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February 19, 2003

Mr. Joe Pouliot

Committee on Science

U.S. House of Representatives

2320 Rayburn House Office Building

Washington, DC 20515

Dear Mr. Pouliot,

Thank you for spending time with me on Friday February 14, 2003.  Per your guidance, I am providing documentation to support my contention that a fire involving aluminum was, ultimately, responsible for the loss of the Space Shuttle Columbia.

Executive Summary:

As a Ph.D.-chemist who owns a business specializing in expert witnessing and fire investigations, I have taken a personal interest in learning all that I can about this incident.  It is my professional opinion that the origin of the tragedy was an aluminum fire.  A tremendous amount of heat was released when the molten aluminum in the Columbia’s frame reacted with oxygen and compounds containing oxygen (oxidizers) to yield aluminum oxide.  The formation of aluminum oxide is responsible for an on-board fire and the temperature increases measured by the on-board sensors.

Introduction:

I was surprised to learn that the primary material of construction in the Columbia was an aluminum alloy.  In the 1970s, when the space shuttle was first discussed, composites and other “space-age” materials had not yet been developed.  Aluminum met two important criteria for space flight, it was inexpensive and it was lightweight.  

Little heed, apparently, was placed on an important chemical property of aluminum; it ignites at relatively low temperature.  A problem with aluminum igniting at relatively low temperature is the formation of aluminum oxide.  Aluminum oxide formation is accompanied by the release of a great deal of heat.  The heat produced in the reactions generating aluminum oxide can then be used to support other chemical reactions.  The ignition of the aluminum in the Columbia produced a fire that consumed the spacecraft.

Important Physical and Chemical Properties of Aluminum:

The data cited here are found on the web site of the reputable chemical supplier J.T. Baker.  The URL is: http://www.jtbaker.com/msds/englishhtml/a2712.htm.  The melting point of 1220°F is cited in section 9 and the auto-ignition temperature of 1400°F is cited in section 5.

The auto-ignition temperature is defined as the minimum temperature that a flammable substance can burn in the absence of a spark.  Thus, less than 200°F above the temperature where the aluminum in the Columbia’s frame had started to melt, the aluminum could be ignited.

Supersonic Calculations:

Data reported by NASA indicates that the Columbia was traveling at about MACH 16 to 18 at the time that it had disintegrated.  The speed of sound is approximately 760 miles/hour.  The shuttle was flying over Texas at a velocity in the range between 12,100 and 13,700 miles/hour.  It is important to convert these huge numbers to something “more manageable.”

This velocity range is between 3.36 and 3.80 miles/sec.  No human being can control an aircraft traveling this rapidly, so computer software has been developed that operates the space shuttle with the equivalent of “supersonic cruise control.”  As a comparison, driving in a parking lot at 5 miles/hour is indicative of driving at 7 feet/sec.

Entering the Atmosphere:

As the space shuttle re-enters the Earth’s atmosphere, it leaves the “vacuum” of space and it begins to encounter ever more gas particles in its path.  These gas particles become thermally hot and temperatures approaching 3000°F have been reported.  The great velocity that the shuttle is traveling also generates great pressure along the leading surfaces of the spacecraft.

Even though the space shuttle is pressurized, the pressure generated against the leading surfaces of the spacecraft exceeds the internal pressure.  The net direction of gas or plasma movement is then “in” to the shuttle rather than “out” of the shuttle.  When the re-entry is “normal”, the spacecraft is protected from the intense temperature and the high-pressure gases by its tiles.

Tile Issues:

The tiles are made out of ceramic materials.  These materials have a great advantage of being able to dissipate great heat over short distances, but these materials also have a great disadvantage of being brittle.

The investigative team, headed by Adm. Gehman, has been and will continue to spend a great deal of time reviewing issues pertaining to the tiles.  After all, it is the tiles that protect the astronauts from the intense heat associated with re-entry.

There are many mechanisms that can account for the loss of the tiles.  If tiles in a strategic location were lost (e.g., under the wing, near the wheel wells, etc.), the aluminum in the space shuttle’s frame could then be directly exposed to the intense re-entry temperatures and the high-pressure gases near the leading surfaces of the spacecraft.  Loss of a tile and ignition of the exposed aluminum is catastrophic.

Timeline Issues Prior to the Disintegration of Columbia:

Data released by NASA indicates that the Columbia re-entered the atmosphere over the Pacific Ocean between Hawaii and California.  The design of the tiles offers protection to temperatures up to 3000°F.  Such a temperature is usually reached over Texas.

In the case of lost tiles in “strategic areas”, the aluminum frame could experience temperature in excess of its melting point (1220°F) and then within seconds reach its auto-ignition temperature (1400°F).  Not only could the aluminum begin to burn at 1400°F, but in areas where the tiles were damaged or missing, begin to react with oxygen and other oxygen-containing gases in the area.

Aluminum Oxide Issues:

When aluminum reacts with oxygen and with molecules containing oxygen, aluminum oxide is formed.  The formation of aluminum oxide is accompanied by the release of tremendous amounts of heat.  In a matter of minutes, the temperature could reach the 3000°F limit for tile protection.

The loss of many of the sensors can be directly attributed to the intense local heat and fire resulting from the formation of aluminum oxide.  This rapid heating could have occurred long before the shuttle reached Texas.

In the military application for piercing armor, the temperature produced upon aluminum oxide formation can reach 5000°F.  Under such conditions, iron can actually be melted.  This chemical process is known as the “Thermite” reaction.

A professor at North Carolina State University has posted photographs of the destruction of a cast iron pan by aluminum on the Internet.  The URL is: http://www.allatoms.com/thermite2001/thermite2001.htm.  The pan was partially melted by the heat produced in the “Thermite” reaction.

The loss of the Columbia and the seven astronauts is attributed to the intense heat and fire resulting from the formation of aluminum oxide; a “pseudo-Thermite” reaction.

Other Aluminum Fire Investigation Experience:

In December 1998 there was a fire at the Portsmouth Gaseous Diffusion Plant in Piketon, OH.  I was named the technical leader and I was tasked with determining what happened.  This fire generated an estimated temperature of at least 3000°F.  My investigation revealed that aluminum fluoride formation was responsible for the high estimated temperature.

The uranium enrichment enterprise is based on fluorine, rather than oxygen chemistry.  Fluorine is a more potent oxidizer than oxygen.  Therefore, when molten aluminum came in contact with fluorine-bearing material, the heat produced upon the formation of aluminum fluoride created fire conditions that damaged a significant amount of equipment in a process building.

Two papers summarizing the aluminum fluoride fire have been published in peer-reviewed journals.  Reprints of these articles are enclosed with this report.  My summary of the fire at the Portsmouth Gaseous Diffusion Plant can be thought of as “50 ways to make aluminum fluoride.”  In an analogous sense, the loss of the Columbia can be thought of as “50 ways to make aluminum oxide.”

Analysis of Aluminum-Containing Debris:

In the fire at the Portsmouth Gaseous Diffusion Plant, “pure” aluminum was not found in the debris.  Aluminum fluoride was found wherever the aluminum equipment had been.  In the case of the Columbia, it is doubtful that any aluminum from the locations where the fire was raging would still be intact.  As more and more pieces of the Columbia are found, and as the reconstruction of the recovered debris continues, it is certain that there are going to be sections where no pieces are found.

It is my belief that there should be significant amounts of aluminum oxide that fell from the sky.  The men and women who are looking to collect debris west of the Fort Worth, TX area ought to have “reference materials” of aluminum oxide made available to them.

A laboratory that NASA selects can prepare aluminum oxide “reference materials” for use in the manner described in the previous paragraph.  Should aluminum oxide debris be found in the Pacific Ocean, in California, Nevada, Arizona, New Mexico, or in west Texas, this should offer evidence about where the shuttle had started to disintegrate.

Preventative Measures:

It is important to note that the three remaining shuttles contain less aluminum than Columbia did.  Although, the problems with aluminum oxide formation cannot be completely eliminated in the three newer space shuttles, the likelihood of a catastrophic failure should be less than that of Columbia.  NASA has an excellent web site devoted to the materials of construction of the shuttle fleet.  The URL is: http://spaceflight.nasa.gov/shuttle/reference/shutref/structure.

Re-entry into the Earth’s atmosphere is the second most dangerous part of a shuttle flight.  Launch into orbit is the most dangerous part of a shuttle mission.  It has been suggested that a piece of foam or, perhaps, a piece of ice had damaged one or more tiles on the underside of the left wing at the time of launch.

What is critical at launch is to determine the integrity of the tiles as soon as possible.  It takes a little more than eight minutes for the shuttle to reach orbit.  Therefore, time is of the essence in assessing whether any damage to the tiles, upon take-off, is serious enough to potentially cause a repeat of the Columbia tragedy.

NASA has automated nearly every aspect of a shuttle mission.  However, in the examination of the tiles, I strongly recommend a “visual inspection.”  There are many means to obtain photographs of the tiles at lift-off.  These photographs can be sent to the ground controllers in “real time.”  Should there be damage in critical locations, the decision to abort the mission can be made expeditiously.

The shuttle can then be brought down, prior to attaining orbit, at either Cape Canaveral or at a designated location elsewhere.  NASA may choose to delay a launch to ensure that the cameras, needed for a proper “visual inspection”, are in place.  The decision to abort, based on tile issues, cannot be taken lightly.  Unfortunately, the alternative is worse.

Future of the Space Program:

The space program has provided many important advances in our modern technological society.  Therefore, the space program should not be abandoned.  It must be pointed out that space travel, unlike commercial air travel, is still “experimental” in nature.  A lot of research and development work is still necessary before space travel can be considered routine.

Concluding Thoughts:

It is my professional opinion that a fire resulting from aluminum oxide formation consumed the Columbia.  The investigating team, headed by Adm. Gehman, needs to know that the heat produced by the aluminum oxide formation is the origin of the disaster.  The cause of the disaster may never be known.

There are many ways to lose ceramic tiles, and not all of these scenarios occur at launch.  An important concern at launch is the “visual inspection” of the tiles in the moments immediately after the spacecraft is airborne.  If, in the professional opinion of NASA’s experts, there is sufficient tile damage to make re-entry problematic, then the spacecraft must be brought down safely.

There may be contractual/economic reasons for a launch not to be aborted, but protecting the seven astronaut/heroes from tragic accidents, such as the loss of Columbia, is, ultimately, much more important.

If the information provided here streamlines Adm. Gehman’s investigation, then a laudable goal is to safely return one of the shuttles to space in order to bring the three astronauts on-board the International Space Station home.

In addition to the two papers on the aluminum fire, I am also enclosing my business fact sheet, my C.V., and a fee schedule.  None of this material is proprietary, so please share these documents with all other interested parties.

I look forward to meeting the Science Committee staff in Washington and I look forward to the opportunity to share more “technical detail” with the Science Committee staff.

Sincerely,

David M. Manuta, Ph.D., FAIC

President, Manuta Chemical Consulting, Inc.

Enclosures (5): Business Fact Sheet, C.V., Fee Schedule and two Aluminum fire papers
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