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ABSTRACT: As the National Aeronautics and Space Administration (NASA) enters the next era of human
exploration it must approach future missions with the most comprehensive understanding of the risks involved that
is available.A proactive approach to understand and potentially mitigate these risks is through the implementation
of an agency-wide precursor program. A properly implemented precursor program provides identification and
analysis of forerunners to future failures that could affect the system in which they are detected, as well as potential
implications throughout interfacing systems, the program, or other NASA programs. This global approach to
the assessment and application of risk insights will serve as a pipeline by which the Shuttle and the International
Space Station (ISS) programs can share knowledge for future Lunar missions, Martian missions, and other
agency endeavors. The identification of events or physical conditions that indicate future flight, mission, or
campaign failure is imminent or that its probability of occurrence is unacceptably high is critical to success. This
paper will define what precursors are and how they can be used to understand and mitigate future risks to crew,
vehicles, or missions. The paper will detail why an agency-wide precursor program is needed at NASA as well as
how such a program would differ from existing tools such as trending programs, Probabilistic Risk Assessments,
and data collecting. These existing tools will be discussed and shown how they can provide a compliment to the
success of an operational precursor program. This discussion will also refer to the currently existing Accident
Sequence Precursor program at the US Nuclear Regulatory Commission and how this program might serve as
a model for NASA.

1 INTRODUCTION

1.1 Precursor overview

As NASA builds upon its past successes in the Shuttle
and ISS programs to embark on new exploration goals,
including Lunar and Martian missions, it must use its
acquired knowledge base as the foundation on which
to proceed. Just as Lunar activities will someday serve
as a steppingstone for future missions to Mars, Shuttle
and Station offer the stepping stones to take the next
step today. However, the risk knowledge base forming
this foundation is still solidifying as both the Shuttle
and Station programs continue and currently there is
no program ensuring these risk insights will be solid
enough to draw on for future exploration.

Current risk analysis tools primarily derive risk pos-
tures based on the summing of prior system failure
rates. Unfortunately, these techniques do not account
for latent failures that have not yet been initiated. This
critical lapse of analysis can often misrepresent the
actual risk facing a system and cause designers inad-
vertently not to apply resources to system elements that
have the potential to transpire to failure. James Reason
likens these so called latent errors to that of a resident

pathogen in his “Resident Pathogen Metaphor”. He
states, “The resident pathogen metaphor emphasizes
the significance of causal factors present in the system
before an accident sequence actually begins. All man-
made systems contain potentially destructive agencies,
like the pathogens within the human body. At any
one time, each complex system will have within it
a certain number of latent failures, whose effects
are not immediately apparent but can serve both to
promote unsafe acts and to weaken its defense mech-
anisms. For the most part, they are tolerated, detected
and corrected, or kept in check by appropriate mea-
sures (the auto-immune system). But every now and
again, a set of external circumstances – called here
local triggers – arise that combines with these resi-
dent pathogens in subtle and often unlikely ways to
thwart the system’s defenses and to bring about its
catastrophic breakdown” (Reason 1990).

Throughout both the Shuttle and ISS programs there
have been no shortage or “close call” events that are
in essence precursors to potential future failures. The
proper analysis techniques can take these events and
use them to determine if action is required by designers
or program managers.
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1.2 NASA risk mitigation background

The inherent risk of space exploration must never
be neglected throughout vehicle, mission, and archi-
tecture design and execution. The complexities of a
vehicle equipped to withstand the extreme physical
environments of space will always pose a severe chal-
lenge to designers. NASA’s history with the Shuttle
Program and ISS Program has experienced many fail-
ures, unexplained events, and close calls. These insid-
ious faults that could potentially lead to a catastrophic
event for future missions and programs continue to
occur. Some are easily identified in hindsight while
others are not.

Previous attempts at identifying potentially catas-
trophic events during the 1980’s and 1990’s took the
form of Mission Safety Assessments, “Top-20 CILs”,
and Management Safety Assessments. Other attempts
were the Safety and Obsolescence (S&O) Vulnerabil-
ity Assessments and the Risk Ranking Methodology.
The intent was admirable but the approaches were
never successful. Space Shuttle accident investigations
and other panels have recognized the need for a sys-
tematic analysis of potentially catastrophic events.The
Columbia Accident Investigation Board found, “Risk
information and data from hazard analyses are not
communicated effectively to the risk assessment and
mission assurance processes.The Board could not find
adequate application of a process, database, or metric
analysis tool that took an integrated, systemic view of
the entire Space Shuttle system.” (Gehman 2003)

The Aerospace Safety Advisory Panel in the Report
on Leading Indicators 2003 echoed these sentiments
concluding, “We could find no process for regularly
tracking and assessing the performance and effec-
tiveness of the agency’s leading indicators and safety
information systems.” (NASA 2003)

As NASA enters the developmental stage of a new
phase of exploration they need a program in place that
will analyze the data they have now and translate it
to be applicable for these new endeavors. An agency-
wide precursor program would fill this need.

1.3 Agency-wide precursor program overview

An agency-wide precursor program has two primary
objectives; to identify and analyze precursors to future
failure within a system and to extend these analy-
ses to explore their potential implications throughout
interfacing systems, the program, and other NASA
programs. These objectives can be classified as two
elements critical to a successful precursor program, the
Local PrecursorAnalysis (LPA) and the Global Precur-
sor Analysis (GPA). The goal of the LPA is to identify
events or physical conditions that indicate that future
flight failure is imminent or that its probability of
occurrence is unacceptably high. When in place, such
a program would assess the system margin remaining

Figure 1. Accident precursor evidence – STS-45 damage.

after an abnormal in-flight or test condition is detected,
and weigh its potential progression to failure against
the operational flight envelope of imposed conditions.
Current NASA safety measures focus on the occur-
rence of a failure. Such a focus is unacceptable in
developmental programs that desire high reliability.
It is important to understand that not all precursors are
failures nor are all failures precursors. An established
LPA would offer a proactive approach towards risk mit-
igation. Such analyses would eventually establish a set
of physical observables tied to a set of indicators.These
conditions, when detected, would indicate the neces-
sity to delay a flight until the conditions are resolved.
They would also indicate during a flight when a pri-
mary system should be de-selected and a backup be
selected. That is, for example, when the benign shut-
down of a mal-performing engine should occur if the
design allows for mission continuance with an engine
out. In the case where mission continuance is not pos-
sible it would help to establish the conditions for abort
initiation.

The lack of effective LPA to collect failure or dam-
age related data from previous flights and determine
the possible implications for future flights must be
remedied. There is a wealth of past flight data that
could be used to prevent future disaster.As seen in Fig-
ure 1, inspection of the Shuttle after STS-45 produced
evidence of foam damage that, if analyzed appropri-
ately, could have told engineers that the foam posed a
severe threat to flight safety.

It is the proper combination of models and
expertise, specifically the physics and associated vul-
nerabilities within the design and its operational
characteristics that distinguishes a LPA from a more
traditional statistically based trending program. This
is what makes an established precursor program so
much more powerful in indicating the potential for
failure than a traditional statistically based trending
approach. In some cases a single non-failure event, of
sufficient magnitude, in a particularly sensitive area,
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Figure 2. Precursor program data flow within LPA.

or under given conditions, can be sufficient to indicate
that corrective action needs to be affected prior to
operation.

A successful LPA provides the foundation for a suc-
cessful precursor program, however the real benefits
of a successful precursor program can only be real-
ized if you take the result so of the LPA and embed
them into a comprehensive Global Precursor Analy-
ses. A comprehensive GPA would require NASA to
form a web of knowledge exchange between existing
programs such as Shuttle and Station as well as the
developmental programs being led by the Exploration
Systems Mission Directorate (particularly Lunar and
Mars mission efforts). The successful sharing of pre-
cursors to failure between programs would entail the
proper classification of LPA results and the successful
distribution between participating programs. When in
place GPAs would allow the risk knowledge databases
to be built-up over the Shuttle and Station Programs to
be successfully translated into potential Lunar risks.
Such a framework would ensure Lunar exploration
would provide the largest benefit in preparation for
future missions to Mars.

2 PRECURSOR PROGRAM ELEMENTS

2.1 Program elements overview

An agency-wide precursor program consists of both
LPAs and GPAs which, from a high level, span four
stages of data flow. These four stages are the design
understanding, the data collection system, the data
review process, and finally the data dissemination
across program interfaces. The first three stages are
what make up the LPA and the fourth element primar-
ily makes up the GPA. Figure 2 illustrates the data flow
within the LPA.

2.2 Design understanding

A properly designed precursor program should include
the development of a detailed understanding of the

design and operation of the system test history, the
developmental or operational system, and its heritage
systems. This information would then be converted
into a statistical logical structure to allow estimation
of the potential sequences of events that have the poten-
tial to lead to failure of the system and their potential
a priori probabilities of occurrence, that is their risk
impact based upon prior information. To use a medi-
cal analogy, this represents the training of a physician
in the operation of human body systems and poten-
tial disease scenarios with their potential for existing
given various indications from past cases. This train-
ing includes a thorough understanding of the body’s
anatomy as well as each of the body’s systems, their
functionality and interaction with one another.

The logical structure that currently exists within the
Shuttle Probabilistic Risk Assessment provides a good
basis for design understanding and potential failure
paths.

2.3 Data collection system

Another critical element of a properly designed propul-
sion system is a data collection system that is robust
enough to collect all the anomalous conditions of the
space systems of interest either on the fly, through
health monitoring system, or after the fact, as in the
case of returnable systems and test, to allow for the
assessment of the margin available against failure.This
implies that the data set must be based upon a compre-
hensive review of both system history and heritage so
as to ensure that the observables of interest are being
collected. To extend the medical analogy this is the
collection of the vital signs and the chemical indica-
tor information from an individual human patient or
the set of patients that the physician is treating. Once
vital signs are gathered they are then analyzed against
a backdrop of the patients medical history as well as
their family’s medical history.

2.4 Data review process

The third and final critical element is a data review
process, that sorts through all of the data collected in a
period and reviews this data against previous data col-
lected. This review should look for changes and trends
that would indicated potential significance against sce-
narios leading to failure and then imbedding these data
into the structure created as discussed above, if neces-
sary to, to indicate the extent of the erosion of design
margin, within the uncertainty bounds of the structure,
so as to indicate the need for additional investigation
of testing or additional operational limits, or design
changes necessary prior to system operation. Again to
continue the medical analogy the physician would take
all of the information from the above and imbed it into
his background of experience and see if there was a
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Figure 3. Global precursor program translation paths.

significant probability that a life threatening scenario
might be evident, and if so she might indicate the need
for further testing, the need to prescribe medication or
lifestyle changes, or surgical or other intervention.

Initially these steps would require a team of resident
experts to establish the structure and the data collec-
tion system and to review the operational data set to
establish precursor determination and the need for and
type of corrective action. Eventually, after the process
is in place for a long enough time, this expertise could
be converted into operational limits, and sensor sets
to monitor the operational parameters related to these
limits to prescreen trigger action automatically or with
expert oversight.

2.5 Data dissemination across program
interfaces

Once the Local Precursor Analyses are completed and
results are reviewed they will be shared with pro-
grams that could potentially be affected by similar risk
threats. All results will also be stored in a repository
that program managers can access. Figure 3 shows the
translation paths of the results form LPAs.

3 EXAMPLE LOCAL PRECURSOR ANALYSIS

A very simple example of how a precursor analysis
would fill the voids left by current risk assessment
tools such as the Probabilistic Risk Assessment can be
seen through a high level analysis of the Shuttle Main
Propulsion System (MPS).

When estimating the Loss Of Crew/Loss Of Mis-
sion (LOC/LOM) contribution of the Shuttle MPS
to overall ascent probability of LOC/LOM an over
pressure condition causing burst is a contributor. To
mitigate the risk posture of this event and prevent over-
pressure designers have incorporated pressure relief

valves. Devices are designed to lift and relieve pres-
sure prior to overpressure event that would challenge
burst pressure of associated plumbing.

The designers are then faced with the question of
how close to the determined burst pressure do they
establish set point for relief valves? The solution to
this problem is dependant upon the consequences of
the resulting pressure relief. In the first case if there is
no down side for relief then the set point should be set
very close to normal operating pressure and very far
from burst pressure. However, if relieving pressure can
cause a flow problem in fuel or oxidizer down stream
of the flow control valves and possibly challenge an
engine redline – designers will have to balance the
risk of such an occurrence and establish the set point
further from the nominal envelope and closer to the
burst pressure.

First case (no down side for relief) – set point for
relief valve would be at a “z” sigma point on burst
distribution based upon probability of protection given
an overpressure event.

• If you set this at 3 sigma point this would be 99.9%
probability of lift prior to burst, or 1 out of 1000.

• If any overpressure event occurs at a 1 in 100
mission rate then probability of a overpressure con-
tributing to LOC/LOM would be 1 in 100,000 and
this would be a non-contributor for a 1 in 200 ascent.

If the MPS pressure is monitored and it is discovered
that the pressure begins to spike and the challenge rate
becomes 1 in 5 missions, it would be a contributor to
risk and would need to be investigated. The root cause
would need to be discovered and mitigated, and the
physical conditions monitored for subsequent flights.
In this case it is not a failure condition that we are
concerned about, instead the failure rate for a failure
to lift at design pressure has remained the same, it is
challenge rate that has changed.

System conditions such as this would not show up
in a static PRA, they would not they show up in a statis-
tical trend, because no failure has occurred, but would
be included in anomalous condition monitoring of a
precursor program.

4 EXAMPLE GLOBAL PRECURSOR
ANALYSIS RISK DISCOUNT

The benefits of a successful GPA will help buy-down
the risk facing developmental programs. For example,
if a successful precursor program is in place during
Lunar exploration efforts, the benefits offered to a
Mars exploration program would be profound. A lunar
precursor to risk framework would help buy down
Mars mission risk greatly.

For the launch phase, risk buy-downs are needed for
the heavy booster to risk multiple launches. There is a
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high probability precursors would be discovered from
the lunar mission launches on the Ares V that could
allow for these risk discounts. Precursors may be dis-
covered in the assembly of a large transit vehicle, this
experience could be gained from the types of Dock-
ing and EVA activities that would be conducted in the
construction of the ISS and the type of EVA activities
that the crew are currently conducting.

A better understanding of the performance of the
crew and equipment during long-term exposure to
micro gravity on the lunar surface would provide
additional opportunities to confront risk on Mars mis-
sions. In particular uncovering precursors pertaining to
peculiar failure mechanisms that are related to micro
gravity. (It appears that rotating equipment may be
susceptible from HST and ISS experience and that
electronics performs far better than expected) and
crew health effects (bone loss). This can be uniquely
investigated on Station.

Possible lunar precursor program translations could
be used to understand the risks on Mars for EDL
and for long-term habitation, (dust toxicity and
radiation), and the potential opportunities of ISRU.
These precursors could possibly be discovered using
robotic-landers.

To discount the risk for Mars surface operations,
Lunar operations would provide precursors pertaining
to operating on a daily basis in a hostile partial G envi-
ronment with dust contamination and with radiation
exposure.

For buying down the risk of exploration on the Mar-
tian surface precursors from previous NASA experi-
ence could shed invaluable knowledge needed to learn
to transit in a dusty environment as well as to avoid and
to overcome obstacles on the way to sites of interest.
This can be done with robotic mobility on Mars and
with mobile exploration on the lunar surface.

5 NUCLEAR REGULATORY COMMISSION
PRECURSOR PROGRAM

The Nuclear Regulatory Commission (NRC) devel-
oped an Accident Sequence Precursor (ASP) program
in 1979 in response to the Risk Assessment Review
Group report. The primary objective of the ASP Pro-
gram is to systematically evaluate U.S. Nuclear plant
operating experience to identify, document, and rank
operating events most likely to lead to inadequate core
cooling and core damage, i.e. a catastrophic event.

While the analysis tools and event classifications
will greatly differ, the NRC’s ASP Program would
serve as a good starting point and initial framework for
a NASA Precursor Program. A cooperative effort with
the NRC would allow NASA to potentially avoid mis-
takes that the NRC made in the developmental years
of their program.

Figure 4. NRC’s Risk-Focused ASP program overview.

6 CONCLUSION

A true precursor program depends upon expertise, a
priori logical statistical structure usually associated
with a properly constructed scenario based risk analy-
sis, and the ongoing monitoring of trends and patterns
in observed and recorded data sets, integrates all of
these elements and goes well beyond any of these
individual elements. In particular, a well established
precursor program can adapt the extant a priori risk
structure by identifying scenarios that might have been
overlooked, and by modifying branch point success
criteria and the associated probability of occurrence of
the branches, and in the extreme cut the success branch
completely. In this way a properly designed precursor
program can monitor conditions of system operation
on an ongoing basis in the short term and indicate the
need for intervention prior to flight, and correct and
update a priori risk structure on an ongoing basis in
the longer term so as to convert the static risk model
into a living model of the system in operation.
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