Col unbi a Accident Investigation Board's
Executive Sunmary

The Col unbi a Accident Investigation Board' s independent investigation
into the February 1, 2003, |oss of the Space Shuttle Colunbia and its
seven-menber crew | asted nearly seven nonths.

A staff of nore than 120, along with sone 400 NASA engi neers, supported
the board's 13 nenbers. Investigators exam ned nore than 30, 000
docunents, conducted nore than 200 fornal interviews, heard testinony
from dozens of expert wi tnesses, and reviewed nore than 3,000 inputs
fromthe general public. In addition, nore than 25,000 searchers conbed
vast stretches of the Western United States to retrieve the
spacecraft's debris.

In the process, Colunbia' s tragedy was conmpounded when two debris
searchers with the U S. Forest Service perished in a helicopter
accident. The board recogni zed early on that the accident was probably
not an anonal ous, random event, but rather likely rooted to sone degree
in NASA's history and the human space flight programis culture.

Accordingly, the board broadened its nandate at the outset to include
an investigation of a wide range of historical and organizationa

i ssues, including political and budgetary consi derations, conprom ses,
and changing priorities over the |ife of the Space Shuttle Program

The board's conviction regarding the inportance of these factors
strengt hened as the investigation progressed, with the result that this
report, in its findings, conclusions, and recomendati ons, places as
much wei ght on these causal factors as on the nore easily understood
and corrected physical cause of the accident.

The physical cause of the loss of Colunmbia and its crew was a breach in
the Thermal Protection Systemon the | eading edge of the left w ng,
caused by a piece of insulating foamwhich separated fromthe |eft

bi pod ranp section of the External Tank at 81.7 seconds after |aunch
and struck the wing in the vicinity of the lower half of Reinforced

Car bon- Car bon panel nunber 8.

During re-entry this breach in the Thermal Protection System all owed
superheated air to penetrate through the | eading edge insulation and
progressively nmelt the alum num structure of the left wing, resulting
in a weakening of the structure until increasing aerodynanic forces
caused | oss of control, failure of the wing, and break-up of the
Obiter. This breakup occurred in a flight reginme in which, given the
current design of the Orbiter, there was no possibility for the crewto
survi ve.

The organi zational causes of this accident are rooted in the Space
Shuttle Program s history and culture, including the origina

conprom ses that were required to gain approval for the Shuttle,
subsequent years of resource constraints, fluctuating priorities,
schedul e pressures, mischaracterization of the Shuttle as operationa
rat her than devel opnental, and | ack of an agreed national vision for
human space flight.



Cultural traits and organizational practices detrinmental to safety were
all owed to develop, including: reliance on past success as a substitute
for sound engi neering practices (such as testing to understand why
systens were not performng in accordance with requirenents);

organi zational barriers that prevented effective commnication of
critical safety information and stifled professional differences of

opi nion; lack of integrated nmanagenment across program el enents; and the
evol ution of an informal chain of command and deci si on- maki ng processes
that operated outside the organization's rules.

This report discusses the attributes of an organization that could nore
safely and reliably operate the inherently risky Space Shuttle, but
does not provide a detail ed organi zational prescription. Among those
attributes are: a robust and i ndependent programtechnical authority
that has conplete control over specifications and requirenents, and

wai vers to them an independent safety assurance organi zation with |ine
authority over all levels of safety oversight; and an organizationa
culture that reflects the best characteristics of a | earning

organi zati on.

This report concludes with recommendati ons, sone of which are
specifically identified and prefaced as "before return to flight."
These recommendations are largely related to the physical cause of the
accident, and include preventing the loss of foam inproved imging of
the Space Shuttle stack fromliftoff through separation of the Externa
Tank, and on-orbit inspection and repair of the Thermal Protection
System

The renmai ni ng recomendati ons, for the nost part, stemfromthe board's
findi ngs on organi zati onal cause factors. While they are not "before
return to flight" recommendati ons, they can be viewed as "continuing to
fly" reconmendati ons, as they capture the board' s thinking on what
changes are necessary to operate the Shuttle and future spacecraft
safely in the md- to long-term

These recomendati ons refl ect both the board' s strong support for
return to flight at the earliest date consistent with the overriding
obj ective of safety, and the board's conviction that operation of the
Space Shuttle, and all hunan spaceflight, is a developnental activity
wi th high inherent risks.



