
to probe and sometimes even challenge ei- motor firings as low as 36"F, as well as the 
lack of any apparent pattern in previous 
instances of gasket erosion. 

Boisjoly, along with Allen McDonald, the 
manager of Thiokol's solid rocket motor 
program, argued strenuously at the time 
that the resilience tests were invalid because 
they were done in stationary joints with 
cold, not hot, gases. They alsd said that the 
coldest joint in any motor firing was consid- 
erably warmer than 36"F, and that in any 
event, direct inspection of gaskets used in 
several previous launches indicated that ero- 
sion was considerably worse at lower tem- 
peratures. Members of the commission also 
questioned the assumption that one of the 
gaskets would be positioned near a gap, 
after the booster had been transported 
bumpily to the pad and made to sit in the 
rain for a lengthy period of time. In any 
event, everyone agreed that the data were 
not conclusive. 'what  we said is that [with 
lower temperatures] it was away from the 
direction of goodness," Boisjoly says. 

Intertwined with this discussion was a 
tormous debate about the lowest tempera- 
ture at which the boosters were officially 
qualified to fly. Initially, Stanley Reinartz, 
manager of the shuttle projects office at 
Marshall, suggested that the boosters were 
officially qualified to operate between 40" 
and 90°F. But everyone quickly agreed that 
this specification applied only to the booster 
propellant, not the seals. George Hardy, 
Marshall's deputy director for science and 
engineering, next asserted that "the point at 
which the weather affects risk is not until 40 
or 50 below [zero]," when official gasket 
specifications indicate that they will begin to 
fall aDart. But McDonald considered this 

I 

"absolutely ridiculous," and pointed out 
that the specification applies only to storage, 
not use. Others, including Robert Lund, 
Thiokol's senior engineer, noted that the 
entire shuttle vehicle was officially qualified 
for operation between 31" and 99"F, but 
this proved irrelevant because the boosters 
had in fact never been tested at these ex- 
tremes. 

Only in the weeks after the accident has 
~ h i o k b l  recommended that official opera- 
tional launch criteria be drawn up for the 
booster seals. Beforehand, it apparently nev- 
er occurred to anyone. 

The vigor with which NASA criticized 
Thiokol's observations that night has been a 
topic of considerable discussion. Lund, Mc- 
Donald, Boisjoly, and two others from Thi- 
okol testified that they felt considerable 
pressure from negative comments by Larry 
Mulloy, Marshall's booster program direc- 
tor, who 6 months earlier had told his 
superiors in Washington that he considered 
the seal problem "closed." Additional pres- 
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think anybody &at knows me wouldrealize yo% A the answer that that is not interpreted as coming on " 
YON wanted," strong or applying pressure." Similar expla- 
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nations were offered by Mulloy, but com- cmmission mission chairman Rogers did not buy them. 
Romevs told AL!ISk!l Noting that NASA had recently invited 

other firms to compete for Thiokol's con- 
tract, he noted that "they were under a lot of 
commercial pressure to give you the answer 
you wanted. And they construed what you 
and Mr. Hardy said to mean that you want- 

sure was felt from a remark by Hardy that he ed them to change their minds." 
was "appalled" by the initial Thiokol recom- Of course, nothing seems as clear-cut 
mendation, and from repeated requests that before a mistake as afterward. But the com- 
Thiokol's managers offer their own opinion mission at present is showing little patience 
about the risks of seal failure. for the space agency's arguments. rn 

Hardy explained that he is always "likely R. JEFFREY SMITH 

A Mixed Fleet for NASA 
IN the aftermath of the Challenger disaster, the National Aeronautics and Space 

Administration (NASA) appears to have reversed its long-standing insistence that 
the space shuttle be the nation's primary launch vehicle. 

Testifying before the House space science subcommittee on 26 February, acting 
administrator William Graham called for a supplementary fleet of expendable 
launch vehicles and indicated that NASA might even be willing to place govern- 
ment payloads on privately operated launchers. 

"Both NASA and the Defense Department feel that the country requires a broad 
enough launch capability that we don't find ourselves handicapped again by a ma- 
jor accident," he later told Science. 'We want to explore all the courses open to us." 

Graham's testimony represents a major change from NASA's previous opposition 
to expendable launchers. But the agency appears to have little choice. Even if it is 
given an immediate go-ahead to spend $2 billion replacing Challenger-a subject 
that is still controversial at the White House-the replacement orbiter would not 
be ready to fly until 1989 at the earliest. Nor will expendable launchers be available 
in significant numbers before 1988. In the meantime, the backlog of scheduled 
missions will continue to grow. 

The most detailed account of the backlog was given at the same hearing by Air 
Force under secretary Edward Aldridge. If the remaining three shuttles stay 
grounded for only 6 months, he said, the near-term effect would be minor. But 
even so, the backlog would grow to some 15 to 20 missions by 1989. A replace- 
ment orbiter coming into the fleet at that time would stop the growth, he added, 
but would be hard-pressed to cut into the backlog. 

Aldridge also said that if the shuttles are grounded for a year or more, as seems 
likely, the backlog would increase to some 25 to 30 flights. Thus, he told the sub- 
committee that the Defense Department is strongly in favor of procuring a replace- 
ment for Challenger, in addition to the increased use of expendables. 

There remains the question of how NASA can find $2 billion for a new orbiter 
in the era of Gramm-Rudman-Hollings. Graham told the subcommittee that NASA 
is "actively seeking" private commercial proposals to fund a new orbiter. On 25 
February, in fact, agency officials met with Willard Rockwell, chairman of General 
Space Corporation, to discuss a proposal to build one or more shuttles with private 
capital and lease it to the government. Rockwell is the former chairman of Rock- 
well International, NASA's prime contractor on the original shuttle. rn 
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