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Abstract of Dissertation 

 

The Effect of Mission Assurance on ELV Launch Success Rate: An Analysis of Two 

Management Systems for Launch Vehicles 

 

There are significant challenges involved in regulating the growing commercial 

human spaceflight industry. The safety of the crew and passengers should be protected; 

however, care should be taken not to overburden the industry with too many or too 

stringent, or perhaps inapplicable, regulations. 

An improvement in launch success would improve the safety of the crew and 

passengers. This study explores the effectiveness of Mission Assurance policies to guide 

regulations and standards. There is a severe lack of data regarding commercial human 

space flights. This means that a direct test of effectiveness by looking at historical 

commercial human space flight data is not possible. Historical data on current expendable 

commercial launchers have been used in this study. The National Aeronautics and Space 

Administration (NASA) has strong Mission Assurance policies for its launch of civil 

payloads. The Office of Commercial Space Transportation at the Federal Aviation 

Administration (FAA/AST) regulations of commercial launches are more safety oriented. 

A comparison of launches between NASA and the FAA/AST is used to gauge the 

effectiveness of Mission Assurance policies on launch success. Variables between the 

two agencies are reduced so that Mission Assurance policies are isolated as the main 

difference between launches. Scenarios pertinent to commercial human space flight are 

used so results can be applicable. 
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1 Introduction 

The prospect of commercial human spaceflight has been an upcoming promise for a 

very long time. As companies like SpaceX and Virgin Galactic approach their goal of 

carrying passengers to space, this time around it seems that space tourism for the masses 

may become a reality. With the growth of this young but growing industry arises the 

question of how it should best be regulated.  

There are three agencies that oversee space launches in the United States. The agency 

involved for any particular launch usually depends on who owns the payload. Military 

launches are regulated by the Department of Defense (DOD). Civil launches carrying 

scientific payloads are under the purview of the National Aeronautics and Space 

Administration (NASA). Commercial launches are regulated by the Office of 

Commercial Space Transportation at the Federal Aviation Administration (FAA/AST). 

Each agency has its own mission objectives and requirements. Accordingly, each agency 

has its own regulations for launches that fall under its respective control. In the case of 

manned commercial space, regulatory responsibility will fall on the FAA/AST.  

The subject of regulating commercial space is not a new one. There have been 

numerous policy discussions [1] [2], governmental reports [3] [4], and scholarly research 

and reviews on the subject. Topics of discussion have ranged from liability and indemnity 

regulations to insurance to public safety. There are also questions about how much 

regulation is needed: too little may put passenger and public safety at risk and too much 

regulation may strangle the industry before it even begins.  

Currently, the FAA/AST is not to make any regulations regarding commercial human 

space flight until 2015. However, they are currently seeking inputs as to how to best go 
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about it. [5] The FAA/AST is currently ahead of the game in terms of regulations; it has 

even been suggested to serve as a model for regulation in other nations. [6] That said, 

there are many questions as to what the proper regulations are. In addition to how much 

regulation, there are questions about the type of regulation. What will the requirements 

look like?  

The FAA/AST licenses commercial space launches, which is in contrast to the way the 

FAA regulates aviation. Airplanes are certified as airworthy and are consequently 

considered safe for passengers. The FAA/AST does not certify launch vehicles. [7] 

Instead, launch operators are licensed to launch a vehicle; which may apply to a single 

launch or a series of launches. However, there is no indefinite certification that states that 

any particular launch vehicle has been certified safe by the FAA/AST. As manned 

commercial space develops, new technology is emerging with reusable launch vehicles 

(RLVs) as opposed to expendable launch vehicles (ELVs) flying into space. It has been 

speculated whether RLVs and ELVs should be regulated like planes or rockets. There is 

no general consensus in this regard or concerning many other issues regarding regulations 

involved in-space launches. [8] 

Ultimately, FAA/AST’s mandate is to protect public safety, and when it is time to add 

regulations to manned space vehicles and to protect the crew and passengers. This is also 

balanced against FAA/AST’s other role as an industry promoter. It must do both and with 

reports from the GAO admitting that this is a challenge that requires continued planning 

and monitoring. [9] [3]  
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1.1 Problem Statement 

As commercial human spaceflight comes increasingly closer to being realized, the 

need to properly regulate it becomes more urgent. The FAA/AST is charged with creating 

the rules for this new industry and must balance its role as both a regulator and promoter 

of the industry. It must serve to protect public safety while ensuring that it does not 

overregulate.  

When looking for an answer to the challenge of how to regulate commercial human 

spaceflight, a review of the effectiveness of previous regulations on historic space 

launches can be enlightening. Regulations on ELVs may not directly translate to 

regulations for human spaceflight, as the technologies and stakeholders are different. 

However, understanding the effectiveness and impact of those regulations will help in 

determining which, if any, regulations can or should be emulated. 

Experience in regulating ELVs is not found with the FAA/AST alone; NASA and 

DOD both have extensive experience. The industry warns against the wholesale transfer 

of these experiences to regulating manned commercial space as they may not all be 

applicable. At the same time, it has also been suggested that a mission assurance-guided 

path could be implemented in developing new standards and regulations. [8] Due to 

NASA’s mission assurance-oriented policies as opposed to the public safety-focused 

regulations of FAA/AST, a comparison of effectiveness between the two agencies would 

be worthwhile. A successful launch would be less risk to the public and crew of a 

manned spacecraft; thus, if mission assurance is effective in ensuring more successful 

launches, it can be adopted as good guidance. 
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1.2 Objective 

In order to test the effectiveness of Mission Assurance policies and their applicability 

to the development of regulations and standards for commercial human spaceflight, the 

launch success rate of NASA is compared to that of the FAA/AST. To do this historical 

launch data from both agencies are obtained. This data is filtered so as to isolate mission 

assurance as the difference between them. 

NASA has purview over multiple launch programs such as the Space Shuttle, 

sounding rockets, and the launch of civil payloads. The launch and regulation of NASA 

civil payloads are of particular interest in this study. These launches use the same 

vehicles or at least have access to the same pool of vehicles as the launches regulated by 

the FAA/AST and would provide a fair comparison to FAA/AST launches. The overall 

objectives of this study are 

 Clearly contrast the Mission Assurance policies of NASA with FAA/AST 

regulations 

 Make a valid comparison between FAA/AST and NASA launches to test the 

effectiveness of mission assurance activities  

 Set the comparison in a context that would be applicable to commercial human 

space flight regulations 

The results of the study can then be used to inform the industry and regulators on 

decisions for the development of standards and regulations. 
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1.3 Significance 

The results of this study will be helpful to both industry and regulators. The results 

would be helpful to the FAA/AST in informing their decisions on the types of regulations 

and standards that should be in place for human commercial spaceflight. The industry 

would also be served. Even if mission assurance activities cannot be mandated to industry 

as they could be too restrictive, if they are shown to be effective at increasing launch 

success rates, it would be a good practice to employ and use these activities as an 

industry standard. While geared towards manned commercial space, the results of this 

study will also be obviously applicable to ELV launch operators. Additionally, although 

the focus is on US regulators and US launch providers, it would serve to inform decision 

makers in other nations as well. 

 

1.4 Scope and Limitations 

This scope of this study is limited to the comparison of FAA/AST and NASA 

launches. For NASA, this is further limited to only launches of civil payloads aboard 

commercial launch systems. This essentially defines the dataset used in the study to 

include all the launches that have occurred  1989 and the present. 

The Space Shuttle is not included in this study. Being a human spaceflight vehicle it 

should be the ideal choice to serve as the evaluation standard and for regulations 

regarding manned commercial space crafts. However, as a system it has no equivalent 

counterpart on the FAA/AST side for comparison; therefore, no valid comparison can be 

made. This is the same reason foreign agencies have not been included in this study, as no 
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valid comparison can be made due to differences in the type of vehicle and other 

parameters between US and international agencies. 

The inclusion of DOD launches would also seem reasonable, but this study is 

restricted to only a comparison between NASA and FAA/AST. This is because some 

DOD launches can be classified, and it would be difficult to obtain valid data on these 

launches. While information on some of the launches is known, the availability of a full 

dataset of DOD launches is not assured. 

The study compares launches to evaluate the effectiveness of Mission Assurance 

policies. It does not test any particular mission assurance activity for effectiveness. It also 

does not factor the cost of such measures or make any comparisons on the cost 

effectiveness of such measures. 

 

1.5 Organization of Research 

This study is organized into five chapters. Chapter 1 is an introduction to the topic. It 

provides an overview of commercial human spaceflight, covers the regulatory agencies, 

and identifies the challenges faced by regulators. A way to evaluate the effectiveness of 

mission assurance is proposed.  

Chapter 2 is the literature review. It examines the concepts of launch vehicle 

reliability and then provides an overview of the FAA/AST regulations and NASA 

policies. The legislation behind the FAA/AST’s regulations is also covered. Space 

tourism and the space tourist are discussed. Finally, this chapter reviews industry inputs 

regarding regulations. 

Chapter 3 describes the data collection. Data sources and their format are identified. 

Data preparation and the addition of required fields to the data set are described. 
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Chapter 4 is the research methodology. The framework for the launch success rate 

comparison is presented. Filtering of the data for an appropriate dataset is described. 

Fitting of the dataset to failure scenarios and creation of contingency tables for evaluation 

are also included in this chapter. A set of hypotheses are made at the end of the chapter.  

Chapter 6 is the analysis and results section. Results are obtained and hypotheses are 

tested. The significance of the results is discussed. Alternate evaluations and alternate 

datasets are also explored. 

Chapter 6 presents the conclusions of the study. A study summary is provided. 

Inferences obtained from the results are discussed, and some recommendations are made. 

Potential additional work is also discussed.  
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2 Literature Review 

 

This study aims to test the impact of Mission Assurance policies on vehicle launch 

success and draw conclusions on how the bourgeoning human commercial space industry 

can best be regulated. The ultimate goal of this study is to inform regulators so that they 

can make the proper regulatory decisions that allow growth of the new manned 

commercial spaceflight industry. To this end, the right balance must be struck by devising 

adequate regulations to ensure safety of the crew, passengers, and the general public, 

while ensuring that no overregulation that might smother the industry occurs. 

This literature review first explores vehicle-level reliability to set an understanding of 

what can go wrong during a launch and the factors involved in making successful 

launches. The legislative background that set the stage for today’s commercial launch 

industry is then reviewed to see the intent behind the regulations. This study compares 

the regulations of the FAA/AST and the policies of NASA regarding space vehicle 

launches. Therefore, the similarities and differences between FAA/AST regulations and 

NASA policies are reviewed. Based on this comparison, the goals of each agency and 

how they are reflected in their safety and mission assurance policies can be determined. 

This review also provides insights into the scope and limitations of each agency. Finally, 

the industry input is examined as these regulations will ultimately affect them the most. 

 

2.1 Launch Vehicle Risk and Reliability 

To better understand how to properly keep launches safe at a regulatory level, it is 

helpful to understand the procedures at the vehicle level. A review of literature on launch 
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vehicle reliability, how it is determined, and how it can be improved serves to highlight 

the risk to the vehicles and how those risks are managed. The importance of flight history 

and vehicle maturity helps sheds light on why both regulators and industry are hesitant on 

overregulation. 

 

2.1.1 Reliability Assessment  

In A Top-Down Risk Assessment Tool for a Reusable Launch Vehicle Development 

Program, Go et al. describe in [10] an assessment tool for RLV development. The goal is 

to identify real risks early and provide insight so that resources can be allocated correctly. 

Fidelity of analysis tools could be lower at the beginning but would be able to increase as 

the design matures. The main components described include the use of a failure dataset, 

mission operating parameters, and the system configuration. The dataset is nominally 

separate from the analysis tool. The tool focuses on the actual development of the RLV, 

and the failure dataset includes vehicle components and their failure data (such as failure 

rate and severity). 

In Forecasting the Reliability and Safety of Future Space Transportation Systems 

[11], Fragola outlines factors to be considered when designing or choosing a design for a 

Space Shuttle replacement. The focus is on crew safety and mission reliability and the 

factors that should be included in the decision-making process when comparing designs. 

It emphasizes that comparison should be co-equal and that demonstrated performance 

should hold sway over forecasted potential. The factors outlined in the article include 

historic crew safety, crew survival, and recovery systems, the acceptable risk of 
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spaceflight, and heritage considerations for forecasting the safety and reliability of future 

systems. 

The inclusion of historical crew safety emphasizes the excellent safety record of the 

Space Shuttle. However, the article warns against direct comparisons with other rockets 

such as Soyuz, as not all parameters were the same. This includes factors that fact that 

now all Soyuz missions were manned and that the Shuttle has a descent phase in addition 

to an ascent phase while other launch systems do not. An ascent to ascent only 

comparison of the Shuttle versus other launchers show an even greater launch reliability 

for the Shuttle. This need of an “apples-to-apples” comparison of vehicles dictates much 

of the data binning and gating that will be presented later in this dissertation. 

When discussing acceptable risks of spaceflight, the article suggests that a 1 in 10,000 

mission risk of loss of life would be acceptable for routing missions to orbit. To achieve 

this goal, risk assessments are made based upon vehicle reliability plus the probability 

that the crew survives given an accident. In turn the probability of crew survival would 

depend on the effectiveness and reliability of a crew recovery and return system. While 

the path to a 1 in 10,000 risk of loss of life is suggested as obtainable with a 1 in 1,000 

rocket reliability and a 1 in 10 crew-return systems, it is warned that these systems would 

need to work over large flight regimes and are largely untested.  

Regarding the forecasting reliability of yet to be seen designs, the article admits this 

cannot be exact; nevertheless, a systematic approach can yield a helpful assessment. The 

historical data set on current launchers is relatively small, and the dataset on future 

designs is even smaller or non-existent. The design of space launch systems will be 

influenced by older designs, with revolutionary designs straying father from the existing 
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dataset. A risk model for a new design would appropriately account for portions that are 

similar to older designs and capture design changes that would reduce risk. 

 

2.1.2 Reliability Growth in Launch Vehicles 

The question of how many test flights are necessary for a new manned space launch 

system before a crew flight is attempted is addressed in How Safe Must a Potential 

Crewed Launcher be Demonstrated to be before it is Crewed? [12] The exact number of 

test flights will depend on the risk appetite of stakeholders, but what is presented is a way 

to assess when a launch system might be adequately mature and reliable for a crew flight. 

The approach taken is through the use of reliability growth curves to model the maturity 

of a new launch system and its readiness for crewed testing. 

The reliability of a system can be described as a curve, with higher failure rates 

associated with the earlier stages and a decrease in failure rate until a plateau is reached 

as the systems mature and errors in design or processes are corrected. When applied to 

space launch systems, Fragola presents three characteristics of reliability growth: the 

expected initial reliability of a new design, growth curve, and plateau value. The initial 

reliability and plateau value can be adequately derived from heritage data. That is the 

reliability data of heritage design upon which the new design is based. 

Results of the research by the Air Force Astronautic Lab were presented in which 

existing launch vehicles were characterized using growth models. The launch vehicles 

were grouped in vehicle families and it was for these families that family heritages could 

be created. Thus, new designs based upon a certain family could depend on this heritage 
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data for an estimation of how its reliability growth would be, which would inform 

stakeholders as to when the design might be ready for crewed testing.  

The importance of reliability growth to determine the correct course of testing was 

revisited in Modeling Launch Vehicle Reliability Growth as Defect Elimination [13] and 

Morse et al. proposed a method for modeling the reliability growth of expendable launch 

vehicles by eliminating defects in a design. The reliability grows as defects are 

discovered and corrected. The method described potential defects of models, the 

probability of these defects being triggered, and the probability of loss due to defect, 

among other things.  

The defect elimination method is presented as an alternative to other reliability 

growth models such as the Weibull Growth Model, minimum error rate equation, and the 

Gompertz model, all which attempt to mathematically match curves to historically 

reliability data. The models are considered satisfactory but lacking in several areas. 

Notably, they do not account for growth from system design as well as developments in 

testing, risk management, etc.; furthermore, they do not account for growth from partial 

anomalies. Additionally it is noted that forecasts for new systems are hindered because in 

addition to changes in design, new systems develop with changes to testing and 

operational plans. The defect elimination method is presented as a modeling approach to 

address these issues. Building upon the notion of failures as a design defect and 

estimating the risk based upon that in Quantifying the Value of Risk-Mitigation Measures 

for Launch Vehicles [14], Morse et al. presents a method for the quantification of past 

failures and how to best use it to inform development decisions on what to test and focus 

upon. The defect model for reliability is seen again in Reliability growth and the caveats 
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of averaging: A Centaur case study [15]. It asserts that a risk assessment based solely on 

a bottom-up component approach, such as a Probabilistic Risk Assessment (PRA), can be 

too optimistic because this approach often misses system-level failures. Conversely, a 

risk assessment based solely on heritage data is usually too pessimistic because it does 

not account for reliability growth. 

In Use Crow-AMSAA Reliability Growth Plots to Forecast Future System Failures 

[16], Barringer argues for the use of reliability growth plots by organizations to evaluate 

whether they are repair or reliability focused. The former is reactive to failures, while the 

latter learns from failures and proactively prevents them from recurring in the future. The 

specific reliability growth plots that are advocated are Crow-AMSAA plots, which plot 

cumulative failure against cumulative time on a log-log scale. The slope β of the resulting 

line can then be used to determine if the failure rates are approximately constant (β ~ 1), 

decreasing (β < 1), or increasing (β > 1). The benefit to such a plot, according to 

Barringer, is the easy visualization of reliability data, which will highlight the data’s 

importance. 

In Predict Failures: Crow-AMSAA 101 and Weibull 101 [17], Barringer applies 

Crow-AMSAA plots to various industries and disciplines, including the reliability of the 

Space Shuttle. At the time of article release, the Columbia accident had already occurred, 

so there were two losses on record for the Shuttle. The plot for the Shuttle shows a β 

value of 0.459, suggesting that reliability is increasing and thus time between failures is 

increasing. Barringer argued that even with just these two failure points, a Crow-AMSAA 

plot is beneficial because the forecast can give the data a “voice.” 
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2.1.3 Bayesian Approaches to Launch Vehicle Reliability 

In An alternative approach to trend analysis in accident data [18], the authors 

challenge the classical approach to trending historical data, i.e., fitting of a probability 

distribution to historical data and extrapolating a forecast. The shortcomings listed 

include questioning the validity of the model: Are the parameters of the model a true 

reflection of the underlying data? Additionally with respect to hypothesis testing, it is 

argued that only a strong trend would lead one to reject the null hypothesis, and weaker 

trends that may be bellwethers are not detected. The authors support a predictive 

Bayesian approach to historic data to determine if a trend is present, as opposed to 

attempting to fit the data to a trend.  

A Poisson regression test is suggested for the screening of the data. If historical data 

is binned by years, then the historical average number of failures for a prior j years is 

calculated. The Poisson distribution is used to calculate a 90% prediction interval and it is 

checked if the data from the year j + 1 falls within this interval. Another method 

suggested is to compare the average of historical data before and after a pre-specified 

date. Trend tests are used in several case studies to show that the correct trend test is 

situational on the data and ultimate goal of the analysis. The overall message of the 

article is the advocation of a Bayesian approach over a frequentist approach to analyzing 

historical accident data. 

The authors of Bayesian Analysis of Launch Vehicle Reliability [19] also present a 

Bayesian approach, this time directly analyzing the reliability of launch vehicles. Like 

Kvaløy and Aven, the authors are critical of simply using failure frequency as a predictor 

of failure probability, citing lack of historical data in most cases to make an adequate 
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estimate. Two alternative methods are presented: a PRA that is mentioned in passing and 

the use of a Bayesian probability, which is the focus of the article.  

Three levels of Bayesian updating are presented, with each successive approach being 

more detailed, building upon the previous approach, with the prior probability 

distribution being more sophisticated. The authors cite the use of Bayesian updating to 

update the probability of a nuclear attack as well as shuttle failure based on near-misses. 

This approach is then applied to launch vehicles in the article, with application of the 

three analysis levels applied to a large number of launch vehicle families. 

Drawbacks to this approach are discussed, one such drawback is that it does not 

account for chronological history. Another drawback is that similarities between new and 

historical vehicles are not taken into account. It should be noted that these limitations are 

the very issues that Fragola sought to address. The chronological history of data is in 

effect the reliability of a launch vehicle, which is not accounted for. The similarities 

between older designs and new designs are specifically cited by Fragola as being 

important and his framework calls for these to be accounted for, although it does not 

specify details on how to account for these similarities.  

In Probability of Infancy Problems for Space Launch Vehicles [20], Guikema and 

Paté-Cornell address the infant mortality rate of new space launch vehicles. That is, a 

new space launch design experiences many more failure during its initial launches than 

when it is more developed. This particular article focused on the first five launches of a 

new design, before a large launch history can be obtained. Frequentist and Bayesian 

approaches were taken to assess the first five launches of a large family of launch 

vehicles, as well as different generations of the same vehicle family. They found that 
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while the statistical method used a static confidence level, the Bayesian approach was 

based on a probability density function and was better suited for the smaller sample size 

found when analyzing the earliest launches of a launch vehicle family.  

It interesting to note that at a high confidence interval (95%), there were no 

differences in failure of the first five launches; however, an increasing reliability was 

seen in Bayesian analysis at lower certainty levels. What this suggests is that there is no 

sharp increase in reliability after the first five launches of a new launch system. 

Differences in failures between generations of vehicles were seen with the first 

generations having a greater number of failures than the latter generations. 

 

2.1.4 Risk and Liability 

Commercial space launches are insured, with the rate of the insurance determined by 

the maximum probable loss (MLP) of the launch. While the MPL is usually calculated 

per launch, the higher launch rate of RLVs have created the desire for a more generalized 

MPL. Risk Assessment of Satellite Launch with Reusable Launch Vehicle [21] provides 

an approach to this type of MPL, taking into consideration failures during all the phases 

of a RLV flight. The K-1 vehicle by Kistler Aerospace Corporation is used as test for this 

methodology from a launch site in Southern Australia. This is important to be specified 

because they factor into the MPL calculation. Thus, instead of calculating the MPL for 

every launch, a generalized one can be determined on the basis of the launch vehicle and 

launch site.  

The article Risk Management in Commercial Launches [22] addresses the risk of 

commercial space launches and the regulations dictating how they are managed, 
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specifically the legal risk. Risks for commercial space launches are presented in four 

categories: political, financial, technical, and legal. The first is the risk of change in 

policies governing space activity. Financial risks are the result of uncertainties in the 

commercial space industry, such as demand and expansions into new markets. Technical 

risks are risks associated with the space launch system, i.e., the reliability of the system. 

These risks were the focus of the previous section.  

Legal risks include exposure to liabilities and compensation of damages. Hermida 

states that the management of these risks, particularly legal risks, are highly regulated and 

set by law and commercial launch agreement contracts.  

A brief history of commercial space flight in the US is given, citing the efforts 

undertaken by the US to promote the commercial launch industry. This started in 1983 

when the regulation of commercial launch was first initiated and NASA turned away 

from using ELVs so as to encourage private launch services. Hermida argues that this 

failed to spur the industry because there are no provisions for launch providers to transfer 

risk away from themselves and protect themselves from liability. Amendments to the 

Commercial Space Launch Act were made in 1988; these amendments specified that 

these risk provisions be included and the commercial space launch industry was able to 

develop as a result. Additional developments in the regulation of commercial space have 

been implemented since this article was written, and these will be discussed in 

Section2.2. 
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2.2 Commercial Space Legislation 

The FAA/AST has the authority to regulate commercial space launches in the US. 

The FAA/AST is responsible for establishing the regulations that govern the licensing 

and monitoring of commercial space launches in the US. The regulations created by the 

FAA/AST reside in Title 14 Chapter III of the Code of Federal Regulations, titled 

Commercial Space Transportation. The regulations specify who must obtain licenses for 

launch, financial responsibilities, the procedures for obtaining a license, technical 

parameters and requirements and enforcement, etc. As commercial space has evolved, 

regulations have evolved as well. Regulations have been added, removed, or amended to 

remain current with the industry and as permitted or required by the Congress. The first 

set of regulations was published in 1988, in addition to setting the administrative rules for 

the agency. These regulations established the procedures and policy on the issuance of 

licenses authorizing commercial launches. 

The authority to create these regulations was given to for FAA/AST by legislative 

acts of Congress. This legislation is found in the Code of Laws of the United States of 

America (United States Code). Up until 2012, the laws governing commercial space 

flight were contained within Title 49 of the US Code, which addresses general 

transportation. Since then, Title 51, which addresses national and commercial space 

programs, has been created and the law now resides there. Thus, while the authority to 

create regulations is given by Congress the actual regulations are written at the 

FAA/AST. 
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2.2.1 Commercial Space Act of 1984 

The Commercial Space Launch Act of 1984 [23] was enacted by the Congress to 

encourage the private sector to provide commercial launch services. The goal was to 

simplify the licensing of commercial space launches and the establishment of a 

department to oversee this new industry. The new department would be charged with the 

issuance of licenses and the protection of the public from launch hazards. 

This authority was established by the Act to reside in the Secretary of Department of 

Transportation (DOT). The two primary responsibilities were to establish and enforce 

licensing requirements for commercial space launches and to promote this new private 

commercial space launch industry. It required that all commercial launch vehicles and 

launch site operators be licensed and insured. This applied to all launches that took place 

within the US as well as to US citizens providing launches outside of the US. The 

Secretary was provided the authority to prevent launches that were deemed a risk to 

public safety or national security. Licenses could also be suspended or revoked if the 

licensee was deemed to no longer meet licensing standards. 

 

2.2.2 Commercial Space Act Amendments of 1988 

The Commercial Space Launch Act Amendments of 1988 [24] added amendments that 

further detailed the liability and insurance responsibilities of private launch providers. It 

limited the maximum financial liability to third parties for any single launch to US$500 

million and liability to the US to US$100 million. This amendment also added reciprocal 

waivers to the language of the Act. This in effect made the stakeholders of a launch 

(contractors, sub-contractors, and customers) each responsible for its own losses resulting 
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from a launch. Claims for excessive losses were allowed and would be provided by the 

US but limited to a maximum of US$1.5 billion. 

Additionally, the amendments added a launch incentive for satellites already under 

contract or construction and licensed for launch at the time of the passage of the 

amendment. Preemption of scheduled launches was also restricted to cases of “imperative 

national need,” and the availability of US launch properties needs to be commercially 

reasonable. A call for the US to communicate with foreign governments in developing 

guidelines for fair international competition of commercial launches was also made. 

Finally, NASA was called upon to design a program for researching higher performance 

and lower cost launch vehicle technologies. 

The sum of these amendments can be seen as an attempt to spur activity in the private 

commercial space flight industry. There were no major developments in the industry 

since the Commercial Space Launch Act of 1984. The limitation of liability to launch 

providers, reciprocal waivers, as well as incentives for satellites under construction and 

development of cheaper technologies are all efforts to promote the industry. Change was 

brought about by the industry itself lobbying for favorable risk allocation. [22] 

 

2.2.3 Commercial Space Act of 1998 

The Commercial Space Act of 1998 brought about further expansion of commercial 

space regulation. [25] In addition to a host of other content, including commercialization 

of the Space Station, this Act brought about more changes to the Commercial Space 

Launch Act of 1984. The main changes included the addition of wording to existing 

clauses to include reentry and reentry vehicles. These changes opened the way for the 
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FAA/AST to create regulations regarding RLVs that could return to Earth after launch to 

space. The new changes addressed the vehicle, payload, and reentry sites and the 

procedures for licensing reentry vehicles and operating reentry sites. Importantly it was 

also noted that launches and reentries are not to be considered exports or imports, which 

would relieve commercial launcher of requirements such as ITAR. Appropriations in this 

Act were also made to the FAA/AST. 

 

2.2.4 Commercial Space Launch Amendments Act of 2004 

The Commercial Space Launch Amendments Act of 2004 [26] brought about the last 

major updates to commercial space flight regulations. This Act added wording to address 

commercial human spaceflight. This was the year that SpaceShipOne won the Ansari X 

Prize by being the first private manned reusable spacecraft to reach space within two 

weeks. [27] The private sector was beginning to develop manned commercial space 

vehicles, and the Congress found it was necessary to provide clear guidance and oversee 

the safety of this growing manned commercial spaceflight industry.  

The Act was careful to state that regulations should evolve as the industry matures. 

This was to ensure that it was adequately regulated so that the crew and passengers of 

these flights were not exposed to unnecessary risks. A safer industry is what the public 

would want to see, and public support would be needed for industry growth. At the same 

time however, it is necessary to ensure that regulations are not so stringent as to hinder 

technological growth in the infant industry. In accordance with crew safety and risk, the 

Act further prescribes that the licensees of manned flights may only launch crew that 

have been trained and satisfied medical screening and other criteria. 
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The activity of launching a space vehicle is licensed; however, unlike airplanes, the 

space vehicle themselves are not certified to be safe. This distinction is a deliberate 

decision by regulators in the United States. This Act explicitly states that crew and 

passengers of manned commercial space flights are to be informed by the launch provider 

in writing that the US has not certified any launch vehicle as safe for crew and 

passengers. The crew and passengers are also to provide written consents to the launch 

provider for their participation in such a launch. This “informed consent,” wherein the 

participants are aware of the risk they are undertaking, is intended to provide further 

liability protection to launch services providers (New Mexico, the location of Spaceport 

America, has passed a bill that mirrors this informed consent, explicitly stating that the 

consent is for the purpose of providing immunity from liability for spaceflight activities. 

[28] 

This Act also added language that allowed for the issuance of experimental permits 

for reusable suborbital rockets. This enables the process for testing new designs and 

equipment as well as crew training purposes without having to obtain a license first. 

Again, this was enacted to encourage the development of the commercial spaceflight 

industry. Experimental permits are not valid for commercial gain activities. 

In addition to the provisions described above, the Act allows for the enactment of 

additional regulations for some medical and training requirements for crew and 

passengers. However, this is only allowed after three years after the passage of the Act. 

Regulations for governing the design and operation launch vehicles are also authorized. 

Importantly, however, any such regulations can only be enacted after a serious or fatal 

injury to a crew or passenger has occurred. Suspension of licenses are also authorized 
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after an accident if it is determined that a continued license would result in more injuries 

or death. Alternatively, these more restrictive regulations can be made eight years after 

enactment of the Act without the occurrence of a serious injury or accident. This would 

have put the expiration date for this time limit at December 2012. The passage of the 

FAA Modernization and Reform Act of 2012 [5] has since pushed this restriction to 

October 1, 2015. 

The imposed moratorium on enacting more restrictive regulations on design and 

operations is so the industry can be allowed to grow. Overregulation might curb 

innovation and stunt industry growth. Thus, design restrictions would only be permitted 

in the case of a demonstrated accident. The original moratorium period of eight years was 

set perhaps because it was seen as sufficient time for the industry to grow. This was 

during the timeframe of SpaceShipOne, and after many years of expected manned space 

flight the industry looked poised to gain traction. In the intervening years however, 

although more companies have entered the fray, manned commercial space remains to be 

in its infancy and the moratorium has been further extended to allow more growth. The 

moratorium will end, and on how to best regulate this bourgeoning industry needs to be 

discussed. This is the purpose of the current study: to provide information to the 

regulators of this industry.  

 

2.3 FAA/AST Regulations 

The legislation prescribing the authority to enact regulations has been discussed. This 

authority is put in the Secretary Transportation. The actual regulations are created and 

enforced by the Office of Commercial Space Transportation (AST). This office was 
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created as part of the office of the Secretary in 1984. The office was moved to be under 

the FAA in November 1995 and has remained there since, and it is currently known as 

the FAA/AST. [29]  

Regulations from the FAA/AST reside in Title 14 Chapter III of the Code of Federal 

Regulations, titled “Commercial Space Transportation”. The regulations specify details 

such as who must obtain licenses for the launch, financial responsibilities, the procedures 

for obtaining a license, technical parameters, requirements, and enforcement. As 

commercial space has evolved, the regulations have also evolved. Regulations have been 

added, removed or amended to remain current with the industry and as permitted or 

required by legislations. A summary of major changes is included below. As a review 

will show, major updates to the code usually follow a few years after the passage of an 

amendment to the space launch acts, in order to reflect the amendment.. Table 2-1 

provides a summary of major changes to the code. Details on the changes are contained 

in Appendix A  
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Table 2-1 Timeline of major FAA/AST regulation updates 

Effective Date Revision Summary 

4/4/1988 Established regulations regarding commercial space launch licenses 

10/25/1998 
Added regulations on financial responsibilities, insurance 

requirements, indemnification and reciprocal waivers 

6/21/1999 

Expanded on launch licensing regulations including safety and 

mission reviews

Added regulations for non-federal range launches

Added regulations for licensing operations of launch sites

11/20/2000 
Added regulations addressing reusable launch vehicles (RLVs) and 

reentry 

2/9/2001 Expanded on regulations regarding civil penalties 

9/14/2006 Added procedures on obtaining safety approvals 

2/13/2007 Added regulations regarding human spaceflight 

6/5/2007 Added regulations regarding experimental permits

8/27/2007 

Separated and expanded on licensing for ELV launches from non-

federal launch sites

Expansion on launch safety, including responsibilities, flight safety 

analysis, and flight safety systems 

4/5/2012 All citations revised from 49 USC to 51 USC [30]

 

The FAA/AST (at the time still known simply as the AST) published its first set of 

final rules on licensing and regulations in April 1988. [31] It did so after soliciting and 

receiving comments on compiling the regulations. It should be noted that before each 

major change of its regulations, the FAA/AST solicits comments from the industry and 

the general public as to how to best implement the changes. The final regulation 

implemented the intent of the Commercial Space Launch Act of 1984. In particular, the 

regulations were to put in place to protect property, public safety, national security 

interests, and foreign policy interests. 

The first set of final rules was relatively short. It established procedures for petitions 

to change and updates regulations, procedures for how to apply for a license, guidance for 
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when a license would be required, and other administrative information. It is of note that 

these first rules set forth two types of reviews that application would have to go through. 

One was a safety review and the other was a mission review. The safety review would 

establish that the applicant could carry out a launch with their launch vehicle. Items 

considered were launch sites, launch procedures, personnel, and equipment. The purpose 

of the mission review was to identify if the launch presented and issue affecting national 

interests and international obligations. This included a review of the payload in terms of 

national interests. Finally, an environmental impact of proposed launch was required as 

well. It is evident from this first set of regulations that the two main focal points are 

public safety and national interests. The success of the mission was not addressed and the 

successful launch of the vehicle was touched upon only in as far as it affected public 

safety. 

The next major change to the regulations took effect in October 1998. It came in 

response to the Commercial Space Launch Act Amendments of 1988, which concerned 

financial responsibility and liability. [32] Part 440 was added to Chapter III to include 

requirements for determining maximum probable loss, insurance requirements, reciprocal 

waivers, and US payments for liability claims exceeding prescribed amounts. Appendices 

detailing maximum probable loss determination and reciprocal waivers were added as 

well. 

Additions to the regulations that took effect in June 1999 added clarification to the 

license application process. It expanded on licensing requirement with respect to safety 

and mission reviews. Regulations for launches from non-federal ranges were added. 
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Along with this, regulations concerning licensing for the operation of launch sites were 

also included. [33] 

In response to the Commercial Space Act of 1998, licensing regulations were updated 

to address RLVs, effective November 2000. [34] Wording was updated throughout the 

regulations to address RLVs as well as ELVs. Part 431 was added to specifically address 

the launch and reentry of RLV’s. Part 435 concerned the reentry of a vehicle other than 

RLVs. Both new sections included guidance for licensing requirements, safety reviews, 

and acceptable risk. This update also greatly expanded upon the licenses for operating a 

launch site, including responsibilities for access control, accident investigation and 

handling, and storage or propellants. Multiple appendices for defining flight corridors, 

performing risk analyses, and other items were included in the launch site licensing 

section as well.  

An update, effective February 2001, added regulations to Part 406 for clarification on 

civil penalties for violations of the code. [35] After the next major update in September 

2006, Part 414, which covered safety approvals, was added to the regulations. [36] This 

opened the door for the approval of safety elements that were valid across multiple 

launches. A safety element was defined as any vehicle, system, process, service, 

component, or personnel and could be granted safety approval. A safety element that had 

been granted safety approval could help streamline the licensing process since it could be 

used to help support the application review process. Safety approvals intended to 

streamline the application process and spur the industry to adopt innovate systems, as the 

cost of the system could be shared across multiple licensees once an approval was given. 

It could also facilitate specialized providers who offered safety-approved safety elements. 
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Of note from this update is that a safety approval is defined as documentation from the 

FAA that a safety element does not pose a threat to public health and safety or to the 

safety of property. It does not address protection of the payload or the launch mission. 

Regulations regarding human space flight were added to address the Commercial 

Space Launch Amendments Act of 2004. These regulation took effect in February 2007. 

The additions covered crew qualifications and training as well as informed consents for 

the crew and passengers. [37] Part 460 was added for these regulations. Crew training 

included abort scenarios and emergency operations. Requirements for the operator or 

pilot were also specified. Passenger training was required but to a lesser extent than crew 

training. The informed consent was specified as a waiver of claims from the US 

government for both crew and passengers. With respect to the vehicle itself, the only 

requirement was that atmospheric conditions in inhabited areas inside the vehicles must 

be capable of sustaining life and consciousness. The ability for the crew to monitor and 

control the atmosphere and detect smoke is also specified. Noticeably missing are any 

requirements specifying the design of a manned commercial spacecraft or details on crew 

training. This is in accordance with the moratorium set forth by Commercial Space 

Launch Amendments Act of 2004 on the establishment of such requirements. 

The issuance of experimental permits for reusable suborbital rockets, as called upon 

by the Commercial Space Launch Amendments Act of 2004, was added separately from 

the manned human spaceflight requirement. These updates came into came into effect in 

June 2007. Requirements and regulations covering this were added as Part 437 to Chapter 

III. [38]  
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In an effort to codify the safety responsibilities and requirements, the FAA/AST 

amended licensing requirements in Part 415 and added Part 417 to Chapter III. [39] 

These requirements took effect in September 2006, and required compliance by August 

2007. Launches from federal vs non-federal sites have been separated. For a launch from 

a federal site, the operations and requirements for items such as range safety are deferred 

to the federal site. [40] In the case of launches for non-federal sites, specific regulations 

are more extensive, although they in many ways mirror the requirements found on federal 

sites. [41] 

The addition of Part 417 extensively details the launch safety responsibilities of the 

licensee. Launch operators must maintain a safety organization that oversees the safety 

and has approval authority for all public safety decisions. Requirements for flight safety, 

ground safety, launch plans, test, reviews, rehearsals and pre-launch testing are all 

specified. A flight safety system is required to ensure flight safety. A flight safety 

analysis must be performed. The analysis is to include a trajectory analysis, debris 

analysis, collision avoidance, casualty modeling, and many other specified items. [42] 

Multiple appendices are included in Part 417; these appendices prescribe approved 

methodologies for performing the analyses. 

It is important to note that all specified flight safety measures in Part 417 are 

explicitly stated as requirements for ensuring public safety. The purpose of the flight 

safety system is “to prevent any launch vehicle hazard, including any payload hazard, 

from reaching a populated or other protected area.” [43] It must include a flight 

termination system, a compliant command and control system, required support systems 

and qualified personnel to operate. The required pre-launch testing, launch safety 
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reviews, and launch readiness reviews and rehearsals specifically apply to the flight 

safety systems and safety-related items. No such reviews, testing, or analyses are required 

for the launch vehicle as a whole. 

 

2.3.1 FAA/AST Regulation Review 

This section shows that regulations for the FAA/AST are very safety focused, 

especially with the addition of Part 417. Apart from the insurances, indemnity, and other 

regulations not directly tied to vehicle performance, most of the other regulations are in 

place for the protection of the public from an accident. A review of the evolution of the 

regulations show that the regulations consistently focus on safety. Pre-launch reviews and 

testing are prescribed, but only as far as they apply to the safety system. This is to be 

contrasted with the NASA policies in the next section. 

 

2.4 NASA Policies 

While the FAA/AST makes and enforces regulations on commercial launches, civil 

launches are within the purview of NASA. Created by the Congress on October 1, 1958, 

NASA was created to “…to provide for research into the problems of flight within and 

outside the Earth’s atmosphere, and for other purposes.” Since its creation, NASA has 

been the driving force behind human spaceflights such as the Mercury, Gemini, and 

Apollo programs; satellite launches; and developments in rocket technology. With the 

advent of the Space Shuttle, NASA became a provider for manned missions, commercial 

launches, and civil scientific missions. [44] This is not meant to be a detailed overview of 

NASA’s history; rather, it serves to show that for a while NASA was the launch provider 
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of both civil and commercial launches, developing and controlling its own ELVs and as 

well as the Space Shuttle fleet. 

In order to spur the private sector to provide commercial launches, Ronald Reagan 

signed the National Security Decision Directive (NSDD) 94 (Commercialization of 

Expendable Launch Vehicles), which pushed for the commercialization of ELVs. The 

directive also maintained that the Space Shuttle would be available for government and 

commercial uses. [45] The intentions of this directive are enacted in the Commercial 

Space Launch Act of 1984. 

After the Challenger accident in 1986, NSDD 254 was signed by Reagan to get space 

launch operations back on its feet. The directive reasserted and strengthened the intent of 

NSDD 94 for promoting commercial space launches. It stated that NASA was no longer 

to provide launch services for commercial and foreign payloads unless it had a specific 

reason to be launch on the Shuttle. [46] 

The Launch Service Purchase Act of 1990 added more rules regarding the 

procurement of commercial launch services. Except for research and development, 

NASA would no longer acquire or own its own launch vehicles. It required that NASA 

purchase launch services from US commercial launch providers, unless the mission 

required the Shuttle or other case-by-case exceptions. The Shuttle was also not to be used 

for launching commercial payloads unless excepted in a case-by-case basis. [47] All of 

this was done with the intent of promoting commercial space launches and privatizing 

launch services. Many of the rules set forth by this Act were repealed and subsumed by 

the Commercial Space Act of 1998. 
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The overall effect of this push for privatization was that NASA would no longer 

launch its own payloads. NASA would procure launch services for their civil missions 

from the same choice of vendors that the commercial world and their payloads would. 

This is important to note as it sets a level playfield for comparing commercial launches 

and civil launches. The main difference between civil and commercial launches is the 

rules governing the launch. For commercial launches, these rules are set by the 

FAA/AST; for civil missions, NASA can set its own rules regarding launches. Instead of 

residing in the Code of Federal Regulations, rules for civil launches are found in a 

number internal NASA Policy Directives (NPD) and NASA Procedural Requirements 

(NPRs). 

The launch of civil missions is run by the Launch Services Program (LSP) out of 

NASA’s Human Exploration and Operation (HEO) Directorate. It is LSP that acquires 

the commercial launch services for civil missions. When LSP provides oversight of a 

civil launch, a commercial license from the FAA/AST is not required. The goals of LSP 

are listed in its brochure as: 

 Goal 1 - Maximize mission success 

 Goal 2 – Assure long-term launch services 

 Goal 3 - Promote evolution of a US commercial space market 

 Goal 4 – Continually enhance LSP’s core capabilities [48]  

It is evident from LSP’s very first goal that the purpose of launch oversight from 

NASA and FAA/AST are very different. As FAA/AST’s main concern is protecting 

public safety, it makes sense that their regulations would be focused upon flight safety 

and safety systems. The mission for LSP is to launch NASA’s payloads and to ensure that 
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they make it to space. It is this dichotomy in rulemaking philosophies that will form the 

basis of comparison of the launches overseen by these two agencies. 

While the launches themselves are overseen by LSP, it is the Office of Safety and 

Mission Assurance (OSMA) that oversees the safety and mission assurance policies of 

NASA. As stated, these policies are found in numerous internal NASA NPDs and NPRs. 

The documents cover a very broad range of subjects, from range safety to debris 

management. Policies related to vehicle launches are of the most interest in the context of 

this study. The document tree in Figure 2-1 presents an overview of launch-related 

OSMA documents. 
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Figure 2-1 OSMA launch documents. Adapted from OSMA document tree [49] 

 

The above tree lists the documents governing the launch of a NASA-owned or 

NASA-sponsored payload. Many documents mirror rules that are found in FAA/AST 

regulations. Documents regarding range safety, payload safety, and orbital debris have 

their counterparts in Title 14 Chapter III of the Code of Federal Regulations. Other 

documents that have been listed have no such counterpart in FAA/AST. These are the 

documents that have a mission assurance drive and would play into mission success: 

• NPD 8610.23 – Launch vehicle technical oversight 
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• NPD 8610.7 – Launch services risk mitigation policy for NASA-owned and/or 

NASA-sponsored payloads/mission 

• NPD 8610.24 - Launch Services Program Pre-launch readiness reviews 

• NPR 8715.3 - NASA general safety program requirements 

• NPD 8700.3 – Safety and mission assurance (SMA) policy for NASA Spacecraft, 

Instruments, and Launch Services. 

Other NPRs and NPDs that figure into mission assurance exist, although they have not 

been listed in the tree as they are not directly related to launch. A representative list is as 

follows: 

• NASA-STD-8709.2 - NASA Safety and Mission Assurance Roles and 

Responsibilities for Expendable Launch Vehicle Services 

• NPD 8700.1 – NASA Policy for Safety and Mission Success 

• NPR 8705.4 – Risk Classification for NASA Payloads 

• NPR 8705.6 – Safety and Mission Assurance Audits, Review and Assessments 

• NPR 8621.1 NASA Procedural Requirements for Mishap Close Call reporting, 

Investigating and Recordkeeping 

Although this is not a comprehensive set, the documents provide a representative look 

at the requirements and directive that are in place to backup NASA and LSP’s mission 

assurance posture. A review of the listed documents will serve to highlight the process 

and procedures in place for mission assurance. It should be noted that the NPRs and 

NPDs come with various effectiveness and expirations dates. Some have had multiple 

revisions and some have even been retired or superseded by other directives. Others are 

newer and may not have been in place during all relevant launches. As there is no 
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overarching document such as Title 14 Chapter III, each NPR and NPD is controlled 

separately. 

General safety program requirements are contained in NPR 8715.3. It is a high-level 

document that specifies safety requirements across a large range of subjects applying to 

various NASA organizations. This document includes directions for public safety, roles 

and responsibilities, and risk. It is notable that risk assessment is done to help ensure not 

only safety but also mission success. [50] This document is included because it is 

supported by many other documents, including many of the ones listed above. 

Similarly, the safety and mission assurance (SMA) policy contained in NPD 8700.3 

states that SMA requirements are to be established for launch services, among other 

things. Audits are also prescribed to ensure implementation of such requirements. [51] 

This is another high-level document that is associated with other more specific 

documents. It should be noted that this directive was cancelled on October 28, 2008, but 

was in effect for many of the civil launches covered in this study. 

The Launch Vehicle Technical Oversight policy in NPD 8610.23 states that NASA 

will provide technical oversight of the commercial launch services it procures. The goal 

is to ensure “successful performance of launch services,” as mission success 

accountability remains with NASA. This technical oversight takes shape in the form of 

specified approvals and insight into launch activities, with NASA reserving the right to 

establish and apply mission technical requirements. As such, this includes monitoring of 

metrics and milestones, reviews and evaluations, with NASA having the ability to non-

concur with contractor actions. [52] This directive gives NASA direct involvement with 

contractor process in order to ensure a successful launch. This is in contrast to FAA/AST 
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regulations that specify minimum safety requirements but do not regulate technical 

performance of the launch provider. 

NPD 6810.7 is the launch service risk mitigation policy for NASA missions. It 

provides direction on assessing the risk of common launch vehicle configurations. A 

launch vehicle configuration is given a risk rating from three categories: high, medium or 

low, with a vehicle certification process used to arrive at this risk rating. With respect to 

vehicle maturity, this risk rating corresponds to vehicles with no, limited, and significant 

flight histories. [53] 

Mission payloads are similarly rated in NPR 8705.4, risk classification for NASA 

payloads. Payloads are placed in classes A, B, C, and D. Class A is a payload that has 

high priority, high national significance, high complexity, long mission life, high cost, 

and critical launch critical launch constraints. In other words, class A payloads are very 

high-value assets. The class spectrum continues in this manner, and class D payloads are 

ranked low in all categories. [54] Vehicle Risk categories are to be matched with payload 

class. Class D payloads are allowed on high-risk vehicles, while a class A payload would 

only be assigned to low-risk vehicles. Matrices for these rating are contained in the 

appendices of both NPD 6810.7 and NPR 8705.4. 

Pre-launch readiness reviews are specified in NPD 8610.24. Again, the directive 

states that NASA is accountable for mission success, including launch success. In support 

of this, NASA is to assess and certify that the vehicle, payload, site and other variables 

are ready for launch. It specifies that LSP is to perform the following reviews to assure 

readiness to launch. [55] 

• Launch vehicle readiness review – Chaired by the LSP Manager 
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• Flight readiness review – Chaired by the NASA Launch Manager 

• Launch readiness review – Chaired by the SOMD or LSP Manager 

• Final commit-to-launch poll  

• Other reviews as deemed necessary by the LSP 

These reviews are contrasted to pre-launch reviews for commercial space launches 

specified by the FAA/AST. On that side the only one are pre-launch reviews of the Flight 

Safety System, which is in place to ensure public safety. 

NASA-STD-8709.2 is a technical standard that, as its title implies covers NASA 

safety and mission assurance roles and responsibilities for ELV services. Its purpose it 

states is to “common baseline of NASA SMA roles and responsibilities for expendable 

launch vehicle (ELV) missions involving NASA payloads and/or NASA facilities.” It 

outlines the SMA services need for NASA to fulfill its responsibilities. The main body of 

the standard is a matrix that details roles and responsibilities for the full launch service 

timeline, from procurement through post launch and mishap investigations. [56] Note that 

this standard was cancelled on November 17, 2011. However it has been active in since 

August 1998 as was valid across most of the launches included in this study. 

The NASA Policy for Safety and Mission Success specified in NPD 8700.1 is to 

protect the public, personnel, property and the environment from harm resulting from 

NASA activities. This is done by the combination of various means, including: 

• Keeping open lives of communication and informations flow 

• Holding personnel accountable for their areas of safety and mission success 

• Having safety and mission success requirements as a foundation of design and 

development  
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• Addressing safety and mission success concerns at major reviews and milestones 

The directive calls upon leadership at various levels to enact these means for safety and 

mission success. [57] 

Mishap and close call reporting is covering in NPR 8621.1. In addition to work place 

accidents and an injury, a mission failure is also included as a mishap or close call. 

Incident classification levels, initial responses, investigation types, documentation and 

other process are detailed in the NPR. Roles and responsibilities are included as well. 

Conclusions are to be drawn and recommendations made to prevent reoccurrence of a 

similar incident are to be made. [58] 

The NPR 8705.6 contains requirements for safety and mission assurance (SMA) 

audits, review, and assessments. The purpose is to verify compliance with legal statutes 

and SMA requirements. It specifies the roles and responsibilities are ensuring compliance 

the activities involved such as review, audit and reports. Safety and mission success 

review are prescribed for preparation for final readiness reviews to provide understanding 

to senior management so that they can make informed decisions on whether to proceed 

with a launch. [59] 

From the very beginning of this section, mission assurance has been established to be 

the primary goal of NASA. In fact, the very first goal of the LSP is explicitly about 

mission assurance. This stance is reflected in their activities that include gaining and 

retaining technical oversight of launch services they procure to matching high-value 

payloads with more reliable launch vehicles and holding pre-launch checks for which 

they hold veto power. From the policies to the activities performed, it appears as though 

mission assurance is ingrained as part of the culture there. 
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2.5 Space Tourism Considerations 

The immediate future of the commercial human spaceflight industry is closely tied to 

space tourism. Indeed, private providers for NASA and other civil missions are 

underway, but companies such Virgin Galactic are heavily promoting the space tourism 

side of the equation. When considering the regulations for this new industry, one 

stakeholder that must not be forgotten is the space tourist. 

Space travel is an inherently risky endeavor and the willingness of the space tourist to 

take on this risk must be considered. In Space tourism: Research recommendations for 

the future of the industry and perspectives of potential participants [60], Reddy, Nica, 

and Wilkes examine the perceptions of space tourism participants. They find that the need 

for adventure and exploration is the fore behind space tourism. At the same time, this 

need is balanced by not simply the risk of space travel but the perception of that risk. A 

successful regulatory position that promotes the industry would not only reduce the risk 

of space travel but also the perception of that risk. 

The perception of risk is addressed by Fisher et al. in The Effects of Risk-Glorifying 

Media Exposure on Risk-Positive Cognitions, Emotions, and Behaviors: A Meta-Analytic 

Review. [61] They reported a positive connection between risk glorification in the media 

and the increase of real-life risk-taking behaviors. This is not to suggest that the 

FAA/AST actively glorify space tourism, but rather indicate that a positive track record in 

manned launches would better the perception of risk by the space tourist. 

Space travel can be very expensive and while this study does not take into 

consideration the costs involved in regulations, it is a factor that concerns the space 
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tourist. In Turning space tourism into commercial reality [62], Loizu reported the 

outcomes of a space tourism conference. Safety and cost are identified as hurdles to 

overcome, but adventure and exploration are identified as the driving factors for the 

tourist. In Exploration for the masses? Or joyrides for the ultra-rich? Prospects for space 

tourism [63], Billings cautions to not simply promote space tourism as a joyride; rather, it 

should be promoted in line with the spirit of exploration. 

 

2.6 Industry Input 

The FAA/AST has on multiple occasions reached out to industry and the public for 

their input on regulations. This section covers some of the input that industry and the 

public has responded to that reach. It is important to gauge what the mood of industry is 

on a particular subject because ultimately they are the ones touched by any regulation or 

standards that are set. 

 

2.6.1 COMSTAC Teleconferences 

As it has been noted, there is a moratorium until October 1, 2015, or until serious 

injury or death, before the FAA/AST may enact regulations governing the design and 

operation of manned commercial space vehicles. As preparatory work however, the 

Commercial Space Transportations Advisory Committee (COMSTAC) solicited the 

commercial spaceflight industry and the general public for comments on how FAA/AST 

should proceed with such regulations when the time comes. As implied by their name, 

COMSTAC is an advisory committee to the FAA/AST and acts with FAA/AST approval 

only. COMSTAC held a series of public teleconferences announced in July 2012. [64] 

The author of this work was able to attend several of these teleconferences that discussed 
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a wide variety of topics concerning manned commercial spaceflight. The agenda and 

minutes of the listed teleconferences are available on the COMSTAC website. [65] 

The teleconferences were held monthly for a period of eight months. The topic for 

each month was as follows: 

 August – Level of occupant safety 

 September – What should oversight look like 

 October – Types of requirements and guidance 

 November – Terms and definitions 

 January – Fault tolerance, margin, and reliability 

 February – No teleconference held 

 March – Medical guidance 

 April – Communications and commanding 

The full content of each discussion is too detailed for this review; however, some 

discussions are worthy of highlighting. During the August discussion on occupant safety, 

a participant expressed that the set safety standards would either be so low as to provide 

no incentive for improvement or so high as to be unattainable in the near future. Then, the 

only way to meet such a standard would be through increased analysis, and the focus 

becomes on improving the analysis instead of the safety. It was stated that the role of the 

FAA/AST should be to identify risks and to determine if they are serious enough to 

require regulations. It was noted that aviation was mostly unregulated in its infancy. 

During the September teleconference, a participant suggested that perhaps safety 

could be used as a competitive factor among competitors. A question was asked of 

participants at the October teleconference if the problem with manned commercial 
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spaceflights will be different from that of government spaceflight experiences. The 

response from a participant was that government history is better for advising than for 

being the basis of a new regulation. Another participant responded that new reusable 

vehicles are different from past vehicles and there is not much history to compare to.  

The topic of the October teleconference is of particular interest because it is 

specifically about the type of requirements and guidance that the FAA/AST should 

employ. There are levels of oversight that the FAA/AST can provide. First are 

regulations, of which there are three types: performance-based, process-based, and 

prescriptive. The FAA/AST can also use advisory circulars, which are not mandatory but 

would provide guidance on demonstrating compliance. With regard to government and 

industry standards, a participant argued that the industry is adopting standards that make 

sense but the problem is the current dearth of sufficient standards. A codification of 

standards in areas of potential regulation was suggested. 

At the December teleconference regarding abort systems, it was stated that the 

protection of passengers is essential to protecting the industry and should be top priority. 

A participant asked at the January conference if the FAA/AST would regulate mission 

assurance as well as human safety.  

From the discussion in these teleconferences it can be seen that the manned 

commercial space industry is wary of overregulation. It is fearful that too much 

regulation would stifle innovation. The industry also sees the technology involved to be 

sufficiently new and different that historical lessons or historic regulations do not 

necessarily apply. At the same time, the industry is aware that passenger safety is very 

important for public support of the industry.  
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2.6.2 Human Flight Safety Report 

One of the requirements of the Commercial Space Launch Act of 2004 was for 

creation of a report on safety issues with manned space flight. This report was to address 

eight points specified in the Act and submitted to Congress within four years of the 

enactment of the Act. [26] The resultant report entitled The Human Flight Safety Report 

was compiled by team members from Aerospace, GWU, and MIT, and completed on 

November 11, 2008. Select portions of its findings are relevant and noteworthy and have 

been presented here. 

The eight topics required by the Act and covered by the report are as follows: 

(1) The standards of safety and concepts of operation that should guide the regulation of 

human space flight and whether the standard of safety should vary by class or type of 

vehicle, the purpose of flight, or other considerations; 

(2) The effectiveness of the commercial licensing and permitting regime under chapter 

701 of title 49, United States Code, particularly in ensuring the safety of the public 

and of crew and space flight participants during launch, in-space transit, orbit, and 

reentry, and whether any changes are needed to that chapter; 

(3) Whether there is a need for commercial ground operations for commercial space 

flight, including provision of launch support, launch and reentry control, mission 

control, range operations, and communications and telemetry operations through all 

phases of flight, and if such operations developed, whether and how they should be 

regulated; 

(4) Whether expendable and reusable launch and reentry vehicles should be regulated 

differently from each other, and whether either of those vehicles should be regulated 

differently when carrying human beings; 
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(5) Whether the Federal Government should separate the promotion of human space 

flight from the regulation of such activity; 

(6) How third parties could be used to evaluate the qualification and acceptance of new 

human space flight vehicles prior to their operation; 

(7) How nongovernment experts could participate more fully in setting standards and 

developing regulations concerning human space flight safety; and 

(8) Whether the Federal Government should regulate the extent of foreign ownership or 

control of human space flight. [26] 

The study was conducted by sending questions relating to the topic subjects to 

representatives in the commercial space industry, regulators, and advisors. The individual 

conclusions drawn for each topic are available in the report. What is of interest to this 

study is that the report explores the path of using mission assurance as a consideration for 

the response of several of these topics. [8] 

The conclusion drawn for topic 1 was that standards and conops should be 

evolutionary, with regulations maturing as the industry matures and flight experience and 

data is gained. Initial safety standards should not be uniform across vehicle type, mission, 

and other considerations. There is not enough data to differentiate between them at the 

moment.  

The report cites the practice of “better, faster, cheaper” acquisition approaches as the 

causes of many vehicle mission failures of the 1990s. Mission Assurance practices for 

sound systems engineering, quality, and management are implied to have been able to 

prevent at least some of these losses. While not recommending full application of mission 

assurance principles to the manned commercial spaceflight industry, it does note where at 

least some mission assurance practices could be useful, such as in the support of 

changing regulations as the industry matures. The report additionally notes the mission 
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assurance process as a viable option for safety approval standards in answering topic 2. 

The report contains an appendix for applying mission assurance practices to the industry. 

A ten-step approach is presented for an independent launch verification process. It is 

noteworthy that reviews for mission readiness are among the mission assurance practices 

included in many NASA requirements and directives for commercial launches. 

Other interesting findings of the report include comments reflecting the industry’s 

views on a multitude of topics. There are concerns that selected risk-tolerant providers 

would lead to public accidents that could hurt the industry. Despite this, however, the 

consensus among the industry is that overregulation could hinder its development. 

Comments from respondents were included in the report as well. They provide further 

insights into the current state of the industry and how it should be regulated. One 

consensus is that it is too early (as of the report study in 2008) for meaningful answers to 

many questions due to lack of sufficient data. This supports the apparent “wait and see” 

posture that the industry has towards regulation.  

This sense of lack of experience is reflected by another comment that FAA personnel 

are drawing upon experience in government-run human spaceflights and ELV flights due 

to the lack of commercial human spaceflight experience: 

…it is important that FAA personnel, and the FAA as an institution, recognize 

that Shuttle experience and ELV experience do not directly translate into helpful 

paradigms for regulating commercial human spaceflight. [8] 

On whether ELVs and RLVs should be regulated differently, the response was mixed, 

with support from both sides. Both of these are noteworthy because extending ELV 
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experience to the regulation of manned commercial space flights, many of which will be 

RLVs, is exactly one of the goals of this study.  

 

2.7 Summary 

This review of launch vehicle reliability, FAA/AST safety regulations, NASA’s 

Mission Assurance policies, and industry input has set the background for the next 

section. It has shown that FAA/AST regulations are indeed solely safety focused and that 

NASA’s policies can sometime literally begin with the words mission assurance. This 

clear-cut difference in mission assurance policy provides for the basis for the comparison 

that is presented in the subsequent sections. 
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3 Data Collection 

 

This section provides an overview of how the launch data used in this study was 

obtained. The main sources and the relevant fields of the data are described. Examples of 

the data formats are provided. 

 

3.1 Data Validity 

The data used for this study were obtained from archives maintained by the two 

agencies being investigated. The validity and integrity of the data obtained directly from 

the agencies is assumed. Detailed failure information was obtained from a respected 

reference guide on launch systems. It is noted that the reference was published in 2004 

and did not contain information on the four failures that have occurred since its 

publication, as well some of the other failures. In these cases, details for civil launch 

failures were obtained from failure reports published by NASA and details for 

commercial launch failures were obtained from quarterly FAA/AST status reports and 

from releases from the launch provider. Therefore, the data used for this study are valid 

and reliable. 

  

3.2 Data Sources 

Launch data used in this study were obtained from a variety of sources. The main 

portion of launch data were retrieved from the archives of the respective agencies. The 

FAA/AST archives its licensed launches, which is available on its website, with records 

dating back to 1989. [66] Similarly, the Kennedy Space Center website provides an 
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archive of NASA’s missions dating back to 1990. [67] Though the archives are in slightly 

different formats, both contain similar fields of information for each launch: 

• Launch date 

• Payload 

• Launch vehicle  

• Launch site 

• Launch result 

The launches from the FAA/AST archive are listed in a tabular format on the website. 

Figure 3-1 shows the first few records of the FAA/AST archive. It can be seen that the 

fields of date, payload, launch vehicle, launch company, launch site, and launch results 

are present.  

 

Figure 3-1 FAA/AST-licensed launches [66] 

The data for NASA launches were obtained from two PDF files on the Kennedy 

Space Center website. The first PDF contained data for launches dating from 1990 

through 2003. Figure 3-2 shows the first few records of this PDF. Similar to the 

FAA/AST records, it contains fields for launch data, payload description, launch vehicle, 
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and launch site. This PDF did not contain an explicit filed for launch result; however, the 

payload description provided details on the fate of the payload and launch results were 

obtained from that.  

 

Figure 3-2 NASA ELV missions 1990 to 2003 [68] 

 

The first PDF only contained launches through 2003, and this study contained data 

through 2012. The second set of NASA data was obtained from a second PDF obtained 

from the web archives of NASA. The second PDF contained LSP launches from 1998 

through the present. Figure 3-3 shows the first few records of this PDF. The fields 

contained in this figure include launch data, payload, launch vehicle, launch site, and 

launch failure, similar to the FAA/AST figure. Note that the figure shows launches 

through February 11, 2013; however, this study only used data until the June 12, 2012 

launch. It should be noted that the dates in Figure 3-3 and Figure 3-2 overlap; thus, data 

of overlapping launches are present. However, the overlapping data of most of the 

launches provided in both the PDFs match. Exceptions include the launch of the 

ACRIMSAT and QuikTOMS payloads, which are addressed in Section 3.3.1 when 

ownership collision between the FAA/AST and NASA archives are discussed. 
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Figure 3-3 LSP Launch History [69] 

 

While success and failures were provided by both agencies, details on failures were 

missing from most of the launches. The launches from the archives were checked against 

the International Reference Guide to Space Launch Systems, a reference book that 

provided further details for most of the failures listed. [70]. Details for failures not 

included in the reference were obtained from reports released by NASA, FAA/AST, and 

the launch providers. With this, the severity and component of each failure was 

determined.  

 

3.3 Data Preparation 

The data obtained from the archives provided information on many of the fields of 

interest. However, they were not all in an immediately useable format. Additional 

information on other fields had to be determined from other sources. This section 

describes the data processing and preparation that was done in order to build the datasets 

used for analysis in this study. 
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3.3.1 Ownership Collisions 

There were several instances where a launch was listed in both the FAA/AST and the 

NASA lists. A review of the payloads involved indicated that that these were mostly 

commercial payloads with a NASA connection. Discussion with R. Caimi from NASA 

safety and mission assurance directorate confirmed that in cases where a launch has 

received an FAA/AST license, it is launched under FAA/AST regulations. [71] As such, 

in instances where an ownership collision was found for a launch, it was treated as an 

FAA/AST-licensed launch. Table 3-1 shows a summary of the eight instances of 

ownerships collisions in the data. As noted in Section 3.2, ACRIMSAT and QuickTOMS 

were included in one of the NASA PDFs files but not in the other. As they were both also 

included in the FAA/AST dataset, they were considered to be a FAA/AST-licensed launch 

and not NASA launches.  

Table 3-1 Ownership collisions 

Agency Launch Date Payload Launch Vehicle S/F Site 

NASA 7/25/90 CRRES Atlas I  S ER 

FAA 7/25/90 CRRES  Atlas I  S ER 

NASA 8/1/97 SeaStar/SeaWiFS Pegasus  S WR 

FAA 8/1/97 SEASTAR  Pegasus  S WR 

NASA 8/22/97 Lewis Athena   

FAA 8/22/97 LEWIS Athena   

NASA 2/26/98 SNOE Pegasus  S WR 

FAA 2/26/98 SNOE  Pegasus  S WR 

NASA 5/18/99 TERRIERS Pegasus  S WR 

FAA 5/18/99 TERRIERS  Pegasus  S WR 

NASA 12/21/99 ACRIMSAT Taurus  S WR 

FAA 12/21/99 KOMPSAT/ACRIMSAT  Taurus  S WR 

NASA 10/9/00 HETE-2 Pegasus  S Reagan TS  

FAA 10/9/00 HETE II  Pegasus  S Reagan TS  

NASA 9/21/01 QuikTOMS Taurus  F WR 

FAA 9/21/01 QuikTOMS/ORBVIEW 4  Taurus  F WR 
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3.3.2 Vehicle Families 

One of the bases of a valid comparison between the two agencies is that the launch 

vehicles used by both agencies are similar so that vehicle differences do not dominate 

policy differences. Both FAA/AST and NASA launch data included descriptions of the 

launch vehicle. The descriptions varied between the two agencies and at times varied 

within the same agency. Details would include a specific configuration of a particular 

rocket, which would differ from a configuration of the same rocket for another launch. In 

order to determine which launch vehicles could be included in a valid comparison, the 

launch vehicles were grouped into vehicle families. The vehicle pool and the validity of 

the resulting datasets are discussed in Section 4.2.1. 

Determination of vehicle families was mostly made along familiar rocket lines. 

Obviously, an Athena rocket would be in a different family than an Atlas rocket. A 

Pegasus XL, which is an evolutionary change to the standard Pegasus, was grouped into 

the Pegasus family. The Atlas, Delta, and Titan families were further distinguished 

because later rockets in these families featured drastic design changes to an extent where 

they were considerably different from the earlier rockets in that line. [70] Ultimately, this 

further distinction was not necessary as all Atlas, Delta and Titan launches were included 

in this study.  

Table 3-2 shows a comparison of all the vehicle families considered in this study and 

their distribution between the agencies.  
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Table 3-2 Vehicle comparison between FAA/AST and NASA 

Family FAA/AST NASA 

Athena 6 2 

Atlas 50 13 

Atlas III 5 

 Atlas V 8 6 

Conestoga 1 

 Delta 53 50 

Delta IV 4 

 Falcon 6 

 Pegasus 16 15 

Scout 

 

5 

SpaceShipOne 5 

 Taurus 4 2 

Titan 3 5 

Titan IV 

 

1 

Zenit 3SL 32 

 Total 193 100 

 

3.3.3 Suborbitals: Experimental Permits and Sounding Rockets 

The Commercial Space Act of 2004 allowed the FAA/AST to issue experimental 

permits for reusable suborbital spacecraft. This was to allow for experiments with new 

designs without having to obtain a license. As these are experimental flights that do not 

carry payloads and are in fact suborbital, with no equivalent counterpart on the NASA 

side, they were excluded from the study. Indeed, the FAA/AST keeps records of these 

permitted flights in an archive separate from its licensed commercial flights. 

Included in the commercially licensed archive, however, are the launches of 

suborbital sounding rockets. Sounding rockets are rockets that are instrumented to 

perform scientific experiments during a suborbital flight. Since they are commercially 

available for scientific flights, they are considered commercial flights and are therefore 

licensed by the FAA/AST. The archives from the Kennedy Space Center do not include 

NASA-affiliated sounding rockets. This is because these rockets are not procured and 

launch by LSP. Rather, sounding rocket launches for NASA fall under the Sounding 



 

 

55 

Rockets Program Office out of the Goddard Space Flight Center. These launches have 

their own guidelines found in the NASA Sounding Rocket Program Handbook. [72] 

Thus, inclusion of FAA/AST-licensed sounding rocket launches would not provide an 

accurate comparison with the launches procured by LSP. As such, FAA/AST-licensed 

sounding rocket launches were identified and excluded from this study.  Determination of 

sounding rockets was accomplished by looking at the launch vehicle for each launch and 

identifying if that vehicle was a sounding rocket. Identification sources included 

FAA/AST reports and NASA documents. If the vehicle was a sounding rocket, it was 

flagged in a sounding rocket field and excluded from the study. Table 3-3 lists the 

launches that were identified as sounding rockets and excluded from the study. 

Table 3-3 Identified sounding rockets 

Agency 

Launch 

Date Payload 

Launch 

Vehicle S/F Site 

Launch 

Provider 

Sounding 

Rocket 

FAA 3/29/89 CONSORT-1  Starfire 1  S WSMR  SS  Yes [73]  

FAA 10/5/89 SET-1  SMLV  F WR AmRoc  Yes [74] 

FAA 11/15/89 CONSORT-2  Starfire 1  F WSMR  SS  Yes 

FAA 5/17/90 CONSORT-3  Starfire 1  S WSMR  SS  Yes 

FAA 6/18/91 JOUST-1  Prospector  F ER SD  Yes [74] 

FAA 9/2/91 ZEST-1  Talos Castor 1  S Kauai  Orbital  Yes [74] 

FAA 9/12/91 ZEST-2  Talos Castor 1  S Kauai  Orbital  Yes 

FAA 11/16/91 CONSORT-4  Starfire 1  S WSMR  EER  Yes 

FAA 9/10/92 CONSORT-5  Starfire 1  F WSMR  EER  Yes 

FAA 2/19/93 CONSORT-6  Starfire 1  S WSMR  EER  Yes 

FAA 12/8/94 CSAR II  Black Brant  S WSMR  EER  Yes [75] 

FAA 4/3/96 CONQUEST  Starfire 1  S WSMR  EER  Yes 

FAA 10/29/01 HyShot 1  Terrier-Orion  F Woomera  Astrotech  Yes [75] 

FAA 7/30/02 HyShot 2  Terrier-Orion  S Woomera  Astrotech  Yes 
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3.3.4 Determining Failure Modes and Severity 

This study compares the launch success and failure between two agencies, with 

comparisons using four different scenarios. In addition to the overall launch success, 

three other scenarios are considered, focused on launch failures. For a particular launch 

failure, the scenarios take into consideration the cause of the failure and the results of the 

failure. Failure scenarios are further discussed in Section 4.4. 

In order to facilitate the fitting of launches into the four failure scenarios, the severity 

and cause of each failure had to be determined. These were tracked as two additional 

fields added to the dataset. This information was not provided by the launch archives 

maintained by FAA/AST or NASA. The International Reference Guide to Space Launch 

Systems was used to obtain further information on failed launches. The reference guide 

provided details concerning what caused the failure and the ultimate fate of the vehicles. 

For failures not included in the reference, these were failures that occurred after the 

reference was published; details were obtained from failure reports released by NASA, 

FAA/AST, and the launch providers. 

The FAA/AST and NASA launches contained a total of 17 failures. Two failure 

severities were chosen: loss and miss. If a launch failure resulted in the destruction of the 

launch vehicle during initial ascent, it was classified as a loss. Any vehicles loss, whether 

directly caused by the failure or destroyed by range safety due to failure, was assigned as 

a loss.  

 If a launch failed to put its payload into the desired orbit during initial ascent, it was 

classified as a miss. This could mean that the payload was incorrectly deployed once it 

reached the proper orbit or the vehicle failed to reach the desired orbit. A miss could 
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ultimately result in vehicle reentry that destroys the vehicle, but it if survived the initial 

ascent, it was assigned as a miss. 

Failure mode was assigned independent of failure severity. To determine the cause of 

each failure, the failure details were examined and a failure mode was assigned based 

upon those details. The failure modes were chosen to be sufficiently distinct from each 

other and associated with a particular subsystem function. There were a total of four 

separate failure modes assigned to the failures: separation, guidance, software, and 

propulsion. 

Separation was assigned if the failure details revealed that the cause of failure was 

due to a rocket stage or fairing separation failure. This could be due to incorrect interface 

wiring or a defective battery in the separation subsystem. If the result was that a rocket 

stage or fairing failed to detach correctly, it was assigned this failure. Failures of the 

guidance, navigation and control systems were grouped as guidance failures. This 

included damage to the feedback system or course corrections that ultimately led to 

failures. Software was assigned as a failure if the failure details specifically stated that 

software errors were the root cause. For the purposes of this study, all three of these 

failure modes could have been labeled as “other” because the failure scenarios used in 

this study only distinguished between propulsion and non-propulsion failures. 

Propulsion was assigned as the failure mode if the cause was failure of the main 

propulsion engines. The cause of propulsion failure could be stuck valve or structural 

failure of the combustion chamber. The effects ranged from reduce thrust and power to 

catastrophic explosion due to engine failure. If the failure was the result of the propulsion 

subsystem, it was assigned as a propulsion failure. 
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Table 3-4 presents a summary of the failure mode and severity assignments for each 

launch failure in the data set. Failure details are included to show the information used to 

arrive at the assignments; other fields have been excluded in order to conserve space. 

Assignments were made according to the criteria described above. 

Table 3-4 Summary of failure assignment for all launch failures 

Date Agency 
Launch 
Vehicle Failure Details 

Failure 
Severity 

Failure 
Mode 

3/14/90 FAA Titan 

Second Stage reached orbit, but due to 

incorrect interface wiring payload was not 

deployed. Did not reach final orbit on its own. 
[70] Miss Separation 

4/18/91 FAA Atlas I 

Air entered Centaur C-1 through stuck check 

valve and froze. When Centaur engine ignited, 

it did not achieve full thrust, causing stage to 
tumble. Vehicle destroyed by range safety 

officer. [70] Loss Propulsion 

8/22/92 FAA Atlas I 

Air entered Centaur C-1 through stuck check 
valve and froze. When Centaur engine ignited, 

it did not achieve full thrust, causing stage to 

tumble. Vehicle destroyed by range safety 

officer. Same cause as previous Atlas I failure. 
[70] Loss Propulsion 

3/25/93 FAA Atlas I 

Inadequately torqued set screw resulted in 

reduced oxygen flow to gas generator. Engine 

suffered reduced power and early shutdown. 
Satellite stranded in low orbit. [70] Miss Propulsion 

8/5/95 FAA Delta II 

Solid rocket motor failed to separate because of 

overheated explosive lines. Extra mass meant 
payload deliver to lower than planned orbit. 

Payload propellant used to reach final orbit, 

planned life was cut in half. [70] Miss Separation 

8/15/95 FAA Athena I 

Expended hydraulic fluid burned and damaged 
nozzle feedback cables causing loss of gimbal 

control and tumbling. Also arcing in power 

supply caused loss of attitude reference. Flight 
terminated by range safety. [70] Loss Guidance 

10/23/95 FAA Conestoga 

Disintegrated 46 seconds after launch. Low 

frequency noise upset guidance system on 

rocket, causing unneeded course corrections, 
exhausting hydraulic fluid and going off 

course. [76] Loss Guidance 
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Date Agency 
Launch 
Vehicle Failure Details 

Failure 
Severity 

Failure 
Mode 

11/4/96 NASA Pegasus 

Launch vehicle separation system failed to 

deploy payload after reaching orbit. Failure to 

separate likely from defective battery. [70] Miss Separation 

8/27/98 FAA Delta III 

Rocket entered a normal roll that control 

software had not accounted for. All hydraulic 

fluid was used up attempting to correct for roll. 

Attitude control was lost. Auto destructed. [70] Loss Software 

4/27/99 FAA Athena II 

Payload fairing failed to separate preventing 

vehicle from reaching orbit. Payload reentered 

during first orbit. [70] Miss Separation 

5/5/99 FAA Delta III 

Second stage shutdown at start of second burn 
due to structural failure of combustion 

chamber, spacecraft stranded in low orbit. [70] Miss Propulsion 

3/12/00 FAA Zenit 3SL 

Ground software error due to mission-specific 

changes. Software failed command second 
stage valve to close before liftoff. Pneumatic 

system lost pressure in flight reducing control 

capability. Auto terminated eight minutes into 
flight. [70] Loss Software 

9/21/01 FAA Taurus 

Nozzle gimbal actuator drive shaft seized 

causing loss of control. Vehicle recovered and 

continued, but failed to reach stable orbit. 
Reentered. [70] Miss Guidance 

1/30/07 FAA Zenit 3SL 

Exploded upon liftoff. Contamination by 

foreign object in engine turbopump. [77] Loss Propulsion 

8/2/08 FAA Falcon 1 

Failure near end of first-stage burn. Thrust 
transient due to engine cutoff timing caused 

failure. Stage 2 failed to reach orbit [78] Miss Propulsion 

2/24/09 NASA Taurus 

Payload fairing of Taurus failed to separate. 

Failure to shed fairing mass prevented satellite 
from reaching planned orbit. [79] Miss Separation 

3/4/11 NASA Taurus 

Payload fairing separation failed. Vehicle failed 

to reach orbit. [80] Miss Separation 

  

3.4 Data Summary 

The data preparation done in the previous section resulted in the addition of several 

fields to the data not provided in the FAA/AST and NASA archives. These fields were 

useful in validating the vehicle pool and grouping into failure scenarios. The resultant 

fields in the dataset are shown in Table 3-5 along with the first few rows of the dataset. 

Fields and entries are truncated to conserve space. 
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Fields in blue are the data obtained from the FAA/AST and NASA archives. Fields in 

orange were obtained and/or determined by external sources and data preparation. 

Vehicle family is green because though the original data provided information about 

launch vehicles, the vehicles were grouped into vehicle families during data preparation. 

The full list of launches and launch data used in the study is reproduced in Appendix B. 

Table 3-5 Dataset and fields 

Key Agency 

Launch 

Date Payload 

Vehicle 

Family S/F Site 

Launch 

Org 

Sound

Rock. 

Fail. 

Detail 

Fail 

Sev. 

Fail 

Mode 

2001 FAA 3/29/89 CONSORT-1  Starfire 1  S WSMR  SS  Yes       

2002 FAA 8/27/89 BSB-R1  Delta II  S ER MDC  No       

2003 FAA 10/5/89 SET-1  SMLV  F WR AmRoc  Yes Icing Loss Prop. 

2004 FAA 11/15/89 CONSORT-2  Starfire 1  F WSMR  SS  Yes Gyro. Loss Guid. 

2005 FAA 1/1/90 

JCSAT/SKYN

ET  Titan S ER MM  No       

2006 FAA 2/14/90 LOSAT  Delta S ER MDC  No       

2007 FAA 3/14/90 INTELSAT VI  Titan F ER MM  No Stage Miss Sep. 
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4 Research Methodology 

 

4.1 Framework 

This study compared the success of orbital launches carried out under the FAA/AST 

license and the NASA license. Using the information from this comparison, the 

effectiveness of NASA’s Mission Assurance policies can be evaluated. Launches from the 

two agencies are suited for comparison because of their similarities as well as the clear-

cut policy differences between the two. A review of the policies and regulations of these 

two agencies (Section 2) showed that the driving difference was that NASA took an 

assertive mission assurance stance while FAA/AST was more safety oriented. With this 

being the main difference between them, and as they oversaw a very similar pool of 

vehicles, any significant differences in the launch success between the two agencies could 

be reasonably attributed to their different postures on mission assurance. 

Data regarding launches by both agencies were obtained and their launch successes 

were compared in four failure scenarios to determine if there was a statistically 

significant difference between them. The results of the study could be useful to the 

industry and regulators for informing decisions regarding regulations and standards for 

manned commercial space vehicles. 

This is a high-level comparison of launch success between two agencies In contrast to 

the lower, often component-level, analysis described in Section 2.1. Whereas those 

analyses are useful for vehicle-level evaluation and design, this comparison of overall 

launch success will hopefully be useful in policy-level decisions.  
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4.2 Validity of Comparison  

Multiple variables can affect the reliability of a launch vehicle. As shown by a review 

of reliability analyses, differences in components, design, and testing can all contribute to 

the reliability. In an evaluation that attempts to highlight the effects of policy differences 

between two agencies, it is essential to minimize variables in other areas. Certainly a 

comparison between FAA/AST and NASA would be less valid if the two agencies 

oversaw completely different pools of vehicles. Also, as reliability improves with vehicle 

maturity, even a comparison of the same vehicle family but at different maturities might 

affect the outcome. 

 

4.2.1 Vehicle Pool 

The numerous similarities between FAA/AST and NASA launches make a 

comparison between them valid. The same mandates and legislations that directed the 

FAA/AST to regulate commercial launch services also directed NASA to procure the 

same commercial service for their civil launches. The result was a launch history between 

the two agencies that is comparable in terms of launch vehicles and timeframe. A review 

of the vehicles families in Table 3-2 shows that this is the case. 

Just because the available pool of launch vehicles was mostly the same between the 

two agencies, however, it does not mean that the vehicle distribution between commercial 

and civil launches was the same. Certain vehicle families were more prominent under 

FAA/licenses and others, more prominent under NASA. Indeed, since NASA certifies the 

vehicles it procures in terms of risk, it effectively had a smaller pool of launch vehicles it 

used that was a subset of all commercial launch providers. Just because an agency 
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chooses not to use a certain vehicle does not mean that that vehicle is not available to 

them. The FAA/AST regulates all commercial spaceflights; the vehicles, subject to their 

licenses, include the entire available commercial fleet. However it can be argued that the 

Act of matching the payload to the launch vehicle is a mission assurance activity. This 

very item is the topic of NPD 6810.7 and NPR 8705.4. [53, 54]. Thus, for the purposes of 

this study, the fact that the potential pool is the same is sufficient.  

There are two notable exceptions to the common rocket pool. One is in the case of a 

commercial payload being launched on a foreign manufactured rocket. It is NASA’s 

policy to procure its launch services from US launch providers using US-manufactured 

rockets. [81] The first case applies for the launch provider Sea Launch, which used the 

Russian made Zenit rocket. The FAA/AST provided licensing for these launches and this 

presents a family of vehicles that NASA would normally not procure. The second case 

applies to the Scout families of rockets, which NASA has used for several of its launches 

and was not used in any launches licensed by the FAA/AST. With this caveat, both are 

mature contemporary rockets with suitable flight histories and their inclusion in the study 

is argued to be suitable. Comparisons and analysis were made once with these rockets 

included and once with them excluded to see their effects. The findings of the analyses 

have been presented in the Results section. 

 

4.2.2 Manned Flight Considerations 

One more consideration is that SpaceShipOne flew under license from the FAA/AST 

while attempting Ansari X Prize flights. [27] If current regulations are considered, 

SpaceShipOne may be applicable for an experimental permit, but it flew before the 
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current regulations were in place. This is a manned suborbital flight and it provides good 

data for the nascent industry under study. However, since it is a manned flight and not an 

ELV like the rest of the vehicles, and it was never subject to flight under NASA, its effect 

on the study is discussed in the results along with those of Scout and Zenit. 

 

4.2.3 Time Frame and Launch Site 

With respect to the time frame of the launches between the agencies, all the launches 

included in this study fall within virtually the same time period. The first FAA/AST 

launch include in this study took place on August 27, 1989 while the first NASA launch 

included here took place only a few months later on June 1, 1990. The last launches 

included for both agencies took place in June 2012. Keeping the comparison time 

window the same reduces variables such as technological advances and maturity of 

launch vehicles. It’s also the reason why doing an intra-agency comparison between two 

tim periods may not be valid. 

Aside from the launch vehicle, another variable to consider is the launch base. 

Launch requirement and procedures can be a factor in the success of a launch. 

Fortunately, the vast majority of both FAA/AST and NASA launches take place at federal 

launch sites. In the case of a launch at a federal launch site local site requirements apply. 

In the case of the Western and Eastern Ranges (located at Vandenberg AFB and Cape 

Canaveral AFB respectively), Air Force Space Commend range safety manual 

AFSPCMAN 91-710 applies. [82] It is noted that the majority of the launches in this 

study took place at one of these two sites. Other federal sites may be NASA run, in which 

case they are subject to the requirements of NPR 8715.5, the NASA Range Flight Safety 
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Program. [83] As such, all launches taking place at federal sites are subject to the same 

requirements and are run by the same site personnel regardless of it being a civil or 

commercial launch. The exceptions would be commercial launches that take place at a 

non-federal site, in which case the FAA/AST has created range safety requirements 

consistent with federal site requirements. The only cases of vehicles being launched form 

a non-federal site are for Sea Launch launches. As already noted, the effect of their 

inclusion is discussed in the results. 

In order for a comparison to be valid, it must be an “apples-to-apples”-type 

comparison. When trying to evaluate the effectiveness of Mission Assurance policies on 

launch success, differences in other factors must be minimized or eliminated. These 

include difference in vehicles design, vehicle maturity, and launch procedures. This 

section has outlined how FAA/AST and NASA launches were evaluated to ensure that the 

comparison remained valid. 

 

4.3 Scenario Overview  

Comparisons between the two agencies were made from multiple failure scenarios. 

First, the overall launch success was evaluated, i.e., which agency had a better record of 

launch success and if the difference was significant. Success is defined as a launch 

vehicle successfully delivering its payload to its intended orbit.  

Second, only the failures in which the launch vehicle was lost were compared. 

Launches that resulted in a missed orbit were considered as a failure for this second 

comparison. This was done because for a commercial human spaceflight, where humans 

would be the payload, a missed orbit could still mean a safe return to Earth, while a lost 
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vehicle most likely would not. Here, success was defined as no loss of launch vehicle 

during the ascent, and that the launch vehicle was not terminated.  

Third, propulsion failures were evaluated in their own category. As the leading cause 

of launch failures, a propulsion-focused scenario is warranted. [84] Propulsion failures 

were identified by reviewing failure causes and noting those that stemmed from the 

propulsion system versus those failures stemming from other systems. Propulsion failures 

were also similarly categorized into scenarios of missed orbits and vehicle loss-type 

failures.  

 

4.4 Failure Scenarios 

This section looks at the different scenarios this study took with respect to launch 

failures. Each launch failure from the dataset was examined and assigned a failure mode 

and a failure severity, determined by details obtained on that failure. The choice of 

dividing failures into different scenarios was driven by the applicability of that scenario 

to a manned commercial launch vehicle. A comparison based on these scenarios would 

gauge the effectiveness of mission assurance activities in capturing these types of 

failures, with any failures that occurred being counted as escapes. 

Within a certain failure scenario, only launch failures belonging to that scenario were 

considered a failure. That is not to say that the launch could then be considered a 

“success,” although it would be labeled as such for the purposes of this study. Rather, 

since that particular scenario was only trying to capture one specific way to fail, anything 

else would not be considered an escape. By the same token, a successful launch did not 
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necessarily imply that a failure was captured; there may have been nothing wrong to 

begin with. 

 

4.4.1 Determining Scenarios 

The failure modes associated with the launch failures were identified to be 

propulsion, guidance, separation, and software failures. The propulsion failure mode was 

singled out for a comparison because propulsion failures are the leading cause of launch 

failures, accounting for up to 70% of all launch failures. [84] In addition to just being 

more prevalent, it is the one failure mode that would be most applicable to commercial 

human spaceflight. Guidance failure modes would be less prevalent with commercial 

human spaceflight because the new vehicles would be piloted. Similarly, many of the 

separation failure modes stemmed from fairing or payload separation failures. These 

types of failures would not be found on a vehicle that had no fairing or payload from 

which to separate. Of course, manned vehicles would present new failure modes of their 

own, which are not covered here. 

Failure severities were assigned as a miss or a loss. A miss meant that the launch did 

not put a payload into intended orbit, but there was no loss of vehicle. A loss was a failure 

that resulted in vehicle loss or termination. Like propulsion above, this distinction was 

chosen because of its applicability to manned human space flight. A miss could mean a 

chance for a pilot fly a manned vehicle back to Earth. A loss would mean dependence on 

a crew recovery system, which would have its own reliability issues. [11] Worse, it could 

result in the loss of crew and passengers.  
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It is from these considerations that the following four scenarios were built to examine 

if a mission assurance posture resulted in any significant difference in launch success. 

The four failure scenarios are: 

• Scenario 1: Any failure mode; any failure severity 

• Scenario 2 Any failure mode; only failures resulting in vehicle loss 

• Scenario 3: Only propulsion failures; any failure severity 

• Scenario 4: Only propulsion failures; only failures resulting in vehicle loss. 

Each represents a way in which a launch can fail, and as explained earlier in this section, 

these scenarios would be applicable to commercial human space flight. 

Each failure from Table 3-4 was evaluated against each of the four failure scenarios 

and it was determined whether that particular failure would also constitute as a failure in 

that scenario. Table 4-1 below shows how failures were evaluated against the scenarios. 

The resultant mapping of launch failures to failure scenarios is shown in Table 4-2 

The scenarios were created so as to avoid illogical results, for example, there is no 

scenario in which only misses were examined. This would mean that as part of the 

evaluation failures that resulted in misses would be counted as a failure for that scenario; 

however, a loss would be noted as a “success.” As the preference is to avoid failures, this 

scenario would be illogical. 
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Table 4-1 Failure scenario evaluation matrix 

Failure Scenarios Failure Mode Failure Severity Failure for Scenario 

Scenario 1: 

All failure modes; 

all severities 

Other Miss TRUE 

Other Loss TRUE 

Propulsion Miss TRUE 

Propulsion Loss TRUE 

Scenario 2: 

All failure modes; 

vehicle loss only 

Other Miss FALSE 

Other Loss TRUE 

Propulsion Miss FALSE 

Propulsion Loss TRUE 

Scenario 3: 

Propulsion failure; 

 all severities 

Other Miss FALSE 

Other Loss FALSE 

Propulsion Miss TRUE 

Propulsion Loss TRUE 

Scenario 4: 

Propulsion failure; 

vehicle loss only 

Other Miss FALSE 

Other Loss FALSE 

Propulsion Miss FALSE 

Propulsion Loss TRUE 

  

 The number of resulting failures in each scenario were tallied and summed at the 

bottom according to agency. These represent the number of launch failures each agency 

experienced, according to the parameters set forth by the scenario. Using these numbers, 

2 × 2 contingency tables for each failure scenario can then be constructed using the 

corresponding values found at the bottom rows of Table 4-2. The number of total 

launches for each agency are kept the same and the number of corresponding successes 

are adjusted accordingly to compensate. 
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Table 4-2 Failure scenario summary 

     Four Failure Scenarios 

Date Agency 
Launch 

Vehicle 

Failure 

Severity 

Failure 

Mode 
Scenario 1 Scenario 2 Scenario 3 Scenario 4 

3/14/90 FAA Titan Miss Separation TRUE FALSE FALSE FALSE 

4/18/91 FAA Atlas I Loss Propulsion TRUE TRUE TRUE TRUE 

8/22/92 FAA Atlas I Loss Propulsion TRUE TRUE TRUE TRUE 

3/25/93 FAA Atlas I Miss Propulsion TRUE FALSE TRUE FALSE 

8/5/95 FAA Delta II Miss Separation TRUE FALSE FALSE FALSE 

8/15/95 FAA Athena I Loss Guidance TRUE TRUE FALSE FALSE 

10/23/95 FAA Conestoga Loss Guidance TRUE TRUE FALSE FALSE 

11/4/96 NASA Pegasus Miss Separation TRUE FALSE FALSE FALSE 

8/27/98 FAA Delta III Loss Software TRUE TRUE FALSE FALSE 

4/27/99 FAA Athena II Miss Separation TRUE FALSE FALSE FALSE 

5/5/99 FAA Delta III Miss Propulsion TRUE FALSE TRUE FALSE 

3/12/00 FAA Zenit 3SL Loss Software TRUE TRUE FALSE FALSE 

9/21/01 FAA Taurus Miss Guidance TRUE FALSE FALSE FALSE 

1/30/07 FAA Zenit 3SL Loss Propulsion TRUE TRUE TRUE TRUE 

8/2/08 FAA Falcon 1 Miss Propulsion TRUE FALSE TRUE FALSE 

2/24/09 NASA Taurus Miss Separation TRUE FALSE FALSE FALSE 

3/4/11 NASA Taurus Miss Separation TRUE FALSE FALSE FALSE 

  
Total FAA/AST failures 14 7 6 3 

  
Total NASA failures 3 0 0 0 

 

4.4.2 Scenario 1 - All Failures with All Severities 

In Scenario 1, all failure modes and all failure severities are counted as failures. This 

scenario provides a comparison of the overall launch success between the FAA/AST and 

NASA. Table 4-3 shows a summary of this comparison between the two agencies. This is 

essentially a 2 × 2 contingency table for the distribution of success and failures across the 

two agencies. From here, the significance of the difference between the two agencies can 

be determined. This is the only scenario for which NASA has failures. A review of Table 
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4-2 shows that NASA only has a total of three failures, none of which were propulsion 

related and none led to immediate loss of the launch vehicle. All were separation failures. 

Table 4-3 Contingency table for scenario 1 

 

Successes Failures Total Launches 

FAA/AST 179 14 193 

NASA 96 3 99 

Total  275 17 292 

 

4.4.3 Scenario 2 - All Failures, with Vehicle Loss Only 

For Scenario 2, the situation is that all failure modes are included, but only in the 

cases that result in vehicle loss. This is a comparison is suited for examining if there are 

significant differences between the two agency in terms of avoiding catastrophic 

accidents. There are several cases here where the launch vehicle was destroyed either by 

autodestruct or by the range safety officer. Neither of these would probably be viable 

options for a manned vehicle. However there might be a situation that would require 

activation of a back system or crew recovery system, such as if the vehicle went into a 

tumble and the pilot could not recover. Falling into a tumble was the case for several of 

these failures. Table 4-4 is the contingency table for Scenario 2. 

Table 4-4 Contingency table for scenario 2 

 

Successes Failures Total Launches 

FAA/AST 186 7 193 

NASA 99 0 99 

Total  285 7 292 
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4.4.4 Scenario 3 - Propulsion Failures, with All Severities 

As it has been previously stated, failure in the propulsion systems is the leading cause 

of launch failures. It is therefore logical to look at a scenario where a propulsion failures 

lead to a miss or loss. Table 4-5 shows the  the contingency table for this scenario.  As 

previously noted all propulsion failures are from FAA/AST licensed launches. 

Table 4-5 Contingency table for scenario 3 

 

Successes Failures Total Launches 

FAA/AST 187 6 193 

NASA 99 0 99 

Total  286 6 292 

 

4.4.5 Scenario 4 - Propulsion Failures with Vehicle Loss Only 

Finally Table 4-6 shows the contingency table for Scenario 4. This is a small scenario 

where only three failures are found. Getting anymore granular than this may not be useful 

as the number of failures tend to approach zero, and no meaningful comparison or test of 

significance can be made. The test of significance for all the four contingency tables has 

been carried out and presented in Section 5.1. 

Table 4-6 Contingency table for scenario 4 

 

Successes Failures Total Launches 

FAA/AST 190 3 193 

NASA 99 0 99 

Total  289 3 292 
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4.5 Hypotheses 

This review shows that NASA’s policies are geared towards mission assurance while 

the FFA/AST’s regulations are mainly concerned with public safety. The question is 

whether this has any affect each agency’s launch success. To assess this the launches 

between the two agencies were compared and tested to see if there is a significant 

difference in their success rates. In effect this is a way of testing for mission assurance 

effectiveness by way of assessing the significance, if any, of launch success rate 

differences 

The assertion is that any benefits from a mission assurance policy would be 

applicable to future manned commercial space regulations. The four failure scenarios 

were selected so that comparisons between FAA/AST and NASA vehicle launches could 

be made in a context applicable to manned commercial space flight. It is thus in the 

context of the four failure scenarios that the hypotheses for this study were made. 

• H1: Mission Assurance policies result in a significantly lower rate of overall 

launch failure than public safety-focused regulations 

• H2: Mission Assurance policies result in a significantly lower rate of launch 

failure resulting in vehicle loss than public safety-focused regulations 

• H3: Mission Assurance policies result in a significantly lower rate of propulsion 

system failure than public safety-focused regulations 

• H4: Mission Assurance policies result in a significantly lower rate of propulsion 

system failure resulting in vehicle loss than public safety-focused regulations 

Given the above hypotheses, the null hypothesis is then 
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• H0: Mission Assurance policies do not result in any significantly lower rate of 

launch failure than public safety-focused regulations. 

These hypotheses are tested in the next section. 
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5 Analysis and Results 

 

5.1 Analysis 

Fitting the launch failure data of the FAA/AST and NASA into the four failure 

scenarios created four contingency tables. The goal is to determine if there is a significant 

difference between the failure rates of FAA/AST and NASA launches for each of these 

scenarios. To this end, a test for significance must be applied to the resultant contingency 

tables. 

When presented with a contingency table, a chi-square test would normally be 

considered an appropriate test for significance. However, the chi-square test is an 

approximation and can lead to problems if the number in any cell of the contingency 

table is too small.  

The dataset set available to this study is relatively small. The lack of flight history and 

consequently applicable data has been the lament of multiple articles regarding space 

vehicle reliability. [18, 19] A review of Table 4-3 shows that for NASA, the dataset 

consists of 99 total launches, of which 3 are launch failures. For FAA/AST, this is 14 

failures out of 193 total launches. The failure rates for both agencies are relatively small, 

especially after evaluation against the failure scenarios. As such, a chi-square test would 

be inappropriate for evaluating some of the contingency tables, especially for ones with 

cell values less than 5. [85]. 

The application of Fisher’s exact test [86] was appropriate in this case. It is an exact 

test using the hypergeometric distribution and is valid for small observation values. The 

result of Fisher’s exact test is a P-Value. For this study, the traditional rejection threshold 
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of  = 0.05 was used to test for significance. A one-sided test was used because the study 

focuses on evaluating if the mission assurance policies employed by NASA result in a 

better launch success rate than the policies employed by FAA/AST. The possibility of 

FAA/AST having a higher launch success rate is not considered. The P-Values for each 

failure scenario were calculated and used to test the hypotheses from Section 4.5. 

StatXact from Cytel was used to calculate the P-Value for this study. [87] 

 

5.2 Results 

Figure 5-1 Total launch and launch failure for FAA/AST and NASA presents a plot of 

the entire dataset of launches for both FAA/AST and NASA, with the total number of 

launches grouped by year. It provides a good summary of all the launches and failures in 

a single view. What is first most noticeable about the plot is the sheer volume of launches 

performed under FAA/AST license, which is much higher than the civil launches under 

NASA. The second item of note is that for a span of approximately six years centered 

around 2004, neither agency experience any launch failures. Both of these notes are 

discernable from Table 3-4, but they can be better visualized in the plot 

 

Figure 5-1 Total launch and launch failure for FAA/AST and NASA 
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5.2.1 Scenario 1 Results 

 

Figure 5-2 Scenario 1 results 

Figure 5-2 is a combined look of the inputs and results for Scenario 1. The 

contingency table has been reproduced with the marginal totals removed. The success and 

failure rates for both agencies are presented as well. The stacked column graph gives a 

representation of the dataset between the two agencies. Finally, the P-Value for this 

scenario is included at the bottom. This combined format is used for representation of 

results for the rest of the scenarios as well. It is noted both agencies enjoy relatively high 

overall success rates. 

It is seen that the resultant P-Value 0.1132 > 0.05. Therefore, the hypothesis 

applicable to this scenario, H1, is not supported. There is no significant difference 

between the overall launch success rates of NASA launches versus FAA/AST launches. 

The implication is then that Mission Assurance policies do not significantly impact 

overall launch success. 

Scenario 1 Successes Failures Success Rate Failure Rate

FAA/AST 179 14 92.75% 7.25%

NASA 96 3 96.97% 3.03%

P-Value: 0.1132
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5.2.2 Scenario 2 Results 

 

Figure 5-3 Scenario 2 results 

Figure 5-3 represents the results for Scenario 2, which is a look at launch failures 

resulting in vehicle loss. A review of the success rates shows that the success rates for 

both agencies are higher compared to the overall launch success. This is good as it 

implies that the majority of launch failures do not result in vehicle loss. 

The resultant P-Value is 0.05308 > 0.05, so the applicable hypothesis H2 is not 

supported. From the results of Fisher’s exact test alone, it can be implied that mission 

assurance policies do not result in a significantly higher launch success rates. However, it 

must be noted that NASA has zero failures for this scenario, meaning no launches 

resulting in vehicles loss. Additionally, the P-Value is very close to the chosen threshold 

of 0.05. Both of these items are discussed further in Section 5.3 

 

Scenario 2 Successes Failures Success Rate Failure Rate

FAA/AST 186 7 96.37% 3.63%

NASA 99 0 100.00% 0.00%

P-Value: 0.05308
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5.2.3 Scenario 3 Results 

 

Figure 5-4 Scenario 3 results 

The results for Scenario 3 (Figure 5-4) represent any launch failure as a result of 

failure of the propulsion system. The resultant P-Value is 0.08117 > 0. This means that 

hypothesis H3 is not supported, implying that mission assurance policies have no 

significant impact on propulsion failures that lead to overall launch failure.  

The same notes from Scenario 2 apply here as well. Both agencies enjoy high success 

rates. NASA has had no launch failures as a result of propulsion failure and the resultant 

P-Value is higher than in Scenario 2, but still close to the chosen threshold. 

 

Scenario 3 Successes Failures Success Rate Failure Rate

FAA/AST 187 6 96.89% 3.11%

NASA 99 0 100.00% 0.00%

P-Value: 0.08117

187

99

6

0

0

50

100

150

200

250

FAA/AST NASA

Failures

Successes



 

 

80 

5.2.4 Scenario 4 Results 

 

Figure 5-5 Scenario 4 results 

The results of Scenario 4 (Figure 5-5) represent propulsion failures that result in 

vehicle loss. The success rates are the highest of all the scenarios. The resultant P-Value 

is 0.2872 > 0.05, which is also the highest. This indicates that H4 is not supported and the 

results imply that mission assurance polices have no significant impact on propulsion 

failures that lead to vehicles loss. Again, NASA has no failures that fall under this 

scenario, while FAA/AST also has very few failures here. It may be an indication that the 

scenario is too constrained. 

  

Scenario 4 Successes Failures Success Rate Failure Rate

FAA/AST 190 3 98.45% 1.55%

NASA 99 0 100.00% 0.00%

P-Value: 0.2872
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5.3 Considerations 

In this section the overall results are discussed. The implications of the results are 

examined and explanations for other results are offered. An alternate method of testing 

the contingency table for significance is explored. The effect of a reduced dataset is also 

investigated. The effects of having the same vehicle pool are first considered.  

The same reasons that render the comparison between NASA and FAA/AST launches 

valid may also be the cause of the higher P-Values. The same launch site and launch 

vehicles are included in the study for both agencies so that policy regulations could be 

isolated as the variables for this study. However, the effects of NASA’s Mission 

Assurance and fault discoveries on NASA launches could be affecting the future 

reliability of that vehicle for both NASA and FAA/AST launches. In other words, if 

NASA’s Mission Assurance is increasing the reliability of launch vehicles and if the 

FAA/AST is licensing those same vehicles, they too would see an increase in reliability. 

Launch vehicle and flight history plays a large part in launch reliability. As human 

spaceflight will involve new vehicles with little to no flight history and without the 

technical oversight of NASA, the resultant launch success profile could be very different 

than that seen in this study. 

 

5.3.1 Taurus Failures 

NASA has no failures for three of the scenarios. That is because aside from Scenario 

1, all other scenarios were constrained to either propulsion failure, vehicle loss, or both. 

Therefore, NASA has a perfect record in this respect. That there is no significant 
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difference between NASA and FAA/AST launch success in any of the scenario does not 

necessarily indicate the lack of effectiveness of mission assurance policies. It could be an 

indication that even without them the FAA/AST safety regulations that are currently in 

place provide an adequate rate of launch success. 

Up until two consecutive fairing separation failures that occurred recently during the 

launches of the Taurus rocket, NASA had encountered only one other launch failure. 

Indeed, if this study had included launches from both agencies only through 2008, the 

two Taurus lance failures would be excluded and the resultant contingency table for 

Scenario 1 would look like that presented in Table 5-1. Applying Fisher’s test to this table 

would then yield a P-Value of 0.02315 (which is <0.05), which would be a significant 

difference between the launch successes of FAA/AST and NASA. 

Table 5-1 Hypothetical scenario 1 for launches through 2008 

 

Successes Failures Total Launches 

FAA/AST 167 14 181 

NASA 83 1 84 

Total  250 15 266 

  P value 0.02315 

 

Doing this of course would give disingenuous results. It can also be argued that it was 

a failure of mission assurance to identify and prevent these failures. The other role of 

mission assurance is to investigate failures and prevent them from recurring. That the 

same fairing failures did recur for the same type of rocket indicates that the investigation 

and correction processes of NASA’s Mission Assurance policies may not be sufficient. 
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The investigation report for the first Taurus failure (OCO payload) found that several 

potential causes for the failure related to the frangible joint subsystem or electrical 

subsystem of the fairing. Several recommendations were made to address these and other 

subsystems that may have caused the failure. [79] There was “return-to-flight” activity 

for the next Taurus mission that addressed the recommendation of the first reports. 

Nevertheless, the second mission failed. The investigation of the second Taurus failure 

(Glory payload) was also unable to determine the root cause of the failure, but the 

frangible joint and electrical subsystems were once again named as potential causes. [80] 

The mission assurance policies were not able to catch the failures, but the failure review 

process in place make recommendations to hopefully prevent a repeat failure. The Glory 

mission failed from the same subsystem, but the report indicates that it did not fail 

exactly in the same way as the previous mission, and the recommendations for going 

forward differed from those suggested for the OCO mission. This seems to be a very 

costly demonstration of the defect elimination route to reliability described by Morse et 

al. [13] 

Just as an aside, it is interesting to note that the majority of NASA’s failures stem 

from the Taurus. NASA has only used this vehicle twice and encountered failures both 

times. On the other hand, the FAA/AST has licensed three times as many Taurus flights 

and has encountered only one Taurus related failure. 

 

5.3.2 P-Values Close to the Threshold 

The P-Value found with Fisher’s test was very close to the selected threshold value of 

0.05 for Scenario 2. Though is was higher than Scenario 2, the P-Value for Scenario 3 
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was also relatively close to the threshold value. Since the found values were not below 

0.05, H2 and H3 could not be supported. However, this does mean that mission assurance 

policies do not affect propulsion failures or vehicle loss. It means that the null could not 

be rejected, but the P-Values being close to the level of significance indicated that more 

investigation may be warranted. There has been criticism regarding picking fixed and 

arbitrary values [20] to denote the level of significance. Applying an analysis that does 

not depend on a fixed arbitrary value of significance might give insights into how strong 

the association is, if any, between mission assurance-focused NASA launches and 

propulsion failure and vehicle loss rates.  

Keeping a fixed threshold while applying a more powerful test could yield a different 

outcome. [88] Fisher’s test was chosen because it was immediately applicable to the 

small sample sizes and failure rates found in this study. However, Fisher’s test has been 

criticized for being too conservative, with rejection rates being too low. [89] Indeed, an 

application of Barnard’s exact test to the four scenarios yields the P-Values illustrated in   
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Table 5-2. The results from Fisher’s exact test have been included for comparison. 

Barnard’s test is also an applicable test of significance for contingency table with small 

cell values. For smaller contingency tables, such at the 2 × 2 tables found in this study, it 

can be more powerful than Fischer’s test. Barnard’s test was executed using StatXact 

from Cytlel. [87]. 
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Table 5-2 Fisher's test versus Barnard's test 

  

Successes Failures 
Total 

Launches Fisher P Barnard P 

Scenario 1 

FAA/AST 179 14 193 
0.1132 0.0732 

NASA 97 3 100 

Scenario 2 

FAA/AST 186 7 193 
0.05308 0.02524 

NASA 100 0 100 

Scenario 3 

FAA/AST 186 7 193 
0.08117 0.03602 

NASA 100 0 100 

Scenario 4  

FAA/AST 190 3 193 
0.2872 0.1337 

NASA 100 0 100 

 

With a P-Valued of 0.02524 and 0.03602 (P < 0.5), Barnard’s test indicated that there 

is a significant difference between the FAA/AST and NASA launches for scenarios 2 and 

3, respectively. The choice of using Fisher’s exact test for this study was made before 

data analysis began and use of Barnard’s test was only applied after the P-Values were 

obtained using Fisher’s text. The P-Value obtained close to the level of significance on 

either side indicates that the level of significance is not strong for either side.  

 

5.4 Exclusion of Scout, Zenit, and SpaceShipOne 

A discussed in Sections 4.2.1 and 4.2.2, there were three vehicles in which a case 

could be made for their exclusion from thus study. One was the Scout rocket which is 

legacy rocket only used by NASA. The other was Zenit, which was launched by Sea 

Launch. Since this was a foreign-made rocket and it is NASA’s policy to procure only 

US-manufactured rockets it was not part of NASA’s vehicle pool. It was argued that since 

both of these are contemporary rockets, their inclusion in the study would be acceptable. 

SpaceShipOne was the vehicle that won the Ansari X Prize. Apart from that flight, it has 
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flown previous flights under the FAA/AST license. This is a special case of an early 

manned flight. Since this is a study regarding the regulation of manned commercial 

space, its inclusion seemed appropriate.  

It can be argued that since these were mutually exclusive agency-specific vehicles 

they should have been excluded from the dataset. Here, the effect of their inclusion is 

explored. For this launch data from these three vehicles were simply excluded from the 

dataset, as in the case of FAA/AST-licensed sounding rockets.  

This reduced dataset was then used to rebuild the failure scenarios from the previous 

section. It is noted that the Zenit has two failures while the Scout and SpaceShipOne had 

no failures. The P-Values were then found for the scenarios. Then the hypotheses from 

this study could be checked against those values. The results of these rework is 

summarized in Table 5-3 

Table 5-3 Summary of results of the excluded dataset 

  

Success Failure 
Success 

Rate 

Failure 

Rate 

Total 

Launches Fisher P Barnard P 

Scenario 1 

FAA/AST 144 12 92.31% 7.69% 156 
0.1176 0.07666 

NASA 91 3 96.81% 3.19% 94 

Scenario 2 

FAA/AST 151 5 96.79% 3.21% 156 
0.09232 0.03828 

NASA 94 0 100.00% 0.00% 94 

Scenario 3 

FAA/AST 150 6 96.15% 3.85% 156 
0.09232 0.03828 

NASA 94 0 100.00% 0.00% 94 

Scenario 4  

FAA/AST 154 2 98.72% 1.28% 156 
0.3844 0.1847 

NASA 94 0 100.00% 0.00% 94 

 

A review of the table reveals that this reduced data set does not affect the results of 

the study very much. The success rate of NASA’s launches slightly reduces because their 

overall launch numbers went down without a reduction in the number of failures. For the 



 

 

88 

FAA/AST, there were 37 total launch reductions, 5 from SpaceShipOne and 32 from the 

Zenit, and excluding the Zenit launches accounted for 2 reductions in the overall failure 

count. Coincidentally, the rate of 2 failures out of 37 is very close to the average failure 

rate of the FAA/AST. Additionally, both Zenit failures were losses, with one failure being 

a propulsion failure. This led to the inclusion of the losses in the four scenarios. 

The sum effect of these exclusions is that the resultant P-Value obtained from each of 

the scenarios is slightly higher, due to the slightly lower success rate of NASA. With 

respect to results, the reduced set would not have affected the results of this study. It is 

seen that the P-Values from Fisher’s test are similar to those from the original dataset, 

with all values above the level of significance. The one difference is that the contingency 

tables for Scenarios 2 and 3 now appear identical, with the same P-Value between the two 

agencies. However this appears to be mere coincidence as a review of Table 4-2 shows 

that different launch failures are involved in the two scenarios. The P-Values for both 

scenarios were sufficiently close to the threshold that they would have warranted an 

investigation similar to that which was done to the original dataset. 

The P-Values resulting from Barnard’s test with these new values also did not change 

significantly compared to the original dataset. The Barnard test P-Values of Scenarios 1 

and 4 are still above the 0.05 threshold just like before. The values for Scenarios 2 and 3 

fall below the 0.05 threshold, similar to the case in the original dataset. The excluded data 

had a similar success profile to the original dataset. Perhaps the similarities in the results 

occurred by chance. It could also be argued that since there was no change in the results, 

it validates including them in the original dataset of the study.  
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6 Conclusions 

 

Certainly no agency wants to see a mission or launch fail, but NASA has a more 

vested interest in the success of a mission than the FAA/AST. The responsibility of 

getting a civil payload to space and the safety of the payload itself falls to NASA as they 

often own the payload. Thus, it is logical for NASA to have the mission assurance stance 

it does. For commercial spaceflights, FAA/AST is only concerned about public safety; 

even if a launch fails but the public is safe, the FAA/AST can be considered to have done 

its job. [7] The safety of the payload and the launch vehicle falls upon the payload 

provider and the commercial launch provider. In the case of commercial human 

spaceflights, when that payload consists of people, this stance might change for 

FAA/AST.  

In this study, the differences in launch success between civil launches under NASA 

and commercial launches under the FAA/AST were investigated. In doing so, the 

effectiveness of NASA’s Mission Assurance policies on decreasing launch failure rates 

could be evaluated. Based on the results, it is seen that while NASA does have a better 

overall success rate than FAA/AST, in most cases it is not statistically significant. This 

held true across all the scenarios that were examined. However, in some scenarios, the P-

Values were sufficiently enough to the chosen threshold that significance could not be 

simply ruled out. 

 

6.1 Summary 

In this study, the underlying goal was to determine if the Mission Assurance policies 

of NASA led to better launch success rates than the safety-oriented regulations of 
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FAA/AST. If they did, it would imply that at least some of those policies could be used to 

guide the development of standards and regulations for the nascent commercial human 

spaceflight industry. This was effectively carried out using ELV experience to inform 

decisions on standards and regulations for what will mostly consist of RLV flights. In 

order for this to be valid, scenarios applicable to RLVs and manned commercial crafts 

were chosen, namely, propulsion failures and vehicle loss. 

A comparison was done between the historic launches of the FAA/AST and NASA in 

the context of failure scenarios. The comparison was deemed a valid evaluator of mission 

success effectiveness because the dataset was chosen to reduce the influence of other 

variables such as different vehicle families and vehicle maturity. The results of the 

comparison were then tested for significance. 

The test revealed that based upon the chosen threshold value and evaluation method, 

there was no significant difference between the launch successes of the two agencies in 

all the scenarios evaluated. For two scenarios, namely, overall launch failure and 

propulsion failures leading to vehicle loss, the results were strong enough to accept on 

their own as not significant. However in the other two scenarios, namely, propulsion 

failure and vehicle loss, the resultant value was sufficiently close to the threshold that a 

closer investigation was warranted. 

Further investigation using a more powerful test for significance revealed that the 

results were below the chosen threshold value and could be considered significant. 

Because of the mixed results, a strong statement that mission assurance would lead to 

more launch success is not supported. However, it was close enough to the threshold 

value that the positive impact of mission assurance on launch success cannot be ruled out, 
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and it may be fruitful to use Mission Assurance policies to guide the development of 

regulation and standards, especially with respect to propulsion failures and vehicles loss. 

 

6.2 Recommendations 

Spaceflight is risky, and risk plays a big role in the public perception and acceptance of 

human spaceflight. The results showed that while an overall comparison showed a fairly 

definite sign of insignificance between Mission Assurance policies and launch success, 

for the two scenarios concerning propulsion and vehicle loss it was not so clear cut. In 

these cases, using mission assurance to guide the regulations and standards for the 

commercial human space flight industry may still be warranted. 

Comparisons have been made of the commercial human space flight industry to that of 

adventure sports [8] with inherent risk in both and participants understanding those risks. 

However the severity of the consequences in this industry is much higher than that of an 

adventure sport. The industry as a whole should take care as to not project more risk than 

necessary. Some members have even voiced their concern that some companies with a 

large risk appetite might result in harming the whole industry. As the industry continues 

to develop and with it space tourism, it should be kept in mind that safety is a very big 

key to its survival. [60] Public perception may not care that mission assurance was 

determined to be marginally insignificant in a study. Because the results showed that the 

positive impact of mission assurance is not clearly insignificant in two pertinent cases, 

the adoption of mission assurance to guide standards development should not be ruled 

out.  
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In order to promote the industry, the reduction of perceived risk may be required. 

Going forward as the FFA/AST starts developing its human spaceflight regulations and is 

actively soliciting public input, the need to promote the industry should not be forgotten. 

[2]. Vehicle loss with crew and passengers could deal a very big and very public blow to 

the industry. At the same time, however, the lack of a significant link in the overall 

comparison indicates that current safety-oriented regulations may suffice without the 

burden of further mandated regulations. 

 

6.3 Future Work 

The cost of employing Mission Assurance policies was not explored in this study. 

When NASA owns the payload, it may be worthwhile for them to pay for the technical 

oversight and participate in readiness reviews. As an industry standard this might be 

something that the launch providers themselves might want to consider. An investigation 

on the cost effectiveness of Mission Assurance policies and launch success could be 

worthwhile, especially for test cases where the P-Value was close to the 0.05 threshold, to 

examine if the cost is warranted. 

Obtaining a full dataset for DOD launches proved cumbersome. However, whereas 

NASA’s commercial launches have been subject to mission assurance policies, and the 

FAA/AST has not, this consistency is not the case for DOD launches. The DOD has seen 

a change in mission assurance posture as a “better, faster, cheaper” philosophy to 

procurement lead to the loss of many launch vehicles. They have since taken up a very 

strong mission assurance policy. [90] A comparison of DOD launches to the launches of 

NASA and FAA/AST could prove very enlightening. 
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In this study, a comparison was made between the launches of FAA/AST and NASA 

due to the lack of data on the new industry and the new vehicles. Flight history for these 

vehicles will grow as the industry matures. A reevaluation with actual manned RVL data 

at a sufficiently late date should be performed. Additionally, though briefly touched upon 

in this study, another stakeholder is worthy of investigation: the launch service consumer. 

Input in this study had been focused on the regulator and the industry providers, the 

consumer, the space tourist, and/or scientific researcher would also be affected by 

regulations. The regulations would have to align with their goals and risk appetites as 

well. 
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Appendix A – FAA Revisions Table 

Year Revisions Comments 

1986 06/26/86 
Subchapter - CHAPTER III 
                  Section - All  
                   ---> Added (51 FR 6876) 
Subchapter - A - General 
     Part 400 - Basis and Scope 
                  Section - 400  
                   --->Added (51 FR 6876) 
     Part 401 - Organization and definitions 
                  Section - 401  
                   --->Added (51 FR 6876) 
Subchapter - B - Procedure 
     Part 404 - Regulations and Licensing Requirements 
                  Section - 404  
                   --->Added (51 FR 6877) 
     Part 405 - Investigations and Enforcement 
                  Section - 405  
                   --->Added (51 FR 6878) 
     Part 406 - Investigations, Enforcement, and administrative review 
                  Section - 406  
                   --->Added (51 FR 6879) 
Subchapter - C - Licensing 
     Part 411 - [RESERVED] 
                  Section -   
                   --->Added (51 FR 6879) 
     Part 415 - Launch License 
                  Section - 415  
                   --->Added (51 FR 6881) 

First Set of interim regulations. 
No launches under these 
regulations. 

1988 04/04/88 
Subchapter - CHAPTER III 
                  Section - All  
                   ---> Revised as "Chapter III - Office of Commercial Space Transportation 
Department of Transportation (Parts 400 - 499) (53 FR 11013) 
Subchapter - A - General 
     Part 400 - Basis and Scope 
                  Section - 400  
                   --->Revised (53 FR 11013) 
                  Section - 400.1 Basis 
                   --->Revised as Basis (53 FR 11013) 
                  Section - 400.2 Scope 
                   --->Revised as Scope (53 FR 11013) 
     Part 401 - Organization and definitions 
                  Section - 401  
                   --->Revised (53 FR 11013) 
                  Section - 401.1 The Office of Commercial Space Transportation. 
                   --->Revised as "The Office of Commercial Space Transportation" (53 FR 
11013) 
                  Section - 401.3 The Associate Administrator for Commercial Space 
Transportation. 
                   --->Revised as "The Director of Commercial Space Transportation" (53 FR 
11013) 
                  Section - 401.5 Definitions 
                   --->Revised as "Definitions: (53 FR 11013) 
Subchapter - B - Procedure 
     Part 404 - Regulations and Licensing Requirements 
                  Section - 404  
                   --->Revised (53 FR 11013) 
          Subpart A - General 
                  Section - 404.1 Scope 
                   --->Revised as Scope (53 FR 11013) 
                  Section - 404.3 Filing of petitions to the Associate Administrator 

1988 revisions. Established 
Chapter III in Title 14. First set of 
regulations. 1989 Launches 
licensed from these regulations. 



 

 

105 

Year Revisions Comments 

                   --->Revised as "Filing of petitions to the Director" (53 FR 11013) 
                  Section - 404.5 Action on petitions 
                   --->Revised as "action of Petitions" (53 FR 11013) 
     Part 405 - Investigations and Enforcement 
                  Section - 405  
                   --->Revised (53 FR 11014) 
                  Section - 405.1 Monitoring of licensed, permitted and other activities 
                   --->Revised as "Monitoring of licensed and other activities" (53 FR 11014) 
                  Section - 405.3 Authority to modify, suspend or revoke. 
                   --->revised as "Authority to modify, suspend or revoke" (53 FR 11014) 
                  Section - 405.5 Emergency Order 
                   --->Revised as "Emergency orders" (53 FR 11014) 
     Part 406 - Investigations and Enforcement 
                  Section - 405.7 Civil Penalties 
                   --->Revised as "Civil Penalties" (53 FR 11014) 
                  Section - 406  
                   --->Revised (53 FR 11015) 
          Subpart A - Investigations and Enforcement 
                  Section - 406.1 Hearing in license, permit, and payload actions 
                   --->Revised as "Hearings" Revised (53 FR 11015) 
                  Section - 406.3 Submissions; oral presentation in license, permit, and 
payload actions. 
                   --->Revised as "Submissions; oral presentation" Revised (53 FR 11015) 
                  Section - 406.5 Administrative law judge's recommended decision in 
license, permit, and payload actions 
                   --->Revised as "Administrative law judge's recommended decision" Revised 
(53 FR 11015) 
Subchapter - C - Licensing 
     Part 411 - [RESERVED] 
                  Section -   
                   --->Revised as "Policy " with subparts:  
411.1 General. 
411.3 Review procedures. 
411.5 Safety approval. 
411.7 Mission approval. 
411.9 Information requirements. (53 FR 11015) 
     Part 413 - License Application Procedures 
                  Section - 413  
                   --->Revised (53 FR 11016) 
                  Section - 413.1 Scope of this part. 
                   --->Revised as" Scope" (53 FR 11016) 
                  Section - 413.3 Who must obtain a license or permit. 
                   --->Revised as "Pre-application consultation" (53 FR 11016) 
                  Section - 413.5 Pre-application consultation. 
                   --->Revised as "Application " (53 FR 11016) 
                  Section - 413.7 Application. 
                   --->Revised as "Confidentiality" (53 FR 11016) 
                  Section - 413.9 Confidentiality. 
                   --->Revised as "Review of applications" (53 FR 11016) 
                  Section - 413.11 Acceptance of an application. 
                   --->Revised as" Modifications" (53 FR 11016) 
                  Section - 413.13 Complete application. 
                   --->Revised as "Issuance of license" (53 FR 11016) 
                  Section - 413.15 Review period. 
                   --->Revised as "Terms and Conditions of license" (53 FR 11016) 
                  Section - 413.17 Continuing accuracy of application; supplemental 
information; amendment. 
                   --->Revised as "Certain Rights no Conferred by license" (53 FR 11016) 
                  Section - 413.19 Issuing a license or permit. 
                   --->Revised as "Substantial and significant changes in info furnished to 
office" (53 FR 11016) 
     Part 415 - Launch License 
                  Section - 415  
                   --->Revised (53 FR 11017) 
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Year Revisions Comments 

          Subpart A - General 
                  Section - 415.1 Scope. 
                   --->Revised (53 FR 11017) 
                  Section - 415.3 Types of launch licenses. 
                   --->Revised as "When a launch license is required" (53 FR 11017) 
                  Section - 415.5 Policy and safety approvals. 
                   --->Revised as "Approvals required for a license" (53 FR 11017) 
                  Section - 415.7 Payload determination. 
                   --->Revised as "Incorporation of Approvals" (53 FR 11017) 
                  Section - 415.9 Issuance of a launch license. 
                   --->Revised as "Standard Conditions" (53 FR 11017) 
     Part 416 - Launch License 
                  Section - 416.10 Registration of space objects. 
                   --->Added as registration of Space Objects (53 FR 11017) 
     Part 415 - Launch License 
                  Section - 415.11 Additional license terms and conditions. 
                   --->Added as Subpart B - Safety Review Scope (53 FR 11017) 
                  Section - 415.13 Transfer of a launch license. 
                   --->Revised as "General Standards for reviewing safety operations (53 FR 
11017) 
                  Section - 415.15 Rights not conferred by launch license. 
                   --->Revised as "When to request safety approval" (53 FR 11017) 
                  Section - 415.16 [Reserved] 415.16 - 415.20 
                   --->Revised as Incorporation of safety approval" (53 FR 11017) 
          Subpart B - Policy Review and Approval 
                  Section - 415.21 General 
                   --->Revised as ""Subpart C - Mission review" Scope (53 FR 11017) 
                  Section - 415.23 Policy Review 
                   --->Revised as "When to request mission approval" (53 FR 11017) 
                  Section - 415.25 Application requirements for policy review 
                   --->Revised as "Incorporation of mission approval" (53 FR 11017) 
          Subpart C - Safety Review and Approval for Launch From a Federal Launch 
Range 
                  Section - 415.31 General. 
                   --->Revised as "Subpart D - Environmental Impacts of Launch Activities" 
General (53 FR 11017) 
                  Section - 415.33 Safety organization. 
                   --->Revised as "Subpart D - Environmental Impacts of Launch Activities" 
Environmental Information (53 FR 11017) 

1991 08/19/91 
     Part 413 - License Application Procedures 
                  Section - 413  
                   ---> Authority Citation Revised (56 FR 41067) 
                  Section - 413.5 Pre-application consultation. 
                   --->Titled Application. Added Part D. (56 FR 41068) 
     Part 415 - Launch License 
                  Section - 415  
                   --->Authority Citation Revised. Added 415.4 (56 FR 41068) 
          Subpart A - General 
                  Section - 415.9 Issuance of a launch license. 
                   --->As Standard Conditions. Added Part E (56 FR 41068) 

Minor Update. Added paragraphs 
to License Applications 
Procedures and issuance of 
license. 
 
 

1993 01/12/93 
     Part 413 - License Application Procedures 
                  Section - 413  
                   ---> Authority Citation Revised (58 FR 3827) 
                  Section - 413.5 Pre-application consultation. 
                   --->Titled Application. Part D Removed (58 FR 3827) 
     Part 415 - Launch License 
                  Section - 415  
                   --->Authority Citation Revised. Removed 415.4 (58 FR 3827) 
          Subpart A - General 
                  Section - 415.9 Issuance of a launch license. 
                   --->As Standard Conditions. Removed Part E (58 FR 3827) 

Minor Updates. Additions from 
previous Year removed 
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Year Revisions Comments 

1996 07/22/96 
Subchapter - CHAPTER III 
                  Section - All  
                   ---> Chapter III Title Revised as "CHAPTER III—COMMERCIAL SPACE 
TRANSPORTATION, FEDERAL AVIATION ADMINISTRATION, DEPARTMENT OF 
TRANSPORTATION (PARTS 400 TO 499") 
(61 FR 37814) 

Chapter Title Revision. 

1998 10/26/98 
Subchapter - C - Licensing 
     Part 440 - Financial Responsibility 
                  Section -   
                   ---> Added (63 FR 45619) 
          Subpart A - Financial Responsibility for Licensed and Permitted Activities 
                  Section - 440.1 Scope of part. 
                   --->Added (63 FR 45619) 
                  Section - 440.3 Definitions. 
                   --->Added (63 FR 45619) 
                  Section - 440.5 General. 
                   --->Added (63 FR 45619) 
                  Section - 440.7 Determination of maximum probable loss. 
                   --->Added (63 FR 45619) 
                  Section - 440.9 Insurance requirements for licensed or permitted activities. 
                   --->Added (63 FR 45619) 
                  Section - 440.11 Duration of coverage for licensed launch, including 
suborbital launch, or permitted activities; modifications. 
                   --->Added (63 FR 45619) 
                  Section - 440.13 Standard conditions of insurance coverage. 
                   --->Added (63 FR 45619) 
                  Section - 440.15 Demonstration of compliance. 
                   --->Added (63 FR 45619) 
                  Section - 440.17 Reciprocal waiver of claims requirements. 
                   --->Added (63 FR 45619) 
                  Section - 440.19 United States payment of excess third-party liability claims. 
                   --->Added (63 FR 45619) 
          APPENDIX A - TO PART 440—INFORMATION REQUIREMENTS FOR OBTAINING A 
MAXIMUM PROBABLE LOSS DETERMINATION FOR LICENSED OR PERMITTED 
ACTIVITIES 
                  Section -   
                   --->Added (63 FR 45619) 
          APPENDIX B - TO PART 440—AGREEMENT FOR WAIVER OF CLAIMS AND 
ASSUMPTION OF RESPONSIBILITY FOR LICENSED ACTIVITIES 
                  Section -   
                   --->Added (63 FR 45619) 

Added Part 440 and Appendix. 
Regulated financial responsibility 
and implemented reciprocal 
waivers. 

1999 06/21/99 
Subchapter - A - General 
     Part 401 - Organization and definitions 
                  Section - 401  
                   ---> Authority Revised to 49 U.S.C. 70102. (64 FR 19613) 
                  Section - 401.5 Definitions 
                   --->Revised - Added Definitions. Definition of "Launch" clarified for 
financial responsibility. (64 FR 19613) 
Subchapter - C - Licensing 
     Part 411 - [RESERVED] 
                  Section -   
                   --->Removed . Was used to address how FAA addressed safety and mission 
reviews. Now covered in 413, 415 and 417 (64 FR 19614) 
     Part 413 - License Application Procedures 
                  Section - 413  
                   --->Revised (64 FR 19614) 
                  Section - 413.3 Who must obtain a license or permit. 
                   --->Revised to Current Structure and Section Titles (64 FR 19614) 
                  Section - 413.5 Pre-application consultation. 
                   --->Revised to Current Section Titles (64 FR 19614) 
                  Section - 413.7 Application. 

Removed Part 411, which 
previously had safety and mission 
approval. 
Revised Part 413 – License 
Application Procedures. 
Procedural change, no impact on 
launch. 
Restructured Part 415 to today’s 
flow, deals with Safety Approval 
descriptions and Space Objects.  
 
415 Subpart C addresses safety 
approval for launch from a 
Federal Launch Range. 
417 Added as Part to regulate 
Operation of  Launch sites. 
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Year Revisions Comments 

                   --->Revised to Current Section Titles (64 FR 19614) 
                  Section - 413.9 Confidentiality. 
                   --->Revised to Current Section Titles (64 FR 19614) 
                  Section - 413.11 Acceptance of an application. 
                   --->Revised to Current Section Titles (64 FR 19614) 
                  Section - 413.13 Complete application. 
                   --->Revised to Current Section Titles (64 FR 19614) 
                  Section - 413.15 Review period. 
                   --->Revised to Current Section Titles (64 FR 19614) 
                  Section - 413.17 Continuing accuracy of application; supplemental 
information; amendment. 
                   --->Revised to Current Section Titles (64 FR 19614) 
                  Section - 413.19 Issuing a license or permit. 
                   --->Revised to Current Section Titles (64 FR 19614) 
                  Section - 413.21 Denial of a license application. 
                   --->Revised to Current Section Titles (64 FR 19614) 
                  Section - 413.23 License or permit renewal. 
                   --->Revised to Current Section Titles (64 FR 19614) 
     Part 415 - Launch License 
                  Section - 415  
                   --->Revised as noted below and added  
"APPENDIX A to Part 415 - FAA/USSPACECOM LAUNCH NOTIFICATION FORM (64 FR 
19616) 
          Subpart A - General 
                  Section - 415.1 Scope. 
                   --->Revised as Scope (64 FR 19616) 
                  Section - 415.3 Types of launch licenses. 
                   --->Revised to "Types of launch licenses." (64 FR 19616) 
                  Section - 415.5 Policy and safety approvals. 
                   --->Revised to "Policy and safety approvals." (64 FR 19616) 
                  Section - 415.7 Payload determination. 
                   --->Revised to "Payload determination." (64 FR 19616) 
                  Section - 415.9 Issuance of a launch license. 
                   --->Revised to "Issuance of a launch license." (64 FR 19616) 
     Part 415 - Launch License 
                  Section - 416.10 Registration of space objects. 
                   --->Revised to "Registration of space objects." (64 FR 19616) 
                  Section - 415.11 Additional license terms and conditions. 
                   --->Revised to "Additional license terms and conditions." (64 FR 19616) 
                  Section - 415.13 Transfer of a launch license. 
                   --->Revised to "Transfer of a launch license." (64 FR 19616) 
                  Section - 415.15 Rights not conferred by launch license. 
                   --->Revised to "Rights not conferred by launch license." (64 FR 19616) 
                  Section - 415.16 [Reserved] 415.16 - 415.20 
                   --->Revised to "[Reserved] 415.16 - 415.20" (64 FR 19616) 
          Subpart B - Policy Review and Approval 
                  Section - 415.21 General 
                   --->Revised to "General" (64 FR 19616) 
                  Section - 415.23 Policy Review 
                   --->Revised to "Policy Review" (64 FR 19616) 
                  Section - 415.25 Application requirements for policy review 
                   --->Revised to "Application requirements for policy review" (64 FR 19616) 
                  Section - 415.27 Denial of policy approval 
                   --->Revised to "Denial of policy approval" (64 FR 19616) 
                  Section - 415.28 [Reserved] 415.28 - 415.30 
                   --->Revised to "[Reserved] 415.28 - 415.30" (64 FR 19616) 
          Subpart C - Safety Review and Approval for Launch From a Federal Launch 
Range 
                  Section - 415.31 General. 
                   --->Revised to "General."  
Environmental Review moved to Subpart G (64 FR 19616) 
                  Section - 415.33 Safety organization. 
                   --->Revised to "Safety organization." 
Environmental Review moved to Subpart G (64 FR 19616) 
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Year Revisions Comments 

                  Section - 415.35 Acceptable flight risk. 
                   --->Revised to "Acceptable flight risk." (64 FR 19616) 
                  Section - 415.37 Flight readiness and communications plan. 
                   --->Revised to "Flight readiness and communications plan." (64 FR 19616) 
                  Section - 415.39 Safety at end of launch. 
                   --->Revised to "Safety at end of launch." (64 FR 19616) 
                  Section - 415.41 Accident investigation plan. 
                   --->Revised to "Accident investigation plan." (64 FR 19616) 
                  Section - 415.43 Denial of safety approval. 
                   --->Revised to "Denial of safety approval." (64 FR 19616) 
                  Section - 415.44 414.44 - 415.50 [Reserved] 
                   --->Revised to "414.44 - 415.50 [Reserved]" (64 FR 19616) 
          Subpart D - Payload Review and Determination 
                  Section - 415.51 General. 
                   --->Revised to " General." (64 FR 19616) 
                  Section - 415.53 Payloads not subject to review. 
                   --->Revised to " Payloads not subject to review." (64 FR 19616) 
                  Section - 415.55 Classes of payloads. 
                   --->Revised to " Classes of payloads." (64 FR 19616) 
                  Section - 415.57 Payload review. 
                   --->Revised to " Payload review." (64 FR 19616) 
                  Section - 415.59 Information requirements for payload review. 
                   --->Revised to " Information requirements for payload review." (64 FR 
19616) 
                  Section - 415.61 Issuance of payload determination. 
                   --->Revised to " Issuance of payload determination." (64 FR 19616) 
                  Section - 415.63 Incorporation of payload determination in license 
application. 
                   --->Revised to " Incorporation of payload determination in license 
application." (64 FR 19616) 
                  Section - 415.64 415.64 - 415.70[Reserved] 
                   --->Revised to " 415.64 - 415.70[Reserved]" (64 FR 19616) 
          Subpart E - [Reserved] 
                  Section -   
                   --->Added Sub-Part E 
"Post Licensing Requirements Launch License Terms and Conditions" 
415.73 Continuing accuracy of license application; 
application for modification of license. 
415.75 Agreement(s) with federal launch range. 
415.77 Records. 
415.79 Launch reporting requirements. 
415.81 Registration of space objects. 
415.83 Financial responsibility requirements. 
415.85 Compliance monitoring. 
415.86–415.90 [Reserved] 
 (64 FR 19616) 
          Subpart F - Safety Review and Approval for Launch of an Expendable Launch 
Vehicle from a Non-Federal Launch Site 
                  Section - 415.91 415.91 - 415.100 [Reserved] 
                   --->Added Subpart F  
"Safety Review and Approval for Launch form a launch site not operated by a Federal 
Launch Range" 
415.91 General 
415.93 Denial of safety approval 
415.94 - 415.100 [Reserved] 
 (64 FR 19616) 
                  Section - 415.101 Scope and applicability. 
                   --->Added as Subpart G - Environmental Review - General (64 FR 19616) 
                  Section - 415.103 General. 
                   --->Added as Subpart G - Environmental Review - Environmental 
Information (64 FR 19616) 
     Part 416 - Launch License 
          APPENDIX A - TO PART 415 - FAA/USSPACECOM LAUNCH NOTIFICATION FORM 
                  Section -   
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                   --->Added (64 FR 19616) 
     Part 417 - Launch Safety 
                  Section - 417  
                   --->Added Section 417  
"License to Operate a Launch Site" 
With Sections: 
417.101 General. 
417.103 Issuance of a license to operate a launch site. 
417.105 Environmental. 
417.107 Environmental information. 
 (64 FR 19616) 
     Part 420 - License to Operate a Launch Site 
                  Section -   
                   --->Added as Section 417 (64 FR 19616) 

2000 11/20/00 
Subchapter - A - General 
     Part 400 - Basis and Scope 
                  Section - 400  
                   ---> Authority Citation Revised (65 FR 56656) 
                  Section - 400.2 Scope 
                   --->Scope update to not include "exempted rocket activities" (65 FR 56656) 
     Part 401 - Organization and definitions 
                  Section - 401  
                   --->Authority Citation Revised (65 FR 56656) 
                  Section - 401.5 Definitions 
                   --->Definitions Updated.  
Definition of Mishap Updated (65 FR 56656) 
Subchapter - B - Procedure 
     Part 404 - Regulations and Licensing Requirements 
                  Section - 404  
                   --->Authority Citation Revised (65 FR 56657) 
          Subpart A - General 
                  Section - 404.1 Scope 
                   --->Revised - Replace "launch" with "space transportation" (65 FR 56657) 
                  Section - 404.3 Filing of petitions to the Associate Administrator 
                   --->Revised to include rulemaking petitions regarding reentry and 
operation of reentry site (65 FR 56657) 
     Part 405 - Investigations and Enforcement 
                  Section - 405.1 Monitoring of licensed, permitted and other activities 
                   --->Added monitoring to include reentry sites and reentry vehicle 
manufacturing (65 FR 56657) 
                  Section - 405.5 Emergency Order 
                   --->Reentry and operation of reentry site added to agency's authority to 
terminate (65 FR 56657) 
     Part 406 - Investigations, Enforcement, and administrative review 
                  Section - 406  
                   --->Authority Citation Revised (65 FR 56657) 
          Subpart A - Investigations and Enforcement 
                  Section - 406.1 Hearing in license, permit, and payload actions 
                   --->Reflects rights of owner/operator of reentry payload as well as licensee 
to a hearing. (65 FR 56658) 
Subchapter - C - Licensing 
     Part 413 - License Application Procedures 
                  Section - 413.1 Scope of this part. 
                   --->Added reentry vehicles and sites (65 FR 56658) 
                  Section - 413.3 Who must obtain a license or permit. 
                   --->Added reentry vehicles and site. Anyone reenter in US needs and any 
US citizen reentering anywhere in the world needs. (65 FR 56658) 
     Part 415 - Launch License 
          Subpart A - General 
                  Section - 415.1 Scope. 
                   --->Restricts scope to EVLs only. RVLs are referred to Part 431 (65 FR 
56658) 
     Part 431 - Launch and Reentry of a Reusable Launch Vehicle (RLV) 

General and Procedure Changes.  
 
In licensing, big change was 
added to rules address reentry 
vehicles. 
Revised Par 413 to address 
reentry vehicles in license 
applications. 
In 415 restricted scope to only 
EVLs. 
Add Part 431 to address launch 
and reentry of RVLs 
Add Part 433 to regulate licenses 
for reentry sites 
Add Part 435 for Reentry of 
vehicles other than RVLs. 
 
 
In 12/8/2000 
Added part 450 as Financial 
responsibility. 
Part 417 (Operation of a Launch 
Site) was removed and Part 420 
was added to regulate operation 
of a launch site. 
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                  Section -   
                   --->Added (65 FR 56658) 
          Subpart A - General 
                  Section -   
                   --->Added (65 FR 56658) 
                  Section - 431.1 Scope. 
                   --->Added (65 FR 56658) 
                  Section - 431.3 Types of reusable launch vehicle mission licenses. 
                   --->Added (65 FR 56658) 
                  Section - 431.5 Policy and safety approvals. 
                   --->Added (65 FR 56658) 
                  Section - 431.7 Payload and payload reentry determinations. 
                   --->Added (65 FR 56658) 
                  Section - 431.9 Issuance of a reusable launch vehicle mission license. 
                   --->Added (65 FR 56658) 
                  Section - 431.11 Additional license terms and conditions. 
                   --->Added (65 FR 56658) 
                  Section - 431.13 Transfer of a reusable launch vehicle mission license. 
                   --->Added (65 FR 56658) 
                  Section - 431.15 Rights not conferred by a reusable launch vehicle mission 
license. 
                   --->Added (65 FR 56658) 
                  Section - 431.16 431.16 - 431.20 [Reserved] 
                   --->Added (65 FR 56658) 
          Subpart B - Policy Review and Approval for Launch and Reentry of a Reusable 
Launch Vehicle 
                  Section - 431.21 General 
                   --->Added (65 FR 56658) 
                  Section - 431.23 Policy review. 
                   --->Added (65 FR 56658) 
                  Section - 431.25 Application requirements for policy review. 
                   --->Added (65 FR 56658) 
                  Section - 431.27 Denial of policy approval. 
                   --->Added (65 FR 56658) 
                  Section - 431.28 431.28 - 431.30 [Reserved] 
                   --->Added (65 FR 56658) 
          Subpart C - Safety Review and Approval for Launch and Reentry of a Reusable 
Launch Vehicle 
                  Section - 431.31 General. 
                   --->Added (65 FR 56658) 
                  Section - 431.33 Safety organization. 
                   --->Added (65 FR 56658) 
                  Section - 431.35 Acceptable reusable launch vehicle mission risk. 
                   --->Added (65 FR 56658) 
                  Section - 431.37 Mission readiness. 
                   --->Added (65 FR 56658) 
                  Section - 431.39 Mission rules, procedures, contingency plans, and 
checklists. 
                   --->Added (65 FR 56658) 
                  Section - 431.41 Communications plan. 
                   --->Added (65 FR 56658) 
                  Section - 431.43 Reusable launch vehicle mission operational requirements 
and restrictions. 
                   --->Added (65 FR 56658) 
                  Section - 431.45 Mishap investigation plan and emergency response plan. 
                   --->Added (65 FR 56658) 
                  Section - 431.47 Denial of safety approval. 
                   --->Added (65 FR 56658) 
                  Section - 431.48 431.48 - 431.50 [Reserved] 
                   --->Added (65 FR 56658) 
          Subpart D - Payload Reentry Review and Determination 
                  Section - 431.51 General. 
                   --->Added (65 FR 56658) 
                  Section - 431.53 Classes of payloads. 
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                   --->Added (65 FR 56658) 
                  Section - 431.55 Payload reentry review. 
                   --->Added (65 FR 56658) 
                  Section - 431.57 Information requirements for payload reentry review. 
                   --->Added (65 FR 56658) 
                  Section - 431.59 Issuance of payload reentry determination. 
                   --->Added (65 FR 56658) 
                  Section - 431.61 Incorporation of payload reentry determination in license 
application. 
                   --->Added (65 FR 56658) 
                  Section - 431.62 431.62 - 431.70 [Reserved] 
                   --->Added (65 FR 56658) 
          Subpart E - Post-Licensing Requirements— Reusable Launch Vehicle Mission 
License Terms and Conditions 
                  Section - 431.71 Public safety responsibility. 
                   --->Added (65 FR 56658) 
                  Section - 431.73 Continuing accuracy of license application; application for 
modification of license. 
                   --->Added (65 FR 56658) 
                  Section - 431.75 Agreements. 
                   --->Added (65 FR 56658) 
                  Section - 431.77 Records. 
                   --->Added (65 FR 56658) 
                  Section - 431.79 Reusable launch vehicle mission reporting requirements. 
                   --->Added (65 FR 56658) 
                  Section - 431.81 Financial responsibility requirements. 
                   --->Added (65 FR 56658) 
                  Section - 431.83 Compliance monitoring. 
                   --->Added (65 FR 56658) 
                  Section - 431.85 Registration of space objects. 
                   --->Added (65 FR 56658) 
                  Section - 431.86 4431.86 - 31.90 [Reserved] 
                   --->Added (65 FR 56658) 
          Subpart F - Environmental Review 
                  Section - 431.91 General. 
                   --->Added (65 FR 56658) 
                  Section - 431.93 Environmental information. 
                   --->Added (65 FR 56658) 
     Part 433 - License to Operate a Reentry Site 
                  Section -   
                   --->Added (65 FR 56665) 
     Part 433 - License to Operate a Reentry Site 
          Subpart A - General 
                  Section -   
                   --->Added (65 FR 56665) 
     Part 433 - License to Operate a Reentry Site 
                  Section - 433.1 General. 
                   --->Added (65 FR 56665) 
                  Section - 433.3 Issuance of a license to operate a reentry site. 
                   --->Added (65 FR 56665) 
                  Section - 433.5 Operational restrictions on a reentry site. 
                   --->Added (65 FR 56665) 
                  Section - 433.7 Environmental. 
                   --->Added (65 FR 56665) 
                  Section - 433.9 Environmental information. 
                   --->Added (65 FR 56665) 
     Part 434 - [RESERVED] 
                  Section -   
                   --->Added (65 FR 56665) 
     Part 435 - REENTRY OF A REENTRY VEHICLE OTHER THAN A REUSABLE LAUNCH 
VEHICLE (RLV) 
                  Section -   
                   --->Added (65 FR 56665) 
          Subpart A - General 
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                  Section - 435.1 Scope. 
                   --->Added (65 FR 56665) 
                  Section - 435.3 Types of reentry licenses. 
                   --->Added (65 FR 56665) 
                  Section - 435.5 Policy and safety approvals. 
                   --->Added (65 FR 56665) 
                  Section - 435.7 Payload reentry determination. 
                   --->Added (65 FR 56665) 
                  Section - 435.9 Issuance of a reentry license. 
                   --->Added (65 FR 56665) 
                  Section - 435.11 Additional license terms and conditions. 
                   --->Added (65 FR 56665) 
                  Section - 435.13 Transfer of a reentry license. 
                   --->Added (65 FR 56665) 
                  Section - 435.15 Rights not conferred by reentry license. 
                   --->Added (65 FR 56665) 
                  Section - 435.16 435.16 - 435.20 [Reserved] 
                   --->Added (65 FR 56665) 
          Subpart B - Policy Review and Approval for Reentry of a Reentry Vehicle 
                  Section - 435.21 General. 
                   --->Added (65 FR 56665) 
                  Section - 435.23 Policy review requirements and procedures. 
                   --->Added (65 FR 56665) 
                  Section - 435.24 435.24 - 435.30 [Reserved] 
                   --->Added (65 FR 56665) 
          Subpart C - Safety Review and Approval for Reentry of a Reentry Vehicle 
                  Section - 435.31 General. 
                   --->Added (65 FR 56665) 
                  Section - 435.33 Safety review requirements and procedures. 
                   --->Added (65 FR 56665) 
                  Section - 435.35 Acceptable reentry risk for reentry of a reentry vehicle. 
                   --->Added (65 FR 56665) 
                  Section - 435.36 435.36 - 435.40 [Reserved] 
                   --->Added (65 FR 56665) 
          Subpart D - Payload Reentry Review and Determination 
                  Section - 435.41 General. 
                   --->Added (65 FR 56665) 
                  Section - 435.43 Payload reentry review requirements and procedures. 
                   --->Added (65 FR 56665) 
                  Section - 435.44 435.44 - 435.50 [Reserved] 
                   --->Added (65 FR 56665) 
          Subpart E - Post-Licensing Requirements— Reentry License Terms and 
Conditions 
                  Section - 435.51 General. 
                   --->Added (65 FR 56665) 
                  Section - 435.52 435.52435.60 [Reserved] 
                   --->Added (65 FR 56665) 
          Subpart F - Environmental Review 
                  Section - 435.61 General. 
                   --->Added (65 FR 56665) 
                  Section - 435.62 435.62 - 435.70 [Reserved] 
                   --->Added (65 FR 56665) 
     Part 450 - [RESERVED] 
                  Section -   
                   --->Added as Financial Responsibility as: 
450.1 Scope of part; basis. 
450.3 Definitions. 
450.5 General. 
450.7 Determination of maximum probable loss. 
450.9 Insurance requirements for licensed reentry activities. 
450.11 Duration of coverage; modifications. 
450.13 Standard conditions of insurance coverage. 
450.15 Demonstration of compliance. 
450.17 Reciprocal waiver of claims requirements. 
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450.19 United States payment of excess third-party liability claims. 
Appendix A to part 450—Information Requirements for Obtaining a Maximum 
Probable Loss Determination for licensed Reentry Activities. 
Appendix B to Part 450—Agreement for Waiver of Claims and Assumption of 
Responsibility. 
(65 FR 56699) 
 
12/18/00 
     Part 417 - Launch Safety 
                  Section -  417  
                   --->Section REMOVED and Part 420 Created (65 FR 62861) 
     Part 420 - License to Operate a Launch Site 
                  Section -   
                   --->Added (65 FR 62861) 
          Subpart A - General 
                  Section -   
                   --->Added (65 FR 62861) 
                  Section - 420.1 Scope. 
                   --->Added (65 FR 62861) 
                  Section - 420.3 Applicability. 
                   --->Added (65 FR 62861) 
                  Section - 420.5 Definitions. 
                   --->Added (65 FR 62861) 
                  Section - 420.6 420.6 - 420.14 [Reserved] 
                   --->Added (65 FR 62861) 
          Subpart B - Criteria and Information Requirements for Obtaining a License 
                  Section - 420.15 Information requirements. 
                   --->Added (65 FR 62861) 
                  Section - 420.17 Bases for issuance of a license. 
                   --->Added (65 FR 62861) 
                  Section - 420.19 Launch site location review—general. 
                   --->Added (65 FR 62861) 
                  Section - 420.21 Launch site location review—launch site boundary. 
                   --->Added (65 FR 62861) 
                  Section - 420.23 Launch site location review—flight corridor. 
                   --->Added (65 FR 62861) 
                  Section - 420.25 Launch site location review—risk analysis. 
                   --->Added (65 FR 62861) 
                  Section - 420.27 Launch site location review—information requirements. 
                   --->Added (65 FR 62861) 
                  Section - 420.29 Launch site location review for unproven launch vehicles. 
                   --->Added (65 FR 62861) 
                  Section - 420.31 Agreements. 
                   --->Added (65 FR 62861) 
                  Section - 420.32 420.32 - 420.40 [Reserved] 
                   --->Added (65 FR 62861) 
          Subpart C - License Terms and Conditions 
                  Section - 420.41 License to operate a launch site—general. 
                   --->Added (65 FR 62861) 
                  Section - 420.43 Duration. 
                   --->Added (65 FR 62861) 
                  Section - 420.45 Transfer of a license to operate a launch site. 
                   --->Added (65 FR 62861) 
                  Section - 420.47 License modification. 
                   --->Added (65 FR 62861) 
                  Section - 420.49 Compliance monitoring. 
                   --->Added (65 FR 62861) 
          Subpart D - Responsibilities of a License 
                  Section - 420.51 Responsibilities—general. 
                   --->Added (65 FR 62861) 
                  Section - 420.53 Control of public access. 
                   --->Added (65 FR 62861) 
                  Section - 420.55 Scheduling of launch site operations. 
                   --->Added (65 FR 62861) 
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                  Section - 420.57 Notifications. 
                   --->Added (65 FR 62861) 
                  Section - 420.59 Launch site accident investigation plan. 
                   --->Added (65 FR 62861) 
                  Section - 420.61 Records. 
                   --->Added (65 FR 62861) 
                  Section - 420.63 Explosive siting. 
                   --->Added (65 FR 62861) 
                  Section - 420.65 Handling of solid propellants. 
                   --->Added (65 FR 62861) 
                  Section - 420.67 Storage or handling of liquid propellants. 
                   --->Added (65 FR 62861) 
                  Section - 420.69 Solid and liquid propellants located together. 
                   --->Added (65 FR 62861) 
                  Section - 420.71 Lightning protection. 
                   --->Added (65 FR 62861) 
          APPENDIX A - TO PART 420—METHOD FOR DEFINING A FLIGHT CORRIDOR 
                  Section -   
                   --->Added (65 FR 62861) 
          APPENDIX B - TO PART 420—METHOD FOR DEFINING A FLIGHT CORRIDOR 
                  Section -   
                   --->Added (65 FR 62861) 
          APPENDIX C - TO PART 420—RISK ANALYSIS 
                  Section -   
                   --->Added (65 FR 62861) 
          APPENDIX D - TO PART 420—IMPACT DISPERSION AREAS AND CASUALTY 
EXPECTANCY ESTIMATE FOR AN UNGUIDED SUBORBITAL LAUNCH VEHICLE 
                  Section -   
                   --->Added (65 FR 62861) 
          APPENDIX E - TO PART 420—TABLES FOR EXPLOSIVE SITE PLAN 
                  Section -   
                   --->Added (65 FR 62861) 

2001 02/09/01 
Subchapter - B - Procedure 
     Part 405 - Investigations and Enforcement 
                  Section - 405  
                   ---> 405.7 Civil Penalties Removed and consolidated to 406.9 (66 FR 2180) 
     Part 406 - Investigations and Enforcement 
                  Section - 405.7 Civil Penalties 
                   --->Removed and Consolidated with 406.9 (66 FR 2180) 
          Subpart A - Investigations and Enforcement 
                  Section - 406.1 Hearing in license, permit, and payload actions 
                   --->Heading revised to "Hearing in license, permit, and payload actions" 
(66 FR 2180) 
                  Section - 406.3 Submissions; oral presentation in license, permit, and 
payload actions. 
                   --->Heading revised to "Submissions; oral presentation in license and 
payload actions." (66 FR 2180) 
                  Section - 406.5 Administrative law judge's recommended decision in 
license, permit, and payload actions 
                   --->Heading revised to "Administrative law judge's recommended decision 
in license, permit, and payload actions" (66 FR 2180) 
                  Section - 406.9 Civil Penalties 
                   --->Added (66 FR 2180) 
          Subpart B - Rules of Practice in FAA Space Transportation Adjudications 
                  Section - 406.101 Applicability. 
                   --->Added (66 FR 2180) 
                  Section - 406.103 Definitions that apply in part 406. 
                   --->Added (66 FR 2180) 
                  Section - 406.105 Separation of functions for prosecuting civil penalties and 
advising the FAA decision maker. 
                   --->Added (66 FR 2180) 
                  Section - 406.107 Appearances of parties, and attorneys and 
representatives. 

Civil Penalties moved to 406, and 
greatly expanded 406. 
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                   --->Added (66 FR 2180) 
                  Section - 406.109 Administrative law judges—powers and limitations. 
                   --->Added (66 FR 2180) 
                  Section - 406.111 Signing documents. 
                   --->Added (66 FR 2180) 
                  Section - 406.113 Filing of documents with the Docket Management System 
(DMS) and sending documents to the administrative law judge and Assistant Chief 
Counsel for Litigation. 
                   --->Added (66 FR 2180) 
                  Section - 406.115 Serving documents on other parties. 
                   --->Added (66 FR 2180) 
                  Section - 406.117 Confidential information. 
                   --->Added (66 FR 2180) 
                  Section - 406.119 Computation of time. 
                   --->Added (66 FR 2180) 
                  Section - 406.121 Extension of time. 
                   --->Added (66 FR 2180) 
                  Section - 406.123 Waivers. 
                   --->Added (66 FR 2180) 
                  Section - 406.127 Complaint and answer in civil penalty adjudications. 
                   --->Added (66 FR 2180) 
                  Section - 406.133 Amendment of pleadings. 
                   --->Added (66 FR 2180) 
                  Section - 406.135 Withdrawal of complaint or request for hearing. 
                   --->Added (66 FR 2180) 
                  Section - 406.137 Intervention. 
                   --->Added (66 FR 2180) 
                  Section - 406.139 Joint procedural or discovery schedule. 
                   --->Added (66 FR 2180) 
                  Section - 406.141 Motions. 
                   --->Added (66 FR 2180) 
                  Section - 406.143 Discovery. 
                   --->Added (66 FR 2180) 
                  Section - 406.147 Notice of hearing. 
                   --->Added (66 FR 2180) 
                  Section - 406.149 Evidence. 
                   --->Added (66 FR 2180) 
                  Section - 406.151 Standard of proof. 
                   --->Added (66 FR 2180) 
                  Section - 406.153 Burden of proof. 
                   --->Added (66 FR 2180) 
                  Section - 406.155 Offer of proof. 
                   --->Added (66 FR 2180) 
                  Section - 406.157 Expert or opinion witnesses. 
                   --->Added (66 FR 2180) 
                  Section - 406.159 Subpoenas. 
                   --->Added (66 FR 2180) 
                  Section - 406.161 Witness fees. 
                   --->Added (66 FR 2180) 
                  Section - 406.163 Record. 
                   --->Added (66 FR 2180) 
                  Section - 406.165 Argument before the administrative law judge. 
                   --->Added (66 FR 2180) 
                  Section - 406.167 Initial decision. 
                   --->Added (66 FR 2180) 
                  Section - 406.173 Interlocutory appeals. 
                   --->Added (66 FR 2180) 
                  Section - 406.175 Appeal from initial decision. 
                   --->Added (66 FR 2180) 
                  Section - 406.177 Petition to reconsider or modify a final decision and order 
of the FAA decision maker on appeal. 
                   --->Added (66 FR 2180) 
                  Section - 406.179 Judicial review of a final decision and order. 
                   --->Added (66 FR 2180) 
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2003 06/13/03 
Subchapter - A - General 
     Part 401 - Organization and definitions 
                  Section - 401.3 The Associate Administrator for Commercial Space 
Transportation. 
                   ---> Replace Director with Associate Administrator (68 FR 35289) 
Subchapter - B - Procedure 
     Part 404 - Regulations and Licensing Requirements 
          Subpart A - General 
                  Section - 404.3 Filing of petitions to the Associate Administrator 
                   --->Replace Director with Associate Administrator (68 FR 35289) 
                  Section - 404.5 Action on petitions 
                   --->Replace Director with Associate Administrator (68 FR 35289) 
          Subpart B - Rulemaking 
                  Section - 404.11 General 
                   --->Replace Director with Associate Administrator (68 FR 35289) 
                  Section - 404.13 Petitions for extension of time to comment 
                   --->Replace Director with Associate Administrator (68 FR 35289) 
                  Section - 404.17 Additional rulemaking proceedings 
                   --->Replace Director with Associate Administrator (68 FR 35289) 
                  Section - 404.19 Hearings 
                   --->Replace Director with Associate Administrator (68 FR 35289) 
Subchapter - C - Licensing 
     Part 413 - License Application Procedures 
                  Section - 413.1 Scope of this part. 
                   --->Scope Updated with Table (68 FR 35289) 

Administrative Changes 

2006 09/14/06 
     Part 414 - Safety Approvals 
                  Section - 414  
                   ---> Added - Deals with obtaining Safety Approvals for LV, Safety Systems 
Process Service Component or Personnel (71 FR 46853) 
          Subpart A - General 
                  Section - 414.1 Scope. 
                   --->Added (71 FR 46853) 
                  Section - 414.3 Definitions. 
                   --->Added (71 FR 46853) 
                  Section - 414.5 Applicability. 
                   --->Added (71 FR 46853) 
                  Section - 414.7 Eligibility. 
                   --->Added (71 FR 46853) 
          Subpart B - Application Procedures 
                  Section - 414.9 Pre-application consultation. 
                   --->Added (71 FR 46853) 
                  Section - 414.11 Application. 
                   --->Added (71 FR 46853) 
                  Section - 414.13 Confidentiality. 
                   --->Added (71 FR 46853) 
                  Section - 414.15 Processing the initial application. 
                   --->Added (71 FR 46853) 
                  Section - 414.17 Maintaining the continued accuracy of the initial 
application. 
                   --->Added (71 FR 46853) 
          Subpart C - Safety Approval Review and Issuance 
                  Section - 414.19 Technical criteria for reviewing a safety approval 
application. 
                   --->Added (71 FR 46853) 
                  Section - 414.21 Terms and conditions for issuing a safety approval; 
duration of a safety approval. 
                   --->Added (71 FR 46853) 
                  Section - 414.23 Maintaining the continued accuracy of the safety approval 
application. 
                   --->Added (71 FR 46853) 
                  Section - 414.25 Safety approval records. 
                   --->Added (71 FR 46853) 

Part 414 added to address Safety 
Approvals.  Administrative and 
issues regarding how to get one 
and terms and conditions. 
 
A few procedural revisions 
regarding investigations. 
To take effect 2/13/07 – 
Added verbiage addressing 
human spaceflight to 415, 431, 
435, 440 
Revised financial responsibility 
section.  
440 Appendix A and B updates. 
Additions fo App C – E 
 
Contents of 450 removed as 
duplication. 
 
Added Part 460 regulating Human 
Spaceflight. 
 
 
Part 415 Revisions 
Federal and Non-Federal Range 
better specified and added 
reference to 417 for safety 
approval. 
Subpart F (environmental review) 
moved subpart G. Subpart F now 
addresses EVL from Non - Federal 
Site. 
 
417 – Launch License was 
reintroduced. Contains scope and 
applicability. And include 
appendices A-J 
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                  Section - 414.27 Safety approval renewal. 
                   --->Added (71 FR 46853) 
                  Section - 414.29 Safety approval transfer. 
                   --->Added (71 FR 46853) 
                  Section - 414.31 Monitoring compliance with the terms and conditions of a 
safety approval. 
                   --->Added (71 FR 46853) 
                  Section - 414.33 Modification, suspension, or revocation of a safety 
approval. 
                   --->Added (71 FR 46853) 
                  Section - 414.35 Public notification of the criteria by which a safety 
approval was issued. 
                   --->Added (71 FR 46853) 
          Subpart D - Appeal Procedures 
                  Section - 414.37 Hearings in safety approval actions. 
                   --->Added (71 FR 46853) 
                  Section - 414.39 Submissions; oral presentations in safety approval actions. 
                   --->Added (71 FR 46853) 
                  Section - 414.41 Administrative law judge’s recommended decision in 
safety approval actions 
                   --->Added (71 FR 46853) 
 
09/25/06 
Subchapter - B - Procedure 
     Part 406 - Investigations, Enforcement, and administrative review 
          Subpart A - Investigations and Enforcement 
                  Section -  406.3 Submissions; oral presentation in license, permit, and 
payload actions. 
                   --->Revised Part B to address "Equivalent Level of Safety" (71 FR 50530) 
Subchapter - C - Licensing 
     Part 417 - Launch Safety 
          APPENDIX F - TO PART 417 [RESERVED] 
                  Section -   
                   --->Added (71 FR 50537) and Heading corrected (71 FR 56006) 
 
10/02/06 
Subchapter - B - Procedure 
     Part 404 - Regulations and Licensing Requirements 
          Subpart A - General 
                  Section -  404.3 Filing of petitions to the Associate Administrator 
                   --->Revised to address permits as well as licenses. Added paragraph 
leveraging 413.9 to request withholding of trade secrets, proprietary and financial 
data. (71 FR 51971) 
                  Section - 404.5 Action on petitions 
                   --->Added paragraph e - Reconsideration (71 FR 51971) 
Subchapter - C - Licensing 
     Part 420 - License to Operate a Launch Site 
          APPENDIX C - TO PART 420—RISK ANALYSIS 
                  Section -   
                   --->Revised Table C-3 change size of effective casualty areas for orbital LVs 
(71 FR 51972) 
 
02/13/07 
     Part 415 - Launch License 
          Subpart A - General 
                  Section -  415.8 Human space flight. 
                   --->Added (71 FR 75632) 
     Part 431 - Launch and Reentry of a Reusable Launch Vehicle (RLV) 
                  Section - 431.8 Human space flight. 
                   --->Added (71 FR 75632) 
     Part 435 - REENTRY OF A REENTRY VEHICLE OTHER THAN A REUSABLE LAUNCH 
VEHICLE (RLV) 
                  Section - 435.8 Human space flight. 
                   --->Added (71 FR 75632) 
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     Part 440 - Financial Responsibility 
                  Section - 440.1 Scope of part. 
                   --->Slight wording changes. Change Office to FAA. (71 FR 75632) 
                  Section - 440.3 Definitions. 
                   --->Added Space Flight Participants to definitions, among others. (71 FR 
75632) 
                  Section - 440.5 General. 
                   --->Moved paragraph d (consequence of failure to comply to e. Inserted 
new paragraph d( statement that demonstration of financial responsibility does not 
relieve ultimate responsibility) (71 FR 75632) 
                  Section - 440.7 Determination of maximum probable loss. 
                   --->Revised. Minor wording changes only (71 FR 75632) 
                  Section - 440.9 Insurance requirements for licensed or permitted activities. 
                   --->Revised. Minor wording changes only (71 FR 75632) 
                  Section - 440.11 Duration of coverage for licensed launch, including 
suborbital launch, or permitted activities; modifications. 
                   --->Revised. Minor wording changes only (71 FR 75632) 
                  Section - 440.12 Duration of coverage for licensed reentry; modifications. 
                   --->Added (71 FR 75632) 
                  Section - 440.13 Standard conditions of insurance coverage. 
                   --->Paragraph a(8) expanded (71 FR 75632) 
                  Section - 440.15 Demonstration of compliance. 
                   --->Revised.  
Paragraph a(1) changed from 3 party reciprocal waiver to all reciprocal waivers 
Added expanded Para c(1) to include space flight participants (71 FR 75632) 
                  Section - 440.17 Reciprocal waiver of claims requirements. 
                   --->Added Para e and f to include spaceflight participants(71 FR 75632) 
                  Section - 440.19 United States payment of excess third-party liability claims. 
                   --->Revised. Minor wording changes only (71 FR 75632) 
          APPENDIX A - TO PART 440—INFORMATION REQUIREMENTS FOR OBTAINING A 
MAXIMUM PROBABLE LOSS DETERMINATION FOR LICENSED OR PERMITTED 
ACTIVITIES 
                  Section -   
                   --->Revised into 2 parts: 
A - for Orbital and Suborbital Launch 
B - for Reentry (71 FR 75632) 
          APPENDIX B - TO PART 440—AGREEMENT FOR WAIVER OF CLAIMS AND 
ASSUMPTION OF RESPONSIBILITY FOR LICENSED ACTIVITIES 
                  Section -   
                   --->Revised into 2 parts: 
A - for Orbital and Suborbital Launch 
B - for Reentry (71 FR 75632) 
          APPENDIX C - TO PART 440—AGREEMENT FOR WAIVER OF CLAIMS AND 
ASSUMPTION OF RESPONSIBILITY FOR PERMITTED ACTIVITIES 
                  Section -   
                   --->Added (71 FR 75632) 
          APPENDIX D - TO PART 440—AGREEMENT FOR WAIVER OF CLAIMS AND 
ASSUMPTION OF RESPONSIBILITY FOR A CREW MEMBER 
                  Section -   
                   --->Added (71 FR 75632) 
          APPENDIX E - TO PART 440—AGREEMENT FOR WAIVER OF CLAIMS AND 
ASSUMPTION OF RESPONSIBILITY FOR A SPACE FLIGHT PARTICIPANT 
                  Section -   
                   --->Added (71 FR 75632) 
     Part 450 - [RESERVED] 
                  Section -   
                   --->Removed Content was combined with 440 as they were same except 
440 was for launch and 450 was for reentry. (71 FR 75643) 
     Part 460 - Human Spaceflight Requirements 
                  Section -   
                   --->Added (71 FR 75643) 
          Subpart A - Launch and Reentry with Crew 
                  Section - 460.1 Scope. 
                   --->Added (71 FR 75643) 
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                  Section - 460.3 Applicability. 
                   --->Added (71 FR 75643) 
                  Section - 460.5 Crew qualifications and training. 
                   --->Added (71 FR 75643) 
                  Section - 460.7 Operator training of crew. 
                   --->Added (71 FR 75643) 
                  Section - 460.9 Informing crew of risk. 
                   --->Added (71 FR 75643) 
                  Section - 460.11 Environmental control and life support systems. 
                   --->Added (71 FR 75643) 
                  Section - 460.13 Smoke detection and fire suppression. 
                   --->Added (71 FR 75643) 
                  Section - 460.15 Human factors. 
                   --->Added (71 FR 75643) 
                  Section - 460.17 Verification program. 
                   --->Added (71 FR 75643) 
                  Section - 460.19 Crew waiver of claims against U.S.Government. 
                   --->Added (71 FR 75643) 
                  Section - 460.20 460.20 - 460.40 [Reserved] 
                   --->Added (71 FR 75643) 
          Subpart B - Launch and Reentry with a Space Flight Participant 
                  Section - 460.41 Scope. 
                   --->Added (71 FR 75643) 
                  Section - 460.43 Applicability. 
                   --->Added (71 FR 75643) 
                  Section - 460.45 Operator informing space flight participant of risk. 
                   --->Added (71 FR 75643) 
                  Section - 460.47 [Reserved] 
                   --->Added (71 FR 75643) 
                  Section - 460.49 Space flight participant waiver of claims against U.S. 
Government. 
                   --->Added (71 FR 75643) 
                  Section - 460.51 Space flight participant training. 
                   --->Added (71 FR 75643) 
                  Section - 460.53 Security. 
                   --->Added (71 FR 75643) 
 
08/27/07 
     Part 415 - Launch License 
          Subpart A - General 
                  Section -  415.1 Scope. 
                   --->Separately call out Federal and non-Federal Launch ranges (71 FR 
50531) 
                  Section - 415.9 Issuance of a launch license. 
                   --->Add reference to Part 417 (71 FR 50531) 
          Subpart C - Safety Review and Approval for Launch From a Federal Launch 
Range 
                  Section - 415.31 General. 
                   --->Added reference to Part 417 (71 FR 50531) 
                  Section - 415.35 Acceptable flight risk. 
                   --->Add reference to 417.106 for flight risk (71 FR 50531) 
                  Section - 415.37 Flight readiness and communications plan. 
                   --->Adds reference to Part 417.117, 417.113, 417.111 (71 FR 50531) 
                  Section - 415.39 Safety at end of launch. 
                   --->Changes all to reference 417.129 (71 FR 50531) 
                  Section - 415.41 Accident investigation plan. 
                   --->Changes all to reference 417.111 (71 FR 50531) 
          Subpart D - Payload Review and Determination 
                  Section - 415.51 General. 
                   --->Add that applicability of Subparts C & F here and in 417 apply to all 
Payload regardless of exemption (71 FR 50531) 
          Subpart E - [Reserved] 
                  Section -   
                   --->Remove and reserve: 
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Subpart E—Post-Licensing Requirements— Launch License Terms and Conditions (71 
FR 50532) 
          Subpart F - Safety Review and Approval for Launch of an Expendable Launch 
Vehicle from a Non-Federal Launch Site 
                  Section - 415.91 415.91 - 415.100 [Reserved] 
                   --->415.91 - 415.100 reserved (71 FR 50532) 
                  Section - 415.101 Scope and applicability. 
                   --->Revised to Subpart F - Safety Review and Approval for Launch of an 
Expendable Launch Vehicle from a Non-Federal Launch Site. Scope and applicability  
Environmental review moved to Subpart G - Environmental Review (71 FR 50532) 
                  Section - 415.102 Definitions. 
                   --->Added (71 FR 50532) 
                  Section - 415.103 General. 
                   --->Revised, with Environmental moved to Subpart G (71 FR 50532) 
                  Section - 415.105 Pre-application consultation. 
                   --->Added (71 FR 50532) 
                  Section - 415.107 Safety review document. 
                   --->Added (71 FR 50532) 
                  Section - 415.109 Launch description. 
                   --->Added (71 FR 50532) 
                  Section - 415.111 Launch operator organization. 
                   --->Added (71 FR 50532) 
                  Section - 415.113 Launch personnel certification program. 
                   --->Added (71 FR 50532) 
                  Section - 415.115 Flight safety. 
                   --->Added (71 FR 50532) 
                  Section - 415.117 Ground safety. 
                   --->Added (71 FR 50532) 
                  Section - 415.119 Launch plans. 
                   --->Added (71 FR 50532) 
                  Section - 415.121 Launch schedule. 
                   --->Added (71 FR 50532) 
                  Section - 415.123 Computing systems and software. 
                   --->Added (71 FR 50532) 
                  Section - 415.125 Unique safety policies, requirements and practices. 
                   --->Added (71 FR 50532) 
                  Section - 415.127 Flight safety system design and operation data. 
                   --->Added (71 FR 50532) 
                  Section - 415.129 Flight safety system test data. 
                   --->Added (71 FR 50532) 
                  Section - 415.131 Flight safety system crew data. 
                   --->Added (71 FR 50532) 
                  Section - 415.133 Safety at end of launch. 
                   --->Added (71 FR 50532) 
                  Section - 415.135 Denial of safety approval. 
                   --->Added (71 FR 50532) 
                  Section - 415.136 415.136 - 415.200 [Reserved] 
                   --->Added (71 FR 50532) 
          Subpart G - Environmental Review 
                  Section - 415.201 General 
                   --->Added - Moved from Subpart F 415.101 (71 FR 50532) 
                  Section - 415.203 Environmental Information. 
                   --->Added - Moved from Subpart F 415.103 (71 FR 50532) 
                  Section - 415.204 415.204 - 415.400 [Reserved] 
                   --->Added - Moved from Subpart F (71 FR 50532) 
     Part 417 - Launch License 
          APPENDIX B - TO PART 415 - SAFETY REVIEW DOCUMENT ONLINE 
                  Section -   
                   --->Added (71 FR 50532) 
           -  
                  Section - 417  
                   --->Added as "Launch Safety" (71 FR 50537) 
          Subpart A - General and License Terms and Conditions 
                  Section - 417.1 General information. 
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                   --->Added (71 FR 50537) 
                  Section - 417.3 Definitions and acronyms. 
                   --->Added (71 FR 50537) 
                  Section - 417.5 [Reserved] 
                   --->Added (71 FR 50537) 
                  Section - 417.7 Public safety responsibility. 
                   --->Added (71 FR 50537) 
                  Section - 417.9 Launch site responsibility. 
                   --->Added (71 FR 50537) 
                  Section - 417.11 Continuing accuracy of license application; application for 
modification of license. 
                   --->Added (71 FR 50537) 
                  Section - 417.13 Agreement with Federal launch range. 
                   --->Added (71 FR 50537) 
                  Section - 417.15 Records. 
                   --->Added (71 FR 50537) 
                  Section - 417.17 Launch reporting requirements and launch specific 
updates. 
                   --->Added (71 FR 50537) 
                  Section - 417.19 Registration of space objects. 
                   --->Added (71 FR 50537) 
                  Section - 417.21 Financial responsibility requirements. 
                   --->Added (71 FR 50537) 
                  Section - 417.23 Compliance monitoring. 
                   --->Added (71 FR 50537) 
                  Section - 417.25 Post launch report. 
                   --->Added (71 FR 50537) 
                  Section - 417.26 417.26 – 417.100 [Reserved] 
                   --->Added (71 FR 50537) 
          Subpart B - Launch Safety Responsibilities 
                  Section - 417.101 Scope. 
                   --->Added (71 FR 50537) 
                  Section - 417.103 Safety organization. 
                   --->Added (71 FR 50537) 
                  Section - 417.105 Launch personnel qualifications and certification. 
                   --->Added (71 FR 50537) 
                  Section - 417.107 Flight safety. 
                   --->Added (71 FR 50537) 
                  Section - 417.109 Ground safety. 
                   --->Added (71 FR 50537) 
                  Section - 417.111 Launch plans. 
                   --->Added (71 FR 50537) 
                  Section - 417.113 Launch safety rules. 
                   --->Added (71 FR 50537) 
                  Section - 417.115 Tests. 
                   --->Added (71 FR 50537) 
                  Section - 417.117 Reviews. 
                   --->Added (71 FR 50537) 
                  Section - 417.119 Rehearsals. 
                   --->Added (71 FR 50537) 
                  Section - 417.121 Safety critical preflight operations. 
                   --->Added (71 FR 50537) 
                  Section - 417.123 Computing systems and software. 
                   --->Added (71 FR 50537) 
                  Section - 417.125 Launch of an unguided suborbital launch vehicle. 
                   --->Added (71 FR 50537) 
                  Section - 417.127 Unique safety policies, requirements, and practices. 
                   --->Added (71 FR 50537) 
                  Section - 417.129 Safety at end of launch. 
                   --->Added (71 FR 50537) 
                  Section - 417.130 417.130 - 417.200 [Reserved] 
                   --->Added (71 FR 50537) 
          Subpart C - Flight Safety Analysis 
                  Section - 417.201 Scope and applicability. 



 

 

123 

Year Revisions Comments 

                   --->Added (71 FR 50537) 
                  Section - 417.203 Compliance 
                   --->Added (71 FR 50537) 
                  Section - 417.205 General. 
                   --->Added (71 FR 50537) 
                  Section - 417.207 Trajectory analysis. 
                   --->Added (71 FR 50537) 
                  Section - 417.209 Malfunction turn analysis. 
                   --->Added (71 FR 50537) 
                  Section - 417.211 Debris analysis. 
                   --->Added (71 FR 50537) 
                  Section - 417.213 Flight safety limits analysis. 
                   --->Added (71 FR 50537) 
                  Section - 417.215 Straight-up time analysis. 
                   --->Added (71 FR 50537) 
                  Section - 417.217 Overflight gate analysis. 
                   --->Added (71 FR 50537) 
                  Section - 417.218 Hold-and-resume gate analysis. 
                   --->Added (71 FR 50537) 
                  Section - 417.219 Data loss flight time and planned safe flight state 
analyses. 
                   --->Added (71 FR 50537) 
                  Section - 417.221 Time delay analysis. 
                   --->Added (71 FR 50537) 
                  Section - 417.223 Flight hazard area analysis. 
                   --->Added (71 FR 50537) 
                  Section - 417.224 Probability of failure analysis. 
                   --->Added (71 FR 50537) 
                  Section - 417.225 Debris risk analysis. 
                   --->Added (71 FR 50537) 
                  Section - 417.227 Toxic release hazard analysis. 
                   --->Added (71 FR 50537) 
                  Section - 417.229 Far-field overpressure blast effects analysis. 
                   --->Added (71 FR 50537) 
                  Section - 417.231 Collision avoidance analysis. 
                   --->Added (71 FR 50537) 
          Subpart D - Flight Safety System 
                  Section - 417.233 Analysis for an unguided suborbital launch vehicle flown 
with a wind weighting safety system. 
                   --->Added (71 FR 50537) 
                  Section - 417.301 General. 
                   --->Added (71 FR 50537) 
                  Section - 417.303 Command control system requirements. 
                   --->Added (71 FR 50537) 
                  Section - 417.305 Command control system testing. 
                   --->Added (71 FR 50537) 
                  Section - 417.307 Support systems. 
                   --->Added (71 FR 50537) 
                  Section - 417.309 Flight safety system analysis. 
                   --->Added (71 FR 50537) 
                  Section - 417.311 Flight safety system crew roles and qualifications 
                   --->Added (71 FR 50537) 
          Subpart E - Ground Safety 
                  Section - 417.401 Scope. 
                   --->Added (71 FR 50537) 
                  Section - 417.402 Compliance. 
                   --->Added (71 FR 50537) 
                  Section - 417.403 General. 
                   --->Added (71 FR 50537) 
                  Section - 417.405 Ground safety analysis. 
                   --->Added (71 FR 50537) 
                  Section - 417.407 Hazard control implementation. 
                   --->Added (71 FR 50537) 
                  Section - 417.409 System hazard controls. 
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                   --->Added (71 FR 50537) 
                  Section - 417.411 Safety clear zones for hazardous operations. 
                   --->Added (71 FR 50537) 
                  Section - 417.413 Hazard areas. 
                   --->Added (71 FR 50537) 
                  Section - 417.415 Post-launch and post-flight-attempt hazard controls. 
                   --->Added (71 FR 50537) 
                  Section - 417.417 Propellants and explosives. 
                   --->Added (71 FR 50537) 
          APPENDIX A - TO PART 417—FLIGHT SAFETY ANALYSIS METHODOLOGIES AND 
PRODUCTS FOR A LAUNCH VEHICLE FLOWN WITH A FLIGHT SAFETY SYSTEM 
                  Section -   
                   --->Added (71 FR 50537) 
          APPENDIX B - TO PART 417—FLIGHT HAZARD AREA ANALYSIS FOR AIRCRAFT 
AND SHIP PROTECTION 
                  Section -   
                   --->Added (71 FR 50537) 
          APPENDIX C - TO PART 417—FLIGHT SAFETY ANALYSIS METHODOLOGIES AND 
PRODUCTS FOR AN UNGUIDED SUBORBITAL LAUNCH VEHICLE FLOWN WITH A WIND\ 
WEIGHTING SAFETY SYSTEM 
                  Section -   
                   --->Added (71 FR 50537) 
          APPENDIX D - TO PART 417—FLIGHT TERMINATION SYSTEMS, COMPONENTS, 
INSTALLATION, AND MONITORING 
                  Section -   
                   --->Added (71 FR 50537) 
          APPENDIX E - TO PART 417—FLIGHT TERMINATION SYSTEM TESTING AND 
ANALYSIS 
                  Section -   
                   --->Added (71 FR 50537) 
          APPENDIX G - TO PART 417—NATURAL AND TRIGGERED LIGHTNING FLIGHT 
COMMIT CRITERIA 
                  Section -   
                   --->Added (71 FR 50537) 
          APPENDIX H - TO PART 417 [RESERVED] 
                  Section -   
                   --->Added (71 FR 50537) 
          APPENDIX I - TO PART 417—METHODOLOGIES FORTOXIC RELEASE HAZARD 
ANALYSIS AND OPERATIONAL PROCEDURES 
                  Section -   
                   --->Added (71 FR 50537) 
          APPENDIX J - TO PART 417—GROUND SAFETY ANALYSIS REPORT 
                  Section -   
                   --->Added (71 FR 50537) 
 
10/2/2006, 8/27/2007, 9/25/2006 
     Part 413 - License Application Procedures 
                  Section -  413.7 Application. 
                   --->Added paragraph d. Safety Approval.  
Revised paragraph C(1) to include other authorized individual in addition to officer. 
(71 FR 51972) 
Added (71 FR 50531) and correctly numbered paragraph e (71 FR 56005) 
***Multi02*** 
 
8/27/2007, 2/13/2007 
Subchapter - A - General 
     Part 401 - Organization and definitions 
                  Section -  401.5 Definitions 
                   --->Definitions revised and added (71 FR 50530) 
Added Human Space Flight definitions (71 FR 75631) ***Multi01*** 

2007 05/17/07 
Subchapter - C - Licensing 
     Part 460 - Human Spaceflight Requirements 
          Subpart A - Launch and Reentry with Crew 
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                  Section - 460.5 Crew qualifications and training. 
                   ---> OMB Number 2120-0720 (72 FR 27732) 
                  Section - 460.7 Operator training of crew. 
                   --->OMB Number 2120-0720 (72 FR 27732) 
                  Section - 460.9 Informing crew of risk. 
                   --->OMB Number 2120-0720 (72 FR 27732) 
                  Section - 460.19 Crew waiver of claims against U.S.Government. 
                   --->OMB Number 2120-0720 (72 FR 27732) 
          Subpart B - Launch and Reentry with a Space Flight Participant 
                  Section - 460.45 Operator informing space flight participant of risk. 
                   --->OMB Number 2120-0720 (72 FR 27732) 
                  Section - 460.49 Space flight participant waiver of claims against U.S. 
Government. 
                   --->OMB Number 2120-0720 (72 FR 27732) 
 
06/05/07 
Subchapter - A - General 
     Part 401 - Organization and definitions 
                  Section -  401.3 The Associate Administrator for Commercial Space 
Transportation. 
                   --->Wording Change (72 FR 17016) 
                  Section - 401.5 Definitions 
                   --->Added definitions for "experimental permit", "validating" and 
"verification". Revised definitions for "amateur rocket activities", ‘‘launch incident’’, 
and ‘‘reentry incident’’ (72 FR 17016) 
Subchapter - B - Procedure 
     Part 404 - Regulations and Licensing Requirements 
          Subpart A - General 
                  Section - 404.1 Scope 
                   --->Wording Change (72 FR 17016) 
          Subpart B - Rulemaking 
                  Section - 404.17 Additional rulemaking proceedings 
                   --->Wording Change , from Director to FAA. (72 FR 17016) 
     Part 405 - Investigations and Enforcement 
                  Section - 405.1 Monitoring of licensed, permitted and other activities 
                   --->Added "permitee" in addition to "licensee". (72 FR 17016) 
                  Section - 405.3 Authority to modify, suspend or revoke. 
                   --->Added "permitee" in addition to "licensee." to Para a, b, d (72 FR 
17016) 
                  Section - 405.5 Emergency Order 
                   --->Introductory text a Para a revised to include permits in addition to 
licenses. (72 FR 17017) 
     Part 406 - Investigations, Enforcement, and administrative review 
          Subpart A - Investigations and Enforcement 
                  Section - 406.1 Hearing in license, permit, and payload actions 
                   --->Added sub par 4 and 5 to Para a to address permits. (72 FR 17017) 
                  Section - 406.3 Submissions; oral presentation in license, permit, and 
payload actions. 
                   --->Revised with slight wording change. (72 FR 17017) 
                  Section - 406.5 Administrative law judge's recommended decision in 
license, permit, and payload actions 
                   --->Added "Permit" to heading (72 FR 17017) 
                  Section - 406.9 Civil Penalties 
                   --->Added "permit" to Para a. Added permit" to introduction of Para c an 
subpara f(c) (72 FR 17017) 
          Subpart B - Rules of Practice in FAA Space Transportation Adjudications 
                  Section - 406.127 Complaint and answer in civil penalty adjudications. 
                   --->Revised, adds "permit" to Para a(3)(ii) (72 FR 17017) 
Subchapter - C - Licensing 
     Part 413 - License Application Procedures 
                  Section - 413.1 Scope of this part. 
                   --->Revised, add "permit" to intro. (72 FR 17017) 
                  Section - 413.3 Who must obtain a license or permit. 
                   --->Restructure part to address experimental permits in new Para (f) 
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separately from licenses, (72 FR 17017) 
                  Section - 413.5 Pre-application consultation. 
                   --->Revised to add "permitted activities" (72 FR 17018) 
                  Section - 413.7 Application. 
                   --->Para (a) wording minor change.  
Added "permit" wording , (b)(3), (c)(1) and (c)(3)  
(72 FR 17018) 
                  Section - 413.11 Acceptance of an application. 
                   --->Added wording for "permit" (72 FR 17018) 
                  Section - 413.13 Complete application. 
                   --->Added wording for "permit" (72 FR 17018) 
                  Section - 413.15 Review period. 
                   --->Added wording for "permit" (72 FR 17018) 
                  Section - 413.17 Continuing accuracy of application; supplemental 
information; amendment. 
                   --->Added wording for "permit" (72 FR 17018) 
                  Section - 413.19 Issuing a license or permit. 
                   --->Heading revised to include Permit. Wording revised for permit. added 
wording for "permit" (72 FR 17019) 
                  Section - 413.21 Denial of a license application. 
                   --->Revised heading to be "Denial of a license or permit application" and 
minor wording change. (72 FR 17019) 
                  Section - 413.23 License or permit renewal. 
                   --->Heading revised to "License or permit renewal" and "permit wording 
added in paras. (72 FR 17019) 
     Part 415 - Launch License 
          Subpart A - General 
                  Section - 415.1 Scope. 
                   --->Reworded to exclude RVLs and removes reference to part 417 (72 FR 
17019) 
     Part 420 - License to Operate a Launch Site 
                  Section - 420.5 Definitions. 
                   --->Definition of "public" revised with wording on "permits" (72 FR 17019) 
          Subpart B - Criteria and Information Requirements for Obtaining a License 
                  Section - 420.25 Launch site location review—risk analysis. 
                   --->Revised wording to be specific to licensed launches only. (72 FR 17019) 
                  Section - 420.30 Launch site location review for permitted launch vehicles. 
                   --->Added (72 FR 17019) 
     Part 431 - Launch and Reentry of a Reusable Launch Vehicle (RLV) 
          Subpart C - Safety Review and Approval for Launch and Reentry of a Reusable 
Launch Vehicle 
                  Section - 431.35 Acceptable reusable launch vehicle mission risk. 
                   --->Revise Para d(7) from "validate safety system" to "verifies risk 
elimination" (72 FR 17019) 
     Part 437 - Experimental Permits 
                  Section -   
                   --->Added (72 FR 17019) 
          Subpart A - General Information 
                  Section - 437.1 Scope and organization of this part. 
                   --->Added (72 FR 17019) 
                  Section - 437.3 Definitions. 
                   --->Added (72 FR 17019) 
                  Section - 437.5 Eligibility for an experimental permit. 
                   --->Added (72 FR 17019) 
                  Section - 437.7 Scope of an experimental permit. 
                   --->Added (72 FR 17019) 
                  Section - 437.9 Issuance of an experimental permit. 
                   --->Added (72 FR 17019) 
                  Section - 437.11 Duration of an experimental permit. 
                   --->Added (72 FR 17019) 
                  Section - 437.13 Additional experimental permit terms and conditions. 
                   --->Added (72 FR 17019) 
                  Section - 437.15 Transfer of an experimental permit. 
                   --->Added (72 FR 17019) 
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                  Section - 437.17 Rights not conferred by an experimental permit. 
                   --->Added (72 FR 17019) 
          Subpart B - Requirements to Obtain an Experimental Permit 
                  Section - 437.23 Program description. 
                   --->Added (72 FR 17019) 
                  Section - 437.33 Landing and impact locations. 
                   --->Added (72 FR 17019) 
                  Section - 437.35 Agreements. 
                   --->Added (72 FR 17019) 
                  Section - 437.39 Flight rules. 
                   --->Added (72 FR 17019) 
          Subpart C - Safety Requirements 
                  Section - 437.51 Rest rules for vehicle safety operations personnel. 
                   --->Added (72 FR 17019) 
                  Section - 437.61 Landing and impact locations. 
                   --->Added (72 FR 17019) 
                  Section - 437.63 Agreements with other entities involved in a launch or 
reentry. 
                   --->Added (72 FR 17019) 
                  Section - 437.65 Collision avoidance analysis. 
                   --->Added (72 FR 17019) 
                  Section - 437.67 Tracking a reusable suborbital rocket. 
                   --->Added (72 FR 17019) 
                  Section - 437.71 Flight rules. 
                   --->Added (72 FR 17019) 
                  Section - 437.73 Anomaly recording, reporting and implementation of 
corrective actions. 
                   --->Added (72 FR 17019) 
                  Section - 437.75 Mishap reporting, responding, and investigating. 
                   --->Added (72 FR 17019) 
                  Section - 437.77 Additional safety requirements. 
                   --->Added (72 FR 17019) 
          Subpart D - Terms and Conditions of an Experimental Permit 
                  Section - 437.81 Public safety responsibility. 
                   --->Added (72 FR 17019) 
                  Section - 437.83 Compliance with experimental permit. 
                   --->Added (72 FR 17019) 
                  Section - 437.85 Allowable design changes; modification of an experimental 
permit. 
                   --->Added (72 FR 17019) 
                  Section - 437.87 Records. 
                   --->Added (72 FR 17019) 
                  Section - 437.91 For-hire prohibition. 
                   --->Added (72 FR 17019) 
                  Section - 437.93 Compliance monitoring. 
                   --->Added (72 FR 17019) 
                  Section - 437.95 Inspection of additional reusable suborbital rockets. 
                   --->Added (72 FR 17019) 
 
06/26/07 
Subchapter - CHAPTER III 
                  Section -  All  
                   --->Comments dispositioned No Comments received for Chapter III. (72 FR 
34999) 
 
08/31/07 
Subchapter - C - Licensing 
     Part 437 - Experimental Permits 
          Subpart B - Requirements to Obtain an Experimental Permit 
                  Section -  437.21 General. 
                   --->Added (72 FR 17019)  
OMB 2120-0722 (72 FR 50209) 
                  Section - 437.25 Flight test plan. 
                   --->Added (72 FR 17019)  
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OMB 2120-0722 (72 FR 50209) 
                  Section - 437.27 Pre-flight and post-flight operations. 
                   --->Added (72 FR 17019)  
OMB 2120-0722 (72 FR 50209) 
                  Section - 437.29 Hazard analysis. 
                   --->Added (72 FR 17019)  
OMB 2120-0722 (72 FR 50209) 
                  Section - 437.31 Verification of operating area containment and key flight-
safety event limitations. 
                   --->Added (72 FR 17019)  
OMB 2120-0722 (72 FR 50209) 
                  Section - 437.37 Tracking. 
                   --->Added (72 FR 17019)  
OMB 2120-0722 (72 FR 50209) 
                  Section - 437.41 Mishap response plan. 
                   --->Added (72 FR 17019)  
OMB 2120-0722 (72 FR 50209) 
          Subpart C - Safety Requirements 
                  Section - 437.53 Pre-flight and post-flight operations. 
                   --->Added (72 FR 17019)  
OMB 2120-0722 (72 FR 50209) 
                  Section - 437.55 Hazard analysis. 
                   --->Added (72 FR 17019)  
OMB 2120-0722 (72 FR 50209) 
                  Section - 437.57 Operating area containment. 
                   --->Added (72 FR 17019)  
OMB 2120-0722 (72 FR 50209) 
                  Section - 437.59 Key flight-safety event limitations. 
                   --->Added (72 FR 17019)  
OMB 2120-0722 (72 FR 50209) 
                  Section - 437.69 Communications. 
                   --->Added (72 FR 17019)  
OMB 2120-0722 (72 FR 50209) 
          Subpart D - Terms and Conditions of an Experimental Permit 
                  Section - 437.89 Pre-flight reporting. 
                   --->Added (72 FR 17019)  
OMB 2120-0722 (72 FR 50209) 

2008 10/27/08 
     Part 417 - Launch Safety 
          Subpart A - General and License Terms and Conditions 
                  Section - 417.25 Post launch report. 
                   ---> Revised to correct reference in Para c(3)  
(73 FR 63630) 
 
02/02/09 
Subchapter - A - General 
     Part 400 - Basis and Scope 
                  Section -  400.2 Scope 
                   --->Revised scope wrt to amateur rockets (73 FR 73782) 
     Part 401 - Organization and definitions 
                  Section - 401.5 Definitions 
                   --->Removed definitions of amateur rockets. (73 FR 73782) 
Subchapter - C - Licensing 
     Part 420 - License to Operate a Launch Site 
          Subpart A - General 
                  Section - 420.3 Applicability. 
                   --->Revised to exclude site for amateur rockets. (73 FR 73782) 

 

2010 07/02/10 
Subchapter - B - Procedure 
     Part 406 - Investigations, Enforcement, and administrative review 
                  Section - 406.9 Civil Penalties 
                   ---> Revised Para a to up penalty from 100k to 110K (75 FR 30693) 
 
12/06/10 
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Subchapter - C - Licensing 
     Part 431 - Launch and Reentry of a Reusable Launch Vehicle (RLV) 
                  Section -  431.1 Scope. 
                   --->Waiver to combined risk for Falcon 9 and Dragon. (75 FR 75619) 
 
03/17/11 
     Part 440 - Financial Responsibility 
                  Section -    
                   --->Authority Citation revised (76 FR 8630) 
          Subpart A - Financial Responsibility for Licensed and Permitted Activities 
                  Section - 440.17 Reciprocal waiver of claims requirements. 
                   --->Revise paragraph c to specify "each customer" and removes reference 
to "three party reciprocal waiver" (76 FR 8630) 
          APPENDIX B - TO PART 440—AGREEMENT FOR WAIVER OF CLAIMS AND 
ASSUMPTION OF RESPONSIBILITY FOR LICENSED ACTIVITIES 
                  Section -   
                   --->Revised to be 
Part Waiver…..with one Customer 
Part B Waiver with more than one customer. (76 FR 8630) 
          APPENDIX C - TO PART 440—AGREEMENT FOR WAIVER OF CLAIMS AND 
ASSUMPTION OF RESPONSIBILITY FOR PERMITTED ACTIVITIES 
                  Section -   
                   --->Revised to be 
Part 1 Agreement…..with one Customer 
Part 2 Agreement with more than one customer. (76 FR 8630) 

2011 07/25/11 
     Part 417 - Launch Safety 
                  Section - 417  
                   ---> Revised authority citation (76 FR 33149) 
          APPENDIX G - TO PART 417—NATURAL AND TRIGGERED LIGHTNING FLIGHT 
COMMIT CRITERIA 
                  Section -   
                   --->Revised "General" to clarify commit criteria to mitigate and avoid 
lightning and data may not be ignored.  
Add terms to App G definitions for clarification. 
Implement changes already adopted by AF. (76 FR 33149) 

 

2012 04/05/12 
Subchapter - A - General 
     Part 400 - Basis and Scope 
                  Section - 400  
                   ---> Revise citation from 49 USC to 51 USC (77 FR 20532) 
                  Section - 400.2 Scope 
                   --->Revise citation from 49 USC to 51 USC (77 FR 20532) 
     Part 401 - Organization and definitions 
                  Section - 401  
                   --->Revise citation from 49 USC to 51 USC (77 FR 20532) 
                  Section - 401.5 Definitions 
                   --->Revise citation in definitions of "act" and "operator" from 49 USC to 51 
USC (77 FR 20532) 
Subchapter - B - Procedure 
     Part 404 - Regulations and Licensing Requirements 
                  Section - 404  
                   --->Revise citation from 49 USC to 51 USC (77 FR 20532) 
          Subpart A - General 
                  Section - 404.1 Scope 
                   --->Revise citation from 49 USC to 51 USC (77 FR 20532) 
     Part 405 - Investigations and Enforcement 
                  Section - 405  
                   --->Revise citation from 49 USC to 51 USC (77 FR 20532) 
     Part 406 - Investigations, Enforcement, and administrative review 
                  Section - 406  
                   --->Revise citation from 49 USC to 51 USC (77 FR 20532) 
          Subpart A - Investigations and Enforcement 
                  Section - 406.1 Hearing in license, permit, and payload actions 
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                   --->Revise citation from 49 USC to 51 USC (77 FR 20532) 
                  Section - 406.9 Civil Penalties 
                   --->Revise citation from 49 USC to 51 USC (77 FR 20532) 
          Subpart B - Rules of Practice in FAA Space Transportation Adjudications 
                  Section - 406.117 Confidential information. 
                   --->Revise citation from 49 USC to 51 USC (77 FR 20532) 
                  Section - 406.159 Subpoenas. 
                   --->Revise citation from 49 USC to 51 USC (77 FR 20532) 
                  Section - 406.173 Interlocutory appeals. 
                   --->Revise citation from 49 USC to 51 USC (77 FR 20532) 
Subchapter - C - Licensing 
     Part 413 - License Application Procedures 
                  Section - 413  
                   --->Revise citation from 49 USC to 51 USC (77 FR 20532) 
     Part 414 - Safety Approvals 
                  Section - 414  
                   --->Revise citation from 49 USC to 51 USC (77 FR 20532) 
     Part 415 - Launch License 
                  Section - 415  
                   --->Revise citation from 49 USC to 51 USC (77 FR 20532) 
     Part 417 - Launch Safety 
                  Section - 417  
                   --->Revise citation from 49 USC to 51 USC (77 FR 20532) 
     Part 420 - License to Operate a Launch Site 
                  Section -   
                   --->Revise citation from 49 USC to 51 USC (77 FR 20532) 
          Subpart C - License Terms and Conditions 
                  Section - 420.41 License to operate a launch site—general. 
                   --->Revise citation from 49 USC to 51 USC (77 FR 20532) 
          Subpart D - Responsibilities of a License 
                  Section - 420.51 Responsibilities—general. 
                   --->Revise citation from 49 USC to 51 USC (77 FR 20532) 
     Part 431 - Launch and Reentry of a Reusable Launch Vehicle (RLV) 
                  Section -   
                   --->Revise citation from 49 USC to 51 USC (77 FR 20532) 
          Subpart A - General 
                  Section - 431.11 Additional license terms and conditions. 
                   --->Revise citation from 49 USC to 51 USC (77 FR 20532) 
     Part 433 - License to Operate a Reentry Site 
                  Section - 433.1 General. 
                   --->Revise citation from 49 USC to 51 USC (77 FR 20532) 
     Part 435 - REENTRY OF A REENTRY VEHICLE OTHER THAN A REUSABLE LAUNCH 
VEHICLE (RLV) 
                  Section -   
                   --->Revise citation from 49 USC to 51 USC (77 FR 20532) 
          Subpart A - General 
                  Section - 435.11 Additional license terms and conditions. 
                   --->Revise citation from 49 USC to 51 USC (77 FR 20532) 
     Part 437 - Experimental Permits 
                  Section -   
                   --->Revise citation from 49 USC to 51 USC (77 FR 20532) 
          Subpart A - General Information 
                  Section - 437.13 Additional experimental permit terms and conditions. 
                   --->Revise citation from 49 USC to 51 USC (77 FR 20532) 
     Part 440 - Financial Responsibility 
                  Section -   
                   --->Revise citation from 49 USC to 51 USC (77 FR 20532) 
          Subpart A - Financial Responsibility for Licensed and Permitted Activities 
                  Section - 440.3 Definitions. 
                   --->Revise citation in definition of "financial responsibility" from 49 USC to 
51 USC (77 FR 20532) 
                  Section - 440.5 General. 
                   --->Revise citation from 49 USC to 51 USC (77 FR 20532) 
                  Section - 440.15 Demonstration of compliance. 
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                   --->Revise citation from 49 USC to 51 USC (77 FR 20532) 
                  Section - 440.19 United States payment of excess third-party liability claims. 
                   --->Revise citation from 49 USC to 51 USC (77 FR 20532) 
          APPENDIX D - TO PART 440—AGREEMENT FOR WAIVER OF CLAIMS AND 
ASSUMPTION OF RESPONSIBILITY FOR A CREW MEMBER 
                  Section -   
                   --->Revise citation from 49 USC to 51 USC (77 FR 20532) 
          APPENDIX E - TO PART 440—AGREEMENT FOR WAIVER OF CLAIMS AND 
ASSUMPTION OF RESPONSIBILITY FOR A SPACE FLIGHT PARTICIPANT 
                  Section -   
                   --->Revise citation from 49 USC to 51 USC (77 FR 20532) 
     Part 460 - Human Spaceflight Requirements 
                  Section -   
                   --->Revise citation from 49 USC to 51 USC (77 FR 20532) 
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Appendix B – Full Data Set 

Key Agency 
Launch 

Date Payload 
Launch 
Vehicle 

Vehicle 
Family S/F Site 

Launch 
Org 

Sound. 
Rocket Failure Details 

Failure 
Severity 

Failure 
Mode 

2001 FAA 3/29/89 CONSORT-1 Starfire 1 

Starfire 
(Black 
Brant) S WSMR SS Yes   

  2002 FAA 8/27/89 BSB-R1 Delta II Delta S ER MDC 
 

  
  

2003 FAA 10/5/89 SET-1 SMLV SMLV F WR AmRoc Yes 
Insufficient Thrust on Lift Off. 
Collapsed on Pad. Icing. Loss Propulsion 

2004 FAA 11/15/89 CONSORT-2 Starfire 1 

Starfire 
(Black 
Brant) F WSMR SS Yes Terminated. Gyro Failure. Loss Guidance 

2005 FAA 1/1/90 
JCSAT/SKYNE

T 

Titan III - 
Commercia

l Titan S ER MM 
 

  
  2006 FAA 2/14/90 LOSAT Delta II Delta S ER MDC 

 
  

  

2007 FAA 3/14/90 INTELSAT VI 

Titan III - 
Commercia

l Titan F ER MM 
 

Second Stage reached orbit, 
but due to incorrect interface 
wiring payload was not 
deployed. Did not reach final 
orbit on its own. [70] 

Miss Separation 

2008 FAA 4/13/90 PALAPA B2-R Delta II Delta S ER MDC 
 

  
  

2009 FAA 5/17/90 CONSORT-3 Starfire 1 

Starfire 
(Black 
Brant) S WSMR SS Yes   

  1001 NASA 6/1/90 ROSAT Delta II Delta S ER 
  

  
  2010 FAA 6/12/90 INSAT-1D Delta 4925 Delta S ER MDC 

 
  

  

2011 FAA 6/23/90 INTELSAT VI 

Titan III - 
Commercia

l Titan S ER MM 
 

  
  2012 FAA 7/25/90 CRRES Atlas I Atlas S ER GD 
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2013 FAA 8/17/90 BSB-R2 Delta II Delta S ER MDC 
 

  
  

2014 FAA 10/30/90 
INMARSAT 2 

FLT 1 Delta II Delta S ER MDC 
 

  
  2015 FAA 1/8/91 NATO IVA Delta II Delta S ER MDC 

 
  

  

2016 FAA 3/8/91 
INMARSAT 2 

FLT 2 Delta II Delta S ER MDC 
 

  
  2017 FAA 4/13/91 ASC-2 Delta II Delta S ER MDC 

 
  

  

2018 FAA 4/18/91 BS-3H Atlas I Atlas F ER GD 
 

Air entered Centaur C-1 
through stuck check valve and 
froze. When Centaur engine 
ignited, it did not achieve full 
thrust, causing stage to tumble. 
Vehicle destroyed by range 
safety officer. [70] 

Loss Propulsion 

1003 NASA 5/14/91 
NOAA-D 
(TIROS) Atlas-E Atlas S WR 

  
  

  2019 FAA 5/29/91 AURORA II Delta II Delta S ER MDC 
 

  
  

2020 FAA 6/18/91 JOUST-1 Prospector 
Prospect

or F ER SD Yes 
Destroyed by Range Safety 
after veering off course. Loss Guidance 

1004 NASA 6/29/91 REX Scout Scout S WR 
  

  
  

2021 FAA 9/2/91 ZEST-1 
Talos 

Castor 1 
Talos 

Castor 1 S Kauai Orbital Yes   
  

2022 FAA 9/12/91 ZEST-2 
Talos 

Castor 1 
Talos 

Castor 1 S Kauai Orbital Yes   
  

2023 FAA 11/16/91 CONSORT-4 Starfire 1 

Starfire 
(Black 
Brant) S WSMR EER Yes   

  2024 FAA 12/7/91 EUTELSAT Atlas II Atlas S ER GD 
 

  
  2025 FAA 3/14/92 GALAXY 5 Atlas I Atlas S ER GD 

 
  

  2026 FAA 5/14/92 PALAPA B-4 Delta II Delta S ER MDC 
 

  
  1005 NASA 6/7/92 EUVE Delta II Delta S ER 
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2027 FAA 6/10/92 INTELSAT K Atlas II Atlas S ER GD 
 

  
  1006 NASA 7/3/92 SAMPEX Scout Scout S WR 

  
  

  1007 NASA 7/24/92 Geotail Delta II Delta S ER 
  

  
  

2028 FAA 8/22/92 GALAXY 1R Atlas I Atlas F ER GD 
 

Air entered Centaur C-1 
through stuck check valve and 
froze. When Centaur engine 
ignited, it did not achieve full 
thrust, causing stage to tumble. 
Vehicle destroyed by range 
safety officer. Same cause as 
previous Atlas I failure. [70] 

Loss Propulsion 

2029 FAA 8/31/92 SATCOM C4 Delta II Delta S ER MDC 
 

  
  

2030 FAA 9/10/92 CONSORT-5 Starfire 1 

Starfire 
(Black 
Brant) F WSMR EER Yes 

Side Thrust from burn through 
of second stage Loss Propulsion 

1008 NASA 9/25/92 
Mars 

Observer 

Titan III - 
Commercia

l Titan S ER 
  

  
  2031 FAA 10/12/92 KOPERNIKUS Delta II Delta S ER MDC 

 
  

  1009 NASA 11/21/92 MSTI I Scout Scout S WR 
  

  
  

2032 FAA 2/9/93 SCD-1/OXP Pegasus Pegasus S 
Wallop

s Orbital 
 

  
  

2033 FAA 2/19/93 CONSORT-6 Starfire 1 

Starfire 
(Black 
Brant) S WSMR EER Yes   

  

2034 FAA 3/25/93 UHF-1 Atlas I Atlas F ER GD 
 

Inadequately torqued set screw 
resulted in reduced oxygen 
flow to gas generator. Engine 
suffered reduced power and 
early shutdown. Satellite 
stranded in low orbit. [70] 

Miss Propulsion 

1010 NASA 6/25/93 RADCAL Scout Scout S WR 
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1011 NASA 8/9/93 
NOAA-I 
(TIROS) Atlas-E Atlas S WR 

  
  

  2035 FAA 9/3/93 UHF-2 Atlas I Atlas S ER GD 
 

  
  2036 FAA 12/8/93 NATO IVB Delta II Delta S ER MDC 

 
  

  2037 FAA 12/16/93 TELSTAR 401 Atlas II Atlas S ER GD 
 

  
  2038 FAA 2/19/94 GALAXY 1R-2 Delta II Delta S ER MDC 

 
  

  1012 NASA 4/13/94 GOES-I Atlas I Atlas S ER 
  

  
  1013 NASA 5/8/94 MSTI II Scout Scout S WR 

  
  

  2039 FAA 6/24/94 UHF-3 Atlas I Atlas S ER MM 
 

  
  

2040 FAA 8/3/94 
HUGHES 

DIRECT TV Atlas II Atlas S ER MM 
 

  
  

2041 FAA 10/6/94 
INTELSAT-VII-

703 Atlas II Atlas S ER MM 
 

  
  1014 NASA 11/1/94 Wind Delta II Delta S ER 

  
  

  2042 FAA 11/29/94 ORION Atlas II Atlas S ER MM 
 

  
  

2043 FAA 12/8/94 CSAR II Black Brant 
Black 
Brant S WSMR EER Yes   

  

1015 NASA 12/30/94 
NOAA-J 
(TIROS) Atlas-E Atlas S WR 

  
  

  

2044 FAA 1/10/95 
INTELSAT-VII-

704 Atlas II Atlas S ER MM 
 

  
  2045 FAA 1/28/95 EHF-F4 Atlas II Atlas S ER MM 

 
  

  

2046 FAA 3/22/95 
INTELSAT-VII-

705 Atlas II Atlas S ER MM 
 

  
  

2047 FAA 4/3/95 
ORBCOMM 

FM1 & 2 Pegasus Pegasus S WR Orbital 
 

  
  2048 FAA 4/7/95 MSAT Atlas II Atlas S ER MM 

 
  

  1016 NASA 5/23/95 GOES-J Atlas I Atlas S ER 
  

  
  2049 FAA 5/31/95 EHF-F5 Atlas II Atlas S ER MM 
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2050 FAA 8/5/95 KOREASAT-1 Delta II Delta F ER MDC 
 

Solid rocket motor failed to 
separate because of 
overheated explosive lines. 
Extra mass meant payload 
deliver to lower than planned 
orbit. Payload propellant used 
to reach final orbit, planned life 
was cut in half. [70] 

Miss Separation 

2051 FAA 8/15/95 GEMSTAR Athena I Athena F WR Lockheed 
 

Expended hydraulic fluid 
burned and damaged nozzle 
feedback cables causing loss of 
gimbal control and tumbling. 
Also arcing in power supply 
caused loss of attitude 
reference. Flight terminated by 
range safety. [70] 

Loss Guidance 

2052 FAA 8/29/95 JCSAT-3 Atlas II Atlas S ER Lockheed 
 

  
  2053 FAA 10/22/95 EHF-F6 Atlas II Atlas S ER Lockheed 

 
  

  

2054 FAA 10/23/95 METEOR Conestoga 
Conestog

a F 
Wallop

s EER 
 

Disintegrated 46 seconds after 
launch. Low frequency noise 
upset guidance system on 
rocket, causing unneeded 
course corrections, exhausting 
hydraulic fluid and going off 
course. [76] 

Loss Guidance 

1017 NASA 11/4/95 
RADARSAT;  
SURFSAT-1 Delta II Delta S WR 

  
  

  1018 NASA 12/2/95 SOHO Atlas II Atlas S ER 
  

  
  2055 FAA 12/15/95 Galaxy 3R Atlas II Atlas S ER Lockheed 

 
  

  1019 NASA 12/30/95 XTE Delta II Delta S ER 
  

  
  2056 FAA 1/14/96 KOREASAT-2 Delta II Delta S ER MDC 

 
  

  2057 FAA 2/1/96 PALAPA-C1 Atlas II Atlas S ER Lockheed 
 

  
  1020 NASA 2/17/96 NEAR Delta II Delta S ER 
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1021 NASA 2/24/96 Polar Delta II Delta S WR 
  

  
  

2058 FAA 4/3/96 
INMARSAT III 

F1 Atlas II Atlas S ER Lockheed 
 

  
  

2059 FAA 4/3/96 CONQUEST Starfire 1 

Starfire 
(Black 
Brant) S WSMR EER Yes   

  2060 FAA 4/24/96 MSX Delta II Delta S WR MDC 
 

  
  2061 FAA 4/30/96 SAX Atlas I Atlas S ER Lockheed 

 
  

  2062 FAA 5/17/96 MSTI III Pegasus Pegasus S WR Orbital 
 

  
  2063 FAA 5/24/96 GALAXY IX Delta II Delta S ER MDC 

 
  

  1022 NASA 7/2/96 TOMS-EP Pegasus Pegasus S WR 
  

  
  2064 FAA 7/25/96 EHF F7 Atlas II Atlas S ER Lockheed 

 
  

  1023 NASA 8/21/96 FAST Pegasus Pegasus S WR 
  

  
  2065 FAA 9/8/96 GE-1 Atlas II Atlas S ER Lockheed 

 
  

  

1024 NASA 11/4/96 SAC-B/HETE Pegasus Pegasus F 
Wallop

s 
  

Launch vehicle separation 
system failed to deploy payload 
after reaching orbit. Failure to 
separate likely from defective 
battery. [70] 

Miss Separation 

1025 NASA 11/7/96 
Mars Global 

Surveyor Delta II Delta S ER 
  

  
  2066 FAA 11/21/96 HOT BIRD 2 Atlas II Atlas S ER Lockheed 

 
  

  

1026 NASA 12/4/96 
Mars 

Pathfinder Delta II Delta S ER 
  

  
  

2067 FAA 12/18/96 
INMARSAT III 

F3 Atlas II Atlas S ER Lockheed 
 

  
  2068 FAA 2/17/97 JCSAT-4 Atlas II Atlas S ER Lockheed 

 
  

  2069 FAA 3/8/97 TEMPO DBS Atlas II Atlas S ER Lockheed 
 

  
  

2070 FAA 4/21/97 MINISAT I Pegasus Pegasus S 
Gando 

AB Orbital 
 

  
  1027 NASA 4/25/97 GOES-K Atlas I Atlas S ER 
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2071 FAA 5/5/97 IRIDIUM 1 Delta II Delta S WR MDC 
 

  
  2072 FAA 5/20/97 THOR 2A Delta II Delta S ER MDC 

 
  

  2073 FAA 7/9/97 IRIDIUM 2 Delta II Delta S WR MDC 
 

  
  2074 FAA 7/28/97 SUPERBIRD-C Atlas II Atlas S ER Lockheed 

 
  

  2075 FAA 8/1/97 SEASTAR Pegasus Pegasus S WR Orbital 
 

  
  2076 FAA 8/21/97 IRIDIUM 3 Delta II Delta S WR MDC 

 
  

  2077 FAA 8/22/97 LEWIS Athena I Athena S WR Lockheed 
 

  
  1030 NASA 8/25/97 ACE Delta II Delta S ER 

  
  

  2078 FAA 9/4/97 GE-3 Atlas II Atlas S ER Lockheed 
 

  
  2079 FAA 9/27/97 IRIDIUM 4 Delta II Delta S WR MDC 

 
  

  2080 FAA 10/5/97 ECHOSTAR III Atlas II Atlas S ER Lockheed 
 

  
  

1031 NASA 10/15/97 Cassini 
Titan 

IV/Centaur Titan IV S ER 
  

  
  2081 FAA 11/9/97 IRIDIUM 5 Delta II Delta S WR MDC 

 
  

  2082 FAA 12/8/97 GALAXY 8I Atlas II Atlas S ER Lockheed 
 

  
  2083 FAA 12/20/97 IRIDIUM 6 Delta II Delta S WR MDC 

 
  

  

2084 FAA 12/23/97 ORBCOMM I Pegasus Pegasus S 
Wallop

s Orbital 
 

  
  

1032 NASA 1/6/98 
Lunar 

Prospector Athena II Athena S ER 
  

  
  

2085 FAA 1/7/98 
Lunar 

Prospector Athena II Athena S ER Lockheed 
 

  
  2086 FAA 1/10/98 SKYNET 4D Delta II Delta S ER MDC 

 
  

  2087 FAA 2/10/98 GEOSAT F/O Taurus Taurus S WR Orbital 
 

  
  

2088 FAA 2/14/98 
GLOBALSTAR 

1 Delta II Delta S ER MDC 
 

  
  2089 FAA 2/18/98 IRIDIUM 7 Delta II Delta S WR MDC 

 
  

  2090 FAA 2/26/98 SNOE Pegasus Pegasus S WR Orbital 
 

  
  2091 FAA 2/28/98 INTELSAT 806 Atlas II Atlas S ER Lockheed 
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2092 FAA 3/16/98 GBS F8 Atlas II Atlas S ER Lockheed 
 

  
  2093 FAA 3/30/98 IRIDIUM 8 Delta II Delta S WR MDC 

 
  

  1034 NASA 4/1/98 TRACE Pegasus Pegasus S WR 
  

  
  

2094 FAA 4/24/98 
GLOBALSTAR 

2 Delta II Delta S ER MDC 
 

  
  1035 NASA 5/13/98 NOAA-K Titan II Titan S WR 

  
  

  2095 FAA 5/17/98 IRIDIUM 9 Delta II Delta S WR MDC 
 

  
  2096 FAA 6/10/98 THOR III Delta II Delta S ER MDC 

 
  

  2097 FAA 6/18/98 INTELSAT 805 Atlas II Atlas S ER Lockheed 
 

  
  

2098 FAA 8/2/98 ORBCOMM II Pegasus Pegasus S 
Wallop

s Orbital 
 

  
  

2099 FAA 8/27/98 GALAXY 10 Delta III Delta F ER MDC 
 

Rocket entered a normal roll 
that control software had not 
accounted for. All hydraulic 
fluid was used up attempting 
to correct for roll. Attitude 
control was lost. Auto 
destructed. [70] 

Loss Software 

2100 FAA 9/8/98 IRIDIUM 10 Delta II Delta S WR MDC 
 

  
  

2101 FAA 9/23/98 ORBCOMM III Pegasus Pegasus S 
Wallop

s Orbital 
 

  
  2102 FAA 10/9/98 HOTBIRD 5 Atlas II Atlas S ER Lockheed 

 
  

  2103 FAA 10/20/98 GBS F9 Atlas II Atlas S ER Lockheed 
 

  
  2104 FAA 10/23/98 SCD-2 Pegasus Pegasus S ER Orbital 

 
  

  

1036 NASA 10/24/98 
Deep Space 1 

(DS1) Delta II Delta S ER 
  

  
  2105 FAA 11/6/98 IRIDIUM 11 Delta II Delta S WR MDC 

 
  

  2106 FAA 11/22/98 BONUM-1 Delta II Delta S ER MDC 
 

  
  1037 NASA 12/5/98 SWAS Pegasus Pegasus S WR 

  
  

  

1038 NASA 12/11/98 
Mars Climate 

Orbiter Delta II Delta S ER 
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1039 NASA 1/3/99 
Mars Polar 

Lander Delta II Delta S ER 
  

  
  2107 FAA 1/27/99 ROCSAT Athena I Athena S ER Lockheed 

 
  

  1040 NASA 2/7/99 Stardust Delta II Delta S ER 
  

  
  2108 FAA 2/16/99 JCSAT-6 Atlas II Atlas S ER Lockheed 

 
  

  1041 NASA 3/4/99 WIRE Pegasus Pegasus S WR 
  

  
  

2109 FAA 3/28/99 
Mass 

Simulator Zenit 3SL Zenit 3SL S Pacific 
Sea 

Launch 
 

  
  2110 FAA 4/12/99 EUTELSAT W3 Atlas II Atlas S ER Lockheed 

 
  

  1042 NASA 4/15/99 Landsat Delta II Delta S WR 
  

  
  

2111 FAA 4/27/99 IKONOS 1 Athena II Athena F WR Lockheed 
 

Payload fairing failed to 
separate preventing vehicle 
from reaching orbit. Payload 
reentered during first orbit. 
[70] 

Miss Separation 

2112 FAA 5/5/99 ORION 3 Delta III Delta F ER MDC 
 

Second stage shutdown at start 
of second burn due to 
structural failure of combustion 
chamber, spacecraft stranded 
in low orbit. [70] 

Miss Propulsion 

2113 FAA 5/18/99 TERRIERS Pegasus Pegasus S WR Orbital 
 

  
  

2114 FAA 6/10/99 
GLOBALSTAR 

3 Delta II Delta S ER MDC 
 

  
  1044 NASA 6/19/99 QuikSCAT Titan II Titan S WR 

  
  

  1045 NASA 6/24/99 FUSE Delta II Delta S ER 
  

  
  

2115 FAA 7/10/99 
GLOBALSTAR 

4 Delta II Delta S ER MDC 
 

  
  

2116 FAA 7/25/99 
GLOBALSTAR 

5 Delta II Delta S ER MDC 
 

  
  

2117 FAA 8/17/99 
GLOBALSTAR 

6 Delta II Delta S ER MDC 
 

  
  2118 FAA 9/23/99 ECHOSTAR V Atlas II Atlas S ER Lockheed 
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2119 FAA 9/24/99 IKONOS 2 Athena II Athena S WR Lockheed 
 

  
  

2120 FAA 10/9/99 DIRECTV 1R Zenit 3SL Zenit 3SL S Pacific 
Sea 

Launch 
 

  
  2121 FAA 11/23/99 GBS F10 Atlas II Atlas S ER Lockheed 

 
  

  

2122 FAA 12/4/99 ORBCOMM IV Pegasus Pegasus S 
Wallop

s Orbital 
 

  
  1046 NASA 12/18/99 Terra Atlas II Atlas S WR 

  
  

  

2123 FAA 12/21/99 
KOMPSAT/AC

RIMSAT Taurus Taurus S WR Orbital 
 

  
  2124 FAA 2/3/00 HISPASAT-1C Atlas II Atlas S ER Lockheed 

 
  

  

2125 FAA 2/8/00 
GLOBALSTAR 

7 Delta II Delta S ER MDC 
 

  
  

2126 FAA 3/12/00 ICOF-1 Zenit 3SL Zenit 3SL F Pacific 
Sea 

Launch 
 

Ground software error due to 
mission-specific changes. 
Software failed command 
second stage valve to close 
before liftoff. Pneumatic 
system lost pressure in flight 
reducing control capability. 
Auto terminated eight minutes 
into flight. [70] 

Loss Software 

1048 NASA 3/25/00 IMAGE Delta II Delta S WR 
  

  
  1049 NASA 5/3/00 GOES-L Atlas II Atlas S ER 

  
  

  2127 FAA 5/24/00 EUTELSAT W4 Atlas III Atlas III S ER Lockheed 
 

  
  2128 FAA 6/7/00 TSX-5 Pegasus Pegasus S WR Orbital 

 
  

  1050 NASA 6/30/00 TDRS-H Atlas II Atlas S ER 
  

  
  2129 FAA 7/14/00 ECHOSTAR VI Atlas II Atlas S ER Lockheed 

 
  

  

2130 FAA 7/28/00 PAS 9 Zenit 3SL Zenit 3SL S Pacific 
Sea 

Launch 
 

  
  

2131 FAA 8/23/00 
DM-F3 

(DEMOSAT) Delta III Delta S ER TBC 
 

  
  1051 NASA 9/21/00 NOAA-L Titan II Titan S WR 
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2132 FAA 10/9/00 HETE II Pegasus Pegasus S 
Reagan 

TS Orbital 
 

  
  

2133 FAA 10/21/00 THURAYA-1 Zenit 3SL Zenit 3SL S Pacific 
Sea 

Launch 
 

  
  1053 NASA 11/21/00 EO-1/SAC-C Delta II Delta S WR 

  
  

  

2134 FAA 3/18/01 XM-2 Zenit 3SL Zenit 3SL S Pacific 
Sea 

Launch 
 

  
  

1054 NASA 4/7/01 
2001 Mars 

Odyssey Delta II Delta S ER 
  

  
  

2135 FAA 5/8/01 XM-1 Zenit 3SL Zenit 3SL S Pacific 
Sea 

Launch 
 

  
  2136 FAA 6/19/01 ICO 2 Atlas II Atlas S ER Lockheed 

 
  

  1055 NASA 6/30/01 MAP Delta II Delta S ER 
  

  
  1056 NASA 7/23/01 GOES-M Atlas II Atlas S ER 

  
  

  1057 NASA 8/8/01 Genesis Delta II Delta S ER 
  

  
  

2137 FAA 9/21/01 
QuikTOMS/O

RBVIEW 4 Taurus Taurus F WR Orbital 
 

Nozzle gimbal actuator drive 
shaft seized causing loss of 
control. Vehicle recovered and 
continued, but failed to reach 
stable orbit. Reentered. [70] 

Miss Guidance 

1059 NASA 9/29/01 Kodiak Star Athena I Athena S Kodiak 
  

  
  2138 FAA 10/18/01 QUICKBIRD 2 Delta II Delta S WR MDC 

 
  

  

2139 FAA 10/29/01 HyShot 1 
Terrier-
Orion 

Terrier-
Orion F 

Woom
era 

Astrotec
h Yes 

Roll-Pitch coupling. Possible 
Nike fin failure on Terrier, 
putting Orion into 
unrecoverable attitude. Loss Structures 

1060 NASA 12/7/01 Jason/TIMED Delta II Delta S WR 
  

  
  1061 NASA 2/5/02 HESSI Pegasus Pegasus S ER 

  
  

  2140 FAA 2/11/02 IRIDIUM Delta II Delta S WR MDC 
 

  
  2141 FAA 2/21/02 ECHOSTAR VII Atlas III Atlas III S ER Lockheed 

 
  

  1062 NASA 3/8/02 TDRS-I Atlas II Atlas S ER 
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1063 NASA 5/4/02 
AQUA-EOS 

PM Delta II Delta S WR 
  

  
  

2142 FAA 6/15/02 GALAXY IIIC Zenit 3SL Zenit 3SL S Pacific 
Sea 

Launch 
 

  
  1064 NASA 6/24/02 NOAA-M Titan II Titan S WR 

  
  

  1065 NASA 7/3/02 CONTOUR Delta II Delta S ER 
  

  
  

2143 FAA 7/30/02 HyShot 2 
Terrier-
Orion 

Terrier-
Orion S 

Woom
era 

Astrotec
h Yes   

  2144 FAA 8/21/02 HOTBIRD 6 Atlas V Atlas V S ER Lockheed 
 

  
  2145 FAA 9/18/02 HISPASAT-1D Atlas II Atlas S ER Lockheed 

 
  

  2146 FAA 11/20/02 EUTELSAT W5 Delta IV Delta IV S ER BLS 
 

  
  1066 NASA 12/4/02 TDRS-J Atlas II Atlas S ER 

  
  

  

1067 NASA 1/12/03 
ICESAT/CHIPS

AT Delta II Delta S WR 
  

  
  1068 NASA 1/25/03 SORCE Pegasus Pegasus S ER 

  
  

  2147 FAA 4/12/03 ASIASAT 4 Atlas III Atlas III S ER Lockheed 
 

  
  1069 NASA 4/28/03 GALEX Pegasus Pegasus S ER 

  
  

  2148 FAA 5/13/03 Hellas Sat 2 Atlas V Atlas V S ER Lockheed 
 

  
  

2149 FAA 6/7/03 Thuraya II Zenit 3SL Zenit 3SL S Pacific 
Sea 

Launch 
 

  
  1070 NASA 6/10/03 MER-A Delta II Delta S ER 

  
  

  2150 FAA 6/26/03 Orbview 3 Pegasus Pegasus S WR Orbital 
 

  
  1071 NASA 7/7/03 MER-B Delta II Delta S ER 

  
  

  2151 FAA 7/17/03 Rainbow Atlas V Atlas V S ER Lockheed 
 

  
  

2152 FAA 8/8/03 Echostar IX Zenit 3SL Zenit 3SL S Pacific 
Sea 

Launch 
 

  
  1072 NASA 8/12/03 SCISat Pegasus Pegasus S WR 

  
  

  1073 NASA 8/25/03 SIRTF Delta II Delta S ER 
  

  
  

2153 FAA 10/1/03 Galaxy 13 Zenit 3SL Zenit 3SL S Pacific 
Sea 

Launch 
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2154 FAA 12/18/03 UHF-F11 17 Atlas III Atlas III S ER Lockheed 
 

  
  

2155 FAA 1/11/04 Estrela do Sul Zenit 3SL Zenit 3SL S Pacific 
Sea 

Launch 
 

  
  2156 FAA 2/5/04 AMC-10 Atlas II Atlas S ER Lockheed 

 
  

  2157 FAA 3/13/04 MBSat Atlas III Atlas III S ER Lockheed 
 

  
  

2158 FAA 4/8/04 (Flight 13P) 
SpaceShipO

ne 
SpaceShi

pOne S Mojave Scaled 
 

  
  2159 FAA 4/16/04 Superbird-6 Atlas II Atlas S ER Lockheed 

 
  

  1074 NASA 4/20/04 GPB Delta II Delta S WR 
  

  
  

2160 FAA 5/4/04 DTV 7S Zenit 3SL Zenit 3SL S Pacific 
Sea 

Launch 
 

  
  

2161 FAA 5/13/04 (Flight 14P) 
SpaceShipO

ne 
SpaceShi

pOne S Mojave Scaled 
 

  
  2162 FAA 5/17/04 Rocsat-2 Taurus Taurus S WR Orbital 

 
  

  2163 FAA 5/20/04 AMC-11 Atlas II Atlas S ER Lockheed 
 

  
  

2164 FAA 6/21/04 (Flight 15P) 
SpaceShipO

ne 
SpaceShi

pOne S Mojave Scaled 
 

  
  

2165 FAA 6/29/04 Telstar 18 Zenit 3SL Zenit 3SL S Pacific 
Sea 

Launch 
 

  
  1075 NASA 7/15/04 AURA Delta II Delta S WR 

  
  

  1076 NASA 8/3/04 MESSENGER Delta II Delta S ER 
  

  
  

2166 FAA 9/29/04 (Flight 16P) 
SpaceShipO

ne 
SpaceShi

pOne S Mojave Scaled 
 

  
  

2167 FAA 10/4/04 (Flight 17P) 
SpaceShipO

ne 
SpaceShi

pOne S Mojave Scaled 
 

  
  1077 NASA 11/2/04 SWIFT Delta II Delta S ER 

  
  

  2168 FAA 12/17/04 AMC-16 Atlas V Atlas V S ER Lockheed 
 

  
  1078 NASA 1/12/05 DEEP IMPACT Delta II Delta S ER 

  
  

  
2169 FAA 3/1/05 XM-3 Zenit 3SL Zenit 3SL S Pacific 

Sea 
Launch 
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2170 FAA 3/11/05 
INMARSAT-

4F1 Atlas V Atlas V S ER Lockheed 
 

  
  1079 NASA 4/15/05 DART Pegasus Pegasus S WR 

  
  

  

2171 FAA 4/26/05 Spaceway-1 Zenit 3SL Zenit 3SL S Pacific 
Sea 

Launch 
 

  
  1080 NASA 5/20/05 NOAA-N Delta II Delta S WR 

  
  

  

2172 FAA 6/23/05 
Intelsat 

Americas 8 Zenit 3SL Zenit 3SL S Pacific 
Sea 

Launch 
 

  
  

1081 NASA 8/12/05 

Mars Recon 
Orbiter 
(MRO) Atlas V Atlas V S ER 

  
  

  

2173 FAA 11/8/05 
INMARSAT-

4F2 Zenit 3SL Zenit 3SL S Pacific 
Sea 

Launch 
 

  
  

1082 NASA 1/19/06 
Pluto New 
Horizons Atlas V Atlas V S ER 

  
  

  

2174 FAA 2/15/06 Echostar X Zenit 3SL Zenit 3SL S Pacific 
Sea 

Launch 
 

  
  1083 NASA 3/22/06 SPACETECH 5 Pegasus Pegasus S WR 

  
  

  

2175 FAA 4/11/06 JCSat 9 Zenit 3SL Zenit 3SL S Pacific 
Sea 

Launch 
 

  
  2176 FAA 4/20/06 Astra 1KR Atlas V Atlas V S ER Lockheed 

 
  

  

1084 NASA 4/28/06 
Calipso / 
Cloudsat Delta II Delta S WR 

  
  

  2177 FAA 5/24/06 GOES N Delta IV Delta IV S ER MDC 
 

  
  

2178 FAA 6/18/06 Galaxy 16 Zenit 3SL Zenit 3SL S Pacific 
Sea 

Launch 
 

  
  

2179 FAA 8/22/06 Koreasat 5 Zenit 3SL Zenit 3SL S Pacific 
Sea 

Launch 
 

  
  1085 NASA 10/25/06 STEREO Delta II Delta S ER 

  
  

  

2185 FAA 10/30/06 XM Radio 4 Zenit 3SL Zenit 3SL S Pacific 
Sea 

Launch 
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2187 FAA 1/30/07 NSS-8 Zenit 3SL Zenit 3SL F Pacific 
Sea 

Launch 
 

Exploded upon liftoff. 
Contamination by foreign 
object in engine turbopump. 
[77] 

Loss Propulsion 

1086 NASA 2/17/07 
THEMIS 

(MIDEX-5) Delta II Delta S ER 
  

  
  1087 NASA 4/25/07 AIM (SMEX-9) Pegasus Pegasus S WR 

  
  

  

2192 FAA 6/8/07 
COSMO-

SkyMed 1 Delta II Delta S WR MDC 
 

  
  

1088 NASA 8/4/07 
Phoenix / 

Mars Delta II Delta S ER 
  

  
  2193 FAA 9/18/07 WorldView 1 Delta II Delta S WR BLS 

 
  

  1089 NASA 9/27/07 Dawn Delta II Delta S ER 
  

  
  

2199 FAA 12/9/07 
COSMO-

SkyMed-2 Delta II Delta S WR BLS 
 

  
  

2200 FAA 1/15/08 Thuraya D3 Zenit 3SL Zenit 3SL S Pacific 
Sea 

Launch 
 

  
  

2201 FAA 3/19/08 DIRECTV 11 Zenit 3SL Zenit 3SL S Pacific 
Sea 

Launch 
 

  
  2202 FAA 4/14/08 ICO-G1 Atlas V Atlas V S ER Lockheed 

 
  

  

2203 FAA 4/16/08 C/NOFS Pegasus Pegasus S 
Reagan 

TS Orbital 
 

  
  

2204 FAA 5/21/08 Galaxy 18 Zenit 3SL Zenit 3SL S Pacific 
Sea 

Launch 
 

  
  1090 NASA 6/11/08 GLAST Delta II Delta S ER 

  
  

  

1091 NASA 6/20/08 
OSTM/Jason-

2 Delta II Delta S WR 
  

  
  

2205 FAA 7/16/08 EchoStar XI Zenit 3SL Zenit 3SL S Pacific 
Sea 

Launch 
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2206 FAA 8/2/08 

Trailblazer, 
Presat, 

Nanosail-D Falcon 1 Falcon F 
Reagan 

TS SpaceX 
 

Failure near end of first-stage 
burn. Thrust transient due to 
engine cutoff timing caused 
failure. Stage 2 failed to reach 
orbit [78] 

Miss Propulsion 

2207 FAA 9/6/08 GeoEye 1 Delta II Delta S WR BLS 
 

  
  

2208 FAA 9/24/08 Galaxy 19 Zenit 3SL Zenit 3SL S Pacific 
Sea 

Launch 
 

  
  

2209 FAA 9/28/08 
Payload Mass 

Simulator Falcon 1 Falcon S 
Reagan 

TS SpaceX 
 

  
  

1092 NASA 10/19/08 IBEX Pegasus Pegasus S 
Reagan 

TS 
  

  
  

2214 FAA 10/25/08 
COSMO 

SkyMed 3 Delta II Delta S WR Boeing 
 

  
  

1093 NASA 2/6/09 
NOAA-N 

Prime Delta II Delta S WR 
  

  
  

1094 NASA 2/24/09 OCO Taurus Taurus F WR 
  

Payload fairing of Taurus failed 
to separate. Failure to shed 
fairing mass prevented satellite 
from reaching planned orbit. 
[79] 

Miss Separation 

1095 NASA 3/6/09 KEPLER Delta II Delta S ER 
  

  
  

2215 FAA 4/20/09 SICRAL 1B Zenit 3SL Zenit 3SL S Pacific 
Sea 

Launch 
 

  
  1096 NASA 5/5/09 STSS ATRR Delta II Delta S WR 

  
  

  1097 NASA 6/18/09 LRO-LCROSS Atlas V Atlas V S ER 
  

  
  2216 FAA 6/27/09 GOES O Delta IV Delta IV S ER Boeing 

 
  

  

2217 FAA 7/14/09 RazakSat Falcon 1 Falcon S 
Reagan 

TS SpaceX 
 

  
  1098 NASA 9/25/09 STSS DEMO Delta II Delta S ER 

  
  

  2218 FAA 10/8/09 WorldView-2 Delta II Delta S WR BLS 
 

  
  2219 FAA 11/23/09 Intelsat 14 Atlas V Atlas V S ER Lockheed 
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1099 NASA 12/14/09 WISE Delta II Delta S WR 
  

  
  1100 NASA 2/11/10 SDO Atlas V Atlas V S ER 

  
  

  2220 FAA 3/4/10 GOES-P Delta IV Delta IV S ER BLS 
 

  
  

2221 FAA 6/4/10 

Dragon 
Reentry 
Capsule Falcon 9 Falcon S ER SpaceX 

 
  

  
2222 FAA 11/6/10 

COSMO-
Skymed 4 Delta II Delta S WR BLS 

 
  

  

2223 FAA 12/8/10 

Dragon 
Reentry 
Capsule Falcon 9 Falcon S ER SpaceX 

 
  

  

1101 NASA 3/4/11 Glory Taurus Taurus F WR 
  

Payload fairing separation 
failed. Vehicle failed to reach 
orbit. [80] 

Miss Separation 

1102 NASA 6/10/11 Aquarius Delta II Delta S WR 
  

  
  1103 NASA 8/5/11 Juno Atlas V Atlas V S ER 

  
  

  1104 NASA 9/10/11 GRAIL Delta II Delta S ER 
  

  
  

2225 FAA 9/24/11 
Atlantic Bird 

7 Zenit 3SL Zenit 3SL S Pacific Energia 
 

  
  1105 NASA 10/28/11 NPP Delta II Delta S WR 

  
  

  1106 NASA 11/26/11 MSL Atlas V Atlas V S ER 
  

  
  

2226 FAA 5/22/12 

Dragon 
Reentry 
Capsule Falcon 9 Falcon S ER SpaceX 

 
  

  2227 FAA 6/1/12 Intelsat-19 Zenit 3SL Zenit 3SL S Pacific Energia 
 

  
  

1107 NASA 6/13/12 NuStar Pegasus Pegasus S 
Reagan 

TS 
  

  
   


