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Why GAO Did This Study

The National Aeronautics and
Space Administration (NASA) is in
the midst of two new development
efforts as part of the Constellation
Program—the Ares I Crew Launch
Vehicle and the Orion Crew
Exploration Vehicle. These projects
are critical to the success of the
overall program, which will return
humans to spaceflight after Space
Shuttle retirement in 2010. To
reduce the gap in human
spaceflight, NASA plans to launch
Ares I and Orion in 2015—5 years
after the Shuttle’s retirement.

GAO has issued a number of
reports and testimonies that touch
on various aspects of NASA’s
Constellation Program, particularly
the development efforts underway
for the Orion and Ares I projects.
These reports and testimonies have
questioned the affordability and
overall acquisition strategy for each
project. NASA has revised the
Orion acquisition strategy and
delayed the Ares I preliminary
design review based on GAO’s
recommendations in these reports.
In addition, GAO continues to
monitor these projects on an
ongoing basis at the request of
members of Congress. Based on
this work, GAO was asked to
testify on the types of challenges
that NASA faces in developing the
Ares I and Orion vehicles and
identify the key indicators that
decision makers could use to
assess risks associated with
common trouble spots in
development. The information in
this testimony is based on work
completed in accordance with
generally accepted government
auditing standards.

To view the full product, including the scope
and methodology, click on GAO-08-186T.
For more information, contact Cristina T.
Chaplain at (202) 512-4841 or
chaplainc@gao.gov.
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Area | and Orion Project Risk and Key Indicators to
Measure Progress

What GAO Found

NASA is currently working toward preliminary design reviews for the Ares I
and Orion vehicles. While this is a phase for discovery and risk reduction,
there are considerable unknowns as to whether NASA'’s plans for these
vehicles can be executed within schedule goals and what these efforts will
ultimately cost. This is primarily because NASA is still in the process of
defining many performance requirements. Such uncertainties could affect the
mass, loads, and weight requirements for the vehicles. NASA is aiming to
complete this process in 2008, but it will be challenged to do so given the level
of knowledge that still needs to be attained. The challenges NASA is facing
pose risks to the successful outcome of the projects. For example:
¢ Both vehicles have a history of weight issues;
e Excessive vibration during launch threatens system design;
¢ Uncertainty about how flight characteristics will be impacted by a
fifth segment added to the Ares I launch vehicle;
e Ares I upper stage essentially requires development of a new engine;
¢ No industry capability currently exists for producing the kind of heat
shields that the Orion will need for protecting the crew exploration
vehicle when it reenters Earth’s atmosphere; and
« Existing test facilities are insufficient for testing Ares I's new engine,
for replicating the engine’s vibration and acoustic environment, and
for testing the thermal protection system for the Orion vehicle.

All these unknowns, as well as others, leave NASA in the position of being
unable to provide firm cost estimates for the projects at this point. Meanwhile,
tight deadlines are putting additional pressure on both the Ares I and Orion
projects. Future requirements changes raise risks that both projects could
experience cost and schedule problems.

GAO’s past work on space systems acquisition and the practices of leading
developers identifies best practices that can provide decision makers with
insight into the progress of development at key junctures, facilitate
Congressional oversight, and support informed decision making. This work
has also identified common red flags throughout development, which decision
makers need to keep in mind when assessing the projects. They include:

Key indicators: Weight growth is often among the highest drivers of cost
growth. Unanticipated software complexity, often indicated by increases in
the number of lines of code, can portend cost and schedule growth.

Key junctures: The preliminary design review, critical design review, and
production review are key junctures that involve numerous steps and help
focus the agency on realistic accomplishments within reachable goals. A
disciplined approach aligned with key indicators can provide the knowledge
needed to make informed investment decisions at each review.

United States Government Accountability Office


http://www.gao.gov/cgi-bin/getrpt?GAO-08-186T
http://www.gao.gov/cgi-bin/getrpt?GAO-08-186T


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


