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ABSTRACT During its license application evaluation proceAST

_ - . . determines whether or not the submitted analyses
The U.S. Fegleral Aviation Adm|n|§tra’t|on (FAA) Oﬂa constitute sufficient demonstrations of acceptaisk.
of Commercial Space Transportation’s safety misgon

to ensure protection of the public. oroperty. ahd t To aid in this determination, AST often conducts it
; prot € public, property, own analyses, using input data describing the \ehic
national security and foreign policy interests bkt

United States during commercial launch and reentry and.the. propo;ed operation provided in .the license
activities. As part of this mission, the FAA issue appl!cauon. G|\(en the use of common inputs, the
licenses .to the operators of launch :;md reentrycle=h appllca_nt’s .Sme'.tted ana_lyses and AST.’S analyses a
who successfully demonstrate compliance with FAA otherwise mtentlonglly independent, in that.AST
regulations To meet these regulations, vehicle gent—;-rally employs d|ﬁer§nt tqqls than thosg uw;atsb

operators éubmit an application that contain’s, amnon appllcant.s and that AST |denF|f|es and applies yire

other things, flight safety analyses of their preg assumptions and methods without regard for thosd us

missions. In the process of evaluating these tdzin by the applicant.
analyses, the FAA often conducts its own independen
analyses, using input data from the submitted Heen
application. These analyses are conducted acaptdin
approved procedures using industry developed tools.
To assist in achieving the highest levels of quailit
these independent analyses, the FAA has developed a
quality assurance program that consists of multiple
levels of review. These reviews rely on the wofk o
multiple teams, as well as additional, indepengentl
performed work of support contractors.  This paper
describes the FAA's quality assurance processlifgintf
safety analyses. Members of the commercial space
industry may find that elements of this process lban
easily applied to their own analyses, improving the
quality of the material they submit to the FAA imetr
license applications.

The results of AST's independent analyses, when
compared with those computed by the applicant and
other parties, serve to improve the characterinatib
the risks to the public posed by the proposed dioera
Resulting risk values and the values of key intefiate
parameters, such as the probability of a vehidlartaat

a particular location or time or the probability ah
impact within a particular area, can be compared
directly. These comparisons provide AST with
confidence in the applicant’'s use of mathematieta,d
and analytical assumptions. They also serve totifye
the influence of the various analytical assumptiand
methods used, calling attention to those with Hrgdst
effect on public safety.

For this process to be most effective, AST's aredys
must be conducted according to standardized proesdu
1. INTRODUCTION and be subject to rigorous quality assurance stdada
The FAA Office of Commercial Space Transportation This paper describes those procedures and thetyquali
(AST) provides safety oversight to the Commercial program that supports them.

Space Transportation industry through its issuasice

licenses, experimental permits, and safety appsotal 2. OVERVIEW OF AST'S INDEPENDENT

applicants meeting the requirements of Title 14 &ofl ANALYSIS APPROACH

Federal Regulations part 400. Under these
requirements, the prospective operators of laumah a
reentry vehicles and launch and reentry sites must
demonstrate that risks posed to the public by the
proposed operations do not exceed acceptable lirhits
the licensing regime, this demonstration generalkes

the form of quantitative risk analyses, also knoam
flight safety analyses, which compute the collestilsk

to the public and the risk to an individual membgthe
public.

The responsibility for conducting these independent
analyses falls on members of the AST Tools and
Analysis Program. This Program has developed a
standardized process for the conduct and reviewsof
analytical work. This process has been establigbed
meet three primary goals:

To instil an additional level of consistency and

quality assurance in AST'’s analytical work,



- To provide a standard mechanism through which to
achieve Tools and Analysis Program concurrence
on analytical approaches, products, and results, an

- To facilitate additional training opportunities by
review.

The content of the analysis and quality assurance

process described in this paper was based on plogsin

and collective experience of members of the ASTIS 0o

and Analysis Program. It focuses on the use obt'be

practices” to solve analytical problems and thednie

appropriately identify, support, and obtain team

concurrence on the use of the analytical assumgption

employed. The process is flexible enough to

accommodate all of the projects within its scope of

application, conducted on any timeline. This scope

includes:

- Flight safety analyses,

- Explosive safety analyses,

- Maximum probable loss determinations, and

- Analyses and research conducted in support of the
work that lies within this scope.

2.1.Use of Best Practices

All AST analyses are performed according to appdpve
documented procedures.
“best practices,” where they exist. Best practiaes
those practices based on the collective experiehtiee
safety community. These include analytical methods
and approaches documented in safety standardssgguid
and handbooks, including those of the Range
Commanders Council and the Common Standards
Working Group (composed of representatives of the
FAA, NASA, and the U.S. Air Force), peer reviewed
journals, and those of other U.S. government agsnci

Best practices also represent those practicesifigent
and employed in the independent review of AST skvor
conducted by qualified external parties. AST noeity
calls upon its safety partners and qualified canés

procedures are included in guides for use by the
commercial space transportation industry and plétis
on AST'’s web site.

In the absence of best practices, alternate analyti
means are employed. Situations in which this besom
necessary include those in which sufficient datasdo
not exist with which to employ a best practice. r Fo
example, a best practice for determining the total
probability of failure for a launch vehicle may e a
tally of the successes and failures of that veharte
previous launch attempts or a tally representing th
outcomes of launch attempts of a similar vehicle.
However, if the vehicle being analyzed has neveawrl
before and it cannot be characterized as similaanty
other previously launched vehicles, another mettood
determining its probability of failure must be idiéed

and used. In situations such as these, an aleernat
method must be employed that accounts for the owgco
of all previous launches of vehicles developed and
launched in similar circumstances.

2.2.Use of Multiple Tools and Teams

Where available, AST strives to employ multiple oo
and teams to perform independent analyses. Applyin

These procedures representmore than one tool to a particular problem provides

several benefits. First, where the tools utilibenmon
methods, the intermediate and final results can be
checked against each other for potential erransaréas
where the tools use different methods, analysts can
more readily identify elements of the analyses toc

the results are most sensitive. In the future, AST
intends to use multiple tools to assist in the
characterization of model uncertainty.

Analysts choose a primary safety tool for an analys
task from among the available heritage safety tools
Heritage safety tools are those tools used as pyilma
secondary tools by other safety organizations. s&he
tools have been successfully and rigorously tested

resources to independently conduct analyses and to against other available tools. Secondary toolsier in

review AST analyses in a number of circumstances,

including:

- First time use of a particular method or tool,

- First time analysis of a particular vehicle or \a@éi
configuration,

- First time analysis of a mission profile that
potentially results in a significant increase iskri
compared to previous analyses of the same vehicle
along different profiles (e.g. a change in launch
inclination that results in a significant increase
population over-flight), and

- Analyses pertaining to spectator events.

Once identified, best practices are documented in
detailed AST internal procedures. Once AST gains
sufficient experience in using these procedureg, th

an analysis are either alternate heritage toolsools
developed within AST.

Multiple teams internal to AST, as well as safety
contractor teams hired by AST, are often used ifst f
time analyses and analyses pertaining to spectator
events, as discussed previously. AST strives ap ke
degree of independence between multiple teams as a
means to ensure that raw input data are convented i
high quality and useful inputs and that a variefy o
analytical assumptions and methods are considened f
application in areas where best practices may xist.e
AST's use of multiple teams assists in the
characterization of model input data uncertaintgt tre
associated uncertainty in the results. The usbotif



multiple tools and multiple teams provides addiéibn
scrutiny to the inputs used, helping to identifygutial
errors and to ensure consistency of the inputs thi¢h
assumptions used in the analysis..

2.3. Use of Trained Analysts

Analysts in AST's Tools and Analysis Program reeeiv
classroom training on analysis theory as well asdba
on training on specific tools. Prior to leading a
analysis effort, analysts receive on-the-job tragnin
analytical skills as members of an analysis team.

3. THE PEER REVIEW PROCESS

The process begins with a planning meeting, extends
through the analysis work itself, and culminateghia

situations, to obtain preliminary concurrence friime
Peer Review Panel.

Members of a Peer Review Panel are identified from
among the attendees of the Planning Meeting. While
the Analysis Team’s analytical products are made
available for review by anyone in AST, membershig t
Panel volunteer their time to perform the official
review, in the capacity described below. The Peer
Review Panel membership is separate from the Arsalys
Team, and includes multiple members of the Toots an
Analysis Program and appropriate subject matter
experts, and at least one other person not invalvélie
licensing effort.

The Analysis Team takes detailed minutes of the

documentation and presentation of the methods used Planning Meeting. These notes include the Preknyin

and the pertinent findings.
described in detail below.

Each of these steps is

3.1. Planning Meetings

Prior to initiating an analysis, the Analysis Tehoilds a
Planning Meeting. The purposes of the Planning
Meeting are to:

- ldentify the available resources,

- ldentify potential constraints (deadlines for the
receipt of data, training needs, tool acquisitions,
contractor support, etc.),

- Introduce the task to the Tools and Analysis
Program at large and develop concurrence on the
Preliminary Strategy, and

- Identify the individuals who will serve on the Peer
Review Panel.

The Preliminary Strategy defines the plan for the
accomplishment of the analysis task. The scope and
level of detail of the Preliminary Strategy variessed

on its complexity. However, at a minimum the st
should look to identify the top-level approached an
desired level of fidelity of the analysis, as wadl the
potential tools to be applied. The basic stepshi
analysis task should be covered as well, includivey
planned steps to accomplish input data verificattbe
potential risk analysis assumptions and supporting
rationale, and the potential sensitivities to bareixed.

The Analysis Team identifies more detailed
assumptions regarding the task as the analysis
progresses. The application of these assumptiolesti

to the discretion of the Lead Analyst. As the vidiual
responsible for the successful and timely comphetd

the task at hand, the Lead Analyst is knowledgeable

Strategy and the names of the Peer Review Pasellist
All concerns and issues are recorded in these ssnut
and addressed in subsequent meetings or the revised
report.

3.2. Analysis

The analytical approach applied to a given tash is
function of the available input data, the time withich
to complete the work, and the desired level oflfige

At the outset of an analysis, the origin of allubhplata

is identified and documented. Supporting analyses
reports from which data has been extracted are also
reviewed. Assumptions contained in these analgeds
reports that are used to generate this data acketi¢o
ensure that they agree with the assumptions us#tein
document in which they are cited.

Likewise, tools used to produce data for input to a
analysis are identified and documented. Limitatiof
these tools are identified and accounted for inuge of
the data.

All input data, regardless of its origin, must berified

for consistency and reasonableness. Inconsistat d
does not agree with the assumptions with whichas w
produced or the assumptions by which it is being
applied. Reasonable data agree with the physitseof
problem being analyzed.

The Analysis Team may need to conduct supporting
analyses to assist in the verification of inputadat
Often, a simple plot of key variables, such as Wweig
thrust, or velocity versus time, may yield potehtia
discrepancies in supplied data sets. However, more

documented procedures, prior approaches, and bestsophisticated analyses may be required. For exampl

practices. Where best practices do not exist,Lted

Analyst seeks the advice of members of the Toots an
Analysis Program and associated subject matteresxpe
Informal intermediate reviews are helpful in these

the Analysis Team may use vehicle characteristics a
mission constraints to independently generate diajg
or other data that can be compared against datédp
by an applicant.



The level of fidelity of the analysis may vary frdow

to high based on a number of factors. For example,
rough estimate or “screening” analyses are often
employed when sufficient time, data, or tools with
which to conduct more extensive analysis are
unavailable. Although care should be taken to keand
the results of such analyses in this context, fitassible

to demonstrate acceptable risk on the basis ofughro
estimate analysis. 14 CFR Part 400 and its subpart
require an applicant to submit a demonstration of
acceptable risk, not a computation of precise vedkes.
Accordingly, the Tools and Analysis Program’s
acceptance of an independent analysis is basetieon t
same standard. If the simplifying assumptions used
rough estimate analysis demonstrate sound engngeri
judgment and are sufficiently conservative such tha
results provide a clear and convincing demonstnatio
that the risk is below the allowable threshold,ighbr-
fidelity analysis may not be necessary.

Even in circumstances where a lower-fidelity anialys
capable of demonstrating acceptable risk, the Taots
Analysis Program advocates the use of multiple
analyses of increasing levels of fidelity, ideally
undertaken using multiple tools, whenever time and
other constraints allow. Regardless of the corimy

or simplifying nature of the assumptions used, some
degree of uncertainty in the results always exists.
Multiple analyses using different methodologies and
assumptions, used in concert with sensitivity and
parametric studies, can provide further insighthédp
characterize this uncertainty.

3.3. Analysis Report

Every AST independent analysis used in support of a
licensing or permitting evaluation is documentekhis
documentation focuses on the verification of theuin
data used, the application of the analytical assiomp
used, the rationale cited for the use of these
assumptions, and the sensitivity of results toatams

in these assumptions.

To that end, the documentation strives to addrdélss a
four elements of the Transparency, Clarity, Coesisy,

and Reasonableness Model of risk characterizated u
by the U.S. Environmental Protection Agency in its
Risk Characterization Policy, described below:

- Transparency provides explicitness in the analysis

- Consistency provides a context for the reader and
refers to the presentation of the material in the
analysis. For example, are the conclusions of the
analysis characterized in harmony with relevant
policy, procedural guidance, and scientific
rationales? If not, why do the conclusions differ?
Also, does the analysis follow precedent with other
related actions or why not? However, consistency
should not encourage blindly following the current
analytical guidance at the expense of stifling
innovation.

- Reasonableness refers to the findings of the
analysis in the context of the state-of-the science
the default assumptions, and the science policy
choices made. It demonstrates that the analysis
process followed an acceptable, overt logic path an
retained common sense in applying relevant
guidance. The analysis should be based on sound
judgment.

3.4.Final Review

A Final Review is required of all tasks within theope

of this process. The Final Review is the forunmotiyh
which the Analysis Team presents its accomplishment
to the Peer Review Panel. The basis for a Panel's
acceptance of the results of an analysis lies & th
Analysis Team’s subsequent successful resoluticall of
significant issues raised by or to the Panel piaoor at

the Final Review. Accordingly, during the Final
Review, a member of the Analysis Team records all
action items for tracking toward resolution.

Prior to the meeting, the Peer Review Panel reviaivs
of the products associated with the analysis tabkis
includes the Analysis Report, as well as the irgud
output data sets of intermediate, supporting, andl f
analyses.

All members of the Peer Review Panel are presethieat
Final Review. Other invitees for the Final Review
include members of the Analysis Team and the Tools
and Analysis Program, as well as any additional
personnel with an involvement or interest in thekfa
including subject matter experts and leads of oft&T
teams and programs.

During the review, the Analysis Team makes a formal
presentation of all the work it has conducted. sThi
presentation summarizes the contents of the Armlysi

process. It ensures that any reader understands all Report. It revisits the Preliminary Strategy, ngtiany

the steps, logic, key assumptions, limitations, and
decisions in the analysis, and comprehends the
supporting rationale that lead to the outcome.

- Clarity refers to the analysis product. Making the
product clear makes the analysis free from obscurit

changes that were made during the analysis, sumesari
the analysis methods and key findings, and provicgs
additional material required to give the necessary
context to those findings.

and easy to understand by all readers inside and After the Final Review is complete, the Peer Review

outside of the analysis process.

Panel approves the resolution of all action itenihie



Analysis Team assembles a tracking matrix from the
notes of the Final Review meeting. This matrix is
provided to all members of the Peer Review Pandl an
the Tools and Analysis Program Lead. In addition t
relevant information regarding the task and listshe
Analysis Team members and Panellists, this matrix
contains a listing of all issues raised, even those
resolved at the meeting. All Peer Review Panel
members initial each item listed in the matrix et
appropriate column as the corresponding issue is
resolved. Resolution may include updates to tperte
document. Once all issues have been resolvedeto th
satisfaction of the Peer Review Panel, the Analysis
Team, Peer Review Panel members, and Tools and
Analysis Program Lead sign the matrix, denoting the
completion of the task.

3.5. Standards of Review

When developing the analytical approach, the Anslys

Team should be conscious of the criteria by whiod t

resulting analysis will be deemed acceptable. Ngme

that:

- All results shall be supported by analysis, and

- All of the assumptions employed shall be clearly
identified, applied consistently, and supported
appropriately.

Unsupported or inadequately supported results ate n
acceptable. Likewise, unsupported or inadequately
supported assumptions are also not acceptable.
Acceptable rationale for the application of an gticél
assumption includes one or more of the following:

- Similarities with historical data or trends,

- The results of supporting analyses or previous
studies,

- Expert opinion, including externally developed
approaches published in accredited papers or
journals, as well as the application of current
practices of respected external entities, including
other government agencies and domestic and
international technical organizations or societies,
and

- Sound engineering judgment.

Engineering judgment is considered sound when it is
supported by analyses that gauge the sensitivithef
results to variations in the assumptions used.si8eity
analyses are also conducted and documented fot inpu
parameters exhibiting a relatively large amount of
uncertainty in their value.

4. MANAGEMENT REVIEW

Upon its successful completion of the Peer Review
process, the Analysis Team presents a summarys of it
analyses and results to an AST Management Review
Board. Prior to the presentation, the Board rexzeand

reviews all of the evaluation documentation, inahgd
the Analysis Team’s report of AST's flight safety
analysis efforts.

The Management Board is composed of all of the AST
frontline and executive managers. Typically, the
Management Review covers the entire evaluation of a
license or permit application. In that regard, flght
safety analyses are just one element of the re\aen,
they are presented at an executive summary level,
focusing on the results and key findings. The eatabn

of the applicant’s analyses and any analyses pedor

by a third party, such as contracted resource atls@
presented.

Action items are tracked at this level, and worked
resolution in advance of the evaluation determamati
Actions involving AST's flight safety analyses are
assigned to the Analysis Team. These actions may
include the application of an alternate assumpiioone

that was used in the original analysis or the cohai
additional sensitivity studies. The Peer ReviewdPa
reviews any additional work produced as a result of
these actions, prior to reporting them back to the
Management Review Board. Once all action
resolutions have been accepted by the Management
Review Board, the analysis processes, and its
supporting series of reviews, are complete.

5. CONCLUSION

Independent analyses play an important role in the
license and permit evaluation process, providingrAS
with a verification of an applicant’'s analysis,wasll as
additional insight into potential uncertainties ati
aspects of a proposed operation that contributenitmt

to the overall risk. Based on the importance of thle,
AST has established a quality assurance program
consisting of multiple levels of review to ensuhattits
analyses are conducted using approved processes and
tools and appropriate data. Elements of this poeee
easily transferable to other organizations perfagni
such analyses, including members of the Commercial
Space Transportation industry.



