scrub habitat within LMU 33.

4. Monitor scrub-jay status within the enhancement/restoration area in LMU 33.

Southeastern beach mouse 

1. Notify the Service of any authorized or unauthorized take of southeastern beach mice.

Eastern indigo snake 

1. Minimize impacts to eastern indigo snakes from heavy equipment by implementing the
standard protection measures.

2. Only individuals with permits should attempt to capture the eastern indigo snakes.
3. If an eastern indigo snake is held in captivity, it should be released as soon as possible in

release sites approved by the Service on the CCAFS.
4. Notify the Service of any authorized and unauthorized take of eastern indigo snakes identified

during the construction of the proposed facility.

Sea Turtles 

1. Adherence to the reasonable and prudent measures included in the November 2008 BO on

light management activities at CCAFS and PAFB.

2. Development of a site-specific LMP in accordance with the USFWS's 2008 Programmatic

BO, the 45 SW Lighting Instruction, and to the maximum practical extent the Florida Fish

and Wildlife Conservation Commissions' Sea Turtle Light Management Guidelines.
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3. LMP compliance inspection, monitoring, and enforcement by the site operator, Blue

Origin and personnel from the 45 SW Civil Engineering Squadron/Civil Engineering

Installation Environmental (CES/CEIE).

To implement the above reasonable and prudent measures, the following terms and conditions apply. 

TERMS AND CONDITIONS 

To implement the above reasonable and prudent measures, the Service has outlined the following 

terms and conditions for incidental take. In accordance with the Interagency Cooperation (50 CFR 

402), these terms and conditions must be complied with to implement the reasonable and prudent 

measures for incidental take: 

Florida scrub-jay 

1. Use established guidelines and protocols to survey for scrub-jays and their nests, and avoid

construction during the season, 1 March – 30 June, if applicable.

2. Unauthorized take of scrub-jays associated with the proposed activity should be reported

Immediately by calling the Jacksonville Field Office of the U.S. Fish and Wildlife Service in

Jacksonville at 904-232-2580. If a dead Florida scrub-jay is found on the project site, the

specimen should be thoroughly soaked in water and frozen for later analysis of cause of death

or injury.

3. Use the most current version of the “State of Florida Scrub Management Guidelines for

Peninsular Florida” as the primary source to enhance/restore/manage suitable scrub-jay

habitat at a ratio of 2 acres enhanced/restored/managed to one acre cleared (2:1) for 15.0

acres, and 1.5 acres enhanced/restored/managed to one acre cleared (1.5:1) for 3.5 acres.  The

initial enhancement/restoration work shall be completed within one year following

completion of the LC-11/36 land-clearing activities.  The site manager shall develop a habitat

enhancement/restoration plan, and submit it to the Service for approval prior to any habitat

enhancement or restoration.  The plan shall include photographs and shall be based on

scientifically acceptable, standard habitat assessment methodology.

4. Use established guidelines and protocols to annually monitor and assess the status of scrub-

jays within the enhanced or restored habitat, and to adaptively manage the habitat.  The
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resulting information shall be included within the annual interagency Integrated Natural 

Resources Management Plan review. 

Southeastern beach mouse 

1. If a dead southeastern beach mouse is found on the project site, the specimen should be

thoroughly soaked in water and frozen, and the applicant should notify the Jacksonville Field

Office immediately at (904) 731-3336. Care should be taken in handling sick or injured

individuals and in the preservation of specimens in the best possible state for later analysis of

cause of death or injury.

Eastern indigo snake 

1. The 45 SW eastern indigo snake protection/education plan shall be provided to the proponent

and for all construction personnel to follow.

2. Only an individual who has been either authorized by a section 10(a)(1)(A) permit issued by

the Service, or designated as an agent of the State of Florida by the Florida Fish and Wildlife

Conservation Commission for such activities, is permitted to come in contact with or relocate

an eastern indigo snake.

3. If necessary, eastern indigo snakes shall be held in captivity only long enough to transport

them to a release site; at no time shall two snakes be kept in the same container during

transportation.

Sea turtles 

1. Application of the terms and conditions included in the November 2008 BO on light

management activities at CCAFS and PAFB.

2. Full implementation of the site-specific LMP.

3. The site operator shall provide the 45 SW CES/CEIE Office within 72-hours of completion

of site construction a written, signed, and dated statement verifying that the constructed

lighting is/is not in compliance with the LMP.  Any lighting not in compliance shall be

noted on the statement, and a date given for making such lighting compliant.  The date will

afford CES/CEIE personnel time to inspect the site and confirm lighting compliance.  The
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site may not become operational until all constructed lighting complies with the LMP.

4. The site operator and 45 SW CES/CEIE personnel shall conduct a  joint site inspection not

later than 48 hours prior to a scheduled launch to confirm that the proposed portable

lighting is of the correct type, and in the physical positions, direction, and angle stipulated

in the LMP. Lighting not compliant with the LMP must be made compliant prior to

commencement of the launch/landing/processing operation.

5. Personnel from the 45 SW CES/CEIE will make at least one unannounced nighttime

inspection of the site per year to confirm continued lighting compliance with the LMP.

CONSERVATION RECOMMENDATIONS

Section 7(a) (l) of the Act directs Federal agencies to use their authority to further the purposes of

the Act by carrying out conservation programs for the benefit of endangered and threatened 

species.  Conservation recommendations are discretionary agency activities to minimize or avoid 

adverse effects of a proposed action on listed species or critical habitat, to help carry out recovery 

plans, or to develop information. 

1. Leave and use native scrub vegetation in landscaping around the retention areas and the

right-of-way to provide scrub habitat for the scrub-jays utilizing the site.

2. In order for the Service to be kept informed of actions minimizing or avoiding adverse

effects or benefiting listed species or their habitats, the Service requests notification of the

implementation of any conservation measures.

REINITIATION OF SECTION 7 CONSULTATION 

This concludes formal consultation on the action outlined in the request. As provided in 50 CFR 

Section 402.16, re-initiation of formal consultation is required when discretionary Federal agency 

involvement or control over the action has been retained and if: (1) the amount or extent of 

incidental take is exceeded, (2) new information reveals effects of the agency action that may 

affect listed species or critical habitat in a manner or to an extent not considered in this biological 
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Appendix D 
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-----Original Message----- 

From: Karla Reece - NOAA Federal [mailto:karla.reece@noaa.gov]  

Sent: Friday, February 12, 2016 3:33 PM 

To: CHAMBERS, ANGY L GS-12 USAF AFSPC 45 CES/CEIE <angy.chambers@us.af.mil> 

Subject: Re: Request Review/Determination of No Effect - Blue Origin Launch Program - Cape Canaveral 

Air Force Station 

 

Hello, 

 

I reviewed our concurrence letters for a previous consultation for "SpaceX Crew Dragon Pad Abort Test" 

and found that you determined NLAA and received a concurrence letter from us (attached, file 

USAF11854).   Additionally, the Federal Aviation Administration also determined NLAA for similar 

launches from Texas and also received a concurrence letter from us (attached, File FAA 10162).  In both 

cases, the effects from a falling capsule or debris were found to be discountable, or NLAA.   

 

I am not familiar with other inquiries you made with our office or what was discussed so cannot speak to 

the that exchange.  That said, NMFS does not provide concurrence on an action agency’s no effect 

determination.  It is prudent to document in project records the rationale behind your ‘no effect’ 

decisions as it will act as the official ESA consultation Agency’s no-effect determination.  

 

It seems that there has been inconsistent effects determinations made for launches.  We developed 

Effects Determination Guidance 

<http://sero.nmfs.noaa.gov/protected_resources/section_7/effects_guidance/endangered_species_act

_section_7_effects_determination_web_guidance_final.pdf>  in 2014 to assist in making your 

determinations.  If you wish to discuss, please give me a call - 727-824-5348. 

 

Karla 

 

--  

 

><((((º>´¯`·.¸¸.><((((º>¸.·´¯`·.¸><((((º>´¯`·.¸¸..><((((º> 

 

Karla Reece 

Section 7 Team Lead 

National Marine Fisheries Service 

Southeast Regional Office 

Protected Resources 

263 13th Ave. S.  

St. Petersburg, FL 33701 

phone: 727/824-5348 

fax: 727/824-5309 

email: karla.reece@noaa.gov <mailto:karla.reece@noaa.gov>   

 

 

 

 



On Fri, Feb 12, 2016 at 1:09 PM, CHAMBERS, ANGY L GS-12 USAF AFSPC 45 CES/CEIE 

<angy.chambers@us.af.mil <mailto:angy.chambers@us.af.mil> > wrote: 

 

 

 I am emailing you to find out if your agency will require consultation for a new launch program 

coming to Cape Canaveral Air Force Station.  Blue Origin proposes to reactivate Space Launch Complex 

(SLC) 36 to launch large, heavy-lift, multi-stage, liquid fueled vehicles.  The 1st stage would be powered 

by liquefied natural gas and liquid oxygen.  A possible upper stage would be powered by liquid hydrogen 

and liquid oxygen. 

  

 After a successful launch of the launch vehicle, the first and second stages would separate at a 

pre-determined altitude. After separation, the first stage would return to the Earth for recovery in the 

Atlantic Ocean approximately 750 miles down-range east off the coast of North Carolina. The 1st Stage 

would land on an unmanned at-sea platform and transported by ship, coordinated by Blue Origin, to 

Port Canaveral and then on to Blue Origin's facilities for refurbishment in preparation for flight. If the 

expended 1st Stage could not be successfully landed on the at-sea barge, it would likely be due to 

damage and in this case, the stage would land in the water and subsequently sink, and would not be 

recovered.  The first stage would not have parachutes and would return to the at-sea barge under the 

power of re-ignited main engines. 

  

 The 2nd and / or 3rd stages would go into orbit with the payload. They would be left in orbit and 

safed per FAA regulations (14 CFR §417.129), such as venting the vehicle and ensuring that the batteries 

would discharge, eventually the 2nd stage would expect to deorbit , enter the atmosphere and fall in the 

general broad ocean area of the central Indian Ocean.  Should there be a 3rd stage, that stage would be 

boosted into a safe disposal orbit.  The SV (capsule) would continue on to orbit, then de-orbit and land 

at a pre-determined land location under parachutes, at this time planned at Blue Origin's West Texas 

Launch Site (on land). 

  

 The proposed potential impacts involve debris from the 1st stage (if the platform landing is 

unsuccessful); debris would land in the Atlantic Ocean approximately 750 miles east of the North 

Carolina coast.  The 2nd stage debris would land in the central Indian Ocean.  Neither of these stages 

would utilize parachutes therefore entanglement with marine species would not be an issue. 

  

 A previous inquiry with your office concerning launch of SpaceX Falcon 1 and Falcon 9 vehicles 

from SLC 40 resulted in a determination from your office that the action would have no effect on species 

protected by the Endangered Species Act under NMFS purview; therefore, further consultation with 

your office was not required.  Because of that determination by NMFS and the similarity of potential 

impacts, the Air Force and Blue Origin have determined that this action should receive the same 

determination. 

  

 We appreciate your review and determination if further consultation/coordination is required. 

  

 Thanks. 
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RICK SCOTT
Governor

KEN DETZNER
Secretary of State

Division of Historical Resources
R.A. Gray Building • 500 South Bronough Street• Tallahassee, Florida  32399

850.245.6300 • 850.245.6436 (Fax) FLHeritage.com

Mr. Michael Blaylock      July 27, 2016 
Department of the Air Force 
45 CES/CEIE 
1224 Jupiter Street, MS-9125 
Patrick AFB, Florida 32925-3343 

Re: DHR Project File No.: 2016-2634 / Additional Information Received by DHR: July 27, 2016 
Proposed Blue Origin, LLC. Lease and Area Development Plan, Cape Canaveral Air Force Station 
(CCAFS), Brevard County, Florida 
Blue Origin Lease Area Phase I Cultural Resources Assessment Survey 

Dear Mr. Blaylock: 

The Florida State Historic Preservation Officer reviewed the above referenced project and report for possible 
effects on historic properties listed, or eligible for listing, on the National Register of Historic Places. The review 
was conducted in accordance with Section 106 of the National Historic Preservation Act of 1966, as amended, 
and its implementing regulations in 36 CFR Part 800: Protection of Historic Properties.  

Thank you for providing our office with the requested additional information. We note that the proposed lease 
will require additional review of any undertaking affecting the LC-36 Blockhouse (8BR2333). Therefore, we
concur that the proposed lease will have no adverse effect to the LC-36 Blockhouse or other historic properties 
listed, or eligible for listing, on the National Register of Historic Properties. 

If you have any questions, please contact Jason Aldridge, Compliance Review Supervisor, by email at 
Jason.Aldridge@dos.myflorida.com, or by telephone at 850.245.6333 or 800.847.7278. 

Sincerely, 

Timothy A. Parsons, Ph.D. 
Director, Division of Historical Resources 
and State Historic Preservation Officer 
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Please contact the Installation Restoration Program Office to obtain additional information, including: the CCAFS HSWA Permit; a complete 
record of corrective actions at SLC-11; or other related documents, guidance, and regulations.  The IRP office can be reached by phone at (321) 
853-6578.

Facility Description 
Space Launch Complex 11 (SLC-11), Solid Waste Management Unit 36 (SWMU No. 36), 
was built in 1957 to support the United States Air Force (USAF) Atlas Missile Program at 
Cape Canaveral Air Force Station (CCAFS), Florida.  Vehicle assembly check-out and 
launching activities occurred at the site between 1957 and 1966.  The site also served as a 
training ground (1960-1963) for NATO troops in the deployment of the Atlas as an  
Intercontinental Ballistic Missile.  Regular painting and maintenance operations also  
occurred at the site.  SLC-11 was deactivated in 1966 and salvaged in 1967.  Most of the 
complex is now abandoned, except for launch support and ready buildings which actively 
support Space Launch Complex 36 activities. 

Location (Reference Site Map on last page of this document) 
Site Plan Coordinate Northing Easting 

North 1506595.85 804227.56
West 1505691.18 802940.69
South 1505138.18 803993.03
East 1505764.14 804775.65

Objective 
Implementation of site-specific land use controls to protect against exposure to contaminated 
soil and shallow groundwater, to prevent consumption of the shallow groundwater, and to 
prevent fishing on the site. 

Land Use Controls (LUCs) to be Implemented: 
Administrative: 

The property will be prohibited from residential or other non-industrial development 
without obtaining prior approval the Florida Department of Environmental  
Protection (FDEP) concerning the SWMU land use change.  Dependent on site con-
ditions and the nature and intensity of the proposed land use change, additional site 
investigations and assessments could be required for the USAF.  Based on these anal-
yses, additional remedial measures may be required prior to land use change. 

LAND USE CONTROL IMPLEMENTATION PLAN 

SPACE LAUNCH COMPLEX 11 
SOLID WASTE MANAGEMENT UNIT 36 (SWMU NO. 36) 

45TH SPACE WING 
CAPE CANAVERAL AIR FORCE STATION 

CAPE CANAVERAL, FLORIDA 



Please contact the Installation Restoration Program Office to obtain additional information, including: the CCAFS HSWA Permit; a complete 
record of corrective actions at SLC-11; or other related documents, guidance, and regulations.  The IRP office can be reached by phone at (321) 
853-6578.

Perform and document baseline LUC audit upon finalization of the Statement of
Basis.
Perform and document quarterly LUC compliance inspections.
Perform, document, and report an annual audit on LUC implementation,
maintenance, and compliance in accordance with the current CCAFS Corrective Ac-
tion Management Plan (CAMP).
The property Land Use Control Implementation Plan (LUCIP) shall remain in effect
until:
a) Changes to applicable Federal and State risk-based clean-up standards occur

which indicate site contaminants no longer pose potential residential risk; or
b) Reduction in site contaminant concentrations to below Federal and State

residential risk-based clean-up standards occurs.
In the event of property realignment, transfer, or re-use for non-industrial or non-
commercial purposes, assessment and remediation may be necessary to ensure that
impacts to ecological receptors are not increased or to mitigate potential ecological
impacts where residual contamination exists.

Soil: 
Soils will not be disturbed or moved during property development, maintenance or
construction, without:
a) USAF review, coordination, and approval of the proposed construction/

development plans via AF Form 103 (Base Civil Engineer Work Clearance
Request), 332 (Base Civil Engineer Work Request), 813 (Request for
Environmental Impact Analysis), or similar process;

b) Ensuring proper engineering controls are in-place so that unauthorized release or
disposal of the affected media does not occur. This includes conducting
appropriate testing and developing a disposal plan prior to off-site disposal; and

c) Use of proper personal protection equipment by site workers, as
determined by the project proponent’s occupational health and safety advisor;

d) The site will be posted with proper warning signs in accordance with the CCAFS
Hazardous and Solid Waste Amendments (HSWA) Permit

e) This site will remain as a “low occupancy area”, in accordance with 40 CFR
761.61, unless additional remediation of PCBs in soil to 1 ppm is undertaken.
This designation requires that any individual not wearing dermal and respiratory
protection be exposed to site soils for less than 335 hours a year (an average of
6.7 hours per week). This control is not intended to limit activities that do not in-
volve soil contact. For example, activities that take place on impervious surfaces
(concrete or asphalt) or in buildings at the site are not affected.

Groundwater: 
The consumptive use of the site's shallow aquifer groundwater will be prohibited.

LUCIP 
LAUNCH COMPLEX 11 (SWMU NO. 36) 
CAPE CANAVERAL AIR FORCE STATION 
AUGUST 2014 



Please contact the Installation Restoration Program Office to obtain additional information, including: the CCAFS HSWA Permit; a complete 
record of corrective actions at SLC-11; or other related documents, guidance, and regulations.  The IRP office can be reached by phone at (321) 
853-6578.

Incidental consumption and dermal exposure to groundwater from the surficial
aquifer will be prevented.  This will be addressed by the project proponent’s health
and safety advisor.
Groundwater will not be contacted, pumped, or discharged during property
development, maintenance, or construction, without:
a) USAF review, coordination, and approval of the proposed construction/

development plans via AF Form 103 (Base Civil Engineer Work Clearance
Request), 332 (Base Civil Engineer Work Request), 813 (Request for
Environmental Impact Analysis), or similar process;

b) Ensuring proper engineering controls are in-place so that unauthorized release or
disposal of the affected media (groundwater) does not occur. This includes
conducting appropriate testing and developing a disposal plan prior to any pump-
ing or discharge of groundwater; and

c) Use of proper personal protection equipment by site workers, as
determined by the project proponent’s occupational health and safety advisor.

USAF will institute a Long Term Monitoring (LTM) program of groundwater in the
surficial aquifer in accordance with an approved LTM work plan and the CAMP as
part of the CCAFS HSWA Permit.  Reports will be submitted annually, along with
revised work plan recommendations, until such a time as the relevant regulatory
agencies agree that contaminant concentrations in groundwater no longer warrant
LTM.
The site will be posted with proper warning signs in accordance with the CCAFS
HSWA permit.

Surface Water: 
The site will be posted with proper warning signs in accordance with the LUC
Operations Manual and the CCAFS HSWA permit.
USAF will institute an LTM program of surface water in accordance with an ap-
proved long term monitoring work plan and the CAMP.  Reports will be submitted
annually, along with revised work plan recommendations, until such a time as the
relevant regulatory agencies agree that contaminant concentrations in surface water
no longer warrant LTM.

Statement of Basis: 
The Statement of Basis (SB) has been approved.  The remedy was incorporated in the 2002 
HSWA Permit modification. 

Additional Information: 
Long Term Monitoring Plan:  Natural Attenuation (NA) is evaluated through LTM.  

LUCIP 
SPACE LAUNCH COMPLEX 11 (SWMU NO. 36) 
CAPE CANAVERAL AIR FORCE STATION 
AUGUST 2014 



Please contact the Installation Restoration Program Office to obtain additional information, including: the CCAFS HSWA Permit; a complete 
record of corrective actions at SLC-11; or other related documents, guidance, and regulations.  The IRP office can be reached by phone at (321) 
853-6578.

Currently, as per the LTM Work Plan and Annual Report, monitoring wells are sampled  
semi-annually.  Surface water is also sampled to ensure that unacceptable levels of  
contamination do not migrate from the groundwater into the nearby canal.  The scope 
and magnitude of the LTM program are reviewed and adjusted annually, based on recent 
data trends. 

Pertinent Document Reference: 
RCRA Facility Investigation Report, Space Launch Complex 11, SWMU No. 36, 
O’Brien & Gere Engineers, Inc., September 1997. 

Interim Measures/Long Term Monitoring (IM/LTM) Work Plan, Space Launch 
Complex 11, SWMU No. 36, O’Brien & Gere Engineers, Inc., September 1997. 
Semi-Annual Monitoring Report No. 2 and Annual Report (2000), Space Launch 
Complex 11, SWMU No. 36, BEM Systems, Inc., March 2001. 

Comprehensive Five-Year Review, Vol 1, Part 1, Jacobs Engineering, July 2013 

Space Launch Complex 11 – Site Map—Next Page 
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Please contact the Installation Restoration Program Office to obtain additional information, including: the CCAFS HSWA Permit; a complete 
record of corrective actions at SLC-11; or other related documents, guidance, and regulations.  The IRP office can be reached by phone at (321) 
853-6578.

Space Launch Complex 11 – Site Map 
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Please contact the 45 SW Installation Restoration Program Office to obtain additional information, including: the CCAFS HSWA Permit; a 
complete record of corrective actions at SLC-36; or other related documents, guidance, and regulations. The IRP office can be reached by 
phone at (321) 853-6578.  

Facility Description 
Space Launch Complex 36 (SLC-36), Solid Waste Management Unit 050 (SWMU No. 050), 
is located on Central Control Road, approximately 0.25 miles west of the Atlantic Ocean on 
Cape Canaveral Air Force Station (CCAFS), Florida. SLC-36 was constructed in 1961 for the 
Atlas Centaur Missile Program. The launch complex was an active facility until approximately 
2004, when it was deactivated. The facility was operated and maintained by NASA from 1961 
through 1990, when it was transferred back to the USAF. Under deactivation, SLC-36 was 
surrounded by two security fences, was a restricted access area, and was only accessible by 
authorized personnel.  Demolition of the two launch structures at SLC-36 (36A & 36B) was 
completed in 2007 through 2008.  The SLC is currently under lease to Space Florida.  

Location (Reference Site Map on last page of this document) 
Site Plan Coordinate Northing Easting 
North 1504943.01 803637.94
West  1503749.49 802694.67 
South 1502430.85 803339.56
East  1504471.38 805206.84 

Objective  
Implementation of site-specific land use controls to protect against exposure to contaminated 
soil and shallow groundwater and to prevent consumption of the shallow groundwater. 

Land Use Controls (LUCs) to be Implemented: 
Administrative: 

The property will be prohibited from residential or other non-industrial development
without obtaining prior approval from the Florida Department of Environmental
Protection (FDEP) concerning the SWMU land use change. Dependent on site condi-
tions and the nature and intensity of the proposed land use change, additional site in-
vestigations and assessments could be required for the USAF. Based on these anal-
yses, additional remedial measures may be required prior to land use change.
Perform and document baseline LUC audit upon finalization of the Statement of
Basis.

LAND USE CONTROL IMPLEMENTATION PLAN 

SPACE LAUNCH COMPLEX 36 
SOLID WASTE MANAGEMENT UNIT 050 (SWMU NO. 050) 

45TH SPACE WING 
CAPE CANAVERAL AIR FORCE STATION 

BREVARD COUNTY, FLORIDA 



Please contact the 45 SW Installation Restoration Program Office to obtain additional information, including: the CCAFS HSWA Permit; a 
complete record of corrective actions at SLC-36; or other related documents, guidance, and regulations. The IRP office can be reached by 
phone at (321) 853-6578.  

Perform and document semi-annual LUC compliance inspections.
Perform, document, and report an annual audit on LUC implementation,
maintenance, and compliance in accordance with the current CCAFS Corrective Ac-
tion Management Plan (CAMP).
The property Land Use Control Implementation Plan (LUCIP) shall remain in effect
until:
a) Changes to applicable Federal and State risk-based clean-up standards occur

which indicate site contaminants no longer pose potential residential risk; or
b) Reduction in site contaminant concentrations to below Federal and State

residential risk-based clean-up standards occurs.
In the event of property realignment, transfer, or re-use for non-industrial or non-
commercial purposes, assessment and remediation may be necessary to ensure that
impacts to ecological receptors are not increased or to mitigate potential ecological
impacts where residual contamination exists.

Soil: 
Soils will not be disturbed or moved during property development, maintenance or
construction, without:
a) USAF review, coordination, and approval of the proposed construction/

development plans via AF Form 103 (Base Civil Engineer Work Clearance
Request), 332 (Base Civil Engineer Work Request), 813 (Request for
Environmental Impact Analysis), or similar process;

b) Ensuring proper engineering controls are in-place so that unauthorized release or
disposal of the affected media does not occur. This includes conducting
appropriate testing and developing a disposal plan prior to off-site disposal; and

c) Use of proper personal protection equipment by site workers, as
determined by the project proponent’s occupational health and safety advisor.

This site will remain a “low occupancy area”, in accordance with 40 CFR 761.61,
unless additional remediation of PCBs in soil to 1 ppm is undertaken. This designa-
tion requires that any individual not wearing dermal and respiratory protection be ex-
posed to site soils for less than 335 hours a year (an average of 6.7 hours per week).
This control is not intended to limit activities that do not involve soil contact. For ex-
ample, activities that take place on impervious surfaces (concrete or asphalt) or in
buildings at the site are not affected.
The site will be posted with proper warning signs in accordance with the CCAFS
Hazardous and Solid Waste Amendments (HSWA) Permit.

Groundwater: 
The consumptive use of the site’s surficial aquifer groundwater will be prohibited.
Incidental consumption and dermal exposure to groundwater from the surficial
aquifer will be prevented. This will be addressed by the project proponent’s health
and safety advisor.
Groundwater will not be contacted, pumped, or discharged during property
development, maintenance, or construction, without:

LUCIP 
SPACE LAUNCH COMPLEX 36 (SWMU NO. 050) 
CAPE CANAVERAL AIR FORCE STATION 
AUGUST 2014 



Please contact the 45 SW Installation Restoration Program Office to obtain additional information, including: the CCAFS HSWA Permit; a 
complete record of corrective actions at SLC-36; or other related documents, guidance, and regulations. The IRP office can be reached by 
phone at (321) 853-6578.  

a) USAF review, coordination, and approval of the proposed construction/
development plans via AF Form 103 (Base Civil Engineer Work Clearance
Request), 332 (Base Civil Engineer Work Request), 813 (Request for
Environmental Impact Analysis), or similar process;

b) Ensuring proper engineering controls are in place so that unauthorized release or
disposal of the affected media (groundwater) does not occur. This includes
conducting appropriate testing and developing a disposal plan prior to any pump-
ing or discharge of groundwater; and

c) Use of proper personal protection equipment by site workers, as
determined by the project proponent’s occupational health and safety advisor.

USAF will institute a long term monitoring (LTM) program of groundwater in the
surficial aquifer in accordance with an approved LTM work plan and the CAMP as
part of the CCAFS HSWA Permit. Reports will be submitted annually, along with
revised work plan recommendations, until such a time as the FDEP agrees that con-
taminant concentrations in groundwater no longer warrant LTM.
The site will be posted with proper warning signs in accordance with the CCAFS
HSWA permit.

Statement of Basis:  
The Statement of Basis (SB) has been approved. The remedy was incorporated in the 
HSWA Permit modification that occurred in fall 2002. 

Additional Information: 
Long Term Monitoring Plan: LTM is being utilized to monitor the fate and transport of 
vinyl chloride and cis-1,2-dichloroethene in groundwater and potential impacts to human 
health and the environment. LTM has been implemented on a semi-annual basis. The 
scope and magnitude of the LTM program are reviewed and adjusted annually, based on 
the most recent data trends. 

Pertinent Document Reference: 
Comprehensive Five-Year Review, Vol 1, Part 1, Jacobs Engineering, August 2013 

Interim Measures Workplan for Heritage Deactivation Soil Removal, CORE Eng., 
April 2004.  

Draft Annual Long Term Monitoring Report, Apex Env., December 2004. 

Annual Groundwater Monitoring Report, HSW Env. Group, November 2003 

Annual Groundwater Monitoring Report, HSW Env. Group, October 2002. 

Final Statement of Basis, USAF, August 2002.  

Annual Groundwater Monitoring Report, HSW Env. Group, December 2001. 
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Please contact the 45 SW Installation Restoration Program Office to obtain additional information, including: the CCAFS HSWA Permit; a 
complete record of corrective actions at SLC-36; or other related documents, guidance, and regulations. The IRP office can be reached by 
phone at (321) 853-6578.  

Interim Measure Report, Cape Env. Mgt., Inc., Sept 2001.  

Groundwater Monitoring Plan, HSW Group, Sept. 2000. 

Corrective Measures Study Report, HSW Group, July 2000. 

RCRA Facility Investigation Report/Corrective Measures Study Workplan, HSW 
Group, December 1998. 

Space Launch Complex 36 – Site Map 
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Site History: Solid Waste Management Unit (SWMU) No. 036, abandoned Space Launch Complex 11 (SLC-11), is located on the east side of Cape 
Canaveral Air Force Station (CCAFS) adjacent to the Atlantic Ocean (see site map, below). It is suspected that materials used at the site to support rocket 
launches, including petroleum products and residual industrial solvents, may have been disposed or spilled on-site. This facility is not currently utilized. 

Environmental Media and Contaminants:  
Groundwater: Contaminants identified in groundwater include residual industrial solvents and other industrial waste products. A Long Term 

Monitoring (LTM) program has been implemented to track the natural degradation of these contaminants. 
Surface Water: No contaminants have been detected in surface water at concentrations that pose a risk to human health or the environment. 
Sediment: No contaminants have been detected in the sediment at concentrations that pose a risk to human health or the environment.  
Soil: Contaminants identified in soil included polychlorinated biphenyls (PCBs) and metals. Contaminated soil was removed from the deluge basin. 

Additional soil contamination was recently identified throughout the site and another removal action is planned. A dioxin/furan study is on-going. 

Corrective Action Summary: In accordance with the U.S. Environmental Protection Agency’s Resource Conservation and Recovery Act (RCRA), a 
Preliminary Assessment (PA) was completed in 1990. A Site Investigation (SI) was then conducted from 1992 to 1995. Based on PA and SI data, a RCRA 
Facility Investigation (RFI) was initiated in order to evaluate the nature and extent of site contamination and to assess the human health and ecological risk 
posed by site contaminants. The RFI indicated that remaining soil contamination was safe under an industrial use scenario, but might pose a human health 
risk under a residential land use. Additionally, residual solvents in groundwater exceeded screening values, necessitating a Long Term Monitoring (LTM) 
program to ensure safe use of the site. LTM was implemented immediately following the RFI in 1997. LTM is currently on-going and land use controls 
have been implemented to restrict groundwater use and ensure that the site remains industrial in nature. A Statement of Basis summarizing the remedy 
decision has been finalized and approved. The land use control requirements are documented in the accompanying Land Use Controls Implementation Plan. 

The first “Five Year Review” was completed in 2008. It assessed past investigations for potential data gaps. Subsequent to completion of initial assessments 
at SLC-11, PCBs were identified as a common component of historical paint coatings at launch complexes. Post-launch sandblasting and re-painting often 
spread PCB-laden paint chips into the environment. The Five Year Review recommended additional soil sampling to assess for PCBs or heavy metals 
associated with paint coatings. The assessment process was completed in 2012. Additional soil contamination was identified in several areas at the site. A 
dioxin/furan study is also on-going at this site. 

Future Actions: A removal action is planned in 2013-2014 to remediate all soil contamination at SLC-11 to residential use standards. LTM will continue to 
be conducted until groundwater contaminant concentrations are consistently less than appropriate screening values. Land use controls will be maintained on 
both soil and groundwater to ensure that contaminant residuals do not cause any adverse impacts to human health or the environment. These LUCs will be 
maintained until all residual soil and groundwater contamination is removed or has naturally attenuated to acceptable regulatory levels. The requirement for 
soil LUCs should be lifted once the upcoming removal action is completed. 

UNITED STATES AIR FORCE 
45TH SPACE WING

Fact Sheet For: SPACE LAUNCH COMPLEX 11, FACILITY 1567, SWMU NO. 036
INSTALLATION RESTORATION PROGRAM– SITE DP002 
CAPE CANAVERAL AIR FORCE STATION, FLORIDA

Current Status: LONG TERM MONITORING OF GROUNDWATER AND SOIL WITH LAND USE 
CONTROLS; REMOVAL PLANNED FOR SOIL CONTAMINATION IDENTIFIED 
DURING FIVE YEAR REVIEW—ADDITIONAL DELINATION/STUDY IS ON-GOING 

For further information regarding this site please contact the 45th  SW IRP Office at 321-853-6578. 

Last updated Nov. 2015 



For further information regarding this site please contact the 45th  SW IRP Office at 321-853-6578. 

This photo shows the interior of the launch complex, looking south down the axis of the plume toward the location of the former launch stand. Photo taken 
from perimeter road at launch complex 
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RCRA Facility Investigation 
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Long Term Monitoring 
of Groundwater Statement of Basis 

Land Use Controls and continued 
Long Term Monitoring* 

*Long Term Monitoring of groundwater was implemented immediately following the RCRA Facility Investigation (RFI), based on the recommen-
dations in the RFI.  This monitoring is included in the Statement of Basis as part of the “final remedy” for the Site.  LTM will be carried out until
all contaminant levels are below the relevant screening criteria for 2 consecutive rounds of sampling.
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Site History: Solid Waste Management Unit (SWMU) No. 050, Space Launch Complex 36 (SLC-36), consists of two launch pads located off Central 
Control Road (see site map, below) on Cape Canaveral Air Force Station (CCAFS). Constructed in 1962, the pads supported the Atlas rocket program until 
deactivation in 2005. Over 144 launches occurred over the complex’s history. Historically, it is suspected that materials used at the site to support rocket 
launches, including petroleum products and residual industrial solvents, may have been disposed or spilled on-site. It has also been established that historical 
paint formulations used on launch structures included polychlorinated biphenyls (PCBs) and lead. Routine sand blasting activities following launches 
dispersed the PCBs and lead throughout site surface soils.  

Following deactivation in 2005, many of the launch structures were demolished. Remaining structures may be reconfigured to support other users in the 
future.  

Environmental Media and Contaminants:  
Groundwater: Solvents were found to be present at levels that exceed screening values. A Long Term Monitoring (LTM) program has been 

implemented in order to track the natural degradation of groundwater contaminants over time. Additional groundwater investigation work recently 
completed at the site based on Five Year Review recommendations. Select wells are also sampled for manganese as part of the LTM program. 

Soil: PCBs were found to be present at elevated levels in the soil at SLC-36. An Interim Measure (IM) was therefore performed in 2001 to excavate and 
remove contaminated soils. Soils were remediated to a site-specific standard (50 parts per million [ppm]) deemed to be protective of human health 
within the fence line of an active launch complex. Mission and safety considerations at active complexes, combined with high levels of security, 
access restrictions, and limitations on digging, dictated that a higher cleanup criteria would be protective as long the complex maintained its active 
status. When the complex was deactivated, an additional IM was completed to excavate and remove remaining soils that exceeded industrial soil 
cleanup standards. Upon completion of this action, remaining soils pose a health risk only under residential conditions. Controls have been 
implemented to ensure that the site remains industrial in nature. 

Corrective Action Summary: In accordance with the U.S. Environmental Protection Agency’s Resource Conservation and Recovery Act (RCRA), a 
Preliminary Assessment (PA) was completed on this site in May 1990, followed by a Site Investigation (SI) in November 1990. Based on the PA and SI, a 
RCRA Facility Investigation (RFI) was initiated in order to fully evaluate the nature and extent of contamination at the site and to assess the human health 
and ecological risk posed by site contamination. Following the RFI, a Corrective Measures Study (CMS) was completed to determine the most appropriate 
remedy for the site. The CMS recommended that LTM be conducted on groundwater, that a soil removal be completed to reduce risk, and that land use 
controls be instituted due to residual soil and groundwater contamination. A Statement of Basis summarizing the remedy decision was finalized and 
approved. The land use control requirements are documented in the accompanying Land Use Control Implementation Plan. In 2001, the initial soil removal 
was completed to make the site safe for aerospace workers at an active launch. In 2005, a follow-on IM was completed to remediate soils down to the level 
identified by FDEP as safe for all industrial re-use scenarios. Groundwater LTM has been initiated and land use controls have been implemented to ensure 
the protection of human health. Additional groundwater investigation work was completed in 2012 and 2015 to ensure the groundwater contamination was 
fully characterized and the well network provided sufficient coverage. 

Future Actions: LTM will be conducted until groundwater contaminant concentrations no longer exceed Florida Groundwater Cleanup Target Levels. Land
use controls will be maintained on both soil and groundwater to ensure that contaminant residuals do not cause any adverse impacts to human health or the 
environment. These LUCs will be maintained until all residual soil and groundwater contamination is removed or has naturally attenuated to acceptable reg-

UNITED STATES AIR FORCE 
45TH SPACE WING

Fact Sheet For: SPACE LAUNCH COMPLEX 36, FACILITY 5501, SWMU NO. 050
INSTALLATION RESTORATION PROGRAM– SITE DP043 
CAPE CANAVERAL AIR FORCE STATION, FLORIDA

Current Status: LONG TERM MONITORING IN PROGRESS;  
LAND USE CONTROLS BEING MAINTAINED

For further information regarding this site please contact the 45th SW IRP Office at 321-853-6578. 

Last updated Nov 2015 

Updated 2015 



For further information regarding this site please contact the 45th SW IRP Office at 321-853-6578. 

Below: Photo shows the launch tower at SLC-36B prior 
to its demolition in June 2007.  Photo was taken on  
Central Control Road facing southeast. 
At left: Photo shows current conditions at SLC-36B. Pad 
was demolished shortly after deactivation in 2005 
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*Long Term Monitoring of groundwater was implemented immediately following the Corrective Measures Study (CMS), based on the
recommendations in the CMS. This monitoring will be included in the Statement of Basis as part of the “final remedy” for the Site (this
document will be drafted following completion of the IM. LTM will be carried out until all contaminant levels are below the relevant screening
criteria for 2 consecutive rounds of sampling.
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Appendix H 
Floodplain Map 
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LC-11 and LC-36



Appendix I 
Brevard County, Florida Soils Map 
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TECHNICAL MEMORANDUM 

To:  Rebecca Cointin 

Manager, Noise Division, AEE-100, Federal Aviation Administration 

 Office: (202) 493-5047; Email: Rebecca.Cointin@faa.gov 

From:  Michael James 

 Senior Vice President, Blue Ridge Research and Consulting, LLC 

 Office: (828) 252-2209; Email: Michael.James@BlueRidgeResearch.com 

Date:   January 28, 2016 

Subject: Blue Origin’s Cape Canaveral Orbital Launch Site Environmental Assessment Launch Noise 

Modeling Methodology 

This technical memorandum summarizes the noise modeling methodology to be used in the 

environmental assessment of the proposed vertical launch operations of a heavy class launch vehicle 

from Blue Origin’s Cape Canaveral Orbital Launch Site. In accordance with Federal Aviation 

Administration (FAA) Order 1050.1F, all non-standard noise analysis must be approved by the FAA 

Office of Environment and Energy (AEE). As the FAA does not currently have an approved propulsion 

noise model for launch vehicles, this technical memorandum serves as a request for written approval 

from AEE to use the proposed noise analysis method described herein.  

The noise levels generated from commercial space launch vehicles will be predicted using The Launch 

Vehicle Acoustic Simulation Model (RUMBLE), a fully featured time-simulation model developed by 

Blue Ridge Research and Consulting, LLC (BRRC). The noise source and receiver locations will be 

described by geodetic latitude and longitude, referenced to the same geodetic system (such as 

WGS 84) that approximates the Earth’s surface by an ellipsoidal reference surface. Using a consistent 

standard geodetic system ensures accurate source to receiver geometry calculations as well as 

achieving a more physical model that includes the curvature of the earth. The core components of 

the launch noise modeling methodology are described as follows: 

Acoustic Source Power: Eldred’s Distributed Source Method 1 (DSM-1)i is utilized for the noise source 

characterization. The DSM-1 model determines the launch vehicle’s total sound power based on its 

time-varying thrust (or maximum thrust if a thrust profile is unavailable), exhaust-velocity and the 

engine/motor’s acoustic efficiency. During the initial portion of the launch, a variable acoustic 

efficiency is used as the efficiency of a deflected plume is less than that of an undeflected plume. 

BRRC’s recent validation of the DSM-1 model demonstrated very good agreement between full-scale 

rocket noise measurements and the empirical source curvesii. BRRC validated the DSM-1 empirical 

representation of the total sound power and power spectrum with acoustical data from four separate 

measurements of static test fires. The acoustic efficiency of the rocket engine/motor will be modeled 

using Guest’s variable acoustic efficiency iii. In the far-field, distributed sources are modeled as a 

compact source located at the nozzle exit with an equivalent total sound power and range of 

mailto:Rebecca.Cointin@faa.gov
mailto:Michael.James@BlueRidgeResearch.com
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frequencies. Therefore, launch vehicle propulsion systems with multiple tightly clustered equivalent 

engines can be modeled as a single engine with an effective exit diameter and total thrusti. 

Forward Flight Effect: A jet in forward flight radiates less noise than the same jet in a static 

environment. A standard method to quantify this effect reduces overall sound levels as a function of 

the relative velocity between the jet and the outside airflowiv,v,vi,vii. In the case of a rocket launch, 

ambient air flows by the rocket body at the velocity of forward flight. This ambient airflow travels in 

the same direction as the rocket exhaust; at the launch, the rocket exhaust travels at far greater 

speeds than the ambient airflow. As the differential between the forward flight velocity and exhaust 

velocity decreases, jet mixing is reduced, which in turn reduces the corresponding noise emission. 

Notably, the maximum overall sound pressure levels are typically generated before the vehicle 

reaches a sonic velocity. Thus, the modeled noise reduction is capped at a forward flight velocity of 

Mach 1. 

Directivity: Rocket noise is highly directive, meaning the acoustic power is concentrated in specific 

directions and the sound pressure observed will depend on the angle from the source to the receiver. 

NASA’s Project Constellation Program has made significant improvements in determining launch 

vehicle directivity of the reusable solid rocket motor (RSRM)viii. The RSRM directivity indices (DI) 

incorporate a larger range of frequencies and angles than previously available data. Improvements 

to the formulation of the RSRM DI accounting for the spatial extent and downstream origin of the 

rocket noise sourceix have recently been published (coauthored by BRRC and NASA). These updated 

DI are used for this analysis. 

Doppler Effect: Doppler effect is defined as the change in frequency of a wave for an observer moving 

relative to its source. During a rocket launch an observer on the ground will hear a downward shift in 

the frequency of the sound as the distance from the source to receiver increases. As the frequency is 

shifted lower, the A-Weighting filtering on the spectrum results in a decreased A-weighted sound 

level. For unweighted overall sound levels, Doppler has no effect on the levels since all frequencies 

accounted for equally. 

Atmospheric Absorption: Atmospheric absorption is a measure of the sound attenuation from the 

excitation of vibration modes of air molecules. Atmospheric absorption is a function of temperature, 

pressure and relative humidity of the air. The atmospheric absorption is calculated using formulas 

found in ANSI standard S1.26-1995 (R2004)x. The result is a sound-attenuation coefficient, which is a 

function of frequency, atmospheric conditions, and distance from the source. The amount of 

absorption depends on the parameters of the atmospheric layer and the distance that the sound 

travels through the layer. The total sound attenuation is the sum of the absorption experienced from 

each atmospheric layer. 

Note: Nonlinear propagation effects can result in the distortion of high-pressure sound wavesxi as they 

travel through the medium. These nonlinear effects are counter to the effect of atmospheric 

absorptionxii,xiii. However, recent research shows that although nonlinear propagation effects change 

the perception of the received soundxiv,xv, standard acoustical metrics are not strongly influenced by 
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nonlinear effects xvi , xvii . The overall effects of nonlinear propagation on high-amplitude sound 

signatures and their perception is an on-going area of research. 

Ground Interference: The calculated results of the sound propagation using DSM-1 provide a 

free-field sound level at the receiver. However, sound propagation near the ground is most accurately 

modeled as the combination of a direct wave (source to receiver) and a reflected wave (source to 

ground to receiver). The ground will reflect sound energy back toward the receiver and will interfere 

both constructively and destructively with the direct wave. Additionally, the ground may attenuate 

the sound energy causing the reflected wave to propagate a smaller portion of energy to the receiver. 

RUMBLE accounts for the attenuation of sound by the groundxviii,xix when estimating the received 

noise. To account for the random fluctuations of wind and temperature on the direct and reflected 

wave atmospheric turbulence has also been includedxviii,xx. 

Presence of Flame Duct: The flame duct relocates and redirects the primary noise source from the 

nozzle exit to the duct exit when the rocket is close to the padxxi. The presence of the flame duct is 

modeled when the rocket duct inlet is close to the pad. The source is located at the duct exit and the 

direction of the plume is assumed to be equivalent to the heading of the flame duct exit. 

Received Noise: Combining these separate components, the received noise can be estimated. The 

received noise will be described using both cumulative and single event acoustic metrics: Day Night 

Level (DNL), maximum A-weighted overall sound pressure level (OASPL), and maximum flat-weighted 

OASPL. 

Regards, 

 
Michael M. James 

Senior Vice President 

i K. Eldred, "Acoustic Loads Generated By the Propulsion Systems," National Aeronautics and Space Administration, 
1971. 
ii M. M. James, A. R. Salton, K. L. Gee, T. B. Neilsen, and S. A. McInerny, “Full-scale rocket motor acoustic tests and 
comparisons with empirical source models,” Acoustical Society of America’s Proceedings of Meetings on Acoustics 
(POMA), vol. 18, 2014. 
iii S. H. Guest, “Acoustic Efficiency Trends for High Thrust Boosters,” NASA TN D-1999, MSFC, July 1964. 
iv K. Viswanathan and M.J. Czech, “Measurements and Modeling of Effect of Forward Flight on Jet Noise,” AIAA 
Journal, vol. 49, no. 1, January 2011. 
v S. Saxena and P. Morris, “Noise Predictions for High Subsonic Single and Dual-Stream Jets in Flight,” AIAA Journal, 
2012. 
vi R. Buckley and C. L. Morfey, “Scaling Laws for Jet Mixing Noise in Simulated Flight and the Prediction Scheme 
Associated,” AIAA Journal, 1984. 
vii R. Buckley and C. L. Morfey, “Flight Effects on Jet Mixing Noise: Scaling Laws Predicted for Single Jets from Flight 
Simulation Data,” AIAA Journal, 1983. 
viii J. Haynes and J. R. Kenny, "Modifications to the NASA SP-8072 Distributed Source Method II," in 15th AIAA/CEAS 
Aeroacoustics Conference (30th AIAA Aeroacoustics Conference), Miami, Florida, 2009. 
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ix M. M. James, A. R. Salton, K. L. Gee, T. B. Neilsen, S. A. McInerny and R. J. Kenny, “Modification of directivity curves 
for a rocket noise model,” Acoustical Society of America’s Proceedings of Meetings on Acoustics (POMA), vol. 18, 
2014. 
x ANSI Standard S1.26-1995 (R2004). “Method for Calculation of the Absorption of Sound by the Atmosphere.”  
xi S. A. McInerny, K. L. Gee, J. M. Downing, and M. M. James, “Acoustical Nonlinearities in Aircraft Flyover Data,” 13th 
AIAA/CEAS Aeroacoustics Conference (28th AIAA Aeroacoustics Conference), Rome, Italy, 2007. 
xii S. A. McInerny and S. M. Ölçmen, "High-Intensity Rocket Noise: Nonlinear Propagation, Atmospheric Absorption, 
and Characterization," J. Acoust. Soc. Am., vol. 117, no. 2, pp. 578-591, 2005.  
xiii Pernet, D. F. and Payne, R. C., "Non-linear propagation of signals in airs," Journal of Sound and Vibration, vol. 17, 
no. 3, pp. 383-396, 1971. 
xiv K. L. Gee, V. W. Sparrow, A. A. Atchley, and T. B. Gabrielson, “On the Perception of Crackle in High-Amplitude Jet 
Noise,” AIAA Journal, vol. 45, no. 3, March 2007. 
xv J. E. Ffowcs Williams, J. Simson, and V. J. Virchis, “Crackle: an annoying component of jet noise,” Journal of Fluid 
Mechanics, vol. 71, part 2, pp. 251-271, 1975. 
xvi K. L. Gee, V. W. Sparrow, M. M. James, J. M. Downing, C. M. Hobbs, T. B. Gabrielson and A. A. Atchley, “The role 
of nonlinear effects in the propagation of noise from high-power jet aircraft,” J. Acoust. Soc. Am., vol. 123, no. 6, pp. 
4082-4093, 2008. 
xvii  K. L. Gee, V. W. Sparrow, M. M. James, J. M. Downing, C. M. Hobbs, T. B. Gabrielson and A. A. Atchley, 
“Measurement and Prediction of Noise Propagation from a High-Power Jet Aircraft,” in 12th AIAA/CEAS Aeroacoustics 
Conference (27th AIAA Aeroacoustics Conference), Cambridge, Massachusetts, 2006.  
xviii C. Chessel, "Propagation of noise along a finite impedance boundary," J. Acoust. Soc. Am., vol. 62, no. 4, pp. 825-
834, 1977. 
xix  T. Embleton, J. Piercy and G. Daigie, "Effective flow resistivity of ground surfaces determined by acoustical 
measurements," J. Acoust. Soc. Am., vol. 74, no. 4, pp. 1239-1244, 1983. 
xx G. A. Daigle, “Effects of atmospheric turbulence on the interference sound waves above a finite impedance 
boundary,” J. Acoust. Soc. Am., vol. 65, no. 1, 1979. 
xxi J. Panda, R. N. Mosher, and B. J. Porter, “Identification of noise sources during rocket engine test firings and a 
rocket launch using a microphone phased-array,” NASA/TM, 216625, 2013. 



 
 

  

Office of Environment and Energy 800 Independence Ave., S.W. 
 Washington, D.C. 20591 
  
  
  
  
 March 9, 2016 

 
Daniel Czelusniak 
Office of Commercial Space Transport 
Federal Aviation Administration 
800 Independence Ave. SW  
Washington, DC 20591 

 

Dear Mr. Czelusniak, 

The Office of Environment and Energy (AEE) has reviewed the proposed non-standard noise 
modeling methodology to be used in the environmental impact assessment of the proposed vertical 
launch operations of a heavy class launch vehicles from the Blue Origin’s Cape Canaveral Orbital 
Launch Site.   

As the FAA does not currently have an approved propulsion noise model for launch vehicles. 
In accordance with FAA Order 1050.1F, all non-standard noise analysis in support of the noise 
impact analysis for the National Environmental Policy Act (NEPA) must be approved by AEE. This 
letter serves as AEE’s response to the method proposed in the Technical Memorandum dated 
January 28, 2016 and signed by Senior Vice President of Blue Ridge Research and Consulting, LLC 
(BRRC) Michael M. James.  

The noise levels generated from commercial space launch vehicles will be predicted using the 
Launch Vehicle Acoustic Simulation Model (RUMBLE), a fully featured time-simulation model 
developed by BRRC.  

The acoustic source will be modeled by the methods validated by BRRC in earlier work. The 
noise in receiver will be estimating by combining separate components, such as Doppler Effect, 
atmospheric absorption, ground interference, and flame duct.   

The received noise will be described using both cumulative and single event acoustic metrics: 
Day Night Level (DNL), maximum A-weighted overall sound pressure level (OASPL), and 
maximum flat-weighted OASPL. 

The proposed methodology appears to be adequate for modeling propulsion for launch 
vehicles. Therefore AEE concurs with the methodology proposed for this project. Please understand 
that this approval is limited to this particular project and vehicle. Any additional projects using this 
or other launch noise methodologies or variations of launch vehicle not mentioned here will require 
separate approval. 
 
 
 Sincerely, 

 
Rebecca Cointin, Manager  
AEE/Noise Division 
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HYPERGOLIC FUELS: Toxic Chemical Dispersion Modeling

Appendix B below documents the mean hazard distance predictions for release 
of the routine payload's maximum liquid propellant loads, which consist of 1000 
kg (2200 lb) of hydrazine, 1000 kg (2200 lb) of MMH, and 1200 kg (2640 lb) of 
NTO. The U. S. Air Force Toxic Chemical Dispersion Model (AFTOX) Version 4.0 
(Kunkel, 1991) was used to predict the mean hazard distances resulting from the 
spillage of each of the three liquid propellants. AFTOX is a simple Gaussian 
puff/plume dispersion model that assumes a uniform windfield. AFTOX was used 
to predict mean distances to selected downwind concentrations of each toxic 
vapor. The selected concentrations used for this analysis were the Short- Term 
Emergency Guidance Levels (SPEGLs) for hydrazine (0.12 ppm 1-hour
average), MMH (0.26 ppm 1-hour average), and nitrogen dioxide (1.0 ppm 1-
hour average). AFTOX runs were conducted for daytime and nighttime conditions 
at two different wind speeds (2 and 10 m/s (7 and 32 feet per second)). These 
meteorological conditions were selected to illustrate possible hazard distances. 
Other meteorological conditions would produce different hazard distances but 
would not change the conclusion that the concentrations fall below hazardous
levels within a relatively short distance of the release. Appendix B provides some 
AFTOX output relevant to this FEA. Spillage of the entire payload propellant load, 
while unlikely, could occur during payload processing, payload transportation, 
payload mating to the launch vehicle, or during the actual launch operation. A 
launch accident could result in payload ground impact resulting in propellant tank 
rupture and spillage. The cases modeled by AFTOX are worst case since they 
assume that the spills are unconfined and evaporate to completion without
dilution or other mitigating action. The following sections summarize the results 
presented in Appendix B and document the areas and distances that would 
temporarily have hazardous levels of the propellants in the event of a spill. These 
results indicate that the chemicals are diluted to non-hazardous levels in
reasonably short distances.

The mean hazard distances predicted by AFTOX for the CCAFS and KSC area 
are displayed in Table 4.1-5. An unconfined spill of 1000 kg (2200 lb) of
hydrazine would produce a spill area of 107 m2 (1156 ft2) and a mean hazard 
distance of up to 1493 m (4897 ft). An unconfined spill of 1000 kg (2200 lb) of 
MMH would produce a spill area of 114 m2 (1231 ft2) and a mean hazard 103
distance of up to 1452 m (4763 ft). An unconfined spill of 1200 kg (2640 lb) of 
NTO would produce a spill area of 80 m2 (864 ft2) and a mean hazard distance 
of up to 5680 m (18,630 ft) for NTO. Note: AFTOX predicts that NTO liquid spills 
would be gas releases at 32oC (90oF) ambient temperature. For modeling 
purposes, the gas release was assumed to have a duration of five minutes. In 
summary, all mean hazard distances for toxic air releases from payload
accidents at CCAFS and KSC would be less than 5.7 km (3.4 mi) for the 



meteorological conditions considered. This would be the maximum distance 
downwind that would require evacuation and control by range safety authorities.

Mean Hazard Distances to SPEGL (1-Hr Average) Exposure Limits as Predicted 
by AFTOX for Payload Maximum Liquid Propellant Spills at CCAFS and KSC

Chemical (SPEGL) Spill Quantity Wind Speed Day (32C/90F) Night (5C/41F)

Hydrazine (0.12 ppm) 1000kg
(2200 lbs)

2 m/s
(6.6 ft/s)

655 m
(2148 ft)

669 m
(2194 ft)

10 m/s
(33 ft/s)

1493 m
(4897 ft)

747 m
(2450 ft)

MMH (0.26 ppm) 1000 kg
(2200 lbs)

2 m/s
(6.6 ft/s)

641 m
(2102 ft)

769 m
(2522 ft)

10 m/s
(33 ft/s)

1452 m
(4763 ft)

773 m
(2535 ft)

NTO (1.0 ppm) 1200 kg
(2640 lbs)

2 m/s
(6.6 ft/s)

1230 m
(4034.4 ft)

2574 m
(8443 ft)

10 m/s
(33 ft/s)

5680 m
(18630 ft)

3411 m
(11188 ft)

Appendix B
The U. S. Air Force Toxic Chemical Dispersion Model (AFTOX) was used to 
predict downwind dispersion distances for propellant vapors that would be
generated by worst case spills from NASA routine payload spacecraft. AFTOX 
was officially endorsed by the Air Weather Service in 1988 and is used
extensively throughout the U. S. Air Force. It is a Gaussian puff/plume model 
designed to simulate a variety of releases including continuous or instantaneous, 
liquid or gas, surface or elevated, and point or area. It includes several
evaporation models for predicting emission rates from liquid spills. AFTOX is a 
simple model that assumes a uniform windfield and flat terrain (Kunkel, 1991). 
This appendix provides the results of the AFTOX runs relevant to the NASA 
routine payload spacecraft. Worst case spills of three liquid propellants were 
considered: 1000 kg (2200 lb) of hydrazine, 1000 kg (2200 lb) of
monomethylhydrazine (MMH), and 1200 kg (2640 lb) of nitrogen tetroxide (NTO). 
These are the maximum propellant loads for the routine payload spacecraft. 
Worst case assumptions were that the spills were instantaneous and unconfined, 
and that they completely evaporated without any mitigating actions such as
removal, dilution, or neutralization. These worst case assumptions are very
unlikely to occur considering the regulations governing the use and transport of 
these hazardous propellants. AFTOX was used to predict mean distances to 
selected downwind concentrations of each air toxin. Model output also provides a 
toxic hazard corridor distance that is the 90% probability distance. The selected 
concentrations used for this analysis were the Short-Term Emergency Guidance 
Levels (SPEGLs) for hydrazine (0.12 ppm 1-hour average), MMH (0.26 ppm 1-
hour average), and nitrogen dioxide (1.0 ppm 1-hour average). The Committee 
on Toxicology, National Research Council, issues SPEGLs.



Four AFTOX model predictions were generated for each propellant at each
launch site (CCAFS and VAFB). The four predictions at each site covered 
daytime releases at two different wind speeds (2 and 10 m/s; 7 and 33 ft/s) and 
nighttime releases at two different wind speeds (2 and 10 m/s; 7 and 33 ft/s). 
Daytime temperatures were assumed to be 32°C (90oF) at CCAFS and 20°C 
(68°F) at VAFB. Nighttime temperatures were assumed to be 5°C (41°F) at both 
sites. These meteorological conditions were selected to represent a variety of 
possible dispersion cases. Selection of other conditions would result in different 
model results.

AFTOX predicted the following results for spills at CCAFS: 1) an unconfined spill 
of 1000 kg (2200 lb) of hydrazine would produce a spill area of 107 m2 (1150 ft2)
and a mean hazard distance of up to 1493 m (4897 feet); 2) an unconfined spill 
of 1000 kg (2200 lb) of MMH would produce a spill area of 114 m2 (1227 ft2) and 
a mean hazard distance of up to 1452 m (4763 feet); and 3) an unconfined spill 
of 1200 kg (2640 lb) of NTO would produce a spill area of 80 m2 (861 ft2) and a 
mean hazard distance of up to 5680 m (18630 feet) for nitrogen dioxide. Note: 
AFTOX predicts that NTO liquid spills are gas releases at 32°C (90°F) ambient
temperature. For modeling purposes, the gas was assumed to have a release 
duration of five minutes.

These mean hazard distances are for one-hour average concentrations.
However, for spills that evaporated in less than one hour (many of the NTO 
spills) the vapor concentration averaging time calculated by AFTOX is the
evaporation time rather than for one hour. Therefore, the calculated hazard 
distance for many of the NTO spills is much longer than the actual one-hour
average hazard distance. This is another conservative factor in the AFTOX
results.



Appendix M 
Wetland Survey and Impacts Map 
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Appendix N 
SJRWMD Impact Summary for LC-11 and LC-36 
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PRIMARY IMPACT

(AC)

SECONDARY

IMPACT (AC)

FILL VOLUME

(CY)

WETLAND #1 6.87 0.60 0.64 264

WETLAND #2 0.97 0.35 0.28 477

WETLAND #3 1.09 0.05 0.55 68

WETLAND #4 0.57 - 0.30 -

WETLAND #6 2.04 0.37 0.96 461

WETLAND #7 0.41 0.41 - 55

WETLAND #8 0.03 0.03 - 14

WETLAND #9 0.23 0.23 - 95

WETLAND #10 0.42 0.42 - 535

WETLAND #12 9.06 1.20 3.22 2073

WETLAND #14 2.12 2.12 - 2964

WETLAND #14A 0.01 0.01 - 3

WETLAND #14B 0.21 0.21 - 99

WETLAND #20 10.24 0.49 1.45 1179

WETLAND #22 0.29 0.29 - 54

WETLAND #23 0.05 0.05 - 19

WETLAND #24 0.07 0.07 - 60

WETLAND #25 4.01 0.56 1.22 824

WETLAND #26 1.18 0.04 0.79 42

WETLAND  #27 2.21 0.03 1.18 14

WETLAND #35 0.08 0.08 - 29

WETLAND #36 0.01 0.01 - 7

WETLAND #100 0.12 0.12 - 184

WETLAND #101 0.08 0.08 - 122

SURFACE WATER #1 0.01 0.01 - 15

SURFACE WATER #2 0.01 0.01 - 7

SURFACE WATER #11 0.05 0.05 - 40

SURFACE WATER #13 0.27 0.27 - 413

SURFACE WATER #30 0.23 0.01 - 65

SURFACE WATER #32 0.12 0.12 - 111

TOTAL 43.06 8.29 10.59 10293
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Appendix O
Public Comments Received 

The comments (letters and emails) contained in this appendix were generated by the public and 
received by the USAF 45th Space Wing in accordance with NEPA guidelines.  The comments are 
either in response to a notice published on June 28, 29th, and July 2, 2016 in the newspaper Florida 
Today indicating a 30-day public notice period that construction in a floodplain was in planning, or 
in response to a 30-day public review period of the Environmental Assessment held 
___________________.     
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8220 Compton Way, Melbourne, FL 32940 www.MazzaArchitects.com Tel: (321) 255-2050  Fax: (321) 253-0838 
 

 

 

 

Ms. Eva Long 

NEPA Project Manager 

U.S. Air Force 

 

Dear Ms. Long:                                                                       July 2nd, 2016 

 

Listed below are my concerns regarding the new launch site for Blue Origin: 

 

1.  NASA already has launch pad 39A and 39B can't they be refurbished to launch 

Blue Origins rockets? 

 

2.  If you re-use these launch sites at NASA then you would have less environmental 

damage to the wetlands and native animals. 

 

3.  What assessments have been made as to the native animals affected by this 

launch site? 

 

4.  What assessments have been made as to the wetlands that will be disturbed by this 

launch site? 

 

5  How will this launch site affect the Indian River Lagoon?  Most times after a launch 

many millions of gallons of water are spilled over the launch site, this may affect the 

lagoon?  Our lagoon is already in tough shape.  This may alter the lagoon further and 

create future problems with the ecosystems. 

 

6.  What facilities are planned to be built besides the launch pad?  What are the 

preliminary plans? 

 

7.  What affect will this complex have on the existing flood plain? 

 

8.  Are there any endangered animals affected by this new launch site? 

Are they going to be relocated? 

 

9.  Will additional roads and bridges be constructed as part of this complex? 

 

10.  Will there be hazardous storage on this site?  What environmental measures will 

be taken in the event of a material leak? 
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I have worked on numerous NASA projects in my career and have worked on many 

projects in Brevard County.  I am deeply concerned about the lagoon in Brevard County 

as well as our natural environment.  We do need to duplicate launch facilities if adequate 

launch facilities already exist at NASA and the air force station. 

 

Please respond to my concerns.  Thank you for your anticipated help. 

 

 

Sincerely, 

 

Anthony J. Mazza  AIA 

Architect 

 

President Elect 

Space Coast Chapter 

American Institute of Architects 

 

 

 

 

 

 

 




