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The review team was impressed with the rigorous gpproach the LM SW/USAF team isusing to
evaduate and mitigate risks, including coordination with FAA and civil authorities. At the same
time, the team acknowledged the need to remain vigilant in examining and discussing risksto
public safety and the ways in which these risks will be mitigated. LMSW agreed to provide the
review team with the complete Hight Sefety Anadyss (on CD-ROM), including debris contours,
for dl phases of flight from Haystack to Dugway and Mamstrom.

X-33 Range Safety Requirements Document (RSRD)

This document outlines the Range Safety Program and Range Safety requirements for the X-33
flight test program. 1t defines respongbilities and authorities and delinestes policies, processes,
and approvasfor dl range safety activities from design concept through test, checkot,



assembly, launch, flight, and landing. This document has been written to primarily address X-33

flight test requirements as they relate to range safety. Specific requirements for system

safety,

ground safety, launch complex safety, and related matters are not within the scope of this
document. These topics are addressed separately by AFFTC, DFRC, and other applicable
directives and processes. Table 3-1 sets out risk acceptability guideines used in development

of the RSRD.

TABLE 3-1: Acceptability Guiddines for Prdlaunch Launch Area/Launch Complex Hazard

Conseguences and Probability Categories

HAZARD POTENTIAL CONSEQUENCES PROBABILITY
SEVERITY *
Personnel Equipment Unit Data
Category IlIness/I njury Loss($) Downtime Compromise A|B|C|[D|E
| Catastrophic May cause death. > 500,000 > 4 months Datais never recoverable or
primary program objectives are
lost.
Il Critica May cause severe 100,000 2 weeks May cause repeat of test
injury or severe to to program.
occupational illness. 500,000 4 months
I Marginal May cause minor 1000 1 day May cause repeat of test
injury, or minor to to period.
occupational illness. 100,000 2 weeks
IV Negligible Will not result in <1000 < 1day May cause repeat of data point,
injury, or or data may reguire minor
occupational illness. manipulation or computer
rerun.
RISK PRIORITY: -|Unacceptable :lwajver or deviation required DOperation permissible

* Refers to the probability that the potential consequence will occur in the life cycle of the system (test/activity/operation). Use the

following list to determine the appropriate Risk Level.

THRESHOLD PROBABILITY

DESCRIPTION* LEVEL VALUE SPECIFIC INDIVIDUAL ITEM FLEET OR INVENTORY ***
*
A Frequent 3x10? Likely to occur repeatedly Continuously experienced
----------------------- 8X10%?
B Reasonably 3X107? Likely to occur several times Will occur frequently
probable
----------------------- 8x107
C  Occasiona 3x10° Likely to occur sometime Will occur several times
----------------------- 8x10*
D Remote 3x10* Unlikely to occur, but possible Unlikely, but can reasonably be
expected to occur
----------------------- 8x10°
E  Extremely 3x10° The probability of occurrence cannot Unlikely to occur, but possible
improbable be distinguished from zero

**  Definitions of descriptive words may have to be modified based on quantity involved.
***  The size of the fleet or inventory and system life cycle should be defined.




Independent Review Teams (IRT)

Independent review teams comprised of individuas who are knowledgeable and who have no
vested interest or decison making role will participate in dl critical program pre-launch
milestone reviews, such as L-60 day and L-30 day safety and readiness reviews. The Range
Safety IRT is co-chaired by the AFFTC-Range Safety Office with support from the
NASA/DFRC Operations Office. ThisIRT provides information to the commander for hisfind
decison to dlow the X-33 to launch. Figure 3-4 provides an outline of planned operationa
reviews.

Flight Review / Approval Process
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First Flight - - Qutputs
Same Site to New Site =utbdls

L-60 Day Range L-20 Day Range Tentative Launch
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Figure 3.4

3.7  System Safety and Quality Assurance Processes

Emergency Response Plan

The review team noted that the Operationd Ground Safety Program, containing the Emergency
Response Plan, provided a thorough approach for addressng emergency Situations both insgde
the military test facility as well as down range. The document also provided an excellent mishap
investigation plan. Reportedly “lessons learned” from the Clipper Graham mishap contributed
to the development of this plan.



Vehide Turn-Around and Maintenance

The review team noted that the LM SW intends to deploy “arcraft-style€’ maintenance practices
which involve a second set of eyesto verify configuration of dl vehicle maintenance activities
Written ingructions and sign-off documentation (vaidation) arein place for dl mantenance
procedures. Again it was noted that “lessons learned” from the DC-XA, Clipper Graham test-
flight, landing mishap were consdered in developing these assurance measures.

3.8  Softwarelndependent Verification & Validation (IV& V) Process

Discussions with LMSW software experts during the on-site review resulted in an agreement to
provide the MSFC SMA representative with updated, hardware and software testing
requirements for systlems and subsystems. LM SW agreed that system leve testing shdl be
accomplished using flight software. LMSW agreed that dl updated test plans will emphasize
the requirement to test using the flight software.

Software Avallahility for Integrated Systems Testing

It is recognized that software development is behind schedule. Thus concerns exist that these
delays will makeit difficult to implement integrated ground testing of systems such as the engine
controller which uses software-driven risk mitigation cgpabilities (e.g., cross-functiond turbo-
pump capability to use a Single pump to serve both enginesin the event of afailure).

NASA V&V Support to X-33

Allied Signd and LMSW are the principa developers of the X-33 software. The NASA
IV&YV facility in Fairmont initiated support to the X-33 program in November of 1997. The
Fairmont leved of effort is estimated to represent 10 personyearsin 1998 and 10 person-years
in 1999. Even though the IV&V support is provided under atask order agreement to LMSW,
NASA will be ableto assart a greeter level of ingght by virtue of this arrangement.

Pre-and Post-Hight Certification Process

The pre-and post-operating procedures define the process for test, review, gpprova, and
implementation of configuration changes to the ground and flight software. Launch “1-Loads’
will be verified prior to each flight by the Integrated Test Facility. The review team software
andyst and LM SW software managers aso discussed the extent to which end-to-end
veification and validation will be conducted (flight and ground software) between each flight of
the X-33. Thereview team fedsthat thisis an issue worthy of further assessment by the NASA
X-33, SMA support.






4.0 Safety of Flight Issues

Worst case scenarios for risk exposure are associated with ether: 1) a catastrophic, in-flight
falure event, explosion, or breakup of the vehicle, or 2) initiation of the FTS in response to
anomaous flight trgectory.

The metric employed in range safety analysisis the Expected Casudty (Ec) probability. The
range safety criteriais 30 in 1 million (30 x 10/ (-6). Scenario 1 has ahigher probability of
causing casualties than Scenario 2 because of the extent of the debris created in a catastrophic
event (estimated at over 1000 individua pieces of debris). Scenario 2 assumesabdligtic
trgectory of an intact vehicle, initiated by the FTS involving “hard over” commands to both
body control surfaces. Safety of flight anadyses utilize Scenario 1 (worst case) to bound the
maximum expected casuaty event. The Ec value for Scenario 1is5.0 x 10" (-6) for flight to
Michad Army Air Fddin Utah and 5.5 x 10~ (-6) for flight to Mamstrom Air Force Basein
Montana. Both estimates meet the range safety criteria of 30 x 10 ” (-6) for Ec.

4.1  Powered Flight On-Trajectory Explosion Failures

The X-33 Environmental Impact Statement (EIS) used a projected falure rate of 1/250,
“derived from 220 seconds of powered flight” from consideration of the flight records of Atlas,
Ddlta, Titan I1, and Space Shuttle LOX-LH2 engines. The EIS used a projected failure
probability of 1/6823 for non-powered (or coast) flight. This estimate is based on engineering
reliability analyss of component failure data and degree of redundancy.

While vehicle rdiability is a centrd Misson Assurance issue, the ultimate public safety risk
mitigator isthe Hight Termination System (FTS) which is desgned to bring the vehicle down
intact within the range safety limits.

4.2 Flight Termination System (FTS)
FTS Overview

Command Receiver Decoder (CRD) receives sgnd, decodes signd, and initiates termination
function. Ground-based Command Transmitter System (CTS) generates, modulates, and
transmits the Sgnal. Differences between secure and non-secure sysemsinvolve: 1) destruct
command generation inthe CTSand 2) decoding of the destruct command on-board the
vehicle. The IG indicated that a cost increase on the order of $85K to $120K would be
asociated with implementation of secure system hardware. Additiona costs would be
associated with program compliance with security control and handling requirements.



Failure to Secure Control of FTS Command Uplink

The NASA Inspector Generd (1G) has recommended implementation of a high security FTS
command/destruct decoder-initiator system and an equaly secure command uplink system.
Tampering, sooofing or other intentiond interference with the FTS could result in destruction of
the vehicle during nomind operation or imparment of range safety’ s ability to terminateflight in
the case of an errant ground track. FTS security issues and the perceived need for special
Security measures are under the authority of the EAFB Commander and Range Safety officias.
In discussions with both the |G investigators (at NASA Headquarters) and the Range Safety
officids, during the onSte review, it became gpparent that a fundamentd difference of opinion
exigts concerning the existence of a credible security thregt to operations on the
CdiforniaUtah/Montana test range.

Resolution

The review team and the X- 33 teeam mutualy acknowledged that additiona mitigation measures
(i.e., secure FTS system deployment) would be appropriate if a credible threat was present.
The NASA SMA team took the action to facilitate direct communication between the |G team
and the EAFB Range Safety Director to resolve the issue.

4.3 FTSFailure Modes/Reliability

The program is designed to contain Ec well below the required 30 x 10°\(-6). The current
edimaeison the order of 5 or 6 x 107(-6). If the FTSfailsto operate properly, the risk
management process will have failed and risk exposure will be unlimited, asis the case with the
Space Shuttle, Titan IV and other smilar space flight launch systems. The FTS riability and
falure modes must be carefully evauated and risk mitigation Strategies verified. It isunderstood
that the Range Safety Independent Review Team (IRT) will provide a measure of verification.
However, the review team bedievesthat it would be appropriate for NASA SMA to closdly
monitor this activity.

4.4 FTSRedundancy

It was noted that the Utah Test and Training Range (Dugway Proving Grounds) personnel do
not believe that the current X-33 FTS configuration is fully redundant. Thisisan openissue
which needs follow-up. The review team acknowledged the importance of ataining afull
understanding of FTS rdidhility, faillure modes, and falure mitigation.

45 Other Information Security Issues

In response to another |G recommendation, the LM SW indicated that they are implementing a
program-wide information security andyss and risk mitigation activity.



5.0 Mission Assurance | ssues
5.1  Scaled-Back Incremental Flight Demonstration Approach

The X-33 Find Environmental Impact Statement (EIS) (section ES.5) discusses risk mitigation
of potentid flight safety impacts: “ Potentid flight safety impacts would be mitigated by careful
sdection of flight corridors and cautious implementation of the flight test program through
incrementa expanson of the flight envelope (progressively increasing dtitude, speed, and
distance.”

Asdiscussed in Section 2.0 of this report, the origind flight program consisted of flights to
Silurian, Dugway, and Mamstrom. The review team expressed concern that the incrementa risk
management gpproach outlined in the Final EIS was being discarded with the imination of
flightsto Sluarian.

On-gte discussons with LMSW indicated that the Silurian Ste was being diminated from the
program on the basis of flight operationd risk management concerns including requirements for
a “high-g” gpproach maneuver, anegative “g’ condition a Main Engine Cut Off (MECO)
risking pump cavitation or other engine damage, and requirements for modifications to
pressurization systems to accommodate the short flight. It was stated that “a short Silurian
trgectory istoo brief to compensate for firg flight performance and navigation uncertainties.”

In addition, LMSW presented information showing continued adherence to careful incrementd
increases in speed, atitude, and heating effects, consstent with traditional X-vehideflight tesing
risk management.

5.2 Other Mission Assurance | ssues

A myriad of technicd issues exist in the X-33 program. The recent X-33 CDR identified the
following “High” and “Medium” risk management items

High Risks

- Vehicle Assembly Dependency On Cryo Tank Delivery
- Schedule

- Vehide Weight - X-33

- Integrated Test Facility (ITF) Mode Deve opment

- Hydrogen Tanks - Cost, Schedule, Structure/Integration
- X-33 Engine H2 Inlet Flow Disturbances

- Hydrogen Leskage and Manufacturing

- Engine Rdiahility - X-33

- Aeroshdl - X-33

- X-33 Hight Software

- X-33 Safe Recovery Reiability



- TPS Sed Design Concepts
- Reaction Control System (RCS) Acoustic Vibration Load

Medium Risks

- X-33 Indemnification

- Control Authority At Low Supersonic Mach Number

- Navigation Integration

- Nozzle Ramp Structurd Design

- TPS - Carbon/Carbon

- RCS Thrusters, Methane/Gaseous Oxygen (GOX)

- X-33 Antenna Performance

- X-33 Inter-engine Seds

- X-33 Engine Plume Impingement

- X-33 Engine/Vehicle System Integration

- Environmental Impact Statement (EIS) Approva X-33
- Aerospike Thrust Chamber

- X-33 Aerospike Slipstream/Thrust Vector Control Interaction
- Sosh Damping

Anin-depth assessment of these issues is beyond the scope of the current SMA review.
Because of the potentia time demand necessary to understand each of these issues, the decision
was made to focus more specificaly on safety and SMA management process concerns. The
NASA Independent Annua Review (IAR) team will be conducting a“ddta’ IAR by the end of
March, 1998 and is expected to examine these issuesin depth.  The NASA SMA organization
has the responsbility to assure that Mission Assurance risks do not become safety risks while
recognizing the parald responghility to promote the likelihood of achieving Misson Success
through process level reviews. The review team recognized the need for NASA to increase the
leve of indght on adaily bas's, necessary to understand and monitor critical Misson Assurance
issues. Theseissues are discussed more fully in the following two sections of this report.



6.0 Achieving Safety & Mission Assurance Insight

Background

NASA/MSFC SMA has assumed an “amslength” and, in many respects, a*“low key” safety
and mission assurance role with regard to the X-33 program. This decision has been taken
primarily on the basis that the X- programs represent the “new way of doing business’ as
manifested in the use of the contractual arrangement known as a cooperative agreement
(described in detail in Section 2.0). Under this agreement, signed in July 1996, L ockheed-

Martin wasto assume dl ligbility for misson mishgp. In November 1997, legidation (Senate hill

S2150) was proposed to make NASA a partner in damage and injury liability associated with
any X-33falure. NASA isnow in the potentidly vulnerable position of assuming ligbility with
no oversght, very little ingght and virtualy no ability to affect program changes very late in the
program development life cycle (fira flight of the X-33 is scheduled for late summer 1999).

6.1 Indght via Program Commitment Agreements

Thetop level X-33 Program Commitment Agreement (PCA) sets out the ground rules for the
X-33 Program. This document, by design, isashort, concise, top level definition of program
objectives, budget, and schedule. In the context of reinvention of government, cooperative
agreements, turn-key procurements, and other novel contracting vehicles, it istoo easy to
believe that NASA isno longer responsible for issues such as public safety and assuring that
limited resources are spent on programs with reasonable probabilities of achieving misson
success.

The review team recommends that the X-33 Phase || PCA, currently in arevison cycle, be
modified to include a new paragraph asfollows.

Safety and Mission Assurance I nsight

The NASA Associate Administrator for Safety and
Mission Assurance is responsible for maintaining insight
into issues affecting flight safety, public safety, and
mission success. The Program Manager and Enterprise
Associate Administrator remain ultimately responsible
for assuring safety and managing programrisk.

6.2 Achieving Insight

The review team concluded that NASA must increase the level of safety insght into the X-33

program in order to better fulfill Agency SMA responghilities. The team further concluded that

the increased ingght mechanism must be implemented as soon as possble. Findly the team
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recognized the need for the ingght to be implemented as an independent NASA activity rather
than atask order activity controlled by LMSW. The implementation details must be negotiated
among MSFC SMA, DFRC SMA, and X-33 program management. It is recommended that
the X-33 SMA indght support report directly to the NASA X-33 Program Manager and report
on a*“dotted-line’ basis to the MSFC Director of Safety Reiability and Quality Assurance.

The X-33 SMA insight support should be chartered to have access to any area necessary to
assure safety, but must focus immediate attention on the following processes and issues.

- Hight Working Group (FWG)

- System Sefety activities

- Debris Impact/Public Safety/Risk Mitigation

- Development of the Launch Approva Document

- FTSfalure modes and reliability

- FTS redundancy

- Closure of FMEA-CIL management concerns voiced by MSFC and JSC
- X-33 information security

In addition, the X-33 SMA insght support should draw upon perspectives gleaned from NASA
center-based participants in the X-33 program, supporting LMSW through task order
agreements. The X33 SMA ingght support should provide continuing visbility to NASA
SMA managers (as well asthe X-33 program manager) by way of frequent communication.

The review team concludes that expanding NASA SMA ingght will enhance the likelihood of
mission success and provide assurance that risks to public safety have been appropriately
addressed. Theincrease in SMA ingght will aso provide the depth of understanding and level
of confidence necessary for NASA to support X-33 launch and flight operations.

1



7.0 Summary and Conclusions

7.1  X-33 Safety and Mission Assurance Processes

The review team found evidence that rigorous safety and risk management processes were
being employed by the LMSW throughout the X-33 program.

7.2  NASA Safety and Mission Assurance I nsight

The review team recommends that the NASA X-33 Program Manager in consultation with the

MSFC Director of Safety, Rdliability, Quality Assurance (SRQA) and the DFRC Director of

Safety and Misson Assurance, take the following actions:

- Egtablish a continuing and on-site SMA support function, reporting directly to the
NASA X-33 Program Manager, and reporting on a“dotted ling” basis to the Director
of SRQA at MSFC.

- Establish a supporting infrastructure as necessary to fulfill theinsght role and
respongibility of this SMA support function.

- Implement these measures as soon as possible.
7.3  X-33Program Commitment Agreement

The review team recommends that the X-33 Phase || PCA, currently in arevision cycle, be
modified to include a new paragraph asfollows.

Safety and Mission Assurance I nsight

The NASA Associate Administrator for Safety and
Mission Assurance is responsible for maintaining insight
into issues affecting flight safety, public safety, and
mission success. The Program Manager and Enterprise
Associate Administrator remain ultimately responsible
for assuring safety and managing program risk.

7.4  Safety of Flight Issues
The review team recommends that the NASA SMA insight support personnd!:

- Participate in Hight Working Group activities
- Participate in System Safety activities



- Participate in FTS redundancy ddiberations and discussions

- Deveop an underganding of FTS riability and failure modes

- Participate in development/implementation of launch approva and Certificate of Hight
Worthiness (COFR)

7.5 Concluson
Implementation of the recommendations outlined above will enhance the likelihood of mission
success and provide assurance that risks to public safety have been appropriately addressed.

Theincrease in SMA ingght will aso provide the depth of understanding and leve of confidence
necessary for NASA to support X-33 launch and flight operations.
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Appendix A

NASA Safety and Mission Assurance
Review Team Member ship

NASA Headquarters

Frederick D. Gregory

Peggy Evanich
Jm Lloyd

Steve Newman
Steve Wander
Pete Rutledge
Claude Smith

M ar shall Space Flight Center

Amanda Harris
Jm Hafidd

Dryden Flight Research Center

Jm Phelps
Larry Meyers



Appendix B

Aerospace Safety
Advisory Panel Report
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M emorandum

To:  ASAP Members and Consultants

From: ASAP X-33 Group - Richard Blomberg, Ken Englar, George Gleghorn,
Norris Krone, Roger Schaufele

Subject:X-33 Safety Review - 18-19 February 1998 at PAmdale, CA

Generd

The Aerospace Safety Advisory Pand was invited to attend a Code Q safety review of
the X-33 flight test program that was held at the Lockheed Martin “ Skunk Work’s” PAmdale
facility on February 18-19, 1998. In attendance were the ASAP members (as shown above),
representatives of Marshal (MSFC), Dryden (DFRC), the Air Force FHight Test Center
(AFFTC), the FAA and the Lockheed Martin Skunk Works Corporation (LMSW).

The meeting commenced with a statement of the primary meeting objective by Fred
Gregory, which smply stated was to gain a complete understanding of the X-33 program
office’ s safety related risk management and mission assurance process.

The Code Q staff with cooperation of the Dryden Flight Research Center’ s X-33 flight
test manager, developed an excellent agenda for the review which included an extremely
comprehengive set of questions ranging from the status of the risk management plan to the
methods of documenting and communicating risk information throughout the X-33 project.

Officidly the overdl management of the program is the responsibility of Lockheed
Martin with the NASA Centers acting as “ subcontractors’ in a government/industry partnership;
however, snce the find launch authority rests with the government and the government is
furnishing approximately 80% of the funding for the program. It istherefore clear that NASA
has a significant responsibility to oversee the program. In thisregard, MSFC is the designated
Lead Center with its functions specified by the NASA Strategic Management Handbook as
modified for the gpecid government/industry partnership of the X-33 program. A small MSFC
program office islocated at the Lockheed Martin PAmdae facility. The office does not
presently have afull time S& MA representative, but an agreement was reached at the meeting
to add one from MSFC. A Memorandum of Agreement, as yet unsigned, between MSFC and
DFRC defines the respongbility of DFRC regarding system safety, range safety, software
assurance and, to alimited extent, quaity assurance. The NASA Langley Research Center dso
has arole to perform independent assessments of the concept design, conduct life cycle costs
and tradeoff studies, and evauate the technology benefits to be gained by the X-33 program. It
was abundantly clear that Lockheed Martin has a great desire to cooperate and share with the
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government the respongibility for dl safety related aspects of the program. The briefings
presented by L ockheed Martin were comprehensive, meaningful and well presented.

The X-33 Vehicle and Hight Program

The X-33 flight program is one dement of Phase |l of the larger Reusable Launch
Vehicle (RLV) effort. The decision to proceed with Phase 111 - afull-scae operationa RLV
vehide— will primarily depend upon the knowledge gained from and success of the X-33 flight
tests. Accordingly, the stated god's of the X-33 are: (1) mature the technologies necessary to
design and build asingle stage to orbit RLV system, (2) assess the ahility to operate the system
inargpid turnaround, low-cogt (relative to the space shuttle) mode, and (3) reduce the risks for
future RLV private investors. The vehide is fundamentaly an uninhabited flying rocket
propulson system that includes the revolutionary “linear aerospike” engine, internd hydrogen
and oxygen tanks, flight and propulsion control systems, the command and control vehicle
systems (indluding the flight termination sysem--FTS), an autonomous INS/GPS navigation and
precison landing system, and the landing gear.

Theflight test plan cdlsfor atotd of 15 flights of asngle vehicle. Thefird fiveflights
will terminate at Michad Army Air Field (at Dugway Proving Grounds in Nevada), and the
remaining flightswill end a& Mamsron AFB (Montana). It was briefed that the first seven flights
would be sufficient to attain dl of the program objectives if al seven were completdy successful.
Sincethisis highly unlikdly, there are eght additiond flights included in the flight plan. The basic
approach is that when the flight test objectives are dl achieved, the flightswill sop. Thereisno
particular necessity to complete any specific number of flights past the first seven.

Thelaunch steis on the Edwards AFB range at the Haystack Butte Launch Site. The
X-33 launch facility is being congtructed as part of the program. Since neither Dryden nor
Edwards are experienced in vertical rocket launches, personnel from Kennedy and Vandenberg
are supporting the X-33 program.

Theflight profiles for the testswill initidly be through the Air Force Hight Tests Center
(AFFTC) test range followed by transits through well established military corridors (sparsely
inhabited) that have been used previoudy by the military for cruise missletests. The overdl
respongbility for test safety and public safety lies with the Commander of the AFFTC. The
AFFTC and DFRC jointly authored an X-33 Range Safety Requirements Document which by
coincidence was ddlivered to LM SW on February 19, the day of thisreview. Also, thefirst
part of the Preliminary FHight Data Package was delivered by LM SW with the remainder due on
the 28" of the month. The AFFTC Range Safety reply to the data package is duein six
months. The datawill be used by AFFTC to establish whether or not the flight tests planned
will result in probable danger to the public that exceeds reasonable limits. The god isto have
no greater danger than provided by norma day-to-day overflights of civil arcreft.
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It is gpparent that the program is pursuing amgor risk management program thet is
cgpable of identifying, characterizing, and mitigating any sgnificant safety risks inherent in the X-
33 flights. One sgnificant moativation for reducing the flight risks by dl means possible emanates
from the decision to build only one vehicle. With the potentia to lose over abillion dollars
resting on the single vehicle, the large effort being planned for testing, software verification,
smulation and comprehensive risk andysisis well judtified.

Potential Safety |ssues

The X-33 program has an excdlent risk mitigation, and failure effects and modes
andyssplan. The primary threat to human safety isthe loss of control of the vehicle (at any
time between the launch and the whedls landing at the recovery ste) with aresultant striking of
the ground in an inhabited area. The impact area could be largeif the vehicle brokeinto alarge
number of parts or smdl if the vehicle remained essentialy intact. There were anumber of areas
that the ASAP group fdlt were potential safety issues and that werein need of future evauation
and explanation. Posed as questions, these areas are:

1. Toachieveitstrgectory, the vehicle must be programmed so that its instantaneous impact
point (the point where the vehicle would impact the Earth's surface if its thrust were to be
ingantly terminated) crosses territory outsde the Air Force Test range while thereis dill a
ubstantid amount of propelant remaining. Specificdly, it must cross acorridor containing
US Highway 395 and Cdifornia State Highway 53 when about haf-way through powered
flight. Isthere asafety andlysis of the potentid hazard when flight termination occurs prior
to propdlant exhaustion(MECO)?

2. Theflight termination system on the X-33 merdly ddivers hard-over surface commands to
tumble the vehicle, but does not necessarily destroy the vehicle. Thisis contrary to current
vertica launch rocket vehicles. It leaves open awhole dew of concerns about where does
thisflying "rock™ go, particularly if it hasflight control surfaces that are suck in some
position that may till cause the vehicle to fly in some unpredicted, or atitude control
thrusters that are bleeding down the propellant tanks to produce a smilar unpredictable
trgectory. The prediction of 1P for X-33 is more complicated than for anormal rocket
launch vehide,_During flight through the corridors to the destination where high mach
numbers are attained, what isthe 11P and the probability of causng injury or degth to
individuas on the ground or in arcraft?

3. What are the assurances that the communication links with the vehicle will be effective in the
event that range safety officers need to assert control over the vehicle?

4. What are the assurances that there will be no inadvertent impact with the chemica/biologica
weapons materiad stored at Dugway |ocated near Michad AAF?

5. IstheHight Termination System (FTS) adequate to assure fool- proof operation if needed?
Is the communication for the FTS activation totaly redundant? In the event of aflight
control failure, isit possible that the FTS would be unable to tumble the vehicle to cause
vehicle destruction?
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6. Isthereaposshility of confuson or procedurd error in the hend-off between the primary
operations control center and the moveable operations control center? How doesthe
system design reduce the risk of conflicting inputs or ambiguity in the command

authority? Likewise, how will potentialy competing inputs be handled when
downmoding after an early MECO?

7. What procedures are being employed to assure a secure communications link that has no
credible threat of sabotage? Are the communication links planned as secure as the ones
used on the Air Force cruise misslesthat fly the routes to be used by theX-33?
Alternatively, is it definite that a communications compromise with amalicious intent cannot
command the vehicle in away that would compromise safety?

8. How extendve are amulaion activities in emulating the actud flight conditions and
determining effects of potential mishgps?

9. What is the system safety plan regarding the launch ste procedures?

Summary

The obvioudy strong interaction among the Air Force range safety people, NASA
Dryden personnel and the X-33 project (M SFC and LM SW) indicates that significant checks
and baances are inherent in the process of developing and gpproving flight test plans. This
should lead to the gppropriate identification and mitigation of risks.

The risk management process that was summarized in the briefing by the project
gppears suitable and cgpable of identifying, characterizing and mitigating any sgnificant safety
risks inherent in the X-33 tests. There was no evidence of shortcuts being taken or any
attempts to circumvent prudent safety approaches. Aslong as the project remains committed to
the gpproaches outlined at the briefing, it should be cgpable of managing risk to the lowest
possble leve for an autonomous rocket vehicle with significant technologica advances.

Implications for Future ASAP Activities

Since the vehicle is unmanned and there gppears to be adequate attention being paid to
safety issues, thereis no need for alarge ASAP involvement in the X-33 Program. However,
the Pand should monitor the program activities to understand any safety-related decisions and
to be aware of decisons that might impact the design of the future RLV vehicle that is planned
to carry humans.

CC: Fred Gregory
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Appendix C: Major Program Milestones

Scheduled Accomplished

Phase |l Award 07/96 07/96
Prdiminary Requirements Review 09/96 09/96
Vehide Preiminary Desgn Review(PDR) 11/96 11/96
Draft Environmenta Impact Statement (EIS) 06/97 07/97
Vehicde Criticad Design Review (CDR) 07/97 10/97
EIS Record Of Decision 10/97 11/97
Begin Launch Site Construction 10/97 11/97
X-33LOX Tank Delivery 02/98 02/98
Firg LH2 Tank Ddivery To Assambly 05/98
Private Financing Plan In Place 09/98
First X-33 Engine Test 10/98
X-33 Hight Engine Ddliveries Begin 02/99
X-33 Rall Out 05/99
X-33 Fird Hight 07/99
RLV Phase [11 Implementation Decison 10/99
X-33 Ladt Hight 12/99

X-33 Phase Il Program Concluded 12/00



