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Now, the first witness the Chair recognizes this morning is Mr.
Charles S. Locke, chairman and chief executive officer of the
Morton Thiokol, Inc.

We have your statement, but I want you to go through it in full,
if you will.

Mr. Locke.

STATEMENTS OF CHARLES S. LOCKE, CHAIRMAN OF THE BOARD
AND CHIEF EXECUTIVE OFFICER, MORTON THIOKOL, INC,; U.
EDWIN GARRISON, PRESIDENT, AEROSPACE GROUP, MORTON
THIOKOL, INC.; JOSEPH C. KILMINSTER, VICE PRESIDENT,
MORTON THIOKOL, INC.; CARVER G. KENNEDY, VICE PRESI-
DENT, SPACE BOOSTER PROGRAMS, MORTON THIOKOL, INC,;
ALLAN J. McDONALD, DIRECTOR, SRM VERIFICATION TASK
FORCE; ROGER M. BOISJOLY, STAFF ENGINEER; AND ARNOLD
R. THOMPSON, SUPERVISOR, STRUCTURES DESIGN, MORTON
THIOKOL, INC.

Mr. Locke. Thank you, Mr. Chairman and good morning.

I am Charles S. Locke, chairman of the board and chief executive
officer of Morton Thiokol, Inc., and seated with me at the table
here are Ed Garrison, president of our aerospace group; Joe Kil-
minster, division vice president; and Al McDonald, director of our
solid rocket motor verification task force.

Also with us, and seated here in the front row, are Carver Ken-
nedy, division vice president, space booster programs; Roger Boisjo-
}iy, staff engineer; and Arnie Thompson, supervisor of structures

esign.

We have two prepared statements to make and then would be
happy to answer your questions and those of the other committee
members.

We at Morton Thiokol share the anguish this country feels as a
result of the Challenger tragedy. Indeed, the accident and loss of
the crew have been particularly painful for each of us since, in the
final analysis, it was our solid rocket motor that failed. Nothing we
can say or do will bring back those extraordinary people whose
lives were lost, but I pledge that Morton Thiokol will do everything
in its power to be sure that such a tragedy does not happen again.

We congratulate the Presidential Commission on an excellent job
in reviewing the shuttle accident and establishing the framework
for a safer space program in the future. We are in full agreement
with the Commission’s recommendations.

Throughout the investigation by the Commission, our company
cooperated fully and responded candidly. Our employees were ad-
vised to speak the truth, and I am confident that they did so.

Early on, Mr. Garrison and I met with Dr. Keel, Executive Direc-
tor of the Commission, and pledged Morton Thiokol’s total support.
Thus, we were gratified to note Chairman Rogers’ acknowledge-
ment of our cooperation when he testified before you last week.

I should also say that we take pride in the contributions of our
employees who testified—dJoe Kilminster, Al McDonald, Roger Bois-
joly, Arnie Thompson—as well as many others. The Commission’s
report is evidence that the candor of these men and their engineer-
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ing knowledge were of great value. This policy of openness will not
change as the space program regroups and moves forward.

We want to openly address the criticisms and questions sur-
rounding the Challenger accident. We recognize that the decision to
launch any shuttle flight is an awesome one. In today’s light, there
can be no doubt that the whole process must be reviewed carefully.

We must ensure that our procedures give full consideration to all
factors, with safety the overriding one. Therefore, we welcome the
opportunity to appear before this committee, to comment on the
Commission’s report, to discuss events prior to the launch, and to
explain what we have done since January 28 to move toward rede-
sign of the solid rocket motor joint and seal.

With the benefit of hindsight, it is clear that some decisions
made the evening of January 27 were wrong—that mistakes were
made. Qur space program experts, confronted with reports that the
weather would be substantially colder than for any previous
launch, reviewed the available data and initially concluded that a
launch should not occur at an O-ring temperature lower than 53
degrees Fahrenheit, the lowest previous launch temperature.

But we all know that NASA questioned Morton Thiokol’s deci-
sion. Our engineers could not prove that it was unsafe to fly at less
than 53 Fahrenheit. Thus, after reviewing the data further and
evaluating the concerns of a number of engineers, our managers,
each of whom has a technical background, came to the judgment
that it was safe for our booster motors to fly.

I might add that, had we known how very cold the right aft joint
of the motor really was—it may have been, in our opinion, as low
as 16 degrees Fahrenheit—we believe our judgment surely would
have been different.

Others here with me this morning represent the various views
expressed that evening, and they can speak more fully on this
topic.

Our focus since January 28 has been first, to assist the accident
investigation, including conducting analyses and tests in support of
that effort; and second, to develop solutions for the future. We reor-
ganized to accomplish these objectives, and quickly shifted our ef-
forts away from a production mode.

One key move we made was to obtain the valuable assistance of
Mr. Dorsey, who came back from his recent retirement to become
vice president and general manager of our space division. Mr.
Dorsey, before his retirement, had had many years of experience in
the development of our solid rocket motors.

We also knew he could restore the confidence of our employees
at a time when we were both supporting the investigation and
moving into redesign. All together the duties of several hundred
people have been changed to recognize the nature of the work
ahead. I believe that we are now well positioned organizationally to
face the tasks of the future.

Before I leave this subject, I do want to comment specifically on
some of the personnel changes that followed the accident. Besides
bringing in new management, we did substantially reorganize the
responsibilities and jobs of many others in the division.

In the course of these changes, we came to believe that Al
McDonald, who had spoken candidly, but harshly, about NASA in
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the investigation, should operate in an environment where he
could continue to do important work, but in which he would be less
likely to interact directly with the agency.

We could not afford the possibility of friction, which would be
counterproductive to the important work ahead.

Similar concerns existed concerning Roger Boisjoly, one of our
seal experts. In retrospect, we must criticize ourselves for not being
sufficiently sensitive to how these actions would be perceived.

I should also say that I am sorry about some remarks I made,
which were reported in the press. Those remarks grew out of my
frustration over the misperception of the actions we took with re-
spect to these two gentlemen.

I hope subsequent events have demonstrated that we had no in-
tention of punishing anyone. Such action would be totally contra-
dictory to what our company has ever done or stood for.

The task force which Al McDonald heads will lead the redesign
effort. It has already begun to coordinate with NASA and the Na-
tional Research Council oversight committee. Solving the problems
in design will be a complicated process.

Our management is charged with coming up with the best possi-
ble recommendation on how to proceed with the design. But we
want each of our people to know that, if anyone has an idea on
how to make a better joint, or a better seal, we will listen carefully.
And if the company’s final recommendation in any way differs
from a particular individual’s viewpoint, we will provide a mecha-
nism for such individual viewpoints to be made known directly to
NASA and the oversight committee.

Mr. Chairman, the Presidential Commission concluded its report
by observing that its findings and recommendations are intended
to contribute to the future NASA successes that the nation both ex-
pects and requires as the 21st century approaches. We embrace the
report with that goal in mind and pledge that we will do our part
to support NASA'’s efforts.

Thank you very much.

With your permission, Mr. Chairman, I now would like to ask
Joe Kilminster to present some details of the joint design and the
prelaunch situation as we experienced it.

[The prepared statement of Mr. Locke follows:]
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STATEMENT OF CEARLES S. LOCKE,
CBAIRMAN AND CHIEF EXECUTIVE
OFFICER, MORTON THIOROL, INC.,
BEFORE THE SCIENCE AND TECHNOLOGY COMMITTEE,
UNITED STATES HOUSE OF REPRESENTATIVES
JUNE 17, 1986

Good morning, Mr. Chairman, and members of the
Committee. I am Charles S. Locke, and I am Chairman and
Chief Executive Officer of Morton Thiokol, Inc. Seated
with me at the witness table are Ed Garrison, President of
our Aerospace Group; Joe Kilminster, Division Vice
President; and Al McDonald, Director of our Solid Rocket
Motor Verification Task Force. Also with us, and seated
here in the front row, are Carver Kennedy, Division Vice
President, Space Booster Programs; Roger Boisjoly, Staff
Engineer; and Arnie Thompson, Supervisor of Structure
Design.

We have two prepared statements to make and then
would be happy to answer your questions and those of the
other Committee members.,

We at Morton Thiokol share the anguish this
country feels as a result of the Challenger tragedy.
Indeed, the accident and loss of the crew have been
particularly painful for each of us since, in the final
analysis, it was our solid rocket motor that failed.
Nothing we can say or do will bring back those extraordi-

nary people whose lives were lost, but I pledge that
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Morton Thiokol will do everything in its power to be sure
that such a tragedy does not happen again.

We congratulate the Presidential Commission on
an excellent job in reviewing the shuttle accident and
establishing the framework for a safer space program in
the future. We are in full agreement with the
Commission's recommendations.

Throughout the investigation by the Commission
our company cooperated fully and responded candidly. Our
employees were advised to speak the truth, and I am
confident that they did so. Early on, Mr. Garrison and I
met with Dr. Keel, Executive Director of the Commission,
and pledged Morton Thiokol's total support. Thus, we were
gr;tified to note Chairman Rogers' acknowledgment of our
cooperation when he testified before you last week.

I should also say that we take pride in the
contributions of our employees who testified -- Joe
Kilminster, Al McDonald, Roger Boisjoly, Arnie Thompson =--
as well as many others. The Commission's report is
evidence that the candor of these men and their
engineering knowledge were of great value. This policy of
openness will not change as the space program regroups and
moves forward.

We want to openly address the criticigsms angd
questions surrounding the Challenger accident. We
recognize that the decision to launch any shuttle flight

. is an awesome one. In today's light there can be no doubt
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that the whole process must be reviewed carefully. We
must ensure that our ptoqedures give full consideration to
all factors, with safety the overriding one. Therefore,
we welcome the opportunity to appear before this
Committee, -- to comment on the Commission's report, to
discuss events prior to the launch, and to explain what we
have done since January 28 to move toward redesign of the
solid rocket motor joint and seal.

With the benefit of hindsight it is clear that
some decisions made the evening of January 27 were wrong
-- that mistakes were made. Our space program experts,
confronted with reports that the weather would be
substantially colder than for any previous launch,
reviewed the available data and initially concluded that a
launch should not occur at an O-ring temperature lower
thaﬂ 53°F, the lowest previous launch temperature.

But we all know that NASA questioned Morton
Thiokol's decision. Our engineers could not prove that it
was unsafe to fly at less than 53°F. Thus, after
reviewing the data further and evaluating the concerns of
a number of engineers, our managers, each of whom has a
technicalvbackground, came to the judgment that it was
safe for our booster motors to fly. I might add that, had
we known how very cold the right aft joint of the motor
really was -- it may have been, in our opinion, as low as
16°F -~ we believe our judgment surely would have been

different.



332

Others here with me this morning represent the
various views expressed that evening, and they can speak
more fully on this topic.

Our focus since the 28th of January has been
first, to assist the accident investigation, including
conducting analyses and tests in support of that effort;
and second, to develop solutions for the future. We
reorganized to accomplish these objectives, and gquickly
shifted our efforts away from a production mode.

One key move we made was to obtain the valuable
assistance of Mr. Dorsey, who came back from his recent
retirement to become Vice President and General Manager of
our Space Division. Mr, Dorsey, before his retirement,
had had many years of experience in the development of our
solid rocket: motors. We also knew he could restore the
confidence of our employees at a time when we were both
supporting the investigation and moving into redesign.

All together the duties of several hundred people have
been changed to recognize the nature of the work ahead. I
believe that we are now well-positioned organizationally
to face the tasks of the future.

Before I leave this subject, I do want to
comment specifically on some of the personnel changes that
followed the accident. Besides bringing in new manage-
ment, we did substantially reorganize the responsibilities
and jobs of many others in the Division. 1In the course of

- these changes, we came to believe that Al McDonald, who



333

had spoken candidly, but harshly, about NASA in the
investigation, should operate in an environment where he
could continue to do important work, but in which he would
be less likely to interact directly with the agency. We
could not afford the possibility of friction, which would
be counterproductive to the important work ahead. Similar
concerns existed concerning Roger Boisjoly, one of our
seal experts. In retrospect, we must criticize ourselves
for not being sufficienély sensitive to how these actions
would be perceived.

I should also say that I am sorry about some
remarks I made, which were reported in the press. Those
remarks grew out of my frustration over the misperception
of the actions we took with respect to these two gentle- ‘
men. I hope subsequent events have demonstrated that we
had.no intention of punishing anyone. Such action would
be totally contradictory to what our company has ever done
or stood for.

The task force which Al McDonald heads will lead
the redesign effort. It has already begun to coordinate
with NASA and the National Research Council oversight com-
mittee. Solving the problems in design will be a compli-
cated process. Our management is charged with coming up
with the best possible recommendation on how to proceed
with the design. But we want each of our people to know
that, if anyone has an idea on how to make a better joint,

or a better seal, we will listen carefully. And if the
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company's final recommendation in any way differs from a
particular individual's viewpoint, we will provide a
mechanism for such individual viewpoints to be made known'
directly to NASA and the oversight committee.

Mr. Chairman, the Presidential Commission
concluded its Report by observing that its findings and
recommendations are intended to contribute to the future
NASA successes that the nation both expects and requires
as the 21lst century approaches. We embrace the Report
with that goal in mind and pledge that we will do our part
to support NASA's efforts.

Thank you very much.

With your permission, Mr. Chairman, I now would
like to ask Joe Kilminster to present some details of the
joint design and the pre-launch situation as we

experienced it.
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Mr. Rok. I thank the gentleman.

The chair recognizes Mr. Kilminster for his further testimony.

Mr. KiLMINSTER. Good morning, Mr. Chairman, and members of
the committee. I am Joe Kilminster, vice president of Morton Thio-
kol. As Mr. Locke has already mentioned, all of us at the company
share in the Nation’s grief over the loss of Challenger. At the same
time, this tragedy has intensified our resolve to go forward in
making the space program as safe and successful as it can be.

Until recently, my specific area of responsibility was the space
booster programs for our company; and over the past 12 years I
have been directly involved in the development and production of
our solid rocket motors. Prior to that, I held engineering positions
1n structures, preliminary design, and ordnance project engineer-

I ‘would like to describe briefly Morton Thiokol’s testing and de-
velopment programs and to share with you the events and thought
processes that affected the decisions of January 27. Before I discuss
these two topics, let me take a few moments to review with you the
operation of the solid rocket motor field joint and its components.

Mr. Kennedy will assist me on the diagrams that you see on the
left. As you can see from the motor drawing, the solid rocket motor
is made up of four segments. Each segment is connected to the next
segment by a field joint. There are three field joints for each solid
rocket motor. Shown on the left is a cross section of the field joint,
and shown at the bottom left is a cross section of the nozzle joint.

Additional detail of the field joint is shown on the next figure.
The segment tang—the yellow section—and segment clevis—the
blue section—connect the segments, which are held together by 177
clevis pins. The joint is sealed by two rubber O-rings—the black cir-
cles. The top one is identified as the primary O-ring, and the
bottom one is the secondary O-ring. The purpose of the O-rings is
to prevent the combustion gases from escaping from inside of the
motor to the outside.

The gap between the tang and clevis—the white space in be-
tween the two—determines the O-ring compression, or squeeze.
Shims are used to minimize the gap and increase O-ring squeeze. A
shim is a piece of metal that fits between the tang and the outside
leg of the clevis to adjust the spacing between the tang and the
clevis where the O-ring is.

The size of the gap is determined by a number of factors, includ-
ing the dimensions of the metal parts themselves, the O-ring diam-
eter, and the loads on the segment. A design feature unique to our
solid rocket motor is the leak test between the two O-rings. The
leak test determines whether the O-rings will properly respond
after assembly to pressure or whether there is some assembly
damage or contamination.

The putty—which is identified by the diagonal lines—is intended
to act as a thermal barrier to prevent hot gases from coming into
contact with the O-rings. At the same time, during pressurization,
the putty is displaced—moved—by gas pressure compressing the
air between the putty and primary O-ring. Air pressure forces the
O-ring into the gap between the tang and clevis. This process
occurs early in the ignition stage stage. Also, during ignition, pres-
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sure loads are applied to the joint, causing the tang-clevis gap to
open.

With that introduction, let me turn to the history of the solid
rocket motor field joint design.

In 1974, NASA selected us to design and manufacture the solid
rocket motors for the space shuttle. The basic joint/seal design of
the solid rocket motor is similar to the Titan solid rocket motor,
which has a single bore seal O-ring, and which has had a successful
history. In 1976, NASA completed its critical design review and ac-
cepted the design.

Since its acceptance, we have learned even more about the com-
plexities of this design and have responded whenever our experi-
ences indicated a need for improvement or change.

As part of our testing program, we discovered in June 1977 that
the gap between the tang and clevis opened under pressurization
loads, sometimes referred to as joint rotation. Immediately, we dis-
cussed the.problem with NASA and commenced analyses and test-
ing to determine how to increase the squeeze on the O-ring and
thereby reduce the effect of gap opening. We eventually incorporat-
ed three design changes to accomplish this. First, we reduced the
joint metal tolerances. Second, we increased the diameter and
tightened the tolerances of the O-ring. Third, we incorporated the
use of shims.

These changes resulted in increased O-ring squeeze, which both
we and NASA believed was necessary to counteract the gap open-
ing we had observed. Later on we increased the shim thickness to
improve O-ring squeeze even more, based on analysis work that
was done.

Testing of these modifications reduced concerns about the gap
opening. A number of successful tests and qualification procedures
established that the seals would function safely as expected.

Another area to which Morton Thiokol devoted significant atten-
tion was evaluation of the performance of the secondary O-ring. In
1980, a number of tests were conducted which established that the
secondary O-ring would seal if it were required to do so.

Even though actual tests demonstrated the integrity of the
second seal, analytic calculations suggested that if the hardware
tolerances were all in the wrong direction—in other words, narrow
tang, wide clevis, and small-diameter O-ring—the secondary seal
would not have what is called positive squeeze. This means that it
would not be squeezed, or compressed, at all.

Therefore, at that time we instituted procedures to select actual
hardware to avoid these worst-on-worst conditions. Because the
solid rocket motor was assembled based on hardware measure-
ments, we believed the secondary seal would in fact be redundant
to the primary seal.

O-ring erosion, which occurs when a hot gas jet strikes the O-
ring, is another area that received significant attention. Morton
Thiokol began addressing this issue in November 1981. It was at
that time that erosion was first detected in the postflight seal in-
spection of the shuttle flight, STS-2, which flew on November 12.

I should point out that sealing of the joint does occur, even with
erosion. Testing was conducted that showed significant amounts of
O-ring material could be removed, and the O-ring would still seal.
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On those flights that experienced varying amounts of erosion, the
primary O-ring sealed. Nevertheless, erosion is clearly undesirable,
and we devoted resources to minimizing this problem.

Our efforts regarding erosion cannot be described without dis-
cussing putty. Putty is intended to keep heat and gas jets, which
cause erosion, away from the O-rings. Most of our early efforts to
eliminate erosion, therefore, revolved around studying how the
putty is applied to the joint areas, and various putty characteris-
tics.

We intensified our joint analysis efforts early last year because
of the erosion and blowby experienced on the January 24, 1985
flight, STS 51-C. Blowby is when gases pass by the O-ring as the O-
ring seals. Numerous activities were undertaken in the first part of
the year, including analytical and test efforts. In August, at the
urging of some of our seal experts, a joint/seal task force was
formed to investigate and solve the O-ring erosion and blowby prob-
lem. Approximately 40 people devoted substantial time and energy
to this effort.

I should emphasize that at no time after the second flight in 1981
did we experience field joint erosion that was outside out experi-
ence base or that might jeopardize safety of flight. They were less
than we had observed on STS-2. All of our testing and other efforts
to deal with the erosion issue were communicated to Marshall
Space Flight Center in a timely fashion.

While we had previously considered the role of temperature on
overall flight performance, blowby observed on the January 1985
launch prompted us to consider the effect of temperature on O-ring
resiliency. We conducted laboratory O-ring compression and resil-
iency tests between 50 to 100 degrees Fahrenheit and evaluated en-
vironmental exposure of putty and subsequent O-ring erosion.
égain, all of our findings were reported to Marshall Space Flight

enter.

In July 1985, we ordered long lead steel billets to accommodate a
redesigned case joint. A detailed presentation on all of our experi-
ences with solid rocket motor seals was made to NASA headquar-
ters in August of last year.

I hope this brief summary of some of our efforts helps to demon-
strate two important points.

First, we evaluated and reevaluated every component and proc-
ess of this design. We responded in a timely fashion when we
became aware of an anomaly. And, most importantly, we always
sought to satisfy ourselves that safety-of-flight risks were evaluated
and minimized. This was a continuing process.

Second, the events help to explain that frame of reference within
\2N7hii:§18é)oth Morton Thiokol and NASA were working on January

As one of the participants in the events of January 27, 1986, let
me review briefly with you my thoughts. On that day, we were in-
formed that launch time temperatures were expected to be sub-
stantially lower than any previous launch. As launch was sched-
uled for early the next day, our engineers immediately commenced
evaluating the available data, focusing particularly on past flight
experiences and recent test data. All of the information was dis-
cussed among the staff engineers, their supervisors, and the vice
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president of engineering. Because our engineers did not favor
launch outside our experience base, we communicated our reserva-
tions to NASA officials and recommended against launch.

Two NASA officials—Mr. Mulloy and Mr. Hardy—questioned our
conclusions from the data that was presented. Mr. Mulloy pointed
out that he could see no correlation of blowby and temperature. A
comment was also made that the secondary O-ring is located in the
desirable sealing position because of the leak check. Because of the
observations and analysis made by Mr. Mulloy and others, we felt
it necessary to reassess the data.

To do so effectively, I asked for an offline caucus so we at Morton
Thiokol could review our initial no-launch recommendation in the
light of some perceptive questions raised by NASA. During the
caucus, at which all of the knowledgeable employees were present,
we reevaluated the data. We also considered facts that were not
taken into account before making our initial recommendation; for
example, Mr. Mulloy’s comments about the conclusiveness of our
data, the position of the secondary O-ring, and the fact that we
could fly safely even if the O-rings had three times as much erosion
as that experienced on the previous coldest launch.

Based on all the data we had considered, including the subscale
tests at 30 degrees Fahrenheit, which showed no O-ring blowby, the
managers—each of whom is technically experienced—concluded
that a launch recommendation would be made. As the telefax I
signed shows, we considered all of the available data. We concluded
that O-ring erosion would not compromise the primary O-ring. If
the primary O-ring were slow in seating and blowby occurred, the
secondary O-ring was in position to seal.

Obviously, we were wrong. We did not have the safety margin
necessary to cover some things we were not aware of—temperature
of the point lower than 29 degrees Fahrenheit, perhaps as low as
16 degrees Fahrenheit, potential for ice in the joint, putty behavior
at cold temperature, and the effects of violent wind-shear condi-
tions.

In hindsight, we all wish we could reverse the judgment we
made. The decision we made that night has been constantly on my
mind since the morning of January 28. I know it has also been on
the minds of everyone who participated in the discussion and deci-
sion of the evening of January 27.

Thank you very much, Mr. Chairman. Mr. Chairman, I do have a
model of the joint here. If you would like to pass that around to
committee members, you are free to do that.

[The prepared statement of Mr. Kilminster follows:]

STATEMENT OF JosEPH C. KILMINSTER

Good morning, Mr. Chairman. I am Joe Kilminster, Vice President of Morton
Thiokol. As Mr. Locke has already said, all of us at the company share in the na-
tion’s grief over the loss of the Challenger. At the same time, this tragedy has inten-
sified our resolve to go forward in making the space program as safe and successful
as it can be.

Until recently, my specific area of responsibility was the Space Booster Programs
for our company; and over the past 12 years I have been directly involved in the
development and production of our solid rocket motors. Prior to that I held engi-
neering positions in Structures, Preliminary Design, and Ordnance Project Engi-
neering.
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I would like to describe briefly Morton Thiokol’s testing and development pro-
grams and to share with you the events and thought processes that affected the de-
cisions of January 27. Before I discuss these two topics, let me take a few moments
to review with you the operation of the solid rocket motor field joint and its compo-
nents.

As you can see from the motor drawing, the solid rocket motor is made up of four
segments. Each segment is connected to the next segment by a field joint. Shown on
the left is a crosss-section of the field joint, and shown on the bottom left is a cross-
section of the nozzle joint.

Additional detail of the field joint is shown on the next figure. The segment
tang—the yellow section—and segment clevis—the blue section—connect the seg-
ments, which are held together by 177 clevis pins. The joint is sealed by two rubber
O-rings—the black circles. The top one is identified as the primary O-ring, and the
bottom one is the secondary O-ring. The purpose of the O-rings is to prevent the
combustion gases from escaping from the inside of the motor to the outside.

The gap between the tang and clevis—the white space in between the two—deter-
mines the O-ring compression, or “squeeze’. Shims are used to minimize the gap
and increase O-ring squeeze. A shim is a piece of metal that fits between the tang
and the outside leg of the clevis to adjust the spacing between the tang and the
clevis where the O-ring is.

The size of the gap is determined by a number of factors, including the dimen-
sions of the metal parts themselves, the O-ring diameter, and the loads on the seg-
ment. A design feature unique to our solid rocket motor is the leak test between the
two O-rings. The leak test determines whether the O-rings will properly respond
after assembly to pressure or whether there is some damage or contamination.

The putty—which is identified by the diagonal lines—is intended to act as a bar-
rier to prevent hot gases from coming into contact with the O-rings. At the same
time, during pressurization the putty is displaced—moved—by gas pressure com-
pressing the air between the putty and primary O-ring. Air pressure forces the O-
ring into the gap between the tang and clevis. This process occurs early in the igni-
tion stage. Also, during ignition, pressure loads are applied to the joint, causing the
tang-clevis gap to open.

With that introduction, let me turn to the history of the solid rocket motor field
joint design.

In 1974, NASA selected us to design and manufacture the solid rocket motors for
the Space Shuttle. The basic joint/seal design of the solid rocket motor is similar to
the Titan solid rocket motor, which has a single bore seal O-ring, and which has a
s;llccgssful history. In 1976, NASA completed its Critical Design Review and accepted
the design.

Since its acceptance, we have learned even more about the complexities of this
design and have responded whenever our experiences indicated a need for improve-
ment or change.

As part of our testing program, we discovered in June, 1977 that the gap between
the tang and clevis opened under pressurization loads, sometimes referred to as
joint rotation. Immediately, we discussed the problem with NASA and commenced
analyses and testing to determine how to increase the squeeze on the O-ring and
thereby reduce the effect of gap opening. We eventually incorporated three design
changes to accomplish this. First, we reduced the joint metal tolerances. Second, we
increased the diameter and tightened the tolerances of the O-ring. Third, we incor-
porated the use of shims.

These changes resulted in increased O-ring squeeze, which both we and NASA be-
lieved was necessary to counteract the gap opening we had observed. Later on we
increased the shim thickness to improve O-ring squeeze even more based on analysis
work that was done.

Testing of these modifications reduced concerns about the gap opening. A number
of successful tests and qualification procedures established that the seals would
function safely as expected.

Another area to which Morton Thiokol devoted significant attention was evalua-
tion of the performance of the secondary O-ring. In 1980, a number of tests were
conducted which established that the secondary O-ring would seal if it were re-
quired to do so.

Even though actual tests demonstrated the integrity of the second seal, analytic
calculations suggested that if the hardware tolerances were all in the wrong direc-
tion—in other words, narrow tang, wide clevis, and small-diameter O-ring—the sec-
ondary seal would not have what is called “positive squeeze.” This means that it
would not be squeezed, or compressed, at all.
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Therefore, at that time, we instituted procedures to select actual hardware to
avoid these worst-on-worst conditions. Because the solid rocket motor was assembled
based on hardware measurements, we believed the secondary seal would in fact be
redundant to the primary seal.

O-ring erosion, which occurs when a hot gas jet strikes the O-ring, is another area
that received significant attention. Morton Thiokol began addressing this issue in
November, 1981. It was at that time that erosion was first detected in the post-flight
seal inspection of the shuttle flight, STS-2, which flew on November 12th.

I should point out that sealing of the joint does occur, even with erosion. Testing
was conducted that showed significant amounts of O-ring material could be re-
moved, and the O-ring would still seal. On those flights that experienced varying
amounts of erosion, the primary O-ring sealed. Nevertheless, erosion is clearly unde-
sirable, and we devoted resources to minimizing this problem.

Our efforts regarding erosion cannot be described without discussing putty. Putty
is intended to keep heat and gas jets, which cause erosion, away from the O-rings.
Most of our early efforts to eliminate erosion, therefore, revolved around studying
how the putty is applied to the joint areas, and various putty characteristics.

We intensified our joint analysis efforts early last year because of the erosion and
blow-by experienced on the January 24, 1985 flight, STS 51-C. Blow-by is when
gases pass by the O-ring as the O-ring seals. Numerous activities were undertaken
in the first part of the year, including analytical and test efforts. In August, at the
urging of some of our seal experts, a Joint/Seal Task Force was formed to investi-
gate and solve the O-ring erosion and blow-by problem. Approximately 40 people de-
voted substantial time and energy to this effort.

I should emphasize that at no time after the second flight in 1981 did we experi-
ence field joint erosion that was outside our experience base or that might jeopard-
ize safety of flight. All of our testing and other efforts to deal with the erosion issue
were communicated to Marshall Space Flight Center in a timely fashion.

While we had previously considered the role of temperature on overall flight per-
formance, blow-by observed on the January, 1985 launch prompted us to consider
the effect of temperature on O-ring resiliency. We conducted laboratory O-ring com-
pression and resiliency tests between 50°-100°F and evaluated environmental expo-
sure of putty and subsequent O-ring erosion. Again, all of our findings were report-
ed to Marshall Space Flight Center. In July 1985, we ordered long lead steel billets
to accommodate a redesigned case joint. A detailed presentation on all of our experi-
iences with solid rocket motor seals was made to NASA headquarters in August of
ast year.

I hope this brief summary of some of our efforts helps to demonstrate two impor-
tant points.

First, we evaluated and re-evaluated every component and process of this design.
We responded in a timely fashion when we became aware of an anomaly. And—
most importantly—we always sought to satisfy ourselves that safety-of-flight risks
were evaluated and minimized. This was a continuing process.

Second, the events help to explain the frame of reference within which both
Morton Thiokol and NASA were working on January 27, 1986.

As one of the participants in the events of January 27, 1986, let me review briefly
with you my thoughts. On that day, we were informed that launch time tempera-
tures were expected to be substantially lower than any previous launch. As launch
was scheduled for early the next day, our engineers immediately commenced evalu-
ating the available data, focusing particularly on past flight experiences and recent
test data. All of the information was discussed among the staff engineers, their su-
pervisors, and the Vice President of Engineering. Because our engineers did not
launch outside our experience base, we communicated our reservations to NASA of-
ficials and recommended against launch.

Two NASA officials—Mr. Mulloy and Mr. Hardy—questioned our conclusions
from the data that was presented. Mr. Mulloy pointed out that he could see no cor-
relation of blow-by and temperature. A comment was also made that the secondary
O-ring is located in the desirable sealing position because of the leak check. Because
of the observations and analysis made by Mr. Mulloy and others, we felt it neces-
sary to reassess the data. )

To do so effectively, I asked for an off-line caucus so we at Morton Thiokol could
review our initial “no-launch” recommendation in the light of some perceptive ques-
tions raised by NASA. During the caucus—at which all of the knowledgeable em-
ployees were present—we reevaluated the data. We also considered facts that were
not taken into account before making our initial recommendation; for example, Mr.
Mulloy’s comments about the conclusiveness of our data, the position of the second-
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ary O-ring, and the fact that we could fly safely even if the O-rings had three times
as much erosion as that experienced on the previous coldest launch.

Based on all the data we had considered, including the subscale tests at 30°F
which showed no O-ring blow-by, the managers—each of whom is technically experi-
enced—concluded that a launch recommendation would be made. As the telefax I
signed shows, we considered all of the available data. We concluded that O-ring ero-
sion would not compromise the primary O-ring. If the primary O-ring were slow in
seating and blow-by occurred, the secondary O-ring was in position to seal.

Obvously, we were wrong. We did not have the safety margin necessary to cover
some things we were not aware of—temperature of the joint lower than 29°F (per-
haps as low as 16°F), potential for ice in the joint, putty behavior at cold tempera-
ture, and the effects of violent wind shear conditions.

In hindsight, we all wish we could reverse the judgment we made. The decision
we made that night has been constantly on my mind since the morning of January
28th. I know it has also been on the minds of everyone who participated in the dis-
cussion and decision of the evening of January 27.

Thank you very much.
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Mr. Rok. I want to thank you, Mr. Kilminster, for your testimo-
ny, and I think it would be profitable to clarify a little bit further,
if I may, before we go into our interrogatories, what really hap-
pened during that discussion. There has been all kinds of conjec-
ture in the media and so forth, and I think it is important, and
how it is interpreted in the Commission’s report.

So I think it is very important while we have the key people here
that participated in the decisionmaking process that we ask those
questions, but I would like to hear the reflections first from Mr.
McDonald. You have been vocal and candid in your observations,
and hindsight is 20/20 vision and all that, but that notwithstanding
it is important to the committee to understand what your motivat-
ing factors were in this decisionmaking process and see if you can
portray to the committee what really made you change your mind
if you did change your mind as to whether the launch should take
place or not.

If you could give us reflections, as I understand from Mr. Kilmin-
ster’s testimony, the Thiokol leadership went on its own and called
its caucus together and said “We have a different position coming
through from NASA and Marshall saying we don’t think you are
interpreting this correctly, have we done the proper tests?”

On the basis of that kind of dialog, as I understand Mr. Kilmin-
ster's testimony, that is where the decision was made by Thiokol to
reverse the position on the flight, particularly as far as the cold
weather was involved.

Mr. McDonNaLp. First I would like to clarify that I was at the
Kennedy Space Center that evening. I was not in the caucus at
Utah where the final decision was made.

Mr. Rok. Did you communicate with any of these folks?

Mr. McDonaLp. Only the telephone conference that occurred
before the caucus. I did not communicate with them during the
caucus, no. Prior to the end of the telephone conference, in fact I
was the one responsible for setting that up, I had requested that
Thiokol assess the situation, their engineering people assess that
situation, and come back with a recommendation as to what tem-
perature, not just whether we launch or not, but at what tempera-
ture we would be willing to launch, and that decision should be
made by the vice president of Thiokol Engineering.

That telephone conference was conducted over about a 2-hour
time period, the charts relative to the assessment of what tempera-
ture we would launch at were made by the individual engineers
preparing the charts, Mr. Bob Lund, the vice president of engineer-
ing, went through the conclusions and the recommendations made,
which were not to launch below 53 degrees Fahrenheit. When that
rationale for launching, notably 53 degrees, was challenged by the
NASA people, we had agreed to hold a caucus to reassess that data.

I had made a comment at that time, said if we are going to reas-
sess the data, then we must re-assess the effect of the temperature
on both the primary and secondary O-ring. Mr. Hardy had com-
mented earlier we had not addressed that, and I reiterated that is
an important consideration because, in my mind, it was very clear
that we made the 53-degree recommendation based on our experi-
ence.
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The year earlier, we had experienced the worst condition we had
seen in a field joint, a condition where we eroded two of the O-rings
in field joints, and we saw heavy black soot behind the primary O-
ring and some sheen taken off the secondary O-ring, even though
there was no major erosion from it. It was clear that even though
we presented 13 charts on our concerns of going at lower tempera-
tures, it was the basis of that previous flight which we didn’t
expect to experience again, because at that time those were report-
ed as the 3 coldest days in Florida history prior to that launch. So
we didn’t expect to see that condition again.

Mr. Rok. But you recognized that the cold weather created the
condition?

Mr. McDoNALp. We concluded that was the reason we saw the
blowby. We didn’t attribute that to anything else. We concluded
that it was the cold temperature.

Mr. Rok. But you were aware at that poiat it was the tempera-
ture issue and that was on January 27, so there was some recogni-
tion by our folks and yourself that there was a temperature prob-
lem that apparently had caused a problem before as far as the two
O-rings are concerned, and on January 27, you did recognize that
temperature may play some role.

Is that a fair comment to make?

Mr. McDonNaALDp. That is correct. That is a fair assessment and
that is why we really held the conference. I felt that if we were
going to recommend anything other than 53 degrees, we were going
to have to assess it analytically to say what temperature can we
launch at and how does temperature affect that O-ring seal.

I felt that if we went off line to take a caucus if we wanted to
calculate a new temperature based on how we knew that O-Ring
would respond, and we knew that the O-ring in the primary seal,
which was hit by the gas first, it had to travel across the O-ring
groove.

It so happened that the squeeze in that O-ring was such it didn’t
have to do much of that, but in theory it has to move from one side
to the other because the leak check on primary O-ring does check
it on the wrong side of the O-ring groove. We knew that and it was
in that kind of position at the time.

So I knew that it took some time for that to happen and some
time for the O-ring to be extruded into the gap and the issue that
we had discussed that night was that the concern by the engineers
was the timing function.

We could not allow the time for that O-ring seal, the primary O-
ring seal to seal past about 170 milliseconds because that was the
time when the metal parts really started to rotate and once rota-
tion occurs, which it separates the sealing area, the O-ring from
the metal parts, that the resiliency of the O-ring comes into play.

That is the ability of the O-ring to recover from the temperature.
If we didn't get a good seal on the primary at that time, we could
not depend on the secondary O-ring because it had the same resil-
iency problem, but if the primary O-ring did not seal in the first
milliseconds before that metal part separated, there was a good
chance the secondary seal would seal, because it was at least in the
proper position and did not have to travel.
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My comment that was finally used as one of the pieces of ration-
ale, is somebody needs to assess that if we are going to use any
temperature other than 53 degrees and it was at that point in time
when the caucus was held at Utah and they said they would go off
for 5 minutes and it ended up for about half an hour and as a
result I didn’t participate in the caucus because I felt the right
people were there to discuss that information, all the engineering
people were there and I was not aware of what happened in that
caucus at the time.

Mr. Rok. I want to call on Mr. Boisjoly in a minute, but let me
ask you one question. When the decision came back to you from
the caucus that lasted approximately half an hour, were you satis-
fied with that decision or did you still doubt in your mind whether
that was the wise thing to do?

Mr. McDonNaLp. I was not satisfied with that decision. I was a bit
taken back and surprised because the rationale that was presented
did not indicate to me that we had run the calculations to convince
me that we had a good number again and we didn’t come back
with a number, which kind of bothered me a little bit. It just said
that we would recommend to proceed on with the launch.

In reviewing the chart that Mr. Kilminster eventually had to
sign, there are about nine items on that chart and I believe five of
the nine were reasons not to launch. They were the concerns raised
earlier in the telecon and only four of those were items that you
could say may say it is all right. There were still more unknowns
than knowns. That is when I raised the issue with both Mr. Mulloy
and Mr. Reinartz, my concern that I don’t think that they can
accept that recommendation.

Mr. Rok. I have a couple of other questions I would ask when the
question period starts.

Mr. Boisjoly, would you give us your observations, and then we
will have closed the circle here, and all the people who were part
of the process from the Thiokol group will have spoken, and then
we will go to questions.

What is your observation, sir?

Mr. BoissoLy. Our primary concerns that evening were for the
cold temperatures, and those primary concerns were rooted in the
launch the year before in 1985.

Mr. Rok. Run that by me once more.

Mr. BoissorLy. Our primary concerns were rooted in the launch 1
year before in 1985, as Al had mentioned. That was the most
severe blowby that we had ever witnessed on a joint, and the main
emphasis of the discussion from an engineering standpoint that
evening was the resiliency of the seals and the witness of that
blowby from the year before, that temperature was indeed telling
us something.

I had prepared a chart that broke the ignition transient during
the pressurization cycle into three distinct zones, the zero and 170
milliseconds. I had stated that we had a high probability of a reli-
able secondary seal. And the basis for that statement was that we
had a bench test that showed that at 50 degrees, we could maintain
O-ring contact when we separated the surfaces in that regime; in
other words, just a little bit of separation, the O-ring still had the
capability of following the metal surfaces and had the ability to be
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sealed. That was the only—the lowest temperature data that we
had at that point in time.

Mr. RoE. No other tests had been made at that point below 50
degrees?

Mr. BoissoLy. That is correct. I had another zone defined be-
tween 170 and 330 milliseconds, and I said we had a reduced proba-
bility of having a secondary seal. We weren’t sure whether it would
or would not seal because it would be beyond our experience base
at that point.

Then I had a third zone which took us from 330 to the end of the
ignition transient cycle of 600 milliseconds, and I said we had a
high probability that we would not have any secondary seal. That
was based on the fact of the same type of testing, which showed at
50 degrees, if we open the gap to the full amount, the seal not only
lifted off but stayed lifted off for 10 minutes, and we had terminat-
ed the test after 10 minutes, so we had a pretty fair assessment
that temperature did have an effect on resiliency of the seal at that
point.

I also went through a series of qualitative assessments based on
observations. I was the one that was at the Cape and appeared in
the disassembly of 51-C which occurred in 1985. I was the one that
tracked the soot, defined it, took the samples, had them brought
back to the plant for analysis and so forth, and had that soot ana-
lyzed, and there was no doubt that they were the products of com-
bustion, products of O-ring, products of putty between the two O-
ring seals. We had a case where, on that particular flight, we had
on the 15-A vehicle, we had an 80-degree arc of black grease be-
tween the O-rings and the grease was homogenous color and it was
black, jet black. We had never seen anything like that before.

On the other joint on that same vehicle, we had 110 degrees of
black grease between the O-rings. I also pointed out that we would
have lower O-ring squeeze due to the lower temperature. I had run
a calculation during the day to ensure that we would still have
squeeze as a result of the lower temperature.

Earlier in the day, I didn’t know what the temperature exactly
would be so I ran a calculation on the basis of temperature drop
from ambient of 50 degrees which would have put us in the 25-
degree region from ambient of 75. I ran the calculation and it
worked out to be a relatively benign difference of three-one thou-
sandths of an inch, which is not a major change in squeeze.

However, a major factor was that as temperature goes down an
elastometric material, the material becomes harder, so we pointed
out that the shore hardness, which is the measure of the hardness
of the O-ring, would be harder, and I used a brick and sponge anal-
ogy to explain that.

It would be more difficult for the seal to attempt to seal in the
gap as it was being pressure-energized. We would also affect the
grease, causing the grease to become thicker. I mentioned that
higher O-ring pressure actuation time may occur as a result of all
of those that I mentioned before.

Now, here is the two bottom lines that we were trying to drive
home that night from an engineering standpoint.
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Mr. Rok. Before you do that, let me ask a question for clarity.
Did you advise your superiors of these tests and your observations
on January 27?7

Mr. Boissory. Yes; I am reading from the actual charts that we
used.

Mr. Rok. The gentleman will proceed.

Mr. Boissory. The bottom two statements basically summed up
in effect what I have just stated. The results of what I just stated
could result in the following action.

If action time increased, and that action time being the time it
would take an O-ring to seal, the threshold of the secondary seal
pressurization capability approach—to amplify on that and explain
it to you, the longer it takes the primary seal to go into position
and affect a seal, rotation effects occur in the metal parts such that
the longer that time, the more the probability the secondary seal
would not be capable of being pressure actuated, because it would
unseat. If the threshold is reached, then the secondary seal might
not be capable of that pressurization, and that was the sum and
substance of the discussion that night.

We had charts in there that showed that we had a static test fix-
ture that showed that at 30 degrees, we experienced no blowby but
that was a static test fixture that had no gap opening; its purpose
was just to evaluate the blowby phenomena in the seal, to evaluate
it in the regime of 5 to 50 pounds per square inch, and that was a
direct outcropping of the flight readiness review from the year
before in which I made the statement that all seals have a certain
amount, maybe a teaspoon of gas that goes through, and it is a
question of when that gas goes through whether it is hot or ambi-
ent gas compressed prior to the hot gas coming through, and that
mechanism has in an O-ring attempting to go across the groove
and seal. That test was run for that purpose and that chart was
used to demonstrate that the seal would seal at 30 degrees. Howev-
er, that was a static condition. The joint was not moving at that
time.

The major point is we used pictures to show that the SRM-15,
which had the major soot between the seals, as I described, versus
an SRM-22, which had soot blowby at a higher temperature and
much less arc degree and much less blackness, it boiled down to
that major issue, that temperature on one side of the argument
was not a discriminator, and on the engineering side of the argu-
ment, it was a discriminator, and physical evidence was indeed tell-
ing us that temperature was a major effect.

Mr. Rok. I thank the gentleman.

I thought it was important to have the input of two of the gentle-
men who worked very diligently on this issue.

Now we will go to questioning. I am going to have three ques-
tions, but I want to make a summary first and then I will defer to
my minority leader from New Mexico.

I would like to make the following observation at this time, and
place in space, if you like, in our investigation. We have heard very
candid testimony from Mr. Locke, who is chairman of the board of
the company. We have heard an extensive technical—and very
well-done, by the way—presentation by Mr. Kilminster giving the
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members a better understanding of precisely how the technology
works. We feel that was very successful.

We have talked to Mr. McDonald about his observations, being
the representative at the Cape and making some of these decisions,
or translating these decisions into action. And, Mr. Boisjoly, on
your engineering points, we have determined two things, as I see it,
in the testimony so far, and the facts before us. No. 1, that NASA
knew over a long period of time, as did Thiokol, that there was a
problem with this particular seal and the O-ring situation. We
knew that. It wasn’t something new that came to us.

The second point that I think we have established in fact is that
in the course of the shuttle launches that took place, the subse-
quent review of those launches and the situation, the impact upon
the O-rings and the seal and the putty were known, and were very
much concerning many of the key engineering personnel, as you
have testified to.

The third thing that we have learned today is that from Mr.
McDonald and Mr. Boisjoly’s point of view, that you were knowl-
edgeable, therefore, the company was knowledgeable on the
evening of January 27 before the launch that there was serious
concern with the situation, particularly relating to the low tem-
peratures and what effect, if any, it would have upon the O-rings,
the pliability of the material and so forth, so there were legitimate
problems, and you have continued to maintain that position.

Now I will go to my questions. We have not determined what
happened in that discussion. We know what the result of the dis-
cussion was in the caucus discussion.

There has been an allegation made, and I think it is tough to
bring it up, but it has to be laid on the table, I think. One of the
allegations that has been presented and conjectured on is that
during that half hour of the discussions in caucus by Thiokol, et al,
that Thiokol or NASA in effect—let me get that correct now—that
in effect, when Thiokol had taken its original position of no go be-
cause of the temperature and the concerns of your field engineers,
and that was reviewed, that part of the discussion process was
based upon the point of view that NASA was a great customer for
Thiokol, so the allegation goes, and that factored in as one of the
major parts of the decision above and beyond the safety and engi-
neering facts that were available at that point, that Thiokol was
bending to NASA’s position based upon the fact NASA was a good
customer of the Thiokol Co. Tough question; has to be asked.

So I would like to hear from Mr. Locke on that if you would like
to respond.

Did you participate in the caucus, Mr. Locke?

Mr. Locke. No, I did not, Mr. Chairman.

Mr. RoE. Is there someone here who did participate in the
caucus?

Mr. KioMINSTER. Yes, Mr. Chairman, I did.

Mr. Locke. Neither Mr. Garrison nor I participated in that con-
ference that night and really had no knowledge of this decision—
the decisions being made.

Mr. RoeE. Would you pull the mike closer, it is very important.

Mr. Locke. Neither one of us had knowledge.

Mr. Rok. Neither you or yourself.
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Mr. Lockk. Mr. Garrison.

Mr. Roe. You were not there.

Mr. Lockk. No. But I think Mr. Garrison might make some inter-
esting comments on that point and we will hear from Mr. Kilmin-
ster.

Mr. RoE. Mr. Garrison, you understand where I am coming from.
I want to know precisely what the feeling of the company is on
that issue.

Mr. GARRISON. Yes, sir. I interviewed of course all of the people
involved.

Mr. Roe. Were you there?

Mr. GarrisoN. I was not there. But afterward I did talk to all the
people. It's my belief in talking to those people that they made a
decision that they thought was a reasonable technical decision and
each one of them told me personally that they did not feel pressure
from NASA. I don’t think that is true of the engineering people
that were in the caucus. I believe most of those people have testi-
fied that they did feel pressure.

But from the—my perception at this point in talking to my
people, the people that actually made the decision is that they did
not feel the pressure. They felt they were making a logical engi-
neering decision.

Mr. Rok. Could you do something for the committee, could you
give us a list if we don’t already have it—I am not sure we do or
not—of precisely the people that participated in that caucus, their
names and what their official positions were.

Mr. GaRRIsON. Yes, sir, I believe that information is listed in the
Shuttle Commission report.

Mr. Roe. OK, fine, I don’t recall that.

Mr. GARRISON. Yes.

Mr. RoE. The second question I want to ask, I think it is a very
important point to develop at this point; the engineers to me are
the people who are the knowledgeable ones in the sense of the
technology involved and the issues. If the engineers felt that there
was some legitimate technical problems they were concerned with,
what motivated other than the engineering staff, namely adminis-
trative people or managers in that caucus, how was the decision of
the engineers’ overridden? There has always got to be some leader.

Was there someone in charge of the caucus? Was there someone
who, as I am chairman of this particular venture and all our
people are capable of course, was there somebody who tilted that
decision? That decision had to be made from a basic point of view
of technology available versus the point of view of a business dis-
cussion or something, something had to happen there. Because the
engineers have testified that they were not satisfied with the deci-
sion even after it was made.

Mr. Garrison. I don’t want to pretend to put myself——

Mr. Rok. I understand you were not there.

Mr. GARRISON. In the minds of the people who were there, be-
cause I could not feel the emotions and did not know what was
transpiring, but I would like to make a couple of comments and
clarify the fact that these were not administrative people. They
were all engineering people.
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They were all from engineering background, although they were
management people they had worked up through the ranks. So
they do have enough technical background, I think, to follow logi-
cally some engineering analysis.

Second, there was really no incentive for the company to be any-
thing other than conservative. I have read some articles in the
press that seem to insinuate that we had some incentive that
caused us to make that decision and that is not true. As a matter
of fact, our incentives are in the opposite direction. We have tre-
mendous losses, financial losses if we have a problem with the
shuttle flight.

So I wanted to make those two comments and other than that,
Mr. Chairman, I am not able to put myself in those people’s shoes
but I have talked to all of them and Mr. Kilminster, of course, was
a member of the four people that we considered the management
group that made the decision.

Mr. Rok. Could we hear from Mr. Kilminster? What was your ob-
servations at the time?

Mr. KiLMINSTER. Yes, sir, I think that the data was not conclu-
sive relative to blowby. For instance, the data that was presented
indicated that a flight at 75 degrees had also experienced some
blowby although it was not as extensive as it was in the previous
cold launch. In addition we had conducted some static test motors
that as we knew at that night had been fired with O-ring tempera-
tures in the range of 48 to 47 degrees, and there was no O-ring
blowby observed on those.

As Mr. Boisjoly had mentioned, they had conducted subscale
tests with the right seal gaps, full diameter O-rings and as a
matter of fact, at lower squeeze condition than what we had in the
51 LSRM’s and observed no blowby. The other two aspects that
were looked at and were discussed in that caucus were the fact
that the secondary O-ring by nature of the leak test was in the
downstream desired position so that even if there was some blowby
to occur of the primary O-ring that seal would be in position and
would be capable of sealing.

The other aspect that was discussed was on that previous coldest
launch where we did observe erosion blowby, there was thirty-eight
one-thousandths depth of erosion on that primary O-ring. So what-
ever caused it, whether it was jet impingement or blowby, thirty-
eight one-thousandths was there. We had previously run tests that
demonstrated that he could have one hundred and twenty-five one-
thousandths at least erosion on the O-rings and have them success-
fully function. So it was based on those technical judgments and
that technical background that the decision was made as far as I
am concerned.

Mr. Rok. Let me ask you one followup and conclude before I call
on the gentleman from New Mexico, for the benefit of the commit-
tee did everybody jump up and say how many people participated, 1
don’t remember the number, 12, 14, in the caucus?

Mr. KiLMINSTER. I think there was 12 or 13.

Mr. Rok. Twelve or thirteen, yes, the Apostles. The point in ques-
tion, did everybody then say now that we have reviewed all the
technical data available and we feel pretty much this is the right
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thing to do, let’s go ahead with it. Or were there still people that
documented whether that direction should be taken?

Mr. KiLMINSTER. As far as I was concerned, I felt there was four
people in the room that still felt that from a conservative basis
that it was not a rational thing to do to describe that.

Mr. Roe. Was a decision made then at that point and your
people, whoever was the head of that caucus, had the right to make
that decision and telegraph that to Mr. McDonald and go with it,
or did it have to go higher leadership, did it go to Mr. Locke, did it
gﬁ to ?Mr. Garrison. Who made that decision to go. What was the
chain?

You had your caucus, everybody wasn't all together on this
thing, they were concerned. There was legitimate misunderstand-
ings or lack of engineering data and so forth, what happened then
specifically.

Did you call up Mr. McDonald or someone call Mr. McDonald
and E%y, we analyzed it and we are going to go with it. What hap-
pened?

Mr. KiLMINSTER. At that point in time a management poll was
conducted.

Mr. RoE. What does that mean, a management poll?

Mr. KiLMINSTER. Mr. Mason, who is the senior vice president,
asked for an assessment by the managers. The managers included
Mr. Lund who was vice president of engineering, Mr. Wiggins who
was the space division general manager and vice president, myself,
and Mr. Mason.

Mr. Roe. OK. That management group made the decision?

Mr. KiLMINSTER. That is correct.

Mr. Rok. So it didn't get to Mr. Locke or higher people. That was
the management group that was responsible to make that decision,
is that correct, yes or no.

Mr. KiLMINSTER. That was the decision that was made at that
level, yes, sir.

Mr. Roe. And how did you, just for clarity, did you telephone Mr.
McDonald or what?

Mr. KiLmiNsTER. We reopened up the net of the telecon.

Mr. Rok. OK.

Mr. KiuminsTER. We had been on caucus where everybody was
on hold. And we reopened the net and at that point in time, I sum-
marized the basis for our decision to proceed with the launch and
then during that portion of the telecon we were requested by
NASA to put that in writing and sign it and send it down.

Mr. Rok. And you did.

Mr. KiLMmINSTER. And we did.

Mr. RoE. And the decision was made.

Mr. KiLMINSTER. Yes, Mr. Chairman.

Mr. Rok. The Chair recognizes the distinguished gentleman from
New Mexico.

Mr. BoeEHLERT. In one point you make, would you yield just a
moment?

Mr. Lusan. I would yield.

Mr. BoeHLERT. During that off-line caucus, Mr. Lund apparently
was one of those rather persistent in recommending against pro-
ceeding.
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Could you tell me and the committee if Mr. Mason, as has been
reported, said to Mr. Lund, take off your engineering hat and put
on your management hat.
hAtr‘;d if he did say it, could you interpret for us what he meant by
that?

Mr. KiLMINSTER. I can confirm that he did say that. I cannot in-
terpret what Mr. Mason meant by it but I can tell you what my
interpretation was.

Mr. BoeHLERT. That would be helpful.

Mr. KiLMINSTER. My interpretation was that there was perceived
to be differences of opinion amongst the engineering people and
that as is common when you have a number of different view-
points, someone has to collect that and make an engineering deci-
sion and that would be in Mr. Lund’s role to do that.

Mr. BoeHLERT. He was the key man in terms of the engineering
decision, is that right?

Mr. KiLminsTeR. That is correct.

Mr. BoEHLERT. And he was recommending against proceeding.

Mr. KizMminsTER. No, sir. He initially he covered prior to the
caucus he did cover charts that recommended against the launch.
And then subsequent after the caucus then he was one of the four
managers that was polled and agreed to launch.

Mr. BoEHLERT. After it was suggested that he talk——

Mr. Lusan. I have only 3% minutes left.

Mr. BoeHLERT. All right.

Mr. Lusan. I did want to pursue something with Mr. McDonald.

You said you were taken back, surprised with that decision. You
were down at the Cape. Is it considered not proper—first of all let
me ask you, do you know Mr. Aldrich and Mr. Moore?

Mr. McDoNaLD. Yes, I do.

Mr. LuJan. Is it considered not proper for you to go to them.
They are the ones that have to make the final decisions. Once they
had said that you should go ahead with the launch, you felt very
strongly I gather that you should not.

Is there something in the protocol that says you shouldn’t go to
Moore and Aldrich and tell them, hey, there is a real big problem
here?

Mr. McDonNaLDp. Yes, I think it is unwritten in the protocol but I
didn’t really think there was any need to do that because I knew
that Mr. Reinartz was a member of the Mission Control Team with
Mr. Aldrich and Mr. Moore, and in fact until the testimony I was
under the impression that Dr. Lucas was also a member of that
team.

I found out later he was not. I knew that was Mr. Reinartz’ boss
and he was going to talk to him about it. Of course Mr. Mulloy was
there who I communicate with and who Mr. Reinartz takes his rec-
ommendations on any problems associated with the solid rocket
boosters, and I felt I was talking to exactly the right two people
about voicing my concerns even after the decision was made as to
why I didn’t feel good about this launch and I was surprised that
they would accept that recommendation because—— ‘

Mr. Lusan. Do they have a meeting every—in the morning to my
understanding right before the launch to go over last minute
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things and decide whether you are going to launch at that point or
not?

Mr. McDonaLp. Well, I was unaware that they did. I guess
maybe they do, but I was——

Mr. LusaN. So you were not there.

Mr. McDonNALD. I was not there. I was sure that they would pass
that on.

Mr. Lusan. By that time they could see the ice on the pad and
everything and it might have been a good time to raise the ques-
tion, but if you were not there, no way.

Mr. Kilminster, you say they had you put it in writing that you
had made a decision to launch. Was that normal? Did you have
to—every time you had a disagreement did they have you send a
telegram or wire or put it in writing or sign off that we ought to do
this or was this unusual because there was so much dissention?

Mr. KiLMINSTER. Well, in this case the whole operation was un-
usual in that we had not previously had an issue come up so late in
the launch process. However, it is normal during the flight readi-
ness review process for me to sign off at various stages that the
solid rocket motors are acceptable for flight, and I normally do
that.

Mr. LusaN. How soon before the day of the flight? This is the
only—this is the first time you had to do it just the day before, is
that correct?

Mr. KiLmiINsTER. That is correct.

Mr. Lusan. Before that if you can remember, how far away from
the day of flight did you have to sign something?

Mr. KiLMINSTER. I think it was approximately 3 weeks.

Mr. LusaN. Three weeks, and this was the first time otherwise.
So there was a realization that it was a very serious matter and to
put it very bluntly, probably put the monkey on your shoulders
rather than accept that responsibility if anybody questioned why
did we launch, they could say well, Kilminster told us it was all
right and here’s the proof.

Did you feel that way?

Mr. KiLMINSTER. No, I was not really surprised when I was asked
to send down a piece of paper with my signature on it. However, 1
have to say that it was unusual because the whole operation was
unusual.

Mr. LuJan. One final—

Mr. Rok. Go ahead.

Mr. LusaNn. One final question, Mr. Locke, and one of the things
that we look for in the committee is what changes need to be made
in policy. In your testimony you say:

Our space experts reviewed the available data initially and concluded launch
should not occur at O-ring temperatures lower than 53 but we all know NASA ques-

tioned Morton Thiokol’s decision and our engineers could not prove that it was
unsafe to fly at less than 53 degrees Fahrenheit.

That seems to be a reversal of past NASA criteria where in the
past you had to prove that it was safe, not that it was unsafe. Is
that just an unfortunate use of words or did you feel that this was
a different circumstance?

Mr. Locke. Well, remember that we are making these judgments
now after the fact.
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Mr. Lusan. Yes.

Mr. Locke. And that selection of words was deliberate.

Mr. LuJsan. That was basically what NASA asked you to do, to
prove that it was unsafe rather than that it is safe to fly?

Mr. Locke. It seemed that way, yes, sir.

Mr. Lusgan. Thank you very much.

Mr. Rok. I thank the gentleman.

The Chair recognizes the distinguished gentleman from New
York, Mr. Scheuer.

Mr. ScHEUER. Thank you, Mr. Chairman.

Mr. Locke, you are quoted as saying to a newspaper man recent-
ly—as a matter of fact on your first page of your statement you
talk about the pain and anguish of this tragic accident. Is this what
you were referring to when you mentioned to a newspaper corre-
spondent recently and I quote, “This shuttle thing will cost us 10
cents a share this year.”

Mr. Locke. Yes, sir, it was. And I would like to clarify the cir-
cumstances under which those remarks were made.

This was——

Mr. ScHEUER. Make it very brief because we only have 5 minutes
and I have some other questions to get on with.

Mr. Locke. This was an article by the Wall Street Journal who
asked me to give them a financial analysis of where the company
stood as a result of the shuttle incident, as well as all other factors
of the company.

Mr. ScHEUER. All right.

Mr. Locke. So I was simply responding directly to his questions.

Mr. ScHEUER. From the national point of view, would you agree
that it cost every shareholder in the American company, every
man, woman and child in the United States, not 10 cents a share
but perhaps $20 or $25 a share? And that is not counting——

Mr. Locke. Well, sir——

Mr. ScHEUER [continuing]. Not counting the incalculable loss of
time that we cannot put a monetary value, the trauma to the
American people, the incalculable loss in lives, the seven lives that
were lost? Would you say that is a true financial loss of the acci-
dent, $25 per shareholder in the American enterprise?

Mr. LockE [continuing]. Sir, I don’t believe you can put a finan-
cial value on this tragedy at all. .

Mr. ScHEUER. You certainly can’t. And I would say that your
statement that this shuttle thing cost us 10 cents a share, has to go
down in the annals of history. In 1832 William Vanderbilt, in
answer to another newspaper reporter’s comment, said “The public
be damned.” Now, for over a century that remark has stood un-
challenged and unparalleled for its gross insensitivity, for its banal-
ity and tastelessness, but I believe you have finally done it. You
have finally moved Mr. Vanderbilt over in that corporate dealer-
ship hall. You have done it.

Let me ask you another question, on the first page of your state-
ment you said it was our solid rocket motor that failed. Flat state-
ment.

In your contract with NASA, the Morton Thiokol contract with
NASA, it provides that in the event of a failure of the solid rocket
motors .to perform in compliance with the specification require-
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ments of the contract, there will be a fee reduction of $10 million
and the loss of the flight success incentive fee.

Would you say that your failure as you described it, the solid
rocket motor that failed, would trigger that $10 million fee and the
loss of your flight success incentive fee?

Mr. Locke. Sir, that is a contractual matter that I will just have
to defer to other people to conclude.

Mr. ScHEUER. Well, what is the clear meaning of those words and
the clear meaning of your words this morning? This morning you
said it was your rocket motor that failed. Now let’s leave all the
Philadelphia lawyers out of this. You said our solid rocket motor
failed. OK?

In this contract it is perfectly clearly stated that in the event of
a failure of the solid rocket that $10 million penalty would be trig-
gered and the loss of your success incentive fee, flight success in-
centive fee would be triggered.

Is that a fair reading of the contract and a fair reading of your
words this morning?

Mr. Locke. The contract is a very complex document.

Mr. ScHEUER. It is not complex. It is very straightforward, Mr.
Locke.

Mr. Lockk. I don’t have any other comments.

Mr. ScHEUER. Mr. Locke, you have said on page 2 of your testi-
mony that this policy of openness in which you respect the candor
of these men and their engineering knowledge will not change as
the space program regroups and moves forward. Yet you told this
same reporter that once—I quote, “Once this Commission issues its
report and this thing is closed, it is going to be a different situation
because people are paid to do productive work for our company and
not to wander around the country gossiping with people.

You were also critical of engineers ‘“who travel all over the coun-
try at our expense to appear before commissions or just take idle
trips to talk to somebody in Washington.”

Now, here you have taken a trip. I hope you don’t think it is an
idle trip to come to Washington to talk to someone and a number
of your staff have come, too. Your words are open but I detect from
these comments to the Wall Street Journal that you don’t consider
commission hearings and you don’t consider congressional hearings
to be a very constructive part of the legislative process, you don't
look on them favorably.

Now, which is it?

Mr. Locke. Well, sir, as I said before the interview with that par-
ticular reporter was a very long interview and they selected certain
parts of the comments to report. They did not report the entire——

Mr. Scueuer. They never do, but we don’t write the stories, do
we? We found that out up here. Apparently you were not misquot-
ed and you said that travel all over the country at our expense to
appear before commissions or just to take idle trips to talk to some-
body in Washington is not what you consider a legitimate corpo-
rate activity.

Do you really believe that? Are you here today just to talk to
son})ebody? Is this an idle trip just to talk to somebody in Washing-
ton?
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Mr. Locke. Those remarks were made in connection with the
conclusion of the Presidential Commission’s report and the conclu-
sions of all of the investigations. All I was simply trying to say was
that after all of the investigations are over, we have a very big and
very complex job to do and we have got to get on with it.

Mr. ScHEUER. Does this mean that you will cooperate with what-
ever continuing ongoing oversight there will be and that you won’t
cast a damper or cloud or bring any pressure on outstandingly fine
Americans buying Mr. Boisjoly and Mr. McDonald in their efforts
to help us understand what happened and to prevent coming like
this from happening again?

Mr. Locke. Sir, I think our record is very exemplary. In fact, Mr.
Rogers himself said before this committee that he had gotten com-
plete cooperation from this corporation during his investigation. He
was very, very complimentary of us and I am very glad that he did
say that to this commission. We have—we will continue to be.

Mr. Rok. I think we have pursued that line far enough. I think
that we are at a point where we have sown in our witnesses, we
expect the facts to be on the table, plenty of room to look in hind-
sight but I think your testimony is clear, and we expect that kind
of cooperation.

The Chair recognizes the gentleman, distinguished gentleman
from Missouri, Mr. Volkmer.

Mr. VoLkMER. Thank you, Mr. Chairman.

I would like to ask Mr. Kilminster, in your statement you state
that approximately—page 6—approximately 40 people devoted sub-
stantial time and energy to this effort, and that was on the joint/
seal task force. Can you give me in writing the names of the per-
sons who were on that task force, the job performance they were
performing, and the amount of time that they individually spent
on that task force from August 1 through January 1 last year?

Mr. KiLmINsTER. The task was initiated in August 1985 and con-
tinued on through January of 1986. I do not have those detailed in-
formation here.

Mr. VoLkMER. I don’t ask for it now. I want you to submit it to
me in writing.

[Material available from committee files.]

Mr. VoLkMER. To be honest with you, Mr. Kilminster, after re-
vievr;ring the Commission’s report—and I am sure you did, did you
not?

Mr. KILMINSTER. Yes, sir.

Mr. VoLkMER. Did you see the statement in there, the activity
report for Mr. Boisjoly dated October 4, 1985. He asked, “I should
add that several of the team members requested that we be given a
specific manufacturing engineer, quality engineer, safety engineer
and forward this to six technicians to allow us to do our test on a
noninterference basis with the rest of the system.”

“This request was deemed not necessary when Joe”’—I believe
you are Joe——

Mr. KILMINSTER. Yes, sir.

Mr. VOLKMER [continuing]. “Joe decided that the nursing of the
task approach was directed.’

Mr. KiLMINSTER. We will supply you with a summary of the ac-
tivity that was conducted over that time period.
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Mr. VoLKMER. I don’t want a summary, I want it detailed.

Mr. KiminNsTER. We will provide it.

Mr. VoLKMER. I just don’t believe you. I don’t believe that you
devoted substantial time and energy to that effort.

Mr. KiLminster. I would like to refer to Al. Would you comment
on that?

Mr. McDonawp. Well, T don’t know the—I can’t give you the
names of those 40 people. There were some conflicts in getting
some things done in the plant and I shared Mr. Boisjoly’s frustra-
tions, I think we all did. I think what one has to remember in this
particular instance in the shuttle, because the hardware is so large,
when you have problems you normally can solve an engineering
type problem and go in the laboratory and solve that problem be-
cause the hardware is small, you can go test.

Here we have to use very large pieces of equipment. We have to
use flight hardware to run some of these tests and we have to be
very careful that we don’t do anything to that hardware that
makes it unusable for the flight.

Mr. Boisjoly was getting very frustrated that we were handling
the engineering assessment effort just as if we were getting ready
for a flight. In many cases we have no option but to do that be-
cause the hardware may go back into flight.

Mr. VorgMmER. I would like to ask Mr. Boisjoly to take the wit-
ness table and ask him if he ever received those personnel that he
asked for in that activity report of October 4, 19857

Mr. Bomssory. No, we did not. We were told that if the problem
required nursing it all the way through to completion, then that
was our task, to nurse it. I believe I made a statement that there
just wasn’t enough time or personnel available to nurse those types
of problems, and I was referring to laboratory tests as well as full-
scale tests at the time, and 1 just felt as Mr. McDonald said, very,
very frustrated that we were not proceeding ahead in a timely
fashion.

Mr. VoiLkMmeR. Isn’t that because of the administrative paper-
work, et cetera, it takes to get things done within Morton Thiokol?

Mr. Boissory. Yes, yes, not just Morton Thiokol but let me ex-
plain something. For instance, I was frustrated in procurement. We
had a piece of equipment that we needed that was on the shelf at a
company in San Diego that we could have simply gone down and
picked it up and brought it back and used it and we had arranged
to do something similar to that, while the procurement process and
the rules that govern Government contracts are such that it is just
not as straightforward as that, and I was frustrated that we
couldn’t go down and just pick it up and use it because we had ar-
ranged the use of that equipment in our laboratory and by the
time we got the piece of equipment through the procurement proc-
ess and the paperwork process, we had lost our window in the lab.

That was just one of many instances where I worked out proce-
dures with the vendors to give us equipment, O-rings, materials, et
cetera, and we just couldn’t get the purchase orders written and go
down and get them. Part of that was due to the rules and regula-
tions of going out and getting single sources so we were operating
in a mode that we couldn’t operate like a development program.

That was the basis and source of those memos.
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Mr. VoLkMER. Now, you have earlier in your testimony—Ilet me
ask you this. Did you have any assistance from management in cut-
ting this redtape, getting through it so you could get these things?

Mr. BoissoLy. Some, but I still felt as a result of our trying to get
this work done that it was not sufficient. I didn’t think there was
any reason why we couldn’t get the technicians asked for, and we
couldn’t go outside the regular production program and do this on
the side and let the regular system work in and of itself.

Mr. Rok. If the gentleman from Missouri will hold. There is a
point we have to check on. I will give you extra time.

You used the word single sources. Could you explain what you
mean? Was it a decision of single sources from the Thiokol or
single sources through the NASA process or what?

Mr. Boisgory. No, and I am not familiar with the purchasing reg-
ulations that the Government imposes but apparently we are not
at liberty as a vendor——

Mr. Rok. “We,” Morton Thiokol?

Mr. BoissoLy. We, Morton Thiokol, are not at liberty to go out to
single companies and purchase an item without going through a
bid process. When you are trying to get a development program
and test program going, they——

Mr. Rok. “They” being NASA?

Mr. Boissory. The purchasing people in Morton Thiokol, go out
and get bids. We have to get bids to get these materials from this
particular company in a timely manner to run these tests. That all
took time.

Mr. Roe. What I am trying to get in the record—you are confus-
ing us here. At least this member. What I am trying to get into the
record is that this is not a Thiokol process per se as a company, it
is a governmental process, is that what you are saying?

Mr. BoissoLy. That is correct.

Mr. Rok. All right, so the agency you deal with is NASA, so it is
a governmental process that was creating this frustration, not that
you couldn’t get the material through the Thiokol leadership, is
that correct?

Mr. BorssoLy. That is correct.

Mr. Rok. If they had authority to do it?

Mr. BorssoLy. That is right.

Mr. RoE. The gentleman from Missouri.

Mr. VoLkMER. Thank you, Mr. Chairman.

I would like to ask you, Mr. Boisjoly, because you have in earlier
testimony referred to data from it on the August 9, 1985 memoran-
dum to James Thomas from Bryan G. Russell in regard to the sec-
ondary seals. Did that raise a red flag to you for any further
flights? )

Mr. BoissoLy. Are you talking about where he explained the
time periods of—— . _

Mr. VoLkMER. Yes, at 100 degrees Fahrenheit the O-ring main-
tained contact, at 75 degrees the O-ring lost contact for 2.4 seconds,
at 50 degrees Fahrenheit the O-ring did not establish contact.

Mr. BoissoLy. That is essentially the same data we presented on
the 27th, the evening before the launch, yes, sir.



361

Mr. VoLkMER. That is the basis now. That was sent to Garrison,
Kilminster, Evans, Brittan, McBeth, Boisjoly, Thomas, and Stein,
they all had it.

Mr. BoissoLy. Yes.

Mr. VorLkmer. Well, the other question I have is because it
seemed to be confusion between Morton Thiokol and NASA, at
least individuals that I talked to about the purpose of the putty; is
or is not the putty intended as an insulation to the O-rings from
the hot gases from the motor?

Mr. BoisJsoLy. Yes, it was intended as a thermal barrier.

Mr. VoLkMER. Thomas, when we were at Kennedy a week ago
Friday at a briefing, and I specifically asked him he said no. So I
am just curious, it was intended as that.

Now, it is known that—a memorandum from John Q. Miller
dated February 20, 1984 states that the putty served as a thermal
barrier. A memo from George Beer, dated March 9, 1984 is no one
really claims putting to be part of the insulation or sealing system
and advised Marshall and Mulloy to consider removing it. Has that
confus?ion existed throughout the development of the solid rocket
motor?

Mr. BoissoLy. I wasn’t at the beginning, but we did have almost
a year of discussions, I believe it was, in the 1984 timeframe about
removing the putty from the joints. We had discovered that the
blow hole, especially a single blow hole in the putty was providing
the source of jet impingement on the O-ring seals and eroding
them. If we could remove that source of jet impingement by either
substituting another material or putting many interruptions in the
putty purposefully we could take the sting of the jet away and the
erosion would be minimized.

There was approximately a year’s worth of discussions on that
particular issue and we had proposed at one time to put putty in
the joint of one of our tests and that was disallowed by Marshall.

Mr. VoLKMER. In your opinion should the sealing pressures have
continued when it is known that after those started at 200 pounds
pe.;' square inch that the erosion problems even became more great-
er?

Mr. Boisgovy. I guess I don’t understand your question.

Mr. VoLkMmER. Well, you have a pressurized sealing, the jet, the
test——

Mr. Boissory. The leak check.

Mr. VoLkMER. Yes; for the leak check.

Mr. BoissoLy. How that came about was that we were leak
checking originally at 50 lb/in2, We discovered just through many
conversations and telecons, that we have got to check the putty be-
cause the most important thing to determine in a leak check is
whether or not the seal is in fact in position to seal and doesn’t
have any contamination underneath it.

So we did a series of laboratory tests, I believe it was in 1983
which demonstrated that 50 1b/in? could indeed be masked by the
putty. In other words, you might not even need a seal in the joint
and you could pass the 50 lb/in? leak check. So we determined at
what temperature—excuse me, at what pressure we would blow
through the putty and we determined that 200 1b/in2 under all cir-
cumstances of minimum tolerances would blow through the putty.
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So we instigated a double leak check, namely 200 1b/in2 to check
and make sure the putty did not mask a leaking seal and then 50
lIb/in? subsequent to that test to actually test the seal. Fifty 1b/in2
is a very difficult test on an O-ring seal. So that you have the best
of both worlds, first of all the 200 1b/in? ensures that the putty is
not masking a leak, secondly that the 50 1b/in? proves the seal is
indeed going to seal.

Mr. Rok. The time of the gentleman has expired.

The distinguished gentleman from Michigan, Mr. Henry, please.

Mr. HENrY. Thank you, Mr. Chairman.

I would like to try to approach some of the contractual questions
which were raised, I hope, in a little more objective and fair basis
and change the climate.

It seems to me that what we have here is a supplier, the contrac-
tor of a Government agency, and there are contractual obligations
on both sides, the supplier provides a service, produces a product,
the Government reviews it, finds it acceptable or it doesn’t, and
has contractual obligations to pay—to put it in elementary terms.
There are obligations on both sides.

The supplier has obligations, legal obligations not to deliberately
misrepresent the certification of the product that is supplied to the
Government, likewise the Government agency—in this case
NASA—has obligations that are equally important under the law
not to deliberately circumvent either in collusion or not in collu-
sion with its suppliers the specifications of its own contracts.

I think the emphasis has to be on the second side of this equation
every bit as much as on the first side of the equation. Pursuing the
question, I think that has to be said given some of the other ques-
tioning earlier this morning. I guess one of the questions that
would lead me to then is first of all, to Mr. Kilminster, my under-
standing is that the contract certifications require as a general
standard that the solid rocket motors and the systems for which
you contract be operational, safe, reliable, down to a standard of 31
degrees, is that not correct?

Mr. KiLminsTER. The original requirements were established
during our proposal submittal and a model specification was pro-
vided to us by NASA. We interpreted that model specification and
submitted back to NASA after we were on contract a development
and verification plan which identified what we proposed to do or
planned to do through the development program to meet all of the
requirements.

Mr. HENRY. You are not answering my question. Doesn’t the con-
tract or the specification require a 31 degree performance standard
on the bottom end?

Mr. KiLMINSTER. As far as the motor performance is concerned,
we do not believe it does. We believe that the motor performance
specification is identified at 40 to 90 degrees and that is what the
calculations and analytical work was based on for motor perform-
ance.

Mr. Henry. We were told 31 degrees by Mr. Tully, so I would
certainly appreciate if staff or someone would come to some deter-
minative issue. Obviously we have, given the resiliency of the O-
rings at lower temperatures, we have a tremendous gap in under-
standing.
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I mean, on the record before this committee last week, we were
told that it is a 31-degree standard that was an inadequate testing
for subsystems for the system standard on the rocket motor. You
are telling us your understanding was 40 degrees.

Even if your understanding was 40 degrees average, that would
mean that when you personally signed the certification of flight
readiness, your understanding of specification requirements was a
40-degree specification. Yet your concern was that we not launch at
anything under basically the 50-degree threshold because of the ex-
perience on two other lower temperature flights down in the 50 de-
grees area, not wanting to get below that 50-degree threshold. Is
that not correct?

Mr. KiLMINSTER. Fifty-three degrees was the previous coldest
launch.

Mr. HENrRY. How could you sign a flight readiness certification
and then come back and say we don’t want to fly it below 53 de-
grees when you signed a specification, in NASA’s interpretation,
that certifies it as flight ready at 31 degrees, and your interpreta-
tion is at 40 or 41?

Mr. KiLMiNsTER. What we were doing is attacking on a real-time
basis the information that was made available to us from the flight
program and we were alerting the system that based on what we
had observed on the previous coldest flight, and if we were to stay
within our experience base, we had to stay within that 53 degrees.

Mr. Rok. Will the gentleman hold a moment for clarification?

I believe what we are trying to develop here in part, which I
think is important to this part of the record, in Thiokol’s opinion
and their best judgment of the contractual agreements they have
with NASA for the particular—you will have more time—what is
the temperature range which you would consider to be your re-
sponsibility in your existing contractual agreements with NASA?
What degrees? From what degree to what degree?

Mr. KiLmiNSTER. We have a number of components that are
qualified over the range of 20 degrees to, I believe, 110 or 120 de-
grees. We have flight and insulation structural matters that are
qualified for storage down to 32 degrees and we have operation,
motor operation 40 to 90 degrees.

So there are multiple temperature ranges there.

Mr. Rok. If the gentleman will yield further, we will protect your
time.

If you have a variable group of temperature gradients to deal
with, there has got to be one—you got a motor, you have got to
have one particular thing, something has to govern that. You can’t
have this little piece here and this little piece there.

What do you consider to be your range of temperatures you were
responsible for to be able to say, go with that particular engine?

Mr. KiLMINSTER. For motor operation?

Mr. RoE. Yes, sir.

Mr. KiLMINSTER. That was 40 to 90 degrees.

Mr. Roe. Yes, 40 to 90 degrees. That is the point I wanted to
make,

The gentleman from Michigan.

Mr. HENrY. Thank you, Mr. Chairman.
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What I am trying to indicate is clearly we have discrepancy in
terms of at least the way the presentation was made to us last
week by NASA, which argued that every major subsystem, in this
case, the solid rocket motors, was to be certified down to a 31-
degree standard.

Even if it was, they still launched this then below their own spec-
ifications. That has to be said, too. I just don’t want to dump on
one side here.

I think it looks to me like there was a lot of waffling on the
standards almost in a collusive environment where basically it is
as if I were buying shoes for a major retailer and going to a manu-
facturer and I knew they came back and it didn’t quite meet the
specifications but I needed them for my sales and the manufactur-
er basically said, we will make it up to you later, and this kept
going on and on and I had a sole-source vendor and spring sales
were coming up with new shoe styles. These things happen. But in
this case, you had contractual obligations that, because they are
public force of law.

One question to Mr. Boisjoly following up on Mr. Volkmer’s ques-
tion, because I am not sure you got quite to what he was asking. I
think the nature of my colleague’s question to you was, were you
aware of the fact that when you were increasing the pressurized
testing on the O-rings, that you were inadvertently blowing out the
putty or pushing back the putty in such a way that you were inad-
vertently increasing the likelihood that there would be gas bypass-
ing the putty?

Mr. Boissory. Yes, we discovered that on the testing of the fila-
ment wound cases in 1985. We actually walked down the bore of
the motor in a horizontal position. We had looked at blowholes that
were formed by assembly and we also found some blowholes that
had been formed by leak checks.

So at that point, we knew that there were two mechanisms that
could form blowholes in the joint in the putty, assembly and the
leak check itself.

Mr. Henry. Did you ever do any testing to see whether or not
the leak testing with increased pressurization was perhaps a great-
er risk than just keeping the leak testing at the lower pressure?

Mr. BoissoLy. No, because we all felt from a technical standpoint
that it was more important to make sure that the seal had the
major integrity and the putty above that was secondary to that,
even though it was not an erosion problem; it was limited at that
time in our thought process to an impingement of erosion, which
was not a resiliency problem in the O-ring itself.

Mr. HeENrY. Thank you, Mr. Chairman.

Mr. Rok. The Chair recognizes the distinguished gentleman from
Florida, Mr. Nelson.

The gentleman from Florida.

Mr. NELsON. Thank you, Mr. Chairman.

That is where I want to pick up, Mr. Walker, what NASA told us
Friday a week ago at the Kennedy Space Center, and what NASA
again told us last week. That was my line of questioning I wanted
to follow up specifically with you all as to what was your contrac-
tual obligation in certifying that in fact the motors would operate
under what is called the natural temperature which was specified
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in the contract down to 31 degrees, and then what was called the
induced temperature which is defined in the contractual docu-
ments for the skin of the booster down to 25 degrees, and for the
attachment joint down to 21 degrees.

Now, the question is, since NASA said that analysis on those
contractual specifications was never done as it was required in the
contract, the question is, Why? Anyone?

Mr. GArrison. I would like to make a few summary comments
on this issue. I think what we have to realize that about 12 years
ago, we got a stack of documents and specifications and which our
review lately of those determines that there was some room for in-
terpretation. There were many levels of specifications.

We read those specifications and constructed a development, ver-
ification, and qualification program which we felt met the intent.
Those plans were approved by NASA, and we proceeded and suc-
cessfully completed those programs, and our article was bought off
as being completed and having met all the requirements.

One of the problems I think we have, Congressman Nelson, is the
interpretation of the people in the early part of the program. Now,
we have gone back and read some of those documents now natural-
ly, and we still have some confusion in interpreting the intent.

Now, if you would like, I would like Mr. McDonald to address
some of the specific documents and what we think they mean, and
some of the problems we have with them.

Mr. NEeLsoN. Before he does that, let me try to understand how
you could have confusion, because the document that you supplied,
Morton Thiokol, dated February 17, 1984, to the Marshall Space
Flight Center entitled ‘Performance Design and Verification Re-
quirements’’ specifically makes reference to the natural environ-
ment and the induced environment, and makes reference to the ap-
pendix 10.10, and for the induced environment makes reference to
the interface temperatures, so how could there be any confusion on
that? Anybody want to respond to that?

Mr. McDo~NALD. Let me—I wasn’t there in February 1984, but I
went back to look at this subject because I came on the program
about 2 years ago. I have been involved in the past year of certify-
ing the filament wound case rocket motor for a flight out at Van-
?eléberg, so I went back to see what the steel case motor was certi-

ied to.

It was my distinct impression from what went on and what was
signed off by both the people at Thiokol and NASA that the motor
was never intended to operate outside the 40- to 90-degree range. In
fact, I wrote a paper on that subject, delivered it to the AIAA last
July and it was approved by NASA that that is what it said.

Mr. NELsoN. Let me interrupt you right there. You are talking
about the requirements for the propellant of 40 to 90 degrees. But
that is not what we are talking about. We are talking about the
overall design environment requirements for the operation of the
SRB’s. We are not talking about the propellent requirement.

Mr. McDonaLD. Let me address that one.

First of all, you must understand there is a difference between
the SRB and the SRM. Our contract is the solid rocket motor.
There is another contractor that Marshall monitors, USBI, that
has a contract for the solid rocket booster.
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Mr. NeLsoN. That is correct, but I am talking about what was in
your response to Marshall entitled “Performance Design and Veri-
fication Requirements,” prepared for Marshall by Morton Thiokol,
dated February 17, 1984,

Mr. McDonaLp. Right. I think the confusion there is if you go
and look at those documents, and I went and looked at them, it
never says anything about operating the motor; it is exposed to
those kinds of environments just like we have in storage and in
handling.

If you look at the JCS-07700, there is a table in there called
ground thermal environment, and it says it must withstand that
and that is the one that has the 31 to 99 degrees. In that table, it
has two columns, one column says ferry sites; clearly nobody is
going to launch anything in a ferry site. The other column says
vertical flight.

Now, the interpretation, in my opinion, because below that is all
the solar radiation factors, is that means the vehicle is sitting in a
position ready for vertical flight. The right booster facing the ocean
where the sun comes up, the left booster facing inland, the time for
the exposure from solar radiation is a function of course, whether
it is morning or evening, and the tail facing south.

There is no time duration on those exposure temperatures, which
tells me that if, since there is no time on any of those, it can sit
there indefinitely in that attitude and nothing bad can happen, but
it doesn’t say it is necessary to launch it, because clearly if you had
that sitting there for a long time at 31 degrees, the propellant
would start being 31 degrees, also.

Mr. Roe. Will the gentleman yield for clarity? I will give him
more time.

Mr. NELsoN. I will yield in just one second.

I can understand your response to that, Mr. McDonald, save for
the definition from which you derive that 31 degrees. And the defi-
nition is this: Induced environment, “each element of the shuttle
flight vehicle shall be capable of withstanding the induced environ-
ments imiposed during transportation, ground operations,” which
you are describing, “handling, and flight operations.”

Now, flight operations indicates one thing to me. So I can under-
stand where you are coming from with respect to your answer, but
that is not what the definition is.

Mr. McDonaLp. Well, clearly in vertical flight, if you are flying
the flight, you are flying to 40,000 feet and you are down to minus
50 or minus 60, that is a lot less than 31.

Why isn’t that in there? It is totally unclear that is the worst
temperature one will experience in flight, because it is not. So the
interpretation that I made from that, and that is after the fact, by
the way, because I wasn't here, as I said, in February 1984, because
I can’t conclude that that is what the vehicle is to be exposed to
during operation.

Mr. RoE. The time of the gentleman has expired.

The Chair would like to get a clarification for the record, Mr.
McDonald. There seems to be a, obviously, a lack of understanding,
and it is not coming through clear to the committee as to what role
the temperature plays.
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You testified earlier when we asked you to respond in your ob-
servations that both yourself and Mr. Boisjoly had a concern and a
continuing, nagging concern even though decisions were made that
those extremely low temperatures that existed at that point gave
you reason for concern based upon other data, technical data that
was available to us and so forth and so on.

Forgive me, I did not put my own question in the order I wanted
to.

But you are making a very telling point. You are coming back
and saying there is no such thing as a static temperature per se,
because it is continually variable—the sun, the clouds, the temper-
ature itself, so there is no such thing as a continuing environment
of a continuing temperature.

What you are saying is, as I understand it, depending on how
that temperature fluctuates, if the vehicle remains standing, the
whole vehicle will rise or fall to that temperature.

Is that a fair engineering comment to make?

Mr. McDonaLp. That is right, depending on how long you are sit-
ting there.

Mr. Rok. It could be a variable depending on if you got bad
weather coming in on this side and the sun shining on that site.

So, in effect, you make another point. You say once the craft is
launched, you have variable temperatures that take place because
of the level that the flight is at; is that correct?

Mr. McDonaLD. That is correct.

Mr. RoE. So we have a whole set of variable temperatures, is the
point I think that is being developed here. Is that a correct state-
ment to make?

Mr. McDonaLp. Yes, it is. I think the specifications, for the
motor is a lousy one.

Mr. Roe. OK. Let me finish the point. I don’t want to break you
off on that point.

Where I am coming from is this fundamental question, and I
think everybody has been skirting around it, but haven’t nailed it
down yet. All we are trying to do is to determine the facts.

You recognize, in spite of the decisionmaking process, you ex-
pressed your concern as an engineer vis-a-vis the low temperatures
that morning. The question really that should be asked in my opin-
ion is, Is there a launch temperature at a given time that some-
thing that we are striking for? In other words, is there a decision
that could be made as a launch temperature?

I think it is a cockamamie point of view, from my point of view,
to have this part at this temperature, this part at that tempera-
ture, this part at that temperature. How the heck can you run any-
thing that way?

It would seem to me you have to get to a point and say, at 42
degrees, hey, baby, whether that likes it or not, that is the way it
will fly or it is not. That is the question we are trying to nail down.

Is there some magic on the temperature issue, on launching a ve-
hicle? That is the question.

Mr. NeLsoN. May I support the Chairman on that point.

Mr. Rok. Let me get the answer.

Go ahead.

Mr. McDonALD. I agree with you 100 percent. That is exactly——
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Mr. Rok. Thank God we are making progress.

Now, what is the answer?

Mr. McDonaLp. That is exactly the argument that I had that
night after the recommendation came back in not to fly at 53, to go
launch with Mr. Mulloy and Mr. Reinartz, because Mr. Reinartz
had made the comment in the caucus when we made a 53-degree
recommendation that that didn’t seem to be consistent with what
he understood the motor was qualified for, which he understood
was qualified from 40 to 90. I did, too.

So I argued with them afterwards as, how in the hell can you
accept a recommendation to go fly this thing outside of what you
think it is qualified for and what I think it is qualified for.

Mr. Roe. What was the response?

Mr. McDonaLD. I didn’t get one. I told them I wouldn't want to
be the person to stand up in front of a board of inquiry if anything
happened to this vehicle, and explain why I did that. I didn’t get a
response.

Mr. Rok. There was no response.

Mr. McDonNALD. There was no response.

Mr. RoE. The Chair recognizes the gentleman from North Caroli-
na, Mr. Cobey. '

Mr. NELsoON. May I follow your particular point just for a second?

Mr. RoEk. If you get time from Mr. Cobey, I will be delighted.

Mr. NeLsoN. May I talk 10 seconds, Mr. Cobey?

Mr. CosEey. I yield.

Mr. Rok. The gentleman from Florida.

Mr. NeELsoN. The Chairman’s point is well taken, Mr. McDonald,
of saying there is a range of temperatures and you say, well, what
happens high in the atmosphere where it is a lot colder—that is
not the question.

The question is, What is the temperature and the distinctions
made at the time of launch, because that is when that critical seat-
ing of the O-ring is supposed to take place.

Mr. McDonaLp. Oh, I agree with that. But what 1 think the
question was before us was, what did we qualify all of the elements
of thg) solid rocket motor for to behave properly, at what tempera-
tures?

As far as I was concerned—that was part of my discussion with
the Marshall people that night—as far as I was concerned, we
didn’t qualify all those elements even at 40 degrees, which I
thought was the operating temperature ranges for every single ele-
ment; that we had qualified some by analysis, some by test and
some by neither, including the O-ring seals.

Mr. NELsoN. Is that an abrogation of the contract?

Mr. McDonNALD. No, I think it was a matter of what people inter-
preted what that contract meant. It referred to those other docu-
ments and as I said it is a bad specification because it doesn’t dis-
tinguish between operating environments and exposed environ-
ments the vehicle has to tolerate, but not do anything bad and that
was the breakdown I think in those specifications. It is hard to in-
terpret that.

Mr. NeLsoN. I thank Mr. Cobey for yielding.

Mr. HENrY. Would the gentleman yield?
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I would like for the record a copy of the speech you gave in July
1985, apparently to a professional engineering society which is a
matter of public record, that your interpretation and understand-
ing is that is a 40-t0-90 degree launch system and also presumably
that speech you said was checked clear through NASA.

Mr. McDonaLp. It was and was approved and with a couple of
minor changes they wanted made for it.

Mr. Henry. Thank you.

Mr. Cosey. Mr. Kilminster, in your testimony, you indicate that
after the July 1985 launch, that you conducted O-ring compression
and resiliency tests between 50 and 100 degrees to evaluate the—
and evaluated the environmental exposure of the putty and subse-
quent O-ring erosion.

Why did you pick 50 to 100 degrees and why didn’t you test it
below 50 degrees, the resiliency, any reason?
| Mr. KiLMINsTER. I would like to refer that question to Mr. Boisjo-
y

Mr. BoissoLy. That testing was a direct outcropping of the SRM
15 or 51-C flight in January 1985. When we were going through
the flight readiness reviews, we were addressing that temperature
could have been a factor in that large amount of soot that we had
seen.

So subsequent to that, like in the February to March timeframe,
the testing proceeded on a very limited basis and we established
three levels to get some very preliminary data and the three levels
were 50 because it was around 53 degrees, 75 because that was
pretty much normal and 100 to get a high bound on the testing.

Mr. CoBey. You didn’t have the resources or the time——

Mr. Boissory. No, we were trying to specifically get data on a
flight that had just occurred to try and tie in the statements we
had made on the flight readiness review for the next vehicle on the
basis of our judgment and we were trying to get laboratory data to
back up that judgment which we did.

Mr. CoBey. Then you were in no position to make any statement
on resiliency and the compressing of the O-ring below 50 degrees?

Mr. BoissoLy. Other than the fact that the trend was obvious. At
100 degrees, it never unseated. At 75 degrees, it unseated for 2.54
seconds and at 50 degrees, it never attached. So the conclusion was
it was getting progressively worse and we did develop a matrix for
testing later in the year.

Mr. Rok. What is puzzling me if we established a task force that
was to review this issue of the O-ring, going back to earlier flights
and we knew this so far in advance, why didn’t we pay attention to
it, because—I am getting myself involved, that is obvious. I am
sOrry.

The gentleman from——

Mr. CoBeEy. My next question would follow up on what you have
just said. I am a little bit troubled by what I call committee deci-
sions. I know, Mr. Kilminster, you signed the document that went
to NASA to launch, but in a sense, there were four people that
signed off and it was almost like a committee decision, there was
no one person responsible.

In these unusual circumstances, why didn't your group contact
Mr. Garrison, Mr. Locke? It seems like it was an awfully important
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time in the history of your company, not just from 20/20 hindsight,
but this last-minute, critical decision had never occurred before as
to whether to launch or not launch.

I think there ought to be someone who ultimately—one person
needs to sign off on something that critical.

Mr. GaRrrisoN. It is troubling to me that I was not advised or
brought into the decisionmaking process. I think I should have
been and I think the people thought it was a real time technical
issue, something that could be resolved. It was a decision that was
compatible with the NASA position and they proceeded with it.

I am disturbed about that. We are looking at procedures in the
past that will eliminate this problem in the future. It is a gap in
our management system, I believe.

Mr. CoBeY. Do you think that then you should have presented
with their feelings at that time what this group, after they cau-
cused and that you as a person should have made a decision yes or
no, and then you would as a person be responsible rather than this
responsibility being spread? How would you have handled it?

Mr. GarrisoN. I am not sure at that level—I believe that this
had such potential impact that it should have been brought to a
higher management position. I don’t want to put myself in a posi-
tion that says I have to make and sign off nn every decision be-
cause I have very competent management people who do that.

Mr. CoBeY. But this was such a critical and unusual situation
that it seems to me that it would have been proper for even Mr.
Locke to have had to take a look at it.

Mr. GARRISON. I agree with that.

Mr. CoBEY. And sign off.

Mr. GARRISON. Secondguessing or make a——

Mr. CoBey. Or make a decision, go or no-go.

Mr. GARRISON. I am sure if the people who made the decision
and were involved could have anticipated the results of that deci-
sion, it would have come to us.

Mr. Rok. The time of the gentleman has expired.

The Chair recognizes the distinguished gentleman from Wiscon-
sin, Mr. Sensenbrenner. .

Mr. SENSENBRENNER. I have some questions of Mr. Kilminster.

Were there any minutes taken at the caucus where the decision
to launch was made on the night of January 27?

Mr. KizMINsTER. No, no minutes taken as such. Notes were made
as we developed the rationale and those notes were used then to
transcribe into the telefax that I signed and subsequently sent.

Mr. SENSENBRENNER. Were the notes turned over to the Rogers
Commission?

Mr. KiLMINSTER. I don’t believe I retained those notes after we
typed them on to the—they were essentially the same. I was read-
ing from notes—— .

Mr. SENSENBRENNER. Were the notes destroyed after you signed
the telefax?

Mr. KiLMINSTER. After we had it typed. )

Mr. SENSENBRENNER. Were those typewritten notes essentially
verbatim of what was taken down in longhand at this caucus?

Mr. KiLMINSTER. Essentially, yes. )

Mr. SENSENBRENNER. Were there any exceptions?



371

Mr. KinMinsTER. Not that I can recall.

Mr. Boissory. If I may, I believe I was the only one that took
some notes in real time after the meeting and I did hand those into
the Commission and to my knowledge everything that was taken
was handed into the Commission that reflected something different
than presented on the telephone conversation that evening.

Mr. SENSENBRENNER. I am trying to understand how the decision
to launch was made that night after Mr. McDonald phoned in from
the Cape that it was too cold and we should not have a launch then
and all of a sudden after this mysterious caucus Morton Thiokol
overrode their professionals on the scene and decided that the
(liaunch was OK and the launch would take place with great trage-

y.
So that I know what was done and what was not done, listening
to some of the answers to the testimony, was there any testing
done on the joints with that cold ambient temperature?

Mr. KiLMINSTER. Mr. McDonald did not call in.

Mr. SENSENBRENNER. He was a participant in the conference and
recommended that there should not be a launch. Didn’t you get the
impression that Mr. McDonald was recommending against a
launch?

Mr. McDonNaALD. At the teleconference, I recommended that our
vice president for engineering and engineering people assess that
and make a recommendation at what we would launch at. They
said we shouldn’t launch below 53 degrees and I agreed with that. I
didn’t recommend it.

Mr. SENSENBRENNER. How did that get changed? The recommen-
dation against launching suddenly became a recommendation to
launch.

Mr. KimMinsTER. When we went on to caucus, we evaluated addi-
tional data. Specifically we took into account the testing that had
been done.

Mr. SENSENBRENNER. What testing was that? Because we have
had testimony here that there was no testing that was ever done
with the ambient temperature that cold and Mr. McDonald in his
speech and testimony has said that the testing was sufficient to op-
erate the solid rocket motor between 40 and 90 degrees Fahrenheit
and here the ambient temperature was 38 and the temperature in
the joints was much colder than that.

What testing are you referring to?

Mr. KiLmMINSTER. To the testing done to identify that with ero-
sion, you could lose 125 thousandths of material and still seal. That
testing had been done some time earlier.

We compared that with how much erosion had been lost from
the previous coldest launch, which was 38 thousandths.

Mr. SENSENBRENNER. Mr. Locke says on page 3 that Thiokol’s en-
gineers could not prove it was unsafe to fly at less than 53 degrees
Fahrenheit. Saying that you couldn’t prove that it was unsafe to
fly at less than 53 degrees Fahrenheit is not the same as saying
that it was safe to fly at less than 53 degrees Fahrenheit.

We then get testimony that there has never been any testing
that was done at temperatures as cold as what were existent at the
Cape at the time of the launch, that there wasn’t an engineering
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computation, and it seems to me that you opened a heck of a big
crack for the Challenger to fall through, and it did.

Now how did that happen?

Mr. KiuMINSTER. There was testing conducted at 30 degrees in a
subscale vessel which Mr. Boisjoly talked about. That subscale
vessel is 6 inches in diameter, but it has the full O-ring diameter
and the O-ring gap or groove. That was done at 30 degrees and
those tests indicated that there was no blowby in that test rig.

Mr. SENSENBRENNER. You said it never seated at 50 just a minute
ago. We are getting all this conflicting evidence. Wasn’t that
enough for Thiokol to say, ‘“Hey, something is wrong here,” and
you didn’t say it?

Mr. KiLMINSTER. | believe that we did point out all of the data
that was available to us. We had shown that we had blowby at 75
degrees on one launch and we had blowby at 53 degrees. We had
subsequently or prior to that conducted static tests down to 47 and
48 degrees with no blowby.

Mr. SENSENBRENNER. My time is up and I observe that after lis-
tening to your testimony, Mr. Kilminster, with 20/20 hindsight,
you would do it all over again the same way.

Mr. RoE. The Chair recognizes the distinguished gentlelady from
Kansas, Mrs. Meyers.

Mrs. MeYERs. Mr. Chairman, I am trying to get a clear idea of
exactly the procedure that night.

Mr. McDonald, you were at Cape Kennedy?

Mr. McDonaLp. That is correct.

Mrs. MEYERS. And you recommended, you said, to whom that the
launch not be undertaken if it was under 53 degrees?

Mr. McDo~NaLD. Well, I had recommended to Mr. Mulloy and Mr.
Reinartz that I didn’t understand how they could accept a recom-
mend below 40. I did not know what happened back at Thiokol that
changed the original recommendation which I agreed with at 53 to
one of launch the next morning with no specific other temperature
on there. I did not know what transpired.

As far as I knew, they had run new calculations or found new
data or something that would support a lower temperature, but
when I saw the statement with the information on it that he read
from, I couldn’t find anything really substantial there that would
support a launch at those colder temperatures and I was frankly
surprised that NASA would accept it because of what I thought
was my interpretation and theirs is also of what the motor was
qualified to.

Mrs. MEYERS. And so it seems to me, Mr. Chairman, that we
have a lack of clear, unambiguous language. You recommended in,
I assume, terms such as you just used to Mr. Mulloy and Mr. Rein-
artz, who are at Marshall?

Mr. McDonNaLD. They were from Marshall. They were at the
Kennedy Space Center in the same room I was.

Mrs. MEYERS. They were at Kennedy, all right, and they in turn
took your language and made the recommendation to Mr. Kilmin-
ster and the group, who were where?

Mr. McDonNaLp. No, they didn’t recommend to Mr. Kilminster.
They had questioned the earlier information which had come to
the conclusion that we shouldn’t launch below 53 degrees Fahren-
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heit. They had raised questions about that, and it was then that
the Thiokol people headed by Mr. Kilminster had a caucus to reas-
sess that data.

Mrs. MEvERs. Where was Mr. Kilminster?

Mr. McDonALDp. He was in Utah.

Mrs. MEYERS. So it went from you to Mr. Mulloy to Mr. Kilmin-
ster and his group in Utah?

Mr. McDonNALD. I transmitted the temperature data to the people
in Utah, but the conversations I had with Mr. Mulloy and Mr.
Reinartz about the lower temperature recommendation was after
Mr. Kilminster had made the recommendation to proceed on with
the launch, after Thiokol had changed their mind from the original
53-degree recommendation.

Mrs. MEvers. Mr. Kilminster just said in response to Mr. Sensen-
brenner that he did not get the word from you that you had recom-
mended not to launch, and you replied then that that was because
you had not talked directly to them, you had talked to Mr. Mulloy.

Am I confused?

Mr. McDonALD. No, not totally confused. That is correct. I talked
to Mr. Mulloy. I did not talk to Mr. Kilminster.

Mrs. Mevers. All right.

You said, Mr. Kilminster, I think it was, that you requested an
off-line caucus. Can you tell us exactly what that means?

Mr. KiminsTER. I requested to go off the telecon net by putting
the telecons on mute on our end of the telecon so that we could
more effectively discuss the items that had been brought up during
the earlier discussion and see if there was any additional informa-
tion we wanted to take into account in formulating a decision.

Mrs. Mevers. Had you ever gone off line before during a launch?

Mr. KiLminsTER. Well, this was not during the launch. This was
a separate telecon set up and we typically can go off line, go on
mute when we are having a teleconference on technical matters or
whatever.

Mrs. MEYERS. But had you ever requested such a caucus in prior
launches?

Mr. KiLMINSTER. No. This was unique in that regard.

Mrs. MEvYErs. Mr. McDonald, you recommended against the
launch.

Mr. McDonaLp. That is correct.

Mrs. MEvERrs. Had you ever done that before?

Mr. McDonaLp. No, I had not.

Mrs. MEYERS. Prior to January 27, was it ever stated to NASA in
clear, unambiguous language that the shuttle should not fly until
that solid rocket motor joint had been redesigned?

Mr. McDonaLp. It had not been stated by me to that effect. I be-
lieve someone, Mr. Thompson may be able to answer. He wrote a
memo or something, but his recommendation never went to NASA.
I don’t know of anybody that made that statement to NASA.

Mrs. MEYERs. In the testimony of Mr. Kilminster, it says in July
1985, we ordered—a detailed presentation on all our experience
with solid rocket motor seals was made to NASA headquarters in
August last year; that is, August 1985, by Al McDonald.

If you conveyed all of your experiences with solid rocket motor
seals, was there a recommendation made at that time?
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Mr. McDonaALD. I would like to address that since I am the one
that made that presentation.

Yes, there was a recommendation at that time, and I think you
need to understand how that meeting came about. We had flown at
the end of April—I think it was STS-51 Baker, a flight where we
received the aft segment back at our plant in Utah and removed
the nozzle from that aft segment in the latter part of June.

On that nozzle, we found the primary O-ring seal on the nozzle
had eroded completely through and eroded approximately thirty-
two one-thousandths of the secondary O-ring.

As a result of that problem, we were asked to come down to the
Marshall Space Flight Center to address what we observed and un-
derstood about it and why it had happened and in July we did that
in great detail.

As a result of that meeting with the people at Marshall Space
Flight Center, the people at NASA headquarters had asked us to
come to Washington to review that situation with them and to
combine it with a couple of other already scheduled meetings with
the people at NASA headquarters.

When I sat down with the engineering people to put together the
presentation as to what happened on that flight and why we
thought it happened, the engineering people and myself decided
that even though that was a very bad thing to happen on the
nozzle that the secondary seal on the nozzle is much better than
the one we have in the field joint and it clearly worked.

It is a face seal around a corner rather than a bore seal that we
have one in line after each other in the field joint. We concluded
that had we have had an incident like that occur in the field joint
we may have lost the vehicle.

So we decided that I would make the presentation on the whole
SRM pressure seal issue, what have we seen on every seal and
every joint and to identify very clearly that even though this hap-
pened on the nozzle our greatest concern was on the field joint,
which we did and we went through that presentation with all the
detailed history of every anomaly that we had observed, what we
understood about it and the conclusion was that on the nozzle seal
that that was a quality problem—not a design problem, but a qual-
ity problem.

We had concluded that we had missed the leak check on that
nozzle, and that by the way goes back to why we went up to the
200 lb/in 2 for the leak check, even though we knew that in some
cases a leak check can blow holes in the putty.

We also knew you didn’t need a leak check to blow holes in the
putty. The assembly itself would cause that.

When you put the assemblies together as soon as the O-ring hits
the metal parts, the air trapped in the pressure blows up through
the putty. We know if we get blowby during the leak check, it can
blow holes in the putty.

We had found that the putty indeed can hold 100 l1b/in2? sometimes
and were worried it may be masking the leak check of whether the
O-ring was good or not. It so happened the flight set that we had a
problem with was the last nozzle flown that had a leak check at a 100
Ib/in2. _

We found out later that putty could hold pressure as high as 100
Ib/in? so we went to 200 lb/in2. We concluded the reason that
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primary O-ring had burned through is it never sealed in the first
place and the O-ring had to erode enough material to the jet im-
pingement and blowby to end up in the condition it was and we
had just missed that leak check and therefore we needed to retain
t}ﬁe 12{00 Ib/in 2 and all flights afterward had the 200 Ib/in 2 leak
check.

Mr. VoLkMER. Would the gentlelady yield?

Did Mr. Mulloy tell you that after 51-B there would be a launch
constraint?

Mr. McDonaLp. No, he did not.

Mr. VoLKMER. After 51-B?

Mr. McDonNALD. No. We addressed each launch any time we had
an anomaly on every launch, we had to get up and explain what
that anomaly was, what we knew about it and why we felt that
that anomaly was acceptable to fly with if it should occur again
and what have we done to fix it and that is the way every launch
was conducted.

I did not know that there was a launch constraint that was im-
posed subsequent to that problem.

Mr. VoLkMER. You were never informed of it?

Mr. McDonALD. I was not.

Mr. VoLkMER. Thank you.

Mrs. MEYERS. To get back to the meeting in August again, Mr.
McDonald, did you make a specific recommendation that the shut-
tle should not fly until that joint was redesigned at that time?

Mr. McDonaLp. I did not. The recommendation we made was to
accelerate our efforts to try to solve the problem.

Mr. RoE. The time of the gentlelady has expired. The chair recog-
nizes Mr. Andrews.

Mr. AnprEws. Mr. Kilminster, Mr. Locke in his opening state-
ment says that our engineers could not prove that it was unsafe to
fly at less than 53 degrees Fahrenheit. Is that a correct statement?

Mr. KiLMINSTER. Yes, I believe it is.

Mr. AnpreEws. Was that the standard that was imposed upon you
by NASA?

Mr. KiminsTER. No; I don'’t believe so.

Mr. ANprEws. Who imposed that kind of burden on Thiokol?

Mr. KiLMINSTER. Well, as a member of the team, our job is to rec-
ommend to NASA based on the data base that we have our recom-
mendations relative to the acceptability of those motors for flying.
And the data that we had that evening was inconclusive. In fact,
that is what it said on some of our earlier charts that we used in
the earlier part of the telephone conversation.

Mr. ANDREWS. Previous launches—was it not the case that the
burden of Thiokol was to prove that it was safe?

Mr. KiLMINSTER. Yes; that is correct.

Mr. ANDREWS. And Mr. Locke seems to imply that on this launch
NASA suddenly flipped that burden, that you suddenly found your-
selves having to show that it was not unsafe to launch; is that cor-
rect?

Mr. KiLMINSTER. I believe Mr. Lund has testified that he felt that
way.

I\}/ir. ANDREWS. What did you think?
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Mr. KiLMINSTER. I felt that this was not uncommon to the way
that we normally made our recommendations to NASA. When we
got on the loop and discussed the technical data that was there to
be discussed, we were asked in my opinion to take a good look at
that data and rationalize from that data what we were recommend-
ing. And the point was that there was data that was not absolutely
conclusive that O-ring blowby was a function of temperature.

Mr. ANDREWS. I would like to ask Mr. Locke—MTr. Locke, please
tell us what you mean by this burden of proof. In your opinion, was
there a change imposed on you by NASA for this launch that you
did not have on other missions?

Mr. Locke. Your honor, as I have said to you before, I was not
there. That is an interpretation of mine after having learned what
I have learned up to this point, that there seems to have been a
change in order. But that is a judgment.

Mr. ANprews. Well, that is what your written testimony is. Why
is that? How could that have happened?

Mr. Locke. I don’t understand what you mean how could that
happen.

Mr. AnpreEws. What kind of contractual relationship did you
have or do you have with NASA that imposes a burden to show
that it would be unsafe to fly? For you as opposed to on NASA?

Mr. Lockk. I don’t think there is such a contractual requirement.

Mr. Axnprews. Mr. Kilminster, is that your understanding too,
there is no written policy that exists?

Mr. KiLMINSTER. I don’t believe there is a written policy that
exists, no, sir.

Mr. ANDREWS. But it is your testimony this morning that the im-
positions placed on you by NASA on the fatal launch were no dif-
ferent than previous launches; your obligation was to show that it
wasn’t unsafe to fly?

Mr. KiLmiNsTER. That is what I believe.

Mr. ANDREwWS. Mr. McDonald, my understanding was exactly I
think what Bob Crippen stated, that you always had to prove that
it was safe to fly, and I had to argue why I felt our rocket motor
was safe to fly and all of a sudden we reversed roles. I couldn’t un-
derstand that. It was a total role reversal and all I had ever seen in
the 2 years I had been in this program.

Mr. Roe. Will the gentleman yield? Is there anybody that we
know of with your group or NASA’s group that made that deci-
sion? In other words, our thesis and understanding is that every-
thing we are doing is safety first based upon qualification tests of
tests and parts and pieces to meet certain temperatures, and there-
fore the assumption would be if we meet the tests it is OK to fly.
That is the positive approach.

What the gentleman from Texas is developing now, we have a
negative approach and we are coming back and saying we don’t
know whether it is going to fail or not but we have no evidence to
show that it will or will not fail at a lesser temperature or what-
ever the variance may be. Therefore it has never been tested for
that, so somebody made an arbitrary decision someplace. Did
NASA do that, did Thiokol? Where did it come from?

Mr. ANDREWS. Even worse, we have the man on the ground at
Kennedy saying that it was his understanding on all previous mis-
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sions up to this one that the burden was to show that it was safe,
and that was your understanding, Mr. McDonald, and that is why
you were so shocked during those conversations.

Mr. McDonaLp. That is correct.

Mr. ANDREwWS. We have the man who was in the room at Thiokol
that was in charge of that meeting, saying the burden of proof is
on Thiokol to show that it is not unsafe to fly, and that your under-
standing is on every previous mission that has been the burden. Is
that what you are saying?

Mr. KiLMINSTER. No, sir; I am saying I didn’t detect any differ-
ence in the assessment that we had to make of the data that was
available in order to make a recommendation to NASA.

Mr. Anprews. Which is it? Does Thiokol have the burden to
show that it is not unsafe to fly or is it the burden to show it is
safe to fly? Is it the positive or the negative?

Mr. KiLMINSTER. I believe it is the latter.

Mr. ANDREWS. The negative?

Mr. KiLMINSTER. It is our job to show that it is safe to fly.

Mr. ANDREWS. It is the positive, then.

Mr. KILMINSTER. Yes.

Mr. ANDREWS. You are saying now that you agree with Mr.
McDonald.

Mr. KiLminsTER. That it is our job to show that it is safe to fly;
yes, sir.

Mr. Rok. But who shifted the burden?

Mr. KiLMINSTER. I think that is a matter of definition.

Mr. ANprewS. Mr. Locke stated in his statement and reaffirmed
that your engineers could not prove that it was unsafe to fly at less
than 53 degrees Fahrenheit. So, now, that burden, according to
you, as I understand your statement, Mr. Locke, changed on your
company on this mission. Mr. McDonald is basically saying that is
exactly what did happen.

Mr. Rok. If the gentleman will suspend for a moment, I am going
to protect your time. We have this following information. Mr. Bois-
joly testified to the commission, the Rogers report, page 93, that
the offnet caucus was a meeting where the determination was to
launch and it was up to us to prove beyond a shadow of a doubt
that it was not safe to do so. This is the total reverse to what the
position usually is in a preflight conversation or a flight readiness
review.

Do you agree with Mr. Boisjoly’s characterization of this meet-
ing? If so, what caused this change in attitude by Thiokol and
NASA? In other words, Mr. Boisjoly, would you elucidate here?
You testified to that degree to the commission and that the offnet
caucus was a meeting where the determination was to launch and
it was up to us to prove beyond a shadow of a doubt that it was not
safe to do so. Immediately there was a change, we had to prove
that it wasn’t safe to do so.

This is in total reverse to what the situation usually is in a pre-
flight conversation or a flight readiness review.

Do you agree with Mr. Boisjoly’s characterization of this meeting
and, if ,,SO’ what caused the change? Does anybody here have the
answer?
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Mr. Anprews. Mr. Boisjoly has been nodding his head. Would
you confirm that the statement just read by Chairman Roe——

Mr. Borssory. Yes; that is true, and the reason I made that state-
ment is because I have been in flight readiness reviews at Mar-
shall, specifically the one after the flight in January 1985, and 1
took a lot of flak, a major amount of flak, in trying to prove that
the next flight was safe to fly. And so here we were presenting
some information from an engineering standpoint that said one
thing, and it was being interpreted as inconclusive, and yet we
were never allowed to make judgments like that before.

Mr. Roe. Where did the flak come from? You said you took enor-
mous flak.

Mr. BorssoLy. From the flight readiness reviews, from the indi-
vidual levels at the Marshall Space Flight Center.

Mr. Rok. From NASA?

Mr. BorssorLy. Yes. That is where flight readiness reviews are
held. We are not allowed to use things like “we feel that” or “we
think that.” We are always challenged and asked to present the
data base, present the proof, present the information that supports
the statement that you are making at the time.

Mr. Rok. The gentleman from Texas.

Mr. ANprREwS. I am still confused by Mr. Kilminster. I want to
respect your comments but I read the statement by Mr. Locke and
I hear the testimony of these two gentlemen, and yet you in the
room—you don’t seem to sense that there was a difference in the
decisionmaking process on this mission and any other mission. We
are trying as a committee to determine, as Mr. Rogers said, where
do we go from here in terms of having the proper criteria so there
is not a confusion.

I think we need a better understanding from you as to what the
burden was on that group that made that decision in that room.
You seem to imply that, frankly, there was just not any difference
in this mission and any other mission.

When these other gentlemen, including the CEO in his written
statement, says that suddenly the burden changed, that you were
under the impression you had to show it was unsafe to fly—which
is it; do you appreciate what these gentlemen are trying to say this
morning?

Mr. KiLMINSTER. | hear what they are saying and I think it is a
matter of perception. My perception was with the data we had to
show what our rationale was that it was safe to fly.

Mr. Rok. Therefore, that goes 360 degrees back to the first ques-
tion asked, how do we deal with the issue that NASA is a good cus-
tomer for Thiokol, and what forced that change of decision? The
question to force the change of decision or to put in more informa-
tion to the caucus came from NASA. That is the only place it could
have come from, is that correct? Therefore, all the information that
you had to consider—if the gentleman would yield further—in the
caucus was a combination of the information that you had generat-
ed partly in response from the people in the field at Kennedy be-
cause of the temperatures and based upon the point of view that
you were questioned on that data by NASA and then you had to
reconsider at that point, which you did reconsider obviously.
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Isn’t that what you testified to? So someplace in that mix the de-
cision changed from we are not going to fly, we don't think it is
safe, the testing hasn’t been proper, and now the reverse decision is
made, we have no way to prove that we shouldn't fly.

That is the question. How did that creep into the decisionmaking
process?

Mr. ANprREWS. I am not convinced Mr. Kilminster believes that
that did change.

Mr. Roe. Mr. Garrison.

Mr. GarrisoN. As I mentioned before, I was not involved that
night, but I would like to give you my feelings based on having
lived with this thing since the failure. I think the problem may lie
in the fact that the Marshall engineering and the Marshall pro-
gram management people had made their analysis and they felt
that it was safe to fly and they were surprised when we came back
with the recommendation not to fly.

I think that puts different kinds of pressures on different people
who are exposed to that. I think the engineering people were
shocked because they have always been on the other side, so to
speak, to prove that we have enough data that says this is OK. I
think Mr. Kilminster interpreted it as just another instance where
we have to prove in great depth to NASA why we have established
a position.

Mr. Rok. The gentleman’s time has expired.

Mr. VoLkMER. I think this is very important.

Mr. RoE. The chairman agrees. Before this hearing is over, 1
hope you understand where this questioning is leading to. The com-
mission said that we don’t want to pin blame on an individual, that
is what the commission said, and the Secretary has time and time
again, on different news broadcast, reiterated that point and so
have other people. Let me make one more point. Should this com-
mittee be holding oversight?

If the commission has done its work, what are we doing this for?
For a specific reason. First, to totally acquaint the American
people with what has happened here so we can put it behind us
once and for all. And not necessarily to pinpoint blame but what
happened in the management process between the companies in-
volved and NASA. Macy doesn’t tell Gimble, nobody knows. Who
was in charge? Who did make the decision?

The question remains either Thiokol protects its own by the facts
involved in the decisionmaking process and the facts involved. Mar-
shall will testify this afternoon as to specifically what happened,
because we could be having another launch someplace along the
line and Macy doesn’t tell Gimble. That is not going to happen as
far as this committee is concerned. We are trying to get to the
point of view that somebody made some decision someplace. Either
it is all Thiokol’s fault because you didn’t follow the directions, or
all NASA's, or a joint problem because we didn’'t communicate.

That is why we are trying to get these facts on the table as best
you know them. I am trying to say that is the only way we can
deal with the issue.

The gentleman from Missouri.

Mr. VoLkMER. Thank you, Mr. Chairman. I am a little concerned
as the gentleman from Texas is and the gentleman from New
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Jersey. What is becoming apparent to me, Mr. Kilminster, is that
your group believed that you came to the conclusion that it was
safe to fly that flight before the next morning; is that what you are
telling me?

Mr. KiLMINSTER. Yes, sir.

Mr. VoLgMER. How did you come to that after the previous dis-
cussion had been to the opposite effect? What I am concerned
about—my question in my mind now is whether you first arrived
at the fact that Marshall wanted you to say it was safe so you put
that conclusion up here, and then you went through the process of
finding the hypothesis to come to that conclusion and after review-
ing your charts that you used and the two charts that were used in
the first conference and the second one, I find an absence of those
things that were in the first one in the second one. I am greatly
concerned whether that is the way that you arrived at your conclu-
sion. Could it have been that way?

Mr. KiLMINSTER. No; not as far as I am personally concerned.
What I thought we were asked to do by NASA was to look at that
technical data that we had presented earlier because they did not
arrive at the same conclusion that we did looking at the same data.
I think that they were asking us is there’s something else that is
involved that maybe you didn’t present to us. We don’t arrive at
that same conclusion.

Mr. VoLKMER. How come in the second chart you do not include
the information that you had in the first charts?

Mr. KiLMINSTER. If you are talking about the first charts being in
the first telephone conversation, they already had that informa-
tion.

Mr. VoLkMER. Did you include that information in your thought
processes and discussions when you came to the conclusion finally
that it was safe to fly?

Mr. KiLMINSTER. Yes, sir. One of those charts, for instance, de-
scribed this 30-degree test that I had mentioned. That was on the
earlier chart.

Mr. RoE. We will continue that further. I would like to hear from
Mr. Boisjoly. What is your observation—obviously there is a differ-
ent relationship between the two observations. Give us your obser-
vation. What caused the change in the attitude?

Mr. BoissoLy. My observation is that when we as engineers pre-
sented our data and were unable to quantify it, it left it somewhat
open from the standpoint of we only had data down to 50 degrees. I
had thought we made it quite clear that the 30-degree test was a
static test and did not simulate the gap opening. I also thought we
made it clear that the problem was one of resiliency and that was a
function of temperature.

When the Marshall folks on the other end of the line challenged
a lot of things that were said specifically by me, asked me to quan-
tify it and I told them I couldn’t quantify it but I had enough data
to show that we were going away from the direction of goodness,
and that is the terms I used, and they challenged that at some
length and wanted quantification over and over again of the terms
I was using. I just couldn’t. We didn’t have the data necessary to do
that other than the data that had already been presented.
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Mr. Rok. Isn’t it true that you didn’t have the data because the
tests were never made below those temperatures?

Mr. KiLMINSTER. Yes.

Mr. Rok. Is it true on the record from a technical point of view
you could give them no other answer, there wasn’t any other
answer because the question should have been we have never
tested the equipment as a unit, as a vehicle below those tempera-
tures?

Mr. KiLMmINSTER. That is correct.

Mr. RoE. Was that said, by the way, was that specifically said?

Mr. KiLMINSTER. We specifically talked to the 50-degree data, the
75-degree data, and the 100-degree data in the resiliency tests.

Mr. Rok. Because under the plans and specifications there never
was a test made below that.

Mr. KiMINSTER. The plans and the specifications and the tem-
peratures relative to the specifications were not discussed that
night. We were discussing subscale test data.

Mr. Rok. But you couldn’t respond any other way because tests
were not made?

Mr. KiLminsTER. That is correct.

Mr. Roe. Mr. Boehlert.

Mr. BoeHLERT. I have difficulty in fully understanding all the as-
pects of this matter and even greater difficulty understanding the
decisions of the technocrats, given all the information discussed in
the prelaunch conference. The commission says on page 104 of the
report:

The commission concluded that the Thiokol management reversed its position and

recommended the launch of 51-L at the urging of Marshall and contrary to the view
of its engineers in order to accommodate a major customer.

Mr. McDonald, you were at the Cape and I get the impression
that you felt the pressure building up down there. Would you
expand upon that a little bit?

Mr. McDonNALp. Yes; I definitely felt the pressure and it was be-
cause this role had been reversed. I had stood up probably in front
of more readiness reviews in the past 2 years than anyone, and
always had to justify why my hardware was ready to fly. I person-
ally sign all the defects in the hardware, criticality defects outside
of our experience; I have to explain why it is OK to fly with those,
what data and tests do I have.

My feeling was these were more minor than what we were facing
that night. So when I heard comments like they are appalled at the
recommendation, and comments that when are we going to fly this
thing—in April?

Mr. BoeHLERT. Who made those comments?

Mr. McDonaLp. Mr. Hardy from Marshall made the comment he
was appalled at the recommendation, and Mr. Mulloy about not
being able to fly until April.

Mr. BoeHLERT. So you had the distinct impression that pressure
was being applied from NASA to Thiokol?

Mr. McDonNALD. Yes; I did.

Mr. BoEHLERT. Mr. Kilminster, you must have felt that same
pressure because you requested to go off line in the teleconference.
What prompted that request?

64~295 0 - 86 - 13
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Mr. KiLMINSTER. The thing that prompted my request is that any
pressure that I felt was one of going back and reassessing the tech-
nical data.

Mr. BoeHLERT. You asked for a 5-minute break. Was that “May
we have 5 minutes” casually or did you think it could be quickly
wrapped up?

Mr. KiLMINSTER. That was my assessment of what it would take
to review the data.

Mr. BoeHLERT. It took 30 minutes, is that correct? Who was the
senior engineer in that conference that you had at Thiokol?

Mr. KiLMINSTER. The vice president of engineering, Mr. Lund.

Mr. BoeHLERT. Did Mr. Lund have serious reservations and rec-
ommend against launch?

Mr. KiumINsTER. Not during the caucus.

Mr. BoeHLERT. What prompted Mr. Mason—I am asking you to
give us your best guesstimate. Mr. Mason allegedly said to Mr.
Lund, “Take off your engineering hat and put on your manage-
ment hat.” My interpretation of that is that Mr. Lund was arguing
based upon facts, engineering data that you should not proceed.
What do you think motivated Mr. Mason’s comment to Mr. Lund?

Mr. KiLMINSTER. I think that as the discussion ensued during
that caucus that there were different aspects reviewed relative to
the data that we had presented earlier and the new data that we
had considered during the caucus. And there was a perception that
ther? was not unanimity of opinion amongst the engineering
people.

Mr. BogsLERT. Did you feel any pressure as that caucus was un-
derway from NASA, your internally talking to the boys trying to
make a prudent decision, did you feel under great pressure; did you
feel in your mind that NASA wanted you to proceed with launch
come hell or high water?

Mr. KiLMINSTER. No. My perception was that they wanted us to
look at the technical data and come to a technical recommenda-
tion.

Mr. BoedLERT. Then you had a different perception from that of
Mr. McDonald because I think he had the distinct impression from
his vantage point that NASA wanted to go, no questions asked.

Mr. McDoNALD. Yes.

Mr. KiLMINSTER. Yes, my opinion is different from Mr. McDonald
in that regard.

Mr. BoEHLERT. You said there were 12 people in the caucus?

Mr. KiLMINSTER. Twelve or thirteen, yes.

Mr. BoEHLERT. Did you go around and count heads or hands,
have vote, go or no go?

Mr. KiLmiNsTER. No. We had an open discussion and during the
course of that discussion Mr. Boisjoly and Mr. Thompson again re-
iterated their concerns. We talked about the second seal or the sec-
ondary O-ring being in the proper position to seal even if the pri-
mary O-ring was slow in getting across and sealing. We did the cal-
culation based on the previous coldest launch.

Mr. BoeHLERT. I know all that because you have testified to that
before. But before you went back on line, what did you do as a
practical matter? You have got 12 people sitting around, all techni-
cal people, knowledgeable. Did you take a head count? Did you vote
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or did you just draw a conclusion yourself and then go back on
line?

Mr. KiMINsTER. No. Mr. Mason requested that we have a deci-
sion made, and he polled Mr. Wiggins, Mr. Lund and myself based
on the information we had discussed during the caucus and asked
if we would recommend a launch. And we all recommended that
we would launch.

Mr. BoeHLERT. And then you went back on line?

Mr. KiLmINsTER. Then I made notes in order to cover the points
that we had discussed and then we went back on line.

Mr. BoeHLERT. So Mr. Lund then was on two sides of the issue
during that conversation; initially he was no, finally he was yes?

Mr. KiLMINSTER. Initially being before the caucus, yes.

Mr. BoeHLERT. Well, during the caucus.

Mr. KiLminsTER. No, I think that during the caucus he was lis-
tening to——

Mr. BoeEHLERT. Just prior to Mr. Mason saying to him, “Take off
your engineering hat and put on your management hat,” what
would you say Mr. Lund’s frame of mind was then, go or no go?

Mr. KiLMiINSTER. I don’t know.

Mr. BoexnLeErT. Why do you think Mr. Mason said that?

Mr. KiLMINSTER. Because there was a perceived difference of
opinion among the engineering people in the room, and when you
have differences of opinion and you are asking for a single engi-
neering opinion, then someone has to collect that information from
both sides and make a judgment.

Mr. BoeHLERT. If there was a perceived difference of opinion
among the engineers in the room, some said yes, some said no, I
assume Mr. Lund was among people in the room—there was a per-
ceived difference of opinion among people in the room. So there
was obviously a change of heart there. Who had the change of
heart within the conversation?

Mr. KiLmiNsTER. I guess all of us, based on the additional infor-
mation we looked at.

Mr. BoEuLERT. All of you were against and eventually said yes?

Mr. KiLMINSTER. I stated prior to the caucus that based on the
engineering information, that I could not recommend a launch de-
cision.

Mr. BoenLERT. Did anyone within the caucus argue for initially
the launch?

Mr. KiLMmiNsTER. Excuse me?

Mr. BoeHLERT. Was there anyone in the caucus arguing initially
for the launch as soon as you went off line? In any group dynamic
situation like that, there are opposing forces and someone takes
the lead.

Mr. KiumiNsTER. I don’t know that anyone was pushing the
launch. We were relooking at the data.

Mr. BoeHLERT. So you are telling me after a thorough, objective,
very technical analysis, you all came to the same conclusion?

Mr. KiLMINSTER. The managers came to that conclusion.

Mr. BoEHLERT. All 12 of the people there?

Mr. KiLmiINsTER. No, the managers.
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Mr. BoeHrLert. The four, and did you disagree with what the
R;logers Commission report says on page 104, and let me repeat
that.

This is an exact quote: “The Commission concluded that the
Thiokol management reversed its position and recommended a
launch of 51-L at the urging of Marshall and contrary to the views
of its engineers in order to accommodate a major customer.”

Mr. KiLMINSTER. I don’t agree with that finding.

Mr. WaLker. Will the gentleman yield?

I want to go back to Mr. McDonald for a minute, because I think
it ties in.

Mr. McDonald, you were feeling pressure at the Cape. You have
testified that a statement of Mr. Mulloy and a Mr. Hardy—both of
them made statements to that. Were they making statements
based upon orders that they got from above?

Mr. McDonNALD. I don’t know what they made their statements
on.
Mr. WALKER. Who was responsible for the change of attitude you
were feeling at the Cape?

Mr. McDonaLp. Well, I don’t know who was responsible for the
change of attitude. It came from two different sources. Hardy was
at Marshall and Mr. Mulloy was at the Cape, and they both made
statements that surprised me about their reluctance to accept our
recommendation.

Mr. WALKER. So the pressure was from those two people?

Mr. McDonaLD. That is right.

Mr. WaLkER. Was there anybody else you felt pressure about the
change?

Mr. McDoNaLp. Mr. Reinartz made a comment that our 53-
degree recommendation wasn’'t consistent with what he thought
the motors were qualified to, 40 to 90, which was a third person,
and he was from Marshall and the Cape also.

Mr. WALKER. Those three people were applying pressure to you?

Mr. McDoNALD. As far as I was concerned, yes.

Mr. WaLkER. Were any of them involved in applying pressure on
the people in Utah?

Mr. McDonaLp. They heard the same comments because we
were on a network where the comments came over the network.

Mr. WALKER. So those are the three people that you would iden-
tify ?that have changed the evidentiary proof from positive to nega-
tive? .

Mr. McDoNALD. Yes. In my opinion, yes.

Mr. BoEHLERT. One last question to follow up.

Mr. McDonald, you were there and you can tell us—a lot is lost
when a transcript is printed in black and white, but allegedly Mr.
Mulloy said, and I will read the words exactly without any particu-
lar inflection: “My God, Thiokol, when do you want me to launch—
next April?”’

Would you estimate that was said in heat—my God, Thiokol,
when do you want me to launch—next April? Or was it, Come on,
guys, when do you want me to launch—next April?

Mr. McDonNALD. It was the louder of those two.

Mr. Rok. The time of the gentleman has expired.
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We are going to call on Mr. Lewis from Florida, and then we are
going to quit for lunch after Mr. Lewis finishes his interrogatories.

It is apparent, and many members have mentioned this to me
today, that there is a great deal of additional questioning that they
want to propound to the distinguished group of witnesses we have,
so we would request that you would return tomorrow morning at
9:30 to conclude your testimony tomorrow, because there is just no
way we can get it all done today, and we are going to talk to the
Marshall Space Flight Center people this afternoon.

The Chair recognizes the distinguished gentleman from Florida,
Mr. Lewis, who will be our concluding member at the moment.

We will reconvene at 1:30 with the Marshall Space people wit-
nesses.

The gentleman from Florida.

Mr. Lew1s. Thank you, Mr. Chairman.

I think, gentlemen, that we have heard a lot of discussion this
morning and I believe we all recognize we have had a problem
since 1977 with the seals in the joints. We had a design review ap-
parently in August 1985 to redesign the joint and nothing was
really done. People were looking at it.

I guess, Mr. McDonald, I would like to ask you, who in NASA did
you basically feel that you reported to, if anybody?

Mr. McDonNaLp. Well, I felt that my normal contact was Mr.
Larry Wear, and he is the manager of the solid rocket motor
R/}'OJi(fCt at the Marshall Space Flight Center. He works for Mr.

ulloy.

Mr. Lewis. What are your responsibility and purpose at the
Cape? What were they?

Mr. McDonaLD. My responsibilities at the Cape is that all of the
contractors, including ourselves, have a representative from senior
management; [ was the director of the solid rocket motor project,
to be at the Cape to give approval for the launch in case something
came up that needed resolution, either that individual could get
t}};e resolution or have it done some way, and that is why I was
there.

Mr. Lewis. Did you personally feel that the problem that had
been observed with the field joints was a possible detriment and
would have the possibility of losing a vehicle?

Mr. McDonaup. Well, I felt that if we continued to try to expand
the boundaries on where we had been flying, that we were running
risks in that direction that we didn’t have to take.

Mr. Lewis. And the boundaries were expanded that morning ap-
parently when we had the temperature problem, is that correct?

Mr. McDonaLp. That was my concern and those of the engineers,
yes.

Mr. LEwis. And you told Mr. Mulloy, I understand, that—did you
tell Mr. Mulloy after the caucus conversation with Mr. Kilminster
that you did not want to fly?

Mr. McDonNALD. Yes; I told Mr. Mulloy, you know, that I not only
was surprised he accepted the recommendation because of this O-
ring problem and that if I were the launch director, I would cancel
the launch for three reasons, not just this one, and they wouldn’t
accept the one, which was bad enough.

Mr. LEwis. What were the three reasons?
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Mr. McDonaLDp. The first was the O-ring problem.

The second reason being that I had just returned from Mr. Ken-
nedy’s house, and he had been in contact with the ships at sea, and
they reported that they were in an absolute survival mode out
there; they were steering in shore at about 3 knots in about 30-foot
waves, and that they wouldn’t be in a position to support an early-
morning launch, and as a result, we were putting, in my opinion,
the boosters at risk and it was rather important on this launch be-
cause this was the first time I told them that we are going to sepa-
rate the nozzle at the apogee, which we had not done before, and it
was the first time we were going to separate the parachutes on
impact of the frustums. In my opinion, you could kiss those good-
bye, the parachutes, and I thought we were putting the boosters at
some risk.

The third reason was I told them that I am concerned about ice
all over that launch pad in the morning, which I suspect there will
be because I knew we used a water system for sound suppression
and I was afraid it would change the acoustics and debris and all
other kinds of problems, that it didn’t seem prudent that we would
want to launch in that condition.

It was at that time that they told me these problems weren’t
mine. I shouldn’t worry about those, but that they would pass those
on, my concerns, not as recommendations but as concerns, and I
was under the impression that they passed all three of them on be-
cause I think it was Congressman Lujan who asked why didn’t I
talk to Jesse Moore or Arnie Aldrich or something. They called
Arnie Aldrich, and we were waiting for this dispatch from Mr. Kil-
minster after they said they wanted that signed and, faxed in with
;he rationale when I was talking about the subject waiting for the
ax.

Mr. Mulloy asked me where it was, nearly a half hour had
passed, and the fax machine was at the other end of the building.
So, I went to get the fax and it wasn’t there and I wasn’t sure it
was working. In 10 to 15 minutes, it came through.

I came back and they were on a telephone call with Mr. Aldrich.
I caught the end of that because I had come back with the fax and
made copies for everyone and went in and they were talking about
the problem at sea and the risks associated with not recovering
some of the hardware. And I was under the impression they had
already discussed the first issue, which was the O-ring seal issue,
and were discussing the second.

They also discussed a bit of the third about my concern on the
ice, and the conclusion was, they had gone over that earlier in the
day and they had concluded that even though there was a high
probability of losing the parachutes and the frustums on the flight,
they would have to accept that as a good possibility. They didn’t
feel they were putting recovery of the boosters at much risk be-
cause they would have aircraft in the area and could get them
later, and they would certainly float.

I remember Mr. Aldrich asking Mr. Mulloy if he could afford
from inventory to lose that kind of hardware and still support the
flight schedule, and he said that he could, and so they accepted
that risk of losing that hardware, and they briefly discussed the
issues.
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I didn’t hear them talk specifically about the O-ring seal issue we
discussed for 2 hours, and I presumed they had done that already.

Mr. LEwis. Let me go.a little further. How many launches were
you at the Cape for, how many shuttle launches?

Mr. McDonaLp. Well, I have been alternating with Mr. Kilmin-
ster in the past couple of years since I have been on the program.
He goes to one and I follow to the next one.

Mr. Lewis. Did you have a real gut feeling that this flight should
not launch?

Mr. McDonaLDp. Well, I was more concerned of what we didn’t
know than what we knew.

Mr. Lewis. You didn’t answer my question. Did you have a gut
feeling? that this flight shouldn’t go off with all the data available
to you?

le"lr. McDonarp. Well, I had a gut feeling that it wasn’t prudent
to launch this and we could wait a day or two and get rid of any
concerns.

Mr. Lewis. You stated to the Rogers Commission, ‘I am the one
that has to answer, yes, Thiokol is ready to fly. I am the guy who is
going to have to get up and say, yes, we are ready to fly.”

If you felt strongly that you shouldn’t have launched and you
had this responsibility, why didn’t you go to make a statement that
if you launch, I cannot accept responsibility, or make statements
like this? If you knew Mulloy wasn’t going to do anything about it
essentially, why didn't you go to Moore?

Mr. McDonNALD. I thought they had addressed that with Arnie
Aldrich on the teleconference. I was sure they had. I was amazed
that that never went further, because I knew that if I was going to
have influence on whether to launch or not after management had
come back and recommended to proceed on that, I was talking to
the right gentleman to influence that. One was a member of the
Mission Control team, Mr. Reinartz, so I had no reason to believe
they hadn’t discussed that thoroughly with Mr. Aldrich and Mr.
Moore, and was shocked to find they hadn't.

Mr. Roe. Will the gentleman yield?

I think the gentleman is developing a very important, I think,
final point of view, which is, at what level was the decision made,
and it appears from our earlier testimony from the chairman of
the board, Mr. Locke, that it never reached—that decision never
reached that top level of determination, and nor, from what Mr.
McDonald and Boisjoly are saying, nor did that decision reach the
top level of NASA’s leadership. So, the decision was made some
place in between.

I thank the gentleman for yielding.

Mr. Lewis. Thank you, Mr. Chairman.

Mr. Chairman, we are going to have a constraint on time, but I
would like to go further with Mr. McDonald.

Was Thiokol polled by the launch director at the T-minus-1 mark
in preparation for turning the control over for the ground launch
sequence?

Mr. McDonALD. I was not aware that they were.

Mr. LEwis. Were you at that time? Still in the control room?

Mr. McDonNALD. Yes; I was in the firing room No. 2.

Mr. LEwis. Was Mulloy there with you at that time?
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Mr. McDonaLp. No; I don't believe he was. I didn’t see him.

Mr. LEwis. Mr. Chairman, I would like to resume my questioning
tomorrow morning.

Mr. Rok. Before we break up, I want to get one point clear for
the record from Mr. Kilminster or Mr. Garrison. Has there ever
been an occasion in your association with the NASA agency where
you have been required to provide a certified statement in defense
of a launch such as this particular experience you have had in the
accident?

Mr. KiLMINSTER. No, sir; not other than the normal flight readi-
ness review sequence.

Mr. Roke. Did you feel that might be suspect? Why would some-
body say we have had all these launches, but when this decision is
being made, somebody says, go offline and do your thing, but when
you go back, let us know and we want that in writing from you,
which you said that was very unique; is that correct?

Mr. KizminsTER. The whole sequence was unique.

Mr. Roe. Didn’t you feel that that was a little surprising? Didn't
you feel a little bit funny—why did NASA do that? What is your
conjecture?

Mr. KiLMINSTER. I wasn’t overly surprised when they requested
that in writing.

Mr. RoE. Why weren’t you surprised? It had never happened.

If somebody said to me, hey, you know we have been working
this way for the last 10 years, but this one we want in writing, I
would question that. That would have a different connotation to
me, but it didn’t to you?

Mr. KiLMiINSTER. It did not.

Mr. RoE. You expected them to ask in writing.

Mr. KiMmiNsTER. I was not surprised, and again, because of the
flight readiness review process, we do have a piece of paper there
that is signed that says it is OK to fly, and if some new issue came
up, it didn’t surprise me.

Mr. RoE. Thank you for your testimony this morning.

The committee will stand in recess until 1:30, when we will re-
<l:\<I>n\Srene and take testimony from the Marshall Space people and

ASA.

[Whereupon, at 12:40 p.m., the committee recessed, to reconvene
at 1:30 p.m., this same day.]

AFTERNOON SESSION

Mr. Rok. The committee will come to order.

I want to apologize to our distinguished witnesses today. We had
four votes in a row. We resume our deliberations from this morn-
ing when we heard from Morton Thiokol.

This afternoon’s witnesses are from the Marshall Space Flight
Center. Dr. William Lucas, Director of the Center, is accompanied
by Dr. Wayne Littles, Deputy Director of Science and Engineering;
Lawrence Mulloy, Assistant to the Director for Science and Engi-
neering; they are all accompanied by Stan Reinartz and Mr. Gerald
W. Smith.

The NASA centers and the aerospace contractors must operate
in continuous coordination and communication in order for each to
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perform its assigned responsibilities. Today we are exploring how
this occurs, or fails to occur.

We also have with us Dr. William Graham, NASA Deputy Ad-
ministrator; and Thomas Moser, Deputy Administrator of NASA’s
Office of Space Flight. )

Welcome back to our hearing this afternoon. Before we continue
to proceed, I would like to hear from our distinguished minority
leader, Mr. Lujan.

Mr. Lusan. Thank you very much, Mr. Chairman.

I too am pleased to welcome our witnesses from the Marshall
Space Flight Center. I welcome this opportunity to hear from them
to better understand the nature of their attitudes and actions on a
wide range of issues we have been investigating the past week.

I am particularly concerned by what appears to be a complete re-
versal of NASA’s attitude toward launch safety. In testimony from
Morton Thiokol this morning, we heard that during the debate on
whether the launch should proceed, the burden of proof to launch
shifted dramatically from NASA to the contractor. Furthermore,
where it had been standard operating procedure to prove that it
was safe to launch, for 51-L this apparently was not the case.

Our witnesses this morning testified that officials from the Mar-
shall Space Flight Center told Thiokol to prove that it was not safe
to launch. Clearly, this is an issue we must resolve today. I want to
know if and why NASA told Thiokol that if they wanted to stop a
launch, they would have to prove that it was unsafe to launch. I
also want to know how this shift in attitude came about.

I am also deeply concerned by the obvious confusion with regard
to the design specifications, the effects of temperature on the solid
rocket motors, and how the motors were qualified. We also need to
know precisely how the lines of communications between the Mar-
shall Space Flight Center, the Johnson Space Flight Center, and
NASA headquarters operated with regard to the joint in general
and the launch of 51-L specifically.

I hope that by the close of business today, we will know exactly
how serious Marshall officials thought the joint problem was, what
they did about it, and with whom they discussed these problems
outside of Marshall. We will be making real progress when we get
the answers to these questions.

Mr. Rok. I thank the distinguished gentleman from New Mexico.

Before we proceed, we are going to swear in all the witnesses. If
all the people who are testifying today would stand and raise their
right hand.

[Witnesses sworn.]

Mr. Roe. This morning’s hearing was very intensive. We are
trying to bring together that decisionmaking process that took
place on the go or no-go on January 27. We are trying to draw that
together and get a response hopefully this afternoon from the rep-
resentatives of the NASA organization from the Marshall Space
Center. First I want to call on Dr. William R. Graham, our Deputy
Administrator for his opening remarks.
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STATEMENTS OF DR. WILLIAM R. GRAHAM, DEPUTY ADMINIS-
TRATOR, NASA, ACCOMPANIED BY THOMAS MOSER, DEPUTY
ADMINISTRATOR, OFFICE OF SPACE FLIGHT AND ADM. RICH-
ARD TRULY, ASSOCIATE ADMINISTRATOR FOR SPACE FLIGHT

Dr. GRaram. Thank you, Mr. Chairman.

Mr. Chairman and distinguished members of the committee, Dr.
Fletcher, the NASA Administrator, had hoped to be here, but after
we had testified here last week, he had committed to appear at this
time before the Senate Subcommittee on Science, Technology and
Space. Therefore, I am here today as Deputy Administrator of
NASA to address your questions.

As Dr. Fletcher, Admiral Truly, and I explained to this commit-
tee last week, NASA is moving forward to implement the recom-
mendations of the Rogers Commission. Since then the President
has told us that “the procedural and organizational changes sug-
gested * * * will be essential to resuming effective and efficient
Space Transportation System operations, and will be crucial in re-
storing U.S. space launch activities to full operational status.” Of
course, NASA fully supports that direction.

Admiral Truly, in assuring you that the Commission recommen-
dations would be his road map, gave you an interim report of
progress last week. This morning in the session that Dr. Fletcher
attended NASA responded to the recommendation of the Commis-
sion to establish an Associate Administrator for Safety, Reliability
and Quality Assurance, reporting directly to the Administrator and
independent of other NASA functional and program responsibil-
ities by committing to establish this position and office, which will
be established with direct authority over safety, reliability, and
quality assurance, agencywide.

We have learned that the NASA management organization, in
this regard, was flawed. I believe that this was an outgrowth of at-
titudes and procedures that had formed over many years. We are
changing that system in order to do what the President has said
must be done: “* * * make our space program safe, reliable, and a
source of pride to our Nation and of benefit to all mankind,” and to
“retain our leadership in the pursuit of technological and scientific
progress.”

We are changing that system because, while great accomplish-
ments have been made in our space efforts, serious mistakes have
also been made.

In all programs involving people, errors will be made, errors in
fact, errors in judgment, and errors in approach. One of the great
contributions that NASA has made in the past is to blaze the trail
in establishing how to manage large, complex programs in such a
way that errors do not persist and grow into disasters, but rather
are controlled and removed before they can cause serious harm.

Often we have heard people say “If we can put men on the
Moon, surely we can do that.” almost whatever “that” was. And
the statement is true. But putting men on the Moon, or putting the
space shuttle into orbit—or moving a 100-ton vehicle at 10 times
the speed of a rifle bullet—is an extremely unforgiving business,
and demands the most rigorous and constant observation of engi-
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neering and management discipline to agree substantially beyond
every day experience and practice in most other fields of endeavor.

NASA must learn again things that it learned before, and it
must learn new things as well—in management communications,
organization, and engineering. )

Mr. Chairman, with your committee’s help and oversight, and
the dedicated effort that NASA and the U.S. scientific and aero-
space community are making, NASA in the future will be a strong
and capable national enterprise. . .

At my left today is Mr. Moser, NASA’s Deputy Associate Admin-
istrator for Space Flight and to my right is Dr. William Lucas, the
Director of the Marshall Space Flight Center.

Dr. Lucas will give a short statement and then we would be
pleased and prepared to answer your questions.

Mr. Rok. The Chair recognizes Dr. Lucas.

STATEMENTS OF DR. WILLIAM LUCAS, DIRECTOR, MARSHALL
SPACE FLIGHT CENTER, ACCOMPANIED BY J. WAYNE LITTLES,
DEPUTY DIRECTOR OF SCIENCE AND ENGINEERING; LAW-
RENCE MULLOY, ASSISTANT TO THE DIRECTOR FOR SCIENCE
AND ENGINEERING; GERALD W. SMITH, MANAGER, SOLID
ROCKET BOOSTER PROJECT; STAN REINARTZ, MANAGER, SPE-
CIAL PROJECTS OFFICE, AND BILL SNEED, ASSISTANT DIREC-
TOR, POLICY AND REVIEW

Dr. Lucas. Thank you, Mr. Chairman.

Mr. Chairman and distinguished members of the committee, I
am pleased to represent the dedicated men and women of the Mar-
shall Space Flight Center in responding to the report of the Rogers
Commission.

The distinguished chairman and the dedicated members of the
Commission were diligent and painstaking in their execution of a
very difficult assignment. We agree with the findings as to the
cause of the accident. We have cooperated with the Commission
from the outset and, so far as I know, have responded to its every
request as rapidly as possible. Our people have worked very hard
to devise tests and supply data to substantiate conclusions being
reached on the basis of analysis and deduction.

From the moment of the accident, we have been deeply engaged
not only in finding the cause of the failure, but also in preparing to
fix the causes of the failure. With the appointment of the Commis-
sion, we directed all of our factfinding to the support of the Com-
mission through the NASA 51-L Data and Design Analysis Task
Force. Our people, living with shock and grief, have been able to
apply themselves diligently to the identification and correction of
the problems.

As soon as the solid rocket motor joint became the most likely
suspect as to the cause of failure, we organized a team of design
and analysis experts from the Marshall Space Flight Center, from
other NASA centers, and from several industrial contractors, in-
cluding Morton Thiokol Inc. to redesign the joint. In addition, we
engaged a panel of senior independent experts from industry and
Government to overview the design team activity.
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That panel has already held one 2-day meeting, has supplied rec-
ommendations in writing subsequent to the meeting, and individ-
ual members of that panel have made important suggestions that
are being considered. It has been encouraging to have received un-
solicited offers of assistance from several industrial organizations,
many of them nonaerospace, and from private individuals. We are
giving careful consideration to each suggestion.

In addition to this activity, we welcome the fact that the Nation-
al Research Council has identified a panel of distinguished individ-
uals to overview the entire effort and report to the Administrator.
I'm confident that ail of this activity will result in a safe solid
rocket motor joint design that can be verified by test.

The Marshall Space Flight Center has undertaken a reevaluation
of the design requirements, failure modes and effects analyses
[FMEA], critical items lists [CIL], and the launch operations re-
quirements for each of its space transportation system elements—
solid rocket booster, space shuttle main engine, and external tank.

The review of the design requirements includes participation
with the Johnson Space Center to verify the level 2 system require-
ments which are the basis of the requirements for the level 3 trans-
portation system elements. Each of the subsystems and components
within the level 3 elements will be reviewed again to determine
that they are desighed to the requirements and have been verified
functionally.

The Government and prime contractors will accomplish this
review and present the results to a Design Certification Review
Board for final approval. The element operational requirements for
each of the Marshall systems are being reviewed to assure that re-
quired verification during the launch preparation is included in the
appropriate document.

A reevaluation of the failure modes and effect analyses and criti-
cal items lists has been initiated for each subsystem of each shuttle
element assigned to the Marshall Space Flight Center. The evalua-
tion approach requires each prime contractor—Rocketdyne, Martin
Marietta, Michoud Aerospace, USBI, and Thiokol—to accomplish
an evaluation of its element and publish an updated FMEA/CIL
document.

Additionally, independent contractors have been employed to
conduct a separate and independent review. The independent re-
views and the prime contractor results will be assessed by a Gov-
ernment team and the findings and recommendations will be pre-
sented to a senior board. All criticality items will be reviewed by
the Board and its recommendations will be forwarded through
level 2 for review and approval by level 1.

We are reviewing our management delegations and systems to
assure that they are totally commensurate with the spirit and
practice of open communication throughout NASA, Where changes
are indicated, they will be made without hesitation.

Mr. Chairman, this has been the most painful experience in the
history of the Marshall Space Flight Center. We will not forget the
dreadful 51-L disaster, and I'm confident that the men and women
of the Marshall Space Flight Center, along with their associated
contractors, will apply to the resolution of the current problems, all
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the vigor and ingenuity that have resulted in the great number of
successes in the last 26 years.

We are prepared to exert any effort and make any sacrifice nec-
essary to restore our country’s space program to a position that our
citizens expect.

Thank you, Mr. Chairman.

Mr. Rok. Thank you, doctor, for your testimony.

I want to first of all compliment NASA for having taken an im-
portant step in already establishing an Associate Administrator for
Safety. I think that is one of the strong recommendations that we
felt and I think you are to be complimented for moving so fast and
starting the implementation of the recommendations of the com-
mittee and the Commission.

We want to bring together the thought process that was utilized
and once and for all, set that to rest because it bears upon many,
many other areas of concern in the committee, the decisionmaking
process that took place on January 27. This morning we had the
Thiokol people in as you know and we spent about 4 hours going
through their observations, exactly what happened. We mentioned
the point of view that it is not our concern to nail somebody, that
is not our goal. Our goal is to do a number of things, first to ascer-
tain what the actual facts were at that point, that is essential to
put that to rest, what happened in the decisionmaking process and
just about where we are going to go from here.

Those are all the directions we are talking about. Now having
said that in the course of events that took place on the 27th, we
now would like to hear from Mr. Lawrence Mulloy. Is he here? If
you would come forward, I think you were sworn in. We would like
to hear from you as we asked two witnesses this morning what
your recollections and what your intent was and we have a copy of
the film that was made at the time that the decisionmaking was
going on, which will show—would you like to see that first? It
might help you.

Let’s show that film for the members of the——

Dr. GraraM. Mr. Chairman, may I introduce Admiral Richard
Truly, the Associate Administrator for Space Flight who has just
come from another hearing.

Mr. RoE. Welcome.

I believe this is a video conference, an earlier flight readiness
review, is that correct?

Mr. Murroy. That is correct. This is an excerpt from the 51-L
flight readiness review, I think.

[Film shown.]

Mr. RoeE. Now what we would like—the debate which has arisen
which we are attempting to put to rest, during this morning’s testi-
mony Mr. Allan McDonald and Mr. Boisjoly both had expressed
their point of view that they were deeply concerned about going
ahead with the launch simply because of a number of reasons, but
particularly because of the temperature, testing hadn’t been done
at those lower temperatures and so forth, and so had projected
their concern to Thiokol.

I am sure—if I get this out of step somebody correct me.

The second point was that the Thiokol people then had a caucus
telephonic meeting and discussed the matters of issue involved, and
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had expressed the point of view that they were concerned about
lallmccliling at a lower temperature and other factors that were in-
volved.

Now purportedly the Marshall Space people came back and chal-
lenged that issue and in effect, reversed the point of view from a
positive to a negative point of view and in effect tell us why we
can’t fly. We don’t think your interpretation of the engineering
technical facts that are before us are correct and therefore you
members from the Marshall Space Center, including yourself et al
purportedly came back and said here is another set of circum-
stances. We want you to rereview this and then the caucus was
held and the decision was made after a half-hour review by the
Thiokol people that were at that conference, 11 or 12 people.

There are two points, an observation that was in the Commission
report that we are concerned with the point of view that the deci-
sion that Thiokol made was based upon the point of view that
NASA was one of their best customers. That is one of the observa-
tions and it is on page 104, I am sure you have heard it.

The Commission concluded that the Thiokol management re-
versed its position and recommended the launch of 51-L at the
urging of Marshall and contrary to the views of its engineers in
order to accommodate a major customer. That is an issue that has
to be dealt with and we dealt with that this morning.

What we would like to hear from you at the moment, Mr.
Mulloy, is what your observations are on that issue. That is the
two areas that we asked Mr. McDonald and Mr. Boisjoly and you
are credited with certain decisions. What is your remembrance of
that? In other words, was Thiokol under pressure by you represent-
ing NASA to make a decision that it shouldn’t have been making?

Mr. MuLLoy. I would like to relate the tape that you saw to the
timeframe and to January 27. I think it is best to look at the chro-
nology of the history of this problem which is well documented in
the Commission report but, I think it focuses where I was coming
from on January 27.

As stated there had been O-ring erosion on the second flight of
the shuttle system, STS-2 were some fifty-two one-thousandths of
erosion was seen. I took over the SRB program at STS-5. At the
time we flew from STS-5 to STS-10 with no observation of erosion.
We first saw erosion in a case joint when I was manager of the
SRB program at STS-10 and that was covered in some detail in the
STS-11 FRR. It was explained to me, since that was my first expe-
rience with that erosion that that was somewhat less than what we
had seen on STS-2.

The contractor developed the technical data where the first tests
were run to determine what was the mechanism for the erosion
and how bad could it be. That was presented to me as a rationale
to continue flying, once we had seen it on STS-2, what we saw on
the last flight wasn’t as bad, therefore it was an acceptable risk.

As the project manager, I am in the position of getting data from
Morton Thiokol and having the data assessed and they present the
data to me along with a recommendation. I test the data and make
my own judgment whether or not the data supports the recommen-
dation being made, and that was done on the flight review.
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Subsequent to that, we continued to see this primary O-ring ero-
sion in the field joints, in the case, and in the case to nozzle joint.
Each time we saw that observation after a flight, the contractor,
Morton Thiokol, looked at the extent of that erosion, did additional
testing as deemed appropriate to further understand the mecha-
nism for that erosion, and came to me with a recommendation to
continue flying.

My engineering people supported that recommendation and in
each case, that that new observation was made in nine instances
that was reviewed by levels of management above me, starting
with the basis for that judgment. Both the data and the base for
that judgment was reviewed by the shuttle project office at the
Marshall Space Flight Center and by a center board convened at
the center with senior members of management, engineers at the
center, and is chaired by Dr. Lucas and then we take that informa-
tion to level 2 and into level 1.

That was done on STS-11, 41-C, 41-G, 51, 51-F, 51-1, 51-J, 61-A,
and 61 Bravo, where an incidence of erosion was seen, and in each
case the contractor judged that that erosion was acceptable. They
thought the tests and analysis that they were doing showed that it
was an acceptable risk. They so recommended to me. I made my
own judgment on that, and agreed with that recommendation that
it did indeed represent an acceptable risk, and presented that to
my management for judgment.

Mr. Roe. Will you hold a minute? I don’t want to break your
train of thought, but it seems to us that that goes a little afield of
what was testified to this morning. I just want to ask you this one
question: Did they certify to you—in other words, this was the re-
sponsibility of Thiokol to come to you and say we have reviewed
everything, we have reviewed this situation in the O-rings, we have
reviewed this deterioration or whatever you want to call it, and we
recommend it is OK and still continue to fly.

Mr. MuLLoy. Yes; sir, and in every flight readiness review you
will ﬁé’ld a presentation from Morton Thiokol where this suggestion
is made.

Mr. Roe. Did you question that?

Mr. MuLLoy. Yes, sir, in several specific instances. Now, on the
first instance that I saw the erosion, that is where we first went, or
a Thiokol person went, and did some limited testing to determine
how bad it can be. My question was we had 53 thousandths of STS-
2 and I forget exactly what the magnitude was on STS-10 but it
was somewhat less than the 53 thousandths. This is where this
mechanism was first identified and that was done by Morton Thio-
kol engineers, Mr. Thompson, Mr. Boisjoly, Mr Russell, and the
people who were in the program at that time. And yes, I did ques-
tion it.

Mr. Rok. It was questioned but then your technical review didn’t
indicate that NASA should take any different view than what they
took at that point.

Mr. MuLLoy. That is correct, and that was based on the assess-
ment that I had done as the project manager by the engineering
people at the Marshall Space Flight Center.

Mr. Roke. Did you advise your level 2 and level 1 people?
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Mr. MuLLoy. Yes, sir; all of those instances I mentioned, were
discussed at the level 2 and the level 1 flight readiness reviews,
yes, sir. Now I am trying to relate this to get up to January 27.
There were a couple of things then that began to happen that were
different than what we had been seeing on STS-11. What we were
dealing with first was hot gas impingement on the primary O-ring
that was causing it to erode, but it never had any indication it did
not seal.

Then, on a nozzle joint, we saw evidence that we had had a soot
behind the primary O-ring, which was an evidence of blow-by. That
was something that was different, so that was treated in quite a bit
more detail on the flight readiness review, and back in April of last
year, about April 1985, we had something that was of deeper con-
cern to me, and that was on the nozzle joint, where we found that
we had completely violated a primary O-ring and had indeed
eroded a secondary O-ring, and Mr. McDonald discussed that in
some detail this morning, and the history of that, and the rationale
as to why Morton Thiokol then came and recommended continued
flying even in light of that, and that was in Mr. McDonald’s testi-
mony this morning.

I tested that rationale and concluded that was a sound recom-
mendation, and carried that forward that my recommendation was
that that was an acceptable risk. And then we came, the tape that
we were seeing here, on 51-E was the one, the flight readiness
review that occurred right after the next coldest or the coldest
launch at that time, which was in January 1985.

In that instance, if you look at the record, you will find that
Morton Thiokol’s recommendation, after having seen that and the
recommendation, was based on the following or the same type of
logic that was eventually developed for the 51-L launch, that we
can expect to see blow-by, we can expect to see, we have to live
with blow-by, and we can expect to see some erosion. As a matter
of fact, the statement in that flight readiness review is that this
condition may repeat on the next flight, but that condition is not
outside of our experience base and represents an acceptable risk.

Now we judged that, I judged it. I assigned in that case I think
six or seven action items to go back and look more specifically and
provide more data that supported that position. One of those ac-
tions was related to the statement that said cold appears to en-
hance blow-by, and the analysis that was provided back at that
time said that the squeeze on the O-ring was reduced 1 percent, I
believe, and that the O-ring got somewhat harder. However, you
still had positive squeeze and the hardness of the O-ring was not of
concern, so now I am going to get to the night of January 27. That
is kind of the history of everything that we had been dealing with.

Mr. Rok. If the gentleman would yield at that point.

Mr. MuLLoy. Yes, sir.

Mr. Rok. Before we take the 27th, the record is replete, however,
for over a period of years—years, not just months—years on the
continuing recurring problem on the O-rings, continuing, so we go
back 6 or 7 years on that. I mean Mr.—1977—Mr. Locke had testi-
fied to the point of view this morning that they as a result of the
January situation in 1985 ultimately they set up an in-house task
force, I think it was 40 engineers and people on it going back to the
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middle of 1985, intensively to review this. So people were aware,
including the agency, of the severity of this problem. Is that a cor-
rect commentary?

Mr. MurLoy. That is a correct commentary.

Mr. Roe. Will the gentleman proceed?

Mr. WALKER. Just one point of information. All this information
that you had in front of you now getting into January 27, did that
include the tests run by Morton Thiokol 100 degrees, 75 degrees,
and 50 degrees, where at 50 degrees they literally had shown 100
percent chance of failure?

Mr. MuLLoy. Yes, sir; that data was in the 11 or 12 charts that
Thiokol had submitted for review.

Mr. WALKER. It was available?

Mr. MuLLoy. Yes, sir.

Mr. WaLKER. You did know that tests had been run and showed
100 percent chances of failure at anything below 50 degrees?

Mr. MuLrLoy. The data shows the O-rings will not track the seal-
ing surface at 75 degrees.

Mr. WALKER. I understand. But at 50 degrees, there was no seal
whatsoever and it didn’t take place for 10 minutes and you only
used the engine for 2 minutes?

Mr. MuLLoy. That is correct, and at 75 degrees there was a 2.4
second delay, as was testified by Thiokol this morning.

Mr. Warker. What I am trying to say as we get to the 27th, you
did have data before you that showed that at 50 degrees or below
there was a 100-percent chance of failure of the O-ring?

Mr. MuLLoy. I had data, sir, that indicated that the O-ring would
not track the metal surface at 75 degrees for 2.4 seconds, and in 10
minutes it would never recur to track the metal surface. That was
the total extent of that test. It was two steel plates with an O-ring
between it and then lifting the steel plate at the rate of expansion
or gap opening that actually occurs in the gap and looking at the
fgrst light between those and measuring the time. That was the test

ata.
. 1}’[5 WALKER. If it doesn’t track, it doesn't seal, so therefore it
ails?

Mr. MuLrLoy. That is correct, sir, and those data would indicate it
would fail at 75 degrees.

Mr. Rok. The gentleman will proceed.

Mr. NELsoN. Mr. Chairman, what is the validity of that data,
then, because obviously the O-rings are sealing at 75 degrees on the
SRB’s. May I interject that question?

Mr. Rok. The gentleman from Florida.

Mr. MuLLoy. You are asking that of me, sir?

Mr. NELsoN. Yes, sir, that data taken by itself cannot be interpo-
lated or extrapolated to determine whether or not an O-ring will or
will not seal in a dynamic situation, as was subsequently shown by
additional tests.

Mr. Rok. All right, the gentleman will proceed.

Mr. MuLLoy. OK. January——

Mr. RoE. January 27, now you are going to say, you are going to
start to unfold what happened.

Mr. MuLLov. Yes, sir.

Mr. Rok. OK.
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Mr. MuLLoy. Now, there was some confusion. I watched the testi-
mony this morning on CNN, and there still seemed to be some con-
fusion about who started things and asked for and who recom-
mended what, so I would like to go into that and I will get to my
thought process, if I may, sir. When we stood down from the
launch on the 27th, a request went out knowing that we were going
to have cold that night, for all the elements to look at any concern
for the cold temperature for the night of the 27th. That went to the
items that I was responsible for, which is the SRB, which is the
SRM Morton Thiokol and USBI.

Mr. Roe. Was it in writing?

Mr. MuLLoy. No, sir, that was an oral request over the communi-
cation net. The concerns that came back before we went into the
initial mission management team that afternoon came back to me.
The only two concerns that came back, there was some concern
that we would break a launch commit criteria on the temperature
of the recovery battery, which is up in the forward skirt of the
solid rocket booster, and possibly the temperature, low temperature
limit on the fuel service module in the aft end of the solid rocket
booster which contains the hydrazine fuel that powers the auxilia-
ry power unit that provides the power steering for the swivel
nozzle for the booster. No mention was made at that time of any
concern for the effect of cold on the O-rings.

Mr. Wear, who is my Solid Rocket Motor Element Manager,
passed that request in the case of the solid rocket motor to Mr.
Boyd Brenton, who is the chief engineer for Thiokol on the solid
rocket motor, who was at the Huntsville Operations Support
Center, at the Marshall Space Flight Center, supporting the
launch, and said, “Do you have any concern for the cold tempera-
ture on the SRM’s at the temperatures predicted for tonight? It is
supposed to go below freezing.’

Mr. Boyd Brenton, who is in Huntsville, and this is all in the
Presidential Commission record by the way, called a Mr. Robert
Ebeling at Thiokol and asked him was there any concern for the
cold temperature. Mr. Ebeling contacted Roger Boisjoly and some
other people, Mr. Brenton called Mr. Thompson, who contacted Mr.
Ebeling, and Mr. Ebeling then I believe the Presidential Commis-
sion reports got Mr. Boisjoly and some other engineers together to
look at the effect or any concerns that the solid rocket motor might
have for the cold temperatures projected that night.

The record shows that Mr. Ebeling then contacted Mr. McDonald
at KSC, who I believe stated that he was at Carver Kennedy's
house at that time and told Mr. McDonald that they were working
the request to look at concerns for the cold temperatures on the
SRM, and one thing they had concern about was the effect that it
would have on the sealing of the O-rings.

Mr. Ebeling requested Mr. McDonald to provide him with the
latest projection on what temperature was going to be that night. I
believe the testimony shows that actually Carver Kennedy called
KSC and got that information from KSC. Mr. McDonald then re-
layed that back to Mr. Ebeling.

Then Mr. McDonald called Cecil Houston, who is the Marshall
resident manager at KSC, and told him that Thiokol had some con-
cerns relative to the effect of the cold temperature on the O-rings,
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that the engineering people wanted to discuss those concerns and
asked Mr. Houston to set up a teleconference. That is the early
teleconference referred to in the record where the communications
were very bad, and the result of that teleconference was to set up a
later telecon at 8 o’clock, KSC time, whereby the participants, all
of the principals, could get on a four-wire network where the com-
munications would be better.

Thiokol, meanwhile, would prepare some charts that better sum-
marized the concerns that the engineers had, and they would
transmit those from Utah to Huntsville, and from Utah to the
Kennedy Space Center.

Mr. Reinartz was involved in that early telecon, Mr. Houston
called Mr. Reinartz. I was not contacted on that in the first telecon.
Inadequate communication, so not much information could be
transmitted. Mr. Reinartz then contacted me, and informed me we
were going to have a telecon at 8 o’clock. We were going out to the
Cape, to our resident manager’s office out there where we had a
four-wire network, and Mr. McDonald was to join us at that loca-
tion.

Mr. Reinartz and I went, we were staying at the Merit Island
Holiday Inn, over to Dr. Lucas’ room, where Mr. Kingsbury, the Di-
rector of Science and Engineering, also was. We just told them that
Thiokol had some concern relative to the temperature, and the
effect of that on the O-rings on the sealing of the joint, and that we
were going out to a teleconference to discuss and to better under-
stand that. That was the extent of that communication.

We then went out to the Kennedy Space Center, the charts were
a little late coming in. Stan and I arrived there, Cecil Houston was
there. Some time after that Mr. McDonald arrived, and somewhere
I think the record shows around 8:45 we finally got the charts that
had the data on them, not conclusions, no conclusions, but data,
and we began a teleconference.

The Commission report shows all the participants in that tele-
conference. There were a number of them at Marshall. The people
that had been assembled at Marshall were under the leadership of
Mr. Hardy, who is the Deputy Director of Science and Engineering,
and my chief engineer for the Solid Rocket Booster Project was
there, and all other personnel who were available that could be
rounded up that evening who had knowledge of the history of the
O-ring erosion.

Thiokol, meantime, had assembled 11 or 12 people there, which I
did not know at the time of the teleconference, but subsequent to
that I had found out that included the senior management at
Morton Thiokol, and as I say, at KSC there was me and Al McDon-
ald, Stanley Reinartz, and Jack Buchanan, who heads up the Thio-
kol launch support service organization down there, so the telecon-
ference began, and the 11 or 12 charts that were used are in the
record, and the Thiokol engineers presented those charts.

Mr. Boisjoly, I think, presented some of them. I think Mr. Brian
Russell actually discussed some of them, and Mr. Thompson actual-
ly discussed some of them, and the upshot of that data, the data
that were in there, were the one that the gentleman had asked
about earlier, was the three specific temperatures in there, and
then the total record of O-ring erosion that I mentioned going back
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to the STS-10 was also in that briefing, and what the discussion
really centered around was what was the meaning of those three
tests, points at 100 and at 75 and at 50 degrees, and a lot of the
discussion centered around if one expects that the cold tempera-
ture per se will cause the joint—will cause blowby, why did we
gave evidence in the rest of the record where we had blowby at 75
egrees.

As a matter of fact, the two worst instances that we had, the two
things that were the most concern to me occurred at warmer tem-
peratures, the first one being the erosion and STS-10 and going
back to STS-2 where it was much worse and then the one where
we completely eroded a primary O-ring and eroded a secondary O-
ring was not related to that temperature.

So we assessed those data, and—in real time. There was an engi-
neering discussion. It went on for about 2 hours, and it is a very
typical kind of discussion that occurs between our contractors and
Government engineers.

Mr. Rok. This was going on with the company in Utah.

Mr. MuLLoy. Yes, and the people in Huntsville.

. Mr. ROE. And that is before they went off the record for the half
our.

Mr. MuLLoy. Yes, sir, yes, sir, and rationale developed during the
course of that conference, and the rationale generally that was de-
veloped stated that we had to be tolerant of blowby on the primary
O-ring at any temperature, and the test data that showed that at
75 degrees it is 2.4 seconds before the O-ring recovers is, could ke
an explanation of why we were having blow-by at 75 degrees, but if
the concern was as soon as pressure got to the primary O-ring, and
the joint began to rotate you had blow-by the primary O-ring, that
jet, that pressure, would immediately get to the secondary O-ring,
and that pressure on the secondary O-ring test data had shown
would seal at 30 to 50 pounds per square inch which is down inside
that 170 millisecond timeframe that Mr. Boisjoly testified to this
morning, and the conclusion was that, one, the data did not show
that the primary O-ring would fail due to low temperature, and
the—but that if you got blowby at the moment of ignition the sec-
ondary O-ring was in a position to seal, and that was the logic that
was discussed that was a prolaunch type of logic.

Then Thiokol went on, having had that discussion, Mr. Kilmin-
ster asked for a caucus, and after he had been off the loop for some
30 minutes, he came back with the rationale that was later put in
writing and sent down with the signature on it that was a ration-
ale to fly. .

Now if I may address your concern, sir, was there a reversal in
my mind to say, “prove to me that you cannot fly,” I certainly was
not conscious of any such reversal. [ had no motivation, no driving
motivation at all, to launch that vehicle on January 28 verus Janu-
ary 29 or February 5. What the people who were on that telecon-
ference were dealing with is what were the data telling us, and I do
believe, because we had had this history of problems, and because
we were familiar with all the data that was presented there, our
conclusion was that the data was saying, or were saying, that it is
an acceptable risk to fly.
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Mr. Roe. How do we—in the testimony this morning, when we
heard from Mr. Kilminster and certainly Mr. McDonald and Mr.
Boisjoly they both, particularly Mr. McDonald and Mr. Boisjoly
said they were terribly concerned about the whole idea of flying at
all because of those low temperatures and made quite a point of
that.

I am sure you looked at that on testimony this morning and then
when we talked and the questions were asked to Mr. Kilminster at
the time as to what was the general feeling of the engineering
group that were involved in that caucus, that in going into that
caucus, the general feeling was that the information they had was
such that they would recommend not flying.

Do you recall that part of the testimony?

Mr. MuLLoy. Yes, sir.

Mr. RoE. But then apparently from the discussions that they had
with your folks, yourself and others, they took that back under ad-
visement in that 30-minute caucus, and then came back and in
effect made a different decision. Even after the decision was made,
Mr. McDonald particularly and I believe Mr. Boisjoly said they
were still not satisfied, very much distressed with that, couldn’t
possibly understand how that decision could have been made under
the circumstances.

The next question was asked to Mr. Boisjoly at the tail end of
this morning, had to do with the point did we have any substantive
information recognizing the history of the operation, and that
whole situation over a period of 7 years, there are all kinds of
groups being assigned to relook at it and testing every time we are
flying and so forth, having a series of events take place, where
even NASA itself came back and was concerned about the extra
residue and so forth in that joint, and then the question was asked
at lower temperatures was there any test actually made at lower
temperatures, and Mr. Boisjoly responded and said beyond the tem-
peratures involved, I believe it was 50 degrees, the answer was
“No.” And then our concern immediately of the committee arose
on the point of view that here a decision was made by whomever or
with a combination, that was lesser than the degrees that had been
tested and therefore we were in an area that we just did not have a
substantive fact, is that a fair representation of what was said this
morning?

Mr. MuLLoy. Yes, sir; I believe it is a fair representation.

Mr. Roe. What would be your response?

Mr. MuLLoy. Of what was said this morning.

I would say that Mr. Boisjoly was the leader in expressing the
concerns. He was the man who had the engineering data, and
during the course of the 2-hour discussion, Mr. McDonald did not
enter into that at all.

Mr. RoE. He was not there?

Mr. MuLLoy. Yes, sir; he was there, he was at KSC but he was
listening as we were——

Mr. RoE. I am sorry, he didn’t enter into the——

Mr. MurLoy. Into the discussion during the first part of the tele-
con. That was all being led from Utah, and the engineers were
talking, and Mr. McDonald did as his testimony shows, and testi-
mony in the Commission record shows, toward the end of that tele-
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conference he did interject that, oh Mr. Kilminster, that before
they went into the caucus that they should consider something Mr.
Hardy had said earlier, and that he thought that was very impor-
tant, and that was the fact that the secondary O-ring was in a posi-
tion to seal, should you have blow-by the primary O-ring, and he
testified, paraphrasing somewhat around that this morning, I be-
lieve, so Mr. Boisjoly did have those concerns.

Now, when we came, when they came out of the caucus Mr. Kil-
minster was reading from notes which as near as I can recall were
very close to what was subsequently documented and sent down
there, and when he expressed his rationale, Mr. Reinartz asked
does anybody have any comments or any other comments to make
to this recommendation, and there were none. Nobody at KSC
made any comment at that point.

There were no other comments made from Marshall, where
there were a large group of engineers assembled, and there were
no further comments made from Utah, so my assumption was from
that location that there was no dissent to that decision, because
Mr. McDonald was there and did not take any issue at that point
with the decision, and there was no decision, or there was no dis-
sent conveyed from Marshall or from Utah.

Now after the telecon was terminated, Mr. McDonald did state to
my recollection something to the effect that while he would agree
there was some doubt, reasonable doubt, as to whether there was a
problem with the O-rings or not, there were two other reasons why
if he was the launch director he would not fly this vehicle, and one
of them was because of the ice that was on the pad that he knew
about from having conversations with Carver Kennedy, and the
other was that he had understood that the retrieval ships for the
solid rocket boosters were in an absolute survival mode and steam-
ing back toward Florida, and that they were just making about
three knots and just trying to hold their own, and that he thought
under those circumstances if he was the launch director that he
certainly would not launch this vehicle.

He did make another comment relative to temperature, that
says, as he testified this morning, again related to, “I can under-
stand why you have problems with the recommendation of 53 de-
grees, but I don’t understand how you fly this vehicle outside of its
specific limits, which is 40 to 90 degrees;”’ and I pointed out to him
that was not the total specifications on the motor, that that was
the temperature specifications for the propellant mean bulk tem-
perature which Mr. McDonald described in testimony as being an
asinine comment.

Mr. Roe. We are going to give you more time. I wanted to set out
for the committee your observations. I think they are very impor-
tant here, but I want to ask you just one question and then the
whole group another question, and then I will yield to the distin-
guished gentleman from New Mexico.

It is either true or it is untrue factually. Were any tests of sub-
stance conducted at lower temperatures on the parts, the motor
and so forth and so on? Mr. Boisjoly said on those lower tempera-
tures they were not. That is extremely important for the commit-
tee to know.
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Mr. MuLLoy. Yes, sir, I have some data here on both the temper-
ature specification as well as what was actually done. I would point
out that on DM-4, that is a development motor which is a full-scale
motor that is static fired in the horizontal position out in Utah, the
O-ring temperature on that motor was 40 degrees, by calculation.
On QM-3, the O-ring temperature was 45 degrees.

There was an ambient temperature, let’s see, I have some more
here, the DM-4 where the O-ring temperature was 40 degrees, the
ambient temperature was 36 degrees. For the QM-3 where the O-
ring temperature was 45 degrees, the ambient temperature was 40
degrees.

Now on the total specifications, as you gentlemen pointed out I
think this morning, the propellant mean temperature specifica-
tions on the motor is 40 to 90 degrees. The ground firings of the
actual experience on that propellant mean bulk temperature was
from 56 to 80 degrees and the flights on propellant mean tempera-
ture went from 52 degrees to 80.5 degrees.

On ambient temperature the specifications are 31 to 99 degrees
for vertical flight. Ground firings were conducted from 36 to 97 de-
grees, and flight had been conducted from 55 to 86 degrees up to
51-L.

Mr. RoE. Would you say that Mr. Boisjoly was wrong in his state-
ment to the committee this morning that tests have been made
below the temperatures involved?

Mr. MuLLoy. The data I have here, sir, says DM-4 was tested at
36 degrees with an O-ring temperature of 40 degrees.

Mrs. MEvERrs. Mr. Chairman, did he not specify, somebody had
said this morning that they had made it very clear that the testing
that had been done around 30 or 35 degrees had been only static
tests, and that that really made a significant difference?

Mr. Roe. What we are going to do, I realize, because we have got
a vote in a minute but there are other people who are going to
have questions, you are coming back and you are leaving the im-
pression with the Chair and with the members of the committee
that perhaps Mr. Boisjoly’s testimony this morning was not accu-
rate. Now either we did test or we did not. Somebody hasn’t got the
facts. I may be making that too simplistic, but apparently from
their point of view representing that company, they came back and
nobody objected to that, of the Thiokol people, that when the deci-
sion was made, they had no substantive data available to them be-
cause they had never flown at those lower temperatures.

Mr. MurLoy. Mr. Chairman, I cannot remember the total context
that that was made in, but I do recall some discussion. I think the
question was asked related to the resiliency test at 50 and 75 and
100. I recall a question being asked was there any testing below 50
degrees?

Mr. Roe. We were trying to get across the point of view what the
temperature was and what was an acceptable temperature and
launch of a system.

Mr. MuLLoy. Yes, sir.

Mr. Roe. That is what we are trying to get across. And then the
question was asked specifically, had there ever been a launch at
those low temperatures or had there been any testing at those low
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temperatures as far as a shuttle launch is concerned? That is
where we are coming from.

Mr. MuLLoy. Yes, sir. There had been no launch at a tempera-
ture, let me give you the lowest——

Mr. Roe. What was the lowest temperature. It either was or it
wasn’t. Was it not the lowest temperature, you never had experi-
ence at a lower temperature because you didn’t have any lower
temperature; is that correct?

Mr. Murroy. The lowest temperature for a launch prior to 51-L
is 53 degrees.

Mr. Roe. What was 51-L?

Mr. MurLoy. 51-L is 29 degrees.

Mr. Rok. Therefore for the record and factually before us none of
us, including you, the committee or Thiokol had ever had any expe-
rience on launching anything at that low temperature, is that a
fair statement?

Mr. Rog. Sir, then the question is do you feel that our testing be-
tween the 21 degrees and the 52 degrees of the launching of the 51
launch and the one that was launched the temperature before, did
we have enough test data, physical test data, not interpretations of
engineering, not what may have happened or we think so for, one-
eighth of an inch or two-tenths of a milligram, did we have enough
test data to make the magnitude of a decision that was made?

Mr. MuLLoy. In my judgment in hindsight, no, sir.

Mr. Rok. That is the point. Now nobody is trying to nail anybody
down here. We understand where this is all coming from. What we
are trying to do, and some people say, what is this committee pur-
suing, are we on a witch hunt? We are not. We are going to try and
come back and make two ultimate decisions. One is the recommen-
dations to NASA in its overall management program, its communi-
cations.

It has obviously got to improve.

The second point we are going to make is that this committee as
a Member of the Congress of the United States are going to decide
what the policies are going to be, and we want to make, what
would you say, educated recommendations to our fellow colleagues
as to what happened on the way to the forum, so to speak, and
what we are going to do.

Now, we will recess at this point because we have to vote. We
will start right away with Mr. Lujan as soon as we return.

[Recess.]

Mr. Rok. The committee will reconvene.

We were going to start the questioning of this afternoon with
Manny Lujan from New Mexico. He is not here, so I will defer to
the distinguished gentleman from California, Mr. Packard.

Mr. PackArD. Thank you, Mr. Chairman.

Mr. Mulloy, this morning Mr. McDonald testified that on the
evening before launch, that he had conveyed the three major con-
cerns to you. .

Could you recount those for the record, what those three major
concerns were?

Mr. MuLLoy. Well, sir, the three major concerns that were com-
municated to me on January 27, was, first, the concerns that engi-
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neers at Thiokol had expressed about the ability of the O-ring to
seal at the predicted launch temperatures.

As I said, Mr. McDonald didn’t enter into that discussion during
the 2-hour teleconference, and I think I stated that subsequent to
that, he said while he would agree that there was some question
about the validity of the recommendation of 50 degrees, he didn’t
understand how we could operate out of what he thought the
motor specification was. It was 40 to 90 degrees.

The second concern expressed was for the ice that was on the
pad. He understood about those conditions out there.

And the third was the fact that retrieval ships for the solid
rocket booster were in an absolute survival mode, and coming back
toward the shore at a very low speed and that they would not be in
a position to recover the solid rocket boosters.

Mr. Packagrp. And which of those three concerns did you convey
to those above you?

Mr. MuLroy. Well, Mr. Roinertz, who is my superior, was in the
meeting and he also heard those, so he knew about it, and we
placed a telephone call to Mr. Aldridge that night, because there
was in the launch criteria—there is a statement relative to recov-
ery area, and that if there is a possibility that the boosters cannot
be recovered, that that is an advisory call.

It does not say you cannot launch under those circumstances. I
took that to be my responsibility to advise Mr. Aldridge that we
would not be in a position possibly, to recover the solid rocket
boosters, because they would be some 40 miles from the impact
area.

Mr. PAckarD. Was the concern for the O-rings discussed?

Mr. Murroy. No, sir; it was not.

Mr. PAckagrD. Why not?

Mr. MuLLoy. Well, sir, I testified to this in the Commission. It is
in the record. I will repeat it here.

The O-ring and other special elements of a level 3 system were
considered in the management system to be a delegation to the
level 3 project manager to make dispositions on those, any prob-
lems that arose on those.

Our judgment was that there wasn’t any data that was presented
that would change the rationale that had been previously estab-
lished for flying with the evidence of blow-by, and that data would
indicate that since that was inconclusive, and the fact we had re-
dundancy at a time when blow-by would occur which is less than
170 milliseconds, that there was no change in that rationale and,
therefore, there would not be any requirement to have that ration-
ale approved by level two or level one.

That was the judgment.

Mr. PackarD. Did you share any of this information with Mr.
Moore at any time?

Mr. Murroy. No, I did not.

Mr. PACKARD. Previous to launch?

Mr. MuLLoy. No.

Mr. Packarp. And why did you require of Mr. Kilminster his
written approval?

Mr. MuLroy. Well, sir, we had just had a long 2-hour discussion
where the data were discussed from a number of sides.
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He had read a rationale as to why he was making a recommen-
dation to launch, and I wanted that rationale in writing to be sure
that it was concise and that I could accept that rationale, other
than just in an oral transmission.

Mr. PackARrD. And that rationale was different than what he had
expressed just the night before.

Mr. MuLLoy. No, sir.

This whole telecon took place from 8:45 to 11 o’clock on the same
night, the 27th. There had been—we had cold temperatures on the
27th, as a matter of fact, well below the, you know—well, 50 de-
grees. I don’t recall exactly what the temperature was, and there
wasn’t any concerns expressed at that time.

Mr. PACKARD. In your judgment, why did Morton Thiokol change
their position on launch?

Mr. MuLroy. Well, sir, this is speculation on my part, since I was
not involved in the caucus, but I have to speculate that upon
having all of the information discussed in that 2-hour telecon, and
what the meaning of those data were, and what conclusions you
could and could not draw from those, that during that 30-minute
caucus, that they concluded they were in a go-for launch position.

Mr. Packarp. When they conveyed the decision or the recom-
mendation not to launch, you were involved in the receiving of that
information? .

Mr. MuLLoy. Yes, sir.

Mr. Packarp. What was your reaction?

Mr. MuLLoy. My reaction to that was that the recommendation
not to launch below 53 degrees had not been—the basis for that
had not been established, and during the course of the discussion,
several flaws in an argument that would say that you conclude
from these data that you cannot launch below 53 degrees, that that
would be a valid argument.

Mr. PAckARD. My time is up?

Mr. Rok. If you have one more question.

Mr. Packarp. Mr. Mulloy, you testified to the Commission that
the context of the Thiokol presentation the night before the launch
was that primary O-ring with the reduced temperatures and re-
duced resiliencies may not function as a primary seal, and would
be relying on the secondary seal, the redundancy.

Yet, the primary O-ring was changed form a critical 1-R, which
incorporated the redundancy to a critical 1, long before this, the
launch time.

How could you accept the rationale of the redundancy and au-
thorize this launch when, in fact, it was not a critical 1-R?

Mr. MuLLoy. Yes, sir. The category of the joint—of the case joint
was changed from criticality 1-R to criticality 1 back in late 1982,
and approved in level one in March 1983, I believe.

As Mr. Boisjoly has testified and he said this again this morning,
at the moment of pressurization, from zero to 170 milliseconds, re-
dundancy does exist.

From zero to 170 milliseconds, redundancy does exist. From 170
to 330 milliseconds, whether or not you have redundancy, is an iffy
proposition.
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Above 330 milliseconds, I believe he said, under a worse case
stack-up of tolerances—either he or Mr. McDonald mentioned this
this morning—you may not ever have a secondary O-ring.

The rationale that was developed by—this wasn’'t developed by
me. This was developed by the engineers during the course of this
discussion, or at least the point was made during the course of this
discussion—that should you have blowby, the primary O-ring
which was the concern that was being expressed, that the O-ring
would be sluggish, because it is cold, that the grease would be vis-
cous, that the timing functions in getting that O-ring across its gap
and in there might be somewhat longer than what it had been at
warmer temperature.

The conclusion was that should you have blow-by, during that
period, that blowby would seat the secondary O-ring and cause the
seal. The rationale that was presented in written form was that the
data did not indicate that the primary O-ring would not function.

However, should blowby occur at pressurization, the secondary
would, because you have redundancy from zero to 170 milliseconds.

Mr. Rok. If the gentleman would yield, that is assuming, how-
ever, you were testing within a certain temperature range, because
you didn’t know it was going to happen in a lower range, you
stated that yourself.

Mr. MurLoy. I am sorry——

Mr. RoE. You are talking about redundancy, and you are saying
that at different levels and temperatures and so forth, the redun-
dancy may exist in certain milliseconds.

Mr. MuLLoy. Yes, sir.

Mr. Rok. The issue that we discussed earlier is we never had an
}e;xperience at those lower temperatures because we never did it

efore.

Mr. MurLoy. I would like to clarify what I said before the recess.

Mr. RoE. If you would like to clarify that you meant that is OK,
but I heard what you said.

Mr. MuLLoy. I wanted to make certain the record was clear.

Mr. Rok. I want to be clear that the point of view from NASA's
point of view, that we are concerned—we are concerned with 14
laillunches that have some problems to them. We are concerned with
that.

We don’t buy the point of view, do we measure other criticality
points in degrees? My father taught me something about something
in my life. It is or it isn’t, we can’t take an issue in our lexicon, you
took it from a 1-R position and made it a No. 1 position.

You didn't qualify that, there is nothing in the record that quali-
fies it as half an 1-R or three-quarters of an 1-R in terms of tem-
perature. It seems when we are concerned about 700 audit items
being criticality one category, you say any one of those could be
disastrous, and therefore, we put them in criticality number one.

We didn’t say we put them there in number of degrees. We
either did or we didn't.

Mr. PackarD. Mr. Chairman, before we leave this, one of my pri-
mary concerns is that with all the signs and with all the indicators
from launches that the O-rings deteriorated with the lowering of
temperatures. There should have been tests run, but from all the
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indications that I have received, the only data that was accumulat-
ed was from previous launches.

If we took the attitude that we would use launches to determine
the data base, then we had a built-in accident at some point or an-
other. That process builds in an accident that we will only use—we
have not done any testing, field testing or otherwise, but we simply
use the data from the previous launches when it comes to cold
weather.

Then it simply is saying we are going to continue to launch until
we have an accident, because we used previous launch data as far
as the effect of cold weather on the O-rings.

The tables clearly show that at 65 degrees and above, there were
17 launches without any deterioration of the O-rings, and there
was not a single launch below 65 that didn’t have O-ring problems,
not a single one, and that is the only data base we have.

We have no research data that was done without it being associ-
ated with a launch, and that means that we would continue to
launch and flirt with cold weather problems until we had an acci-
dent and to me that is just terribly alarming, that we had a built
accident somewhere along the line, it could have been before had
we had cold weather, but certainly we were going to continue to
launch using the last data of the cold weather launches to deter-
mine whether we had problems or not, especially when we had
signs as long as 9 years before that we had problems with that
joint.

Mr. Rok. I appreciate the gentleman’s comment. Do you want to
respond?

Mr. MutLLov. I think the first paragraph in chapter 6 of the Pres-
idential Commission report sums up what the distinguished gentle-
man has said succinctly, and I take no issue with that.

I do have, I guess, some different data relative to the tempera-
tures at which O-ring erosion has occurred. STS-2 was 70 degrees,
and it was the worst erosion that we had on a primary O-ring.

Mr. PAckARD. Let me refer you to page 146, and look at the
charts, because you have made some references to the first chart,
that you were confused and could draw no conclusions from the
upper chart, figure number 6, because it showed a variety of ero-
sions anywhere from 53 degrees up to 75 degrees.

But the chart below clearly shows that there was no deteriora-
tion of 17 flights above 65 degrees, and all flights below 65 degrees
had deterioration, not one single flight that showed no deteriora-
tion below 65.

To me, that would be the safety officer’s job to monitor this kind
of data that would obviously show that below 65, there very well
may be problems. In every case, there was.

Now, above 65, the data may be inconsistent, but far more on the
consistency side that above 65 is safer than below 65, and it would
be the safety officers determination and monitoring of these that
would help give some direction to whether it is a go or no-go, cer-
tainly below 53 degrees.

Mr. Mutrroy. I think some of our confusion and possibly some-
thing that led to the decision that we made on the 27th was
clouded by the fact that we had in the data shown, that we had
had a full-scale flight motor fired with an O-ring temperature of 40
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degrees, and the further thing that clouded the issue was that the
worst erosion that we saw on the nozzle, the case joint and on the
case joint occurred at temperatures above 70, so it kind of confused
us as to what the real effects of temperature were.

Mr. Packarp. But your tests at 40 degrees did not parallel the
conditions that these monitorings were done by actual flights. This
was a static test that may not have the same application as one
that would be in flight.

Mr. RitTER. Would the gentleman yield on that point?

Mr. Packarp. I would be happy to yield.

Mr. Rok. The gentleman from Pennsylvania.

Mr. RirtER. Thank you.

In talking about temperature effects, you have been focusing on
the erosion, but as you say, you have a lot of erosion at 72 de-
grees—maybe erosion was only part of the problem, and maybe not
the main problem, because the key to an O-ring seal is compress-
ibility, the fact that it seals and sits and you can lose material and
still have seal.

But if you look at the data on O-ring recovery versus time on
page 65 of the Presidential Commission’s report, you will see that
there is just no doubt that at low temperatures, these O-rings are
pretty solid.

I mean, they are losing their compressibility, and that to me is
even more than the O-ring erosion data. I wish you could comment
on that. There seems to be no doubt about that at all.

Mr. MuLLoy. Yes, sir, there is no question that January 27, we
were familiar with both erosion and blow-by, and there was I be-
lieve more in judging the acceptability of the risk and in the im-
pressions that I took from Morton Thiokol, that stated that it was
an acceptable risk, there was more emphasis on the margin, if you
will, between the maximum erosion that could occur during the
course of blow-by, and that there was such a margin against what
could theoretically occur versus what could be sustained, that they
still felt it was a safe situation.

Mr. RitTER. In Mr. Kilminster’s testimony, he doesn’t even men-
tion O-ring recovery, the solidification of the O-ring at falling tem-
peratures, he just talks about the erosion, and yet, the data is there
to show that the compressibility or the flexibility of the O-ring is
lost, essentially lost at, it looks like about 30 degrees Fahrenheit.

It becomes less than compressible, or it doesn’t recover.

Mr. MuLLoy. That is correct, sir, in a static situation.

Mr. RirTeR. And it would probably be worse—it would probably
be far more dangerous in a dynamic situation where other things
can happen and usually do.

Mr. MuLLoy. Yes, sir. Of course, in fact, in testing that was done
at low temperatures subsequent to the accident, it was shown that
an O-ring will seal far below 50 degrees in a dynamic situation, de-
pending on the initial gap the O-ring is compressed to.

Mr. RirTER. It depends on the design at that point, and you were
working with not necessarily the greatest of designs.

Mr. MuLLoy. Yes, sir.

Mr. Roe. The Chair recognizes the distinguished gentleman from
New Mexico, Mr. Lujan.
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Mr. Lusan. Thank you, Mr. Chairman. I have looked forward to
the hearings today, because 1 am particularly interested in the
whole management review thing rather than the engineering, all
of the changes that can be made to the seals and the O-rings and
all of that.

It seems like every time something comes up, we run into Mar-
shall, the way of doing business at Marshall. On the decision to
launch and the discussions about whether you should, because of
the temperature, and all of those things, there was a decision made
and then we hear testimony that it was never passed on higher.

Aldrich and Moore both said they didn't know anything about it.
We then learn that the erosion had happened, was noticed first on
STS-2, which Admiral Truly was on, and he was very surprised
during the Commission report to know that there was a problem
because he hadn’t known until the economic meeting or didn't
know at the time.

The end of last week, there was some kind of a flap about turn-
ing tapes over to the Commission that hadn’t been turned over,
headquarters had to be contacted, and headquarters turned over
those tapes.

We then find out in checking why had they not been turned
over? We were told even the participants didn’t know that they
had been taped. And it just seems like nobody passes information
on to anybody else, and that there is a big bottleneck there, and
that has caused a lot of problems, and one of the things that NASA
needs to address in order to make it a workable system—I don’t
want to be casting any aspersions at Marshall, but it seems to me
like every time something comes up, it is because it was something
that either Marshall knew and didn’t pass on or didn't know and
should have been known—does Marshall operate different than
other centers in that headquarters doesn’t seem to know what hap-
pens over there, it just dies there?

Dr. GrRaHAM. Mr. Lujan, if I may start the answer-to that and
then I will ask Admiral Truly to address the issue of the videotape
and Dr. Lucas to address the partial communications issue.

As was testified, communications and management in NASA is a
NASA-wide issue, and not limited to the Marshall Space Flight
Center. The discipline for communication, and to make sure that
information is moving in the appropriate channels and getting to
the appropriate people is an agencywide concern, and has to be ad-
dressed from the highest levels of the agency.

A more subtle part of that is recognition of important informa-
tion whether it is passed through the system. Part of that is the
responsibility of the person originating the information to make
sure it is tagged appropriately. But a major part of that lies in the
most senior management at NASA to make sure that the signifi-
cance of information is recognized when it is received, and all of
those issues are key matters that we must address in our return to
successful space operations. It is a matter of greatest concern to the
headquarters as to, first, why information wasn’t better recognized,
and secondly, how to make sure that in the future, it is better rec-
ognized for its significance.

With that, I would like to ask Admiral Truly to address the issue
of the videotape, and then Dr. Lucas.
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Admiral Trury. I am delighted you brought up the issue of the
videotape, Mr. Lujan, that got some play on the media Friday
evening. I was very frustrated by that, and personally involved,
and would like to share what I know about that. I believe an incor-
rect perception was given in some of that, and I think I can set a
little bit of that straight. As I understand the situation with those
tapes some years ago, when General Abrahamson was Associate
Administrator, there were teleconferences held throughout the
system including Marshall and other places that combined video
and audio to improve the teleconferencing of meetings.

When your staff a couple of weeks ago was over at NASA and we
were providing them with some prebriefing, someone, and I am not
sure who, mentioned that they had heard that such a videotape
was possibly available of some of the flight readiness reviews.
Somebody from the Marshall Space Flight Center was at the meet-
ing, I was not there, but Jack Lee related this to me this morning.

And he immediately called back and began asking questions, and
it turned out that the communications laboratory or the techni-
cians at the Marshall Space Flight Center had recorded four flight
readiness reviews, in an effort to improve the audio and video qual-
ity because it was a sync problem, and also an audio quality prob-
lem in these video conferences.

It was not a part of the procedure prior to the accident directed
by level 1, level 2, or level 3. It is true that during the investigation
that neither the task force nor the Commission knew of the exist-
ence of these videotapes, and I might add that I am very sorry that
we didn’t, because earlier on in the investigation, it would have
been very helpful. Because as the one you saw earlier, whether you
put a face and a voice to a viewgraph, it makes a big difference as
to the effect, and I think it would have been helpful to the Mar-
shall Space Flight Center in that perception.

Mr. LuJsan. You should not have been frustrated in listening to
that, because my understanding was that it took going to you in
o}x;der to get them, and the minute you asked for them, you got
them.

But the appearance seemed to be apparently at Marshall, there
was some confusion that we didn’t know that the tapes existed or
for whatever reason, they weren’t turned over to the Commission.

Admiral TruLy. That is what frustrated me, because I took the
trouble that afternoon to write a press announcement that went
out with the videotapes. Apparently, it was not adequate to explain
all the detail.

At any rate, they were discovered. There was about 2% minutes
on one of them, which you saw, where Mr. Mulloy talked about the
O-rings, which as I say, I wish we had known earlier.

I called the Commission within 10 minutes or so of when I heard
about it. The Marshall Space Flight Center, in coordination with
us, called a satellite link and transmitted the tape to Washington;
we made a copy of it and it was over to the Commission the next
morning.

So my frustration is in perception, and I can only say in my per-
sonal experience in the course of the investigation when I tasked
Marshall, generally through Mr. Jack Lee, who was on the task
force, and who is a Deputy Center Director. I never once had a
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single delay beyond the mechanical delays of finding information
to get to me so that I could send it directly to the Commission.

Thank you, sir.

Mr. Lugan. Thank you.

Dr. Lucas.

Dr. Lucas. I am sorry if Marshall is perceived as not being com-
municative. This is not our intention or desire, and I don’t think it
has been our effort. With regard to the tape just described, within
minutes of its discovery, that was communicated to Admiral
Truly’s office, and was made available because it was recognized
how it would be perceived coming up late as it did.

There would be no motivation for us to not release those tapes,
because it did make the point that we had communicated our con-
cerns about the O-rings throughout the system, and throughout the
flight readiness reviews.

I think Marshall is the center of attention because we are re-
sponsible for the main propulsion system of the shuttle, and the
solid rocket motor is our responsibility. It is true that we have had
concerns about the O-rings for a long time, but those concerns have
not been retained, they have been disseminated in various ways, in
our problem assessment system, they have been disseminated in
our flight readiness reviews, as was testified. At least some of them
have been recorded in our flight evaluation reports that are re-
leased in a few days following every flight.

So, that has been pretty well disseminated, in my opinion. I
think it is true that we at Marshall and we throughout the system
did not fully comprehend the significance of what was being seen
at that time. It seemed to us that a good rationale existed for con-
tinuing to fly.

Never had anyone suggested to me, nor had I deduced based
upon my own information that we had a situation that was unsafe.
I am confident that had any of us concluded that we would have
been screaming very loudly on that.

Mr. Lusan: I know that these time constraints are awful, be-
cause you don’t get to pursue a subject very much, but what you
are telling me, I guess is, you didn’t think that the situation was
that serious. when Thiokol told you that you shouldn’t launch and
then went back and had them reevaluate it, and then Marshall de-
cided that—Thiokol decided to change their mind, and Mr. Kilmin-
ster sent you a wire.

If that is the case, if you did not perceive it as a serious situa-
tion, then that explains why you didn’t tell Mr. Aldrich or Mr.
Moore about it. They testified that they had absolutely no idea that
that process had gone through, and that the final decision had
been made to do it; is that correct, because you didn’t perceive it as
a serious matter? .

Dr. Lucas. I wasn’t in any of the discussions on that previous
night. I was informed about the discussions, and I was informed
that Thiokol had suggested or some members of Thiokol had ex-
pressed a concern about the effect of the cold temperature on the
O-rings.

Bu'cg then, on the following morning, about 5 a.m. on the morning
of the 28th, I was told that Thiokol had proposed to launch and
was shown the flight readiness or flight commitment statement of
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Mr. Kilminster, and was also informed that our own engineers,
very competent people in whom I have great confidence, agreed
with that assessment. Therefore, there was not an issue as far as I
was concerned, and for that reason, I didn't pursue the matter
beyond that.

Mr. Roe. Will the gentleman yield? You are saying to the com-
mittee what seems to be that Thiokol made the recommendation,
but Thiokol testified this morning, and their first approach was
from their engineering stand point of view was a no-go, and that
was when we went off the record and took the half-hour for Thio-
kol to review additional information that was given to them or pro-
pounded to them from Mr. Mulloy and his associates, and they took
that matter under judgment, and then they came back and they re-
sponded.

So, are we saying that Thiokol made the recommendation and
then NASA agreed, or did Thiokol say no-go until NASA said, why
not, here is where our rationale comes in, and then they were re-
sponding to NASA’s concern.

The reason I am thrusting this, we have to dispel the point of
view, was the decision made because of intimidation? Was the deci-
sion made on the part of Thiokol because NASA was their biggest
customer? That is out there.

When we are done with this one thing, people are going to know,
every rumor, we are going to get done with it. But the question is
not clear. That is still not clear to us.

And then we go to the point, if the gentleman would yield fur-
ther just to get it into the record, at the beginning of Mr. Mulloy’s
statement, you said that there were nine cases of O-ring erosion
and blowby reviewed by levels above me, and you listed the nine
cases.

We would like to ask you to list the nine cases again, and then
tell the committee at what level the O-ring problem was discussed
and who was at that level. Do you see where I am coming from, Dr.
Lucas?

Dr. Lucas. I do. May I respond by saying that what happened in
the course of that 2-hour discussion is hearsay information as far
as I was concerned? What I saw was the next morning after it was
over, and was presented with the readiness statement.

Now, when I saw the signature of Mr. Kilminster, who is a re-
spected engineer and vice president of Thiokol, with whom we have
been associated for a long time, and whom I have a lot of confi-
dence in, when he says he is ready to fly and he bases that on tech-
nical, not management considerations, I am inclined to accept that.

That is further amplified by the fact that to preclude Thiokol
from doing what some may be accusing them of doing now, we
placed an incentive on them to avoid this very thing. Thiokol has a
substantial penalty riding upon any flight failure.

Thiokol has a positive incentive to deliver their hardware to the
launch site on time, which they had done. To assure we have qual-
ity of hardware we placed a $10 million penalty for any flight fail-
ure plus the loss of any positive incentive they had already gained.
So it is inconceivable that a company would take that kind of risk
and recommend a launch with which they didn’t agree.

Mr. Lewis. Would the gentleman yield?

64-295 0 - 86 - 14
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Mr. Kilminster this morning stated this is the first time that he
had to provide this in writing prior to a launch. Doesn’t it seem
unusual on this particular launch this particular problem had to be
approved by Thiokol in writing and wouldn’t that cause your hack-
les to come up a bit?

Dr. Lucas. No, sir, because that is standard practice.

1 M}Il' Lewis. He said this morning it was the first time he had to
o this.
_ Dr. Lucas. No, sir, I think he said it a little differently. He said
at this juncture. Thiokol always presents a readiness statement for
launch. When we have our flight readiness reviews, then when we
have our L minus 1 day review, Thiokol always presents a state-
fnenthsigned off with Mr. Mulloy in writing that it is ready to
aunch.

This is the first time that a concern like this had arisen in this
timeframe, and I believe that is what he referred to as being un-
usual. It is the first time they had ever done it, because as far as I
know, this is the first time this ever happened. But it is not unusu-
al. Mr. Kilminster usually signs a flight readiness statement.

Mr. LEwis. When does he usually do this?

Dr. Lucas. At the flight readiness review and then I believe that
is repeated at the L minus l-day review, which is 1 day before
launch.

Mr. LEwis. And this one was done when?

Dr. Lucas. There had been an L minus 1-day launch, I believe, 3
days before that which he had submitted his last statement and
then we had oral checkups when the launch was stood down day by
day. This one was done sometime in the evening before the launch
the following day, some 12 or so hours before the launch, I pre-
sume,

Mr. Lewis. He had previously signed off a flight readiness report
3 days earlier?

Dr. Lucas. Yes, sir.

Mr. Lusan. I think he said 2 or 3 weeks ahead of launch date
was the normal time that he did it, and this was the first time he
had to do it on that date.

Dr. Lucas. Two or three weeks is the flight readiness review. L
minus one is the launch minus 1 day.

Mr. Lusan. That should have raised something in hindsight—my
God, we could all live a much better life than we do if we had hind-
sight. The other thing that has to do with this to raise the point
that it was serious was that Mr. Locke, the chairman and chief ex-
ecutive of Morton Thiokol this morning said that they had conclud-
ed that they shouldn’t launch and then he said, our engineers
could not prove that it was unsafe to fly at less than 53 degrees
Fahrenheit—a change in the way that we have done business
before.

In the past, you had to prove that it is safe first, and now for this
particular one, it was reversed, the attitude was reversed, prove to
us that it was not safe.

Dr. Lucas. There certainly has been no change in policy to that
effect. I would never condone such a policy as that. Since Mr.
Locke said so, it must appear that way to him. That is not our
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policy to prove it is not safe to launch. We prove we are safe to
launch.

Mr. Lusan. Well, I hate to be taking up so much time, but did
you give Mr. Mulloy any instructions—you say you didn’t know
before that next—Ilet me let that question go by and give others a
chance.

Mr. Rok. I would like to get Mr. Mulloy to answer the question,
would you repeat the nine flights and tell the committee at what
level the O-ring problem was discussed and who was at that level?
What I am trying to get at is I read the New York Times article
about your concern on—they reviewed some of the decision process-
es and so forth.

You made that statement in part today, I am in part of the
system, up in the chain, but I don’t make all the decisions basically
is what you said. There were other levels involved.

You mentioned again, you listed the whole nine, and tell the
committee at what level the O-ring problem was discussed. We
have been going on this for 7 years and then who was at that meet-
ing?

Mr. MurLoy. Yes, sir. I can answer part of your question.

Let me say I cannot answer everyone who was in the flight readi-
ness review. I believe there is an action underway to try to ascer-
tain that in headquarters, but I cannot testify as to who was at
each one. I did not bring my record of this with me. I called back,
and had a man call back, and asked which ones were discussed at
levels 1 and 2.

I am reading from what was provided to me. It looks like it fits
within the erosion. STS-11, 41-C, 41-G, 51-E, Echo, 51-F, Foxtrot,
51-1, 561-J, 61-A or Alpha, and 61 Bravo.

Mr. RoE. These were a problem with the O-rings and they were
discussed at level 1?

Mr. MuLLoy. Level 1 and level 2.

Mr. Rok. Therefore, it is inconceivable that level 1 which is top
management would not have understood the issue?

Mr. MurLoy. That is right, and I believe that has been acknowl-
edged.

Mr. Roe. The distinguished gentleman from Florida, we took
away 1% minutes this morning as we concluded and I would give
that 1% minutes back.

Dr. GRaHAM. May I add a comment to that made by Mr. Mulloy?

Mr. RoE. Yes, sir.

Dr. Granam. We are, in fact, reviewing the records to see who
was at the various flight readiness reviews that occurred when the
O-ring data was mentioned, and we have not yet been able to pull
that together. However, we will take that for a record and provide
you with what information we have on that.

[The information follows:]
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Material requested for the record on page 204, line 4764 by
Chairman Roe during the June 17, 1986, hearing.

There 1is no requirement to keep attendance at the Flight
Readiness Reviews (FRR's); consequently, no official record of
attendee's has been maintained. In some few instances, lists of
potential attendees are available and are attached. These should
be considered as "typical" of attendance at the more recent
FRR's. However, it must be noted that just because an
individuals name is on the list does not assure that that
individual was in the room at any specific point in time.

Typical JSC participation at an FRR would include the Center
Directors, the NSTS Program Manager, the major organizational
element directors, the lead flight director, the presenters of
FRR material and other individuals deemed necessary to support
the presentations.
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STS 61-B FRR
TATTERDEES

Washington:

© Head Table: Beggs, W. Williams, Moore, RCA/John Christopher, Weeks, Lee
T/Bastedo, E/Benson, Winterhalter, Silveira,
Harrington, Miller, Harkleroad

‘o Others: Hamby, Ryan, Dr. Nicogossian
CQUSTOMERS'
AUSSAT/Max Crisp at KSC
MORELOS/Bob Sava (NASA LSSM) at KSC
SATCOM/John Christopher here at HQ
MDAC/Irv Webster Huntington Beach, CA
Hughes/Charlie Carroll at KSC

JSC:  Griffin, Goetz, Aldrich, Kohrs

MSFC: Lucas, Lindstrom, Taylor, Dr. Lovingood, Marmann, Mobley, Bridwell
Bunn, Hardy, Dr. Littles, Kingsbury, Henritz, Thomas, Lester
Malloy, Zoller, Nichols, Horton, Thompson

KSC: D. Smith, T. Utsman, B. Sieck
J. Talone, S. Beddingfield, J. Conway

RIC-DOWNEY - ——- = 7 LT LT T
Dr. Petrone, Peller, Glazer, Bejmuk

MMC-MIGHOUD
Mr. Davis/Robert Smith, J. Dutton

ROCKETDYNE: .
Gerry Johnson, ‘Paul Demnies, Dick Schwartz, Al Hallden

THIOKOL: Kilminster
PATRICK AFB: Col. Smith, J. Nordbush, Col. Shults
BSFC:  T. Janoski, R. Baming
SPACE DIVISION
Lt. Col Larry Combes, Lt. Shipman
SPACE COMMAND
General Sawyer, Col Anzalone
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STS 61-C FRR
T ATTERDEES

Washington:
0 Head Table: Graham, Moore, Weeks, Lee
T/Wood, E/Sade, D/Cohen, Harringtom,
Gumn, Winterhalter, Miller, Harkleroad
o Others: Hamby, Dr. Nicogossian
CUSTQMERS

MDAC/Irv Webster at Huntington Beach, CA
RCA American/Bill Palme/Joe Schwartz at JSC

JSC:  Griffin, Goetz, Aldrich, Kahrs

MSFC: Lucas, Lindstrom, Taylor, Dr. Lovingood, Marmann, Mobley, Bridwell
Bum, Hardy, Dr. Littles, Kingsbury, Henritz, Thomas, Lester
Malloy, Zoller, Nichols, Horten, Thompson

XsC: D. Smith, T. Utsman, B, Sieck
J. Talone, S. Beddingfield, J. Conway

RIC-DOWNEY
Dr, Petrone, Pelier, Glazer, Bejmuk
wewoow
Mr. Davis/Robert Smith, J. Dutton

%lliams, Gerry Johnson, Paul Demnies, Dick Schwartz, Al Hallden
JHIOKOL: Kilminster
PATRICK AFB: Col, Smith, J. Nordbush, Col. Shults
GSFC:  T. Janoski, R. Barming
SPACE DIVISION
- Lt. Col Larry Combes, Lt. Shipman

SPACE COMMAND

General Sawyer, Col Anzalane
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MISSION 41-C

DR,
HR'
MR,
HR'
MR,
MR.
MR,
MR.
NR.
DR.
MR,
MR.
MR.
MR,
MR.
MR,

LUCAS
KINGSBURY
LINDSTROM
TAYLOR
BRIDWELL
MULLOY
HARDY
HORTON
LEE
LOVINGOOD
THOMSON
NICHOLS
HENRITZE
BUTLER
ZOLLER
YORK

MISSION 51=1

DR.
MR,
MR,
MR,
MR,
MR,
MR,
MR,
MR.
DR.
MR.
MR.

LUCAS

LEE
KINGSBURY
TAYLOR
REINARTZ
MULLOY _
BUNNK
BRIDWELL
NICHOLS
LOVINGOOD
HARDY
HENRITZE
MR. LINDSTROM
MR. C. SMITH
MR. ZOLLER
DR. LITTLES

A
4

21

FRR
LEVEL %«ATTENDEES (MSFC)

MISSION &1-G

MR, LEE

MR, KINGSBURY
MR, THOMAS
MR. HENRITZE
MR. BRIDWELL
MR. MULLOY
DR. LITTLES
MR. HARDY

DR. LOVINGOOD
MR. THOMSON
MR. NICHOLS
MR. LINDSTROM
MR, HORTON
MR. BUTLER
MR. ZOLLER

MISSION 51-J

LUCAS
RI1CHARDSON
KINGSBURY
HARDY

BUNN
LITTLES
HENRITZE
BRIDWELL
NICHOLS
LOVINGOOD
REINARTZ
MR. TAYLOR

MR, C. SMITH
MR, ADAMS

MR. J. SMITH
MR. CAMPBELL

DR.
HR.
MR,
MR.
MR,
DR,
MR.
MR.
MR,
DR.
MR.

MISSION S51-E

DR,
MR.
MR,
MR,
MR,
MR,
DR,
MR,
MR.
MR.
DR.
MR,
MR.
MR,
MR.

LUCAS

LEE
KINGSBURY
TAYLOR
BRIDWELL
MULLOY
LITTLES
HENRITZE
HARDY
BUNN
LOVINGOOD
THOMSON
LINDSTROM
NICHOLS
ZOLLER

MISSION 61-A
DR, LUCAS
MR.
MR.
MR.
MR.
MR,
MR,
MR,
MR,
DR.
MR.
DR.
MR.
MR.
MR.
MR,
MR, C.

KINGSBURY
TAYLOR
THOMAS
KULLOY
BUNNT
BRIDWELL
CHASSAY
LOVINGOOD
HARDY
LITTLES
REINARTZ
J. SMITH
NICHOLS
HENRITZE
SMITH

RICHARDSON

MISSION 51-F

DR. LUCAS

MR, KINGSBURY
MR. BUNN

MR, TAYLOR
MR. THOMAS
MR. MULLOY
MR. LESTER
MR, BRIDWELL
MR. NICHOLS
DR. LOVINGOOD
MR, HARDY

MR. HENRITZE
MR. LINDSTROM
MR, THOMSON
MR. HORTON
DR, LITTLES
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I would also like to mention that there is another system within
NASA to provide information on flight anomaly which parallels
that which was transmitted in the flight readiness review and I
v;lould like to ask either Dr. Lucas or Mr. Mulloy to just mention
that.

Mr. MuLLoy. The problem assessment system is in place at the
Marshall Space Flight Center as a tool to assure, it is a tool used
by our quality and reliability assurance organization, that prob-
lems that occur in flights and in ground test, in development, or
qualification motor tests that would have a bearing on the flight or
the upcoming flights, that that is documented and tracked.That
problem assessment system shows in the case of the O-ring erosion,
it shows essentially the same information, in many cases identical
information to what is in the flight readiness reviews. It is the
basis for continuing to fly given the observations that we're seeing.

That information is provided here to NASA headquarters to the
Chief Engineer’s Office. So that is another route by which the in-
formation on the O-ring erosion is known to level one.

Mr. Roe. So what you are basically saying is that Washington
level knew of part of the problems; is that a fair comment?

Dr. GraHaM. There are two pieces to this, one, what was trans-
mitted and what was understood. I believe what Mr. Mulloy and
Dr. Lucas are addressing is what was transmitted. I don’t know
that they are the most appropriate people to express what was un-
derstood.

That was a headquarters issue and in some cases a Johnson
Space Center issue. It is clear the issue was not perceived at the
seriousness with which it actually affected the system. However,
the information was transmitted to these agencies.

Mr. RoE. Where I am coming from—in 1985, the question is
asked by Chairman Rogers to Mr. Mulloy and he says, and they all
knew about it at the time of 51-L. Mr. Mulloy responds, yes, sir,
you will find on the flight readiness review record that—you will
find in the flight readiness review record that it went all the way
to the L-1 review. That is on page 85.

Now, one of the findings or the observations, however, of the
Commission was, it is disturbing to the Commission that contrary
to the testimony of the solid rocket booster project manager, the
seriousness of concern was not conveyed in flight readiness review
to 51-L and the 51-L flight readiness review was silent.

Dr. GrRaHaM. My point on that was that the seriousness of the
issue has two aspects. It is the concern of it in the person who
transmits it and the perception of it in the person receiving it. It
has to be done in both domains and I think it is in fact unfair to
focus all the criticism on the Marshall Space Flight Center, in this
issue.

They could have transmitted the information in a higher profile
way, but also as engineers, as managers at headquarters, there was
certainly a responsibility to perceive the significance of this. So, as
I said at the outset, I think the problem lies in more than one loca-
tion.

Mr. Rok. Look. My job is not to nail down all the problems on
Marshall Space Flight Center. That would be a fallacy on my part
and the same way with whether it is the Kennedy Space Center.
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You make an extremely important point, it is people’s perceptions.
If only I had known—that is what we are going through and we
have to do it for a few days to get it on the deck.

The fact remains that we can deal with 7 years of knowledge
that people in NASA knew of the problem. Even Thiokol this
morning testified that since January they had put 40 engineers
and people together on a team in January 1985. You now, it is still
spunky.

We have to try to get rid of that perception and it seems to me
that—I guess it was President Truman, God rest his soul, came
back and said “the buck stops here.” I have to give an account to
565,000 people in my district, to people who elected me, as does
every other member here.

If we misread a public issue, then we are misreading it and that
doesn’t make it a crime, but the fact remains do we do something
in this instance to improve our management? That is where we are
coming from.

Dr. GRAHAM. I couldn’t agree more and the buck does not stop at
Marshall, but goes to headquarters as well in this situation.

Mr. Rok. The gentleman from Florida.

Mr. LEwis. Thank you, Mr. Chairman.

Dr. Graham, you have pointed out the system is a good system, it
is just that people didn’t communicate what they were told.

Dr. Lucas, when Mr. Mulloy came to you at your hotel room on
the night of the—when Mr. Mulloy came to you at the hotel and to
your room and said that there were some engineering concerns,
what was your response and what was generally your discussion
with him at that time?

Dr. Lucas. When that information was conveyed to me, it was
that some people from Thiokol had expressed a concern about the
potential effect of the weather on the O-ring, and that they were
going out to the Kennedy Space Center to engage in a telephone
conversation, between a few people at Kennedy and a larger
number of our engineering people at Huntsville and at Wasatch.

I inquired as to who in Huntsville would be involved in the tele-
phone conversation and was given the names and I concluded on
that basis that the appropriate people were involved in discussing
the question. Therefore, I said, fine, proceed with it and keep me
informed as to how the matter is resolved.

Mr. Lewis. To your recollection, on any previous launches did
yoq) have any similar concerns like this with the solid rocket boost-
ers?

Dr. Lucas. I don't recall an instance with the solid rocket boost-
er, but it isn’t unusual to discuss concerns about the flight hard-
ware up until an hour or two before launch. That goes on over the
loop and in engineering discussions off line in many launches, and
I doubt if there have been very many where that didn't occur. I
don’t recall this having occurred on the solid rocket booster, howev-
er.

Mr. Lewis. But you were aware that for 9 years, since 1977,
there was a concern about the possibility of a seal failure or a prob-
ability of a seal failure and that there was a concern expressed by
Thiokol this evening.
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I guess what I am concerned about, the comment was made earli-
er today that we have what I would consider some of the best tech-
nical minds in the business that are concerned about something
like this, and then they are overridden by managers rather than by
engineers.

Dr. Lucas. If you are referring to the night before the
launch——

Mr. Lewis. Yes, January 27.

Dr. Lucas. Let me go back to the 7 years or whatever the time
has been.

Mr. Lewis. You were supposed to have a referee testify, that
never came off on this particular field joint.

Dr. Lucas. It is true that there have been concerns expressed
over the years about this joint and there have been modifications
and improvements made in the joint over the years. I suspect if
you would tabulate, you would find that the concerns expressed by
the Marshall Space Flight Center are equal to or greater than the
concerns expressed by anyone else.

The engineers who have expressed the concerns have also dili-
gently tried and thought they had in fact improved the situation to
the point of making it much better and I am sure they did make it
much better.

It turns out that under these circumstances it wasn’t made good
enough. I wasn’t aware of the overriding, if that is, in fact, the case
of Thiokol people, by the managers.

Mr. Lewis. I think the record will reflect that from this morn-
ing’s testimony.

Dr. Lucas. I have heard that testimony, and the testimony of the
engineers since that time, and seen correspondence copied in the
Roger’'s report that concerns me greatly, correspondence that I
never knew existed, correspondence marked ‘“‘company confiden-
tial,” or “private,” or something like that. That never came to my
attention. Had it done so, I am sure the reaction would have been
different.

Mr. Lewis. Thank you.

Mr. Rok. The Chair recognizes the distinguished gentleman from
New Hampshire, Mr. Smith.

Mr. SmiTH. Thank you, Mr. Chairman.

In listening to the testimony this morning from Morton Thiokol
and then listening to you gentlemen, it seems to me that in our
oversight responsibility as a committee of Congress what we should
be looking at is the term ‘“‘acceptable risks.”

We all realize, including the seven people who died realized, that
there is a great deal of risk involved with flying in space and cer-
tainly with the rocket, but it seems to me what is unacceptable to
this member is safety by consensus of the majority and I think es-
sentially that is what we have here. We had a statement from the
Thiokol people this morning that their engineers had if not a
formal poll, at least there was some opposition in the number of
people who were there, 12 or so in the room.

First it was indicated that they were opposed to this flight be-
cause they didn’t feel it was an acceptable risk based upon the in-
formation about the O-rings, the temperatures, et cetera. It seems
to me Mr. Mulloy that when you questioned, their first response to
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the recommendation, which was not to fly, you essentially, at
least—I am not trying to put words in your mouth—you got the
answer you were looking for, which was it is an acceptable risk in
your mind that the information based on the data that we had con-
cerning the O-rings and concerning the temperatures, it was your
opinion that that is all the information we had. We had not really
done anything differently, we hadn’t tested and, therefore, what
you were looking for was specifically that, that this is an accepta}-
ble risk, that I don’t see anything else other than that and I don’t
really understand why Thiokol would say otherwise, so in a sense—
I don’t mean to imply that you did it deliberately but I think in a
sense you did exert pressure on Thiokol on that particular point.

Would you respond to me on that, please?

Mr. MuLLoy. Yes, sir. I think I would characterize what 1 was
doing as what I do when a large group of engineers who analyzed
some data come to me with those data, with a recommendation. I
look at the data and test the validity of that recommendation. I
tend to challenge the conclusions that are being drawn from a
little bit of data. I tend to challenge what conclusion can one draw
from three data points on resiliency of O-ring when one of those
data points say the O-ring won't seal at 75 degrees and we had tre-
mendous experience that it did seal at 75 degrees.

That was the nature of the discussion. I think the testimony of
the Thiokol people who made the decision was that they did not
feel any pressure as a result of that, and I heard that in the Presi-
dential Commission hearings and I heard it again this morning
from the Thiokol people, that they do not acknowledge that they
felt pressured. ‘

Mr. Rok. If the gentleman would yield, I believe they did com-
ment just the opposite this morning, when Mr. Kilminster was
talking and Mr. Boisjoly, they did feel, they just had a feeling there
was pressure on them from NASA.

Mr. Smita. If you look in the testimony, your testimony, I am re-
ferring now to the Rogers Commission, pages 95 and 96, it just
seems to me the bottom of page 95 under Mr. Mulloy, “It has been
suggested, implied or stated that we directed Thiokol to reconsider
these data.” Now referring to the information that they provided
you. “That is not true,” you say. “Thiokol asked for a caucus so
they could consider the discussions.”

Then you go over to page 96, bottom of page 96, excuse me, the
top of page 96, on the right-hand column, when you say:

At approximately 11 p.m., Eastern Standard Time, Thiokol and NASA teleconfer-

ence resumed, the Thiokol management stating that they had reassessed the prob-

lem, that the temperature effects were a concern but the data were admittedly in-
conclusive.

I think what you mean there about what is inconclusive is basi-
cally what had been going on for, now we find out, a number of
years, in terms of comments about the temperature and the O-
rings and this data. The data was out there, we understand that,
but what 1 am trying to home in on is: Isn’t it reasonable to
assume that if you have a bunch of very technical people, a group
of very technical people, like the engineers at Thiokol, who are ba-
sically at odds with each other, they are not unanimous, they have
some strong feelings about this thing, yet nothing new safetywise
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has come up, to my—is that an acceptable risk in your mind when
that kind of testimony is out there?

Is that an acceptable risk? Why wasn’t something done over the
past 6 years, or was anything done, perhaps, is a better question,
between you at NASA and Thiokol to correct it? What specifically
was done? Were there meetings? There was, certainly, and 1
haven’t been here for 6 years. I will defer to my colleagues. I know
of no testimony that has come before this committee regarding the
safety or lack thereof of the O-rings, or temperature or any other
testimony to that effect, and I have sat through a lot of hearings in
2 years but I don’t know of any.

Mr. Murroy. Yes, sir, I will refer again to the first paragraph of
chapter 6 of the Commission report. I do believe that we, NASA,
got into a group think situation relative to the seriousness of this
problem. We saw it and assessed it as an acceptable risk. We saw it
again. We looked back at how we accepted it before. When we saw
something different we ran additional testing and analysis, and we
convinced ourselves that it was an acceptable risk, and on January
27 that same thought process was in place, and we locked at the
data and concluded that it was an acceptable risk.

You asked why wasn’t more done. You know, in the 6 years pre-
vious. I have had that question posed to me many times in the last
4 months, and 1 have asked it of myself many times since the
tragic accident. My answer has been, in hindsight, obviously more
should have been done.

The turning, I think we started down a road as well summarized
in that first paragraph, chapter 6, where we had a design that had
a design deficiency. When we recognized that it had a design defi-
ciency, we did not fix it. Then we continued to fly with it, and ra-
tionalized why it was safe, and eventually concluded and convinced
ourselves that it was an acceptable risk. That was—when we start-
ed down that road, we started down the road to eventually having
the inevitable accident. I believe that.

Mr. SmrtH. My line of questioning is not to put you on the spot.
My line of questioning is to try to determine for this committee
what acceptable risk is, how we as a committee can get informa-
tion that would help us to evaluate that, and I think had you felt
as some of the Thiokol engineers—I think we are dealing with a
philosophical difference rather than a technical difference. Philo-
sophically, there has been a lot of information, technical informa-
tion, provided about the O-rings and everybody was aware of it.

But I think had you had the same feeling, technically, that some
of the Thiokol people had—not all but some—perhaps you would
have accepted their first recommendation and not gone the other
way. So I am not trying to pin blame here. That is not my job.
What I am trying to do here, essentially, is to—for you to give
some information to us as to how we might oversee what is accept-
able risk, and how we might correct some of the, you know, man-
agement communication mistakes, if you will, that. have _taken
place over the past, apparently now, 6 years on this particular
issue.

Mr. MuLLoy. Yes, sir. Well, perhaps I am not sure that I can give
you the help that you are asking for. I will try and then perhaps
some of my colleagues can give a better answer than I can in that
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regard. But in the specific case of the O-ring, the rationale for ac-
ceptable risk was based on the analysis and test data that showed
the tolerance to blow-by and erosion, and we convinced ourselves,
based on that analysis and test data, that we could sustain the
maximum theoretical erosion and still be in a safe situation.

That was—now, obviously since the accident we have found out a
lot more about that joint, things that we did not know before that,
and you are asking how can we get enough foresight in dealing
with these type things. It is very unlikely that all 800 Criticality 1
items will be eliminated on the shuttle system. How can we get
where we can forecast better, and judge better, what that accepta-
ble risk is. I don’t know that that helps, but that is the best I can
give you.

Mr. SmiTH. Just one quick comment, Mr. Chairman, for a final
comment. If I could give a perception on this thing it would be that
if T were a Thiokol executive in that particular situation, what has
happened when the recommendation came forth, at least in their
minds, was it is nothing new, in the sense that we have said before
we have got problems with the O-rings. We have had, what was it,
24 successful launches—correct me if I am wrong; I think it was 24.

Therefore, what is the cause for alarm? It is easy to look back
and say, yeah, there is a great cause for alarm now, but I guess
what I am saying is apparently this was—this had become an ac-
ceptable risk, in our mind, and apparently you convinced Thiokol
of the fact that there wasn’t anything new regarding these O-rings
or the temperature or any of this other information that would
cause you to cancel the flight.

Is that a fair statement of what went on in the decisionmaking
process?

Mr. MuLLoy. Yes, sir, that is a fair statement, and I would only
add that I reached that judgment not just on the 27th but in all
those years before then, based on the input from these same indi-
viduals, both at Thiokol and at the Marshall Space Flight Center
and in review above that.

Mr. SmitH. Thank you. Thank you, Mr. Chairman.

Dr. GRaHAM. Mr. Chairman, may I add one more comment either
now or after you return?

Mr. Rok. Do it now.

Dr. Granawm. Fine.

When you ask a very deep question involving any high-technolo-
gy complex program, which is what is acceptable risk, and how do
you define it, I don’t believe it has a very short answer. But let me
give you at least a substantial part of that in short form.

For something like the shuttle, a purely statistical test, that is
sample a component, test it, sample it, test it, can never, within
reason of time and cost, be done to the degree of reliability that
you need for operating a system like the shuttle, which is one in
which you want a very, very small probability of failure, driven as
close to zero as possible. In fact, what has to be done instead is that
components have to be designed so that they perform in very pre-
dictable ways. They then have to be tested under a range of envi-
ronments, and it has to be established that those components per-
form in the manner appropriate to the design and in the manner
predicted.
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Finally, you have to look at the failure modes of the system, and
see what the liabilities, consequences are, if the component doesn’t
perform in the manner that has been designed and predicted for it,
and take that into account in assessing the overall margin and reli-
ability you have to put into that component. That is in fact the ap-
proach that is used on space transportation system, and that clear-
ly broke down at least in the case of the field joints on the solid
rocket boosters.

Mr. Roe. The committee will stand recessed while we vote. We
will return and start again with Mr. Monson from Utah.

[Recess.]

Mr. RoE. The committee will reconvene.

When we recessed to vote, our next colleague to be recognized is
the distinguished gentleman from Utah, Mr. Monson.

Mr. MonsoN. Thank you, Mr. Chairman.

With regard to the acceptable risk factor that we were discussing
before we broke, did temperature elements come into play on that,
or was it strictly based on erosion and temperature and resiliency I
guess, or was it strictly based on erosion?

Dr. GRanaM. Let me start with that one if I may, and then I will
pass it to Dr. Lucas and Mr. Mulloy. There was a concern over the
erosion which had been carried for several years in the observation
?f thi flight hardware data, and we have discussed that at some
ength.

It was known that there was an erosion and blowby on the
joints. The potential influence of temperature on that I believe was
less well understood, and was in fact part of the engineering discus-
sion that took place on the evening before the launch.

While the issue of the original view of the Thiokol engineers,
namely that it was in fact not safe to launch, was questioned, let
me state that as an engineering discipline issue, I think it was ap-
propriate that the NASA personnel, Mr. Mulloy involved in this
case, did ask for the justification of that view, to understand why
that was being made, to review the data, and to establish what the
basis in previous experience, analysis, in fact was, that caused that.

Now there is no question that through this process errors in
judgment and errors in evaluation of data were made. I am certain-
ly not trying to say anything different than that, but raising the
question why the recommendation was made in the first instance
seems to me as an engineering manager an appropriate question to
ask at that time. So that in fact not only Thiokol but NASA did
understand the reason for the recommendation.

With that, let me ask Dr. Lucas and Mr. Mulloy to respond more
specifically.

Dr. Lucas. I think Mr. Mulloy should respond to the matter of
the temperature being a consideration.

Mr. MuLLoy. Yes, sir. The temperature data that was presented
that night was the same data that existed back in July, and was
discussed as I say on August 19, three test data points, one at 100
degrees, one at 75 degrees, and one at 50 degrees, and what the dis-
cussion centered around was what does that mean in terms of the
capability to make a seal in that joint.

Mr. MonsoN. My question really was in two parts, though. You
said that you had derived some acceptable risk standards and tem-
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perature entered into those decisions up to that point, forgetting
everything on the night of January 27, prior to that, that tempera-
ture and resiliency of the O-ring entered into it?

Mr. Muiroy. No, sir, it had not, as an overwhelming concern. If
you look at the total context around August 19, 1985, the total con-
text of that briefing that was given here at NASA headquarters,
you will see that all of the issues and the concerns that were being
discussed about the ability of a joint seal were concentrated on the
erosion, the margin that one had against erosion, and the conclu-
sion being drawn that that was an acceptable situation.

There is no data in that presentation which was a comprehensive
presentation. Now that lack of any concern being expressed for
temperature continued right up to the night of January 27. There
were two seal task force meetings which included the Marshall
Space Flight Center engineers, where the whole interchange oc-
curred of what are we going to do about working this problem, and
temperature was not an overwhelming or was not a concern that
was discussed there at all.

It was again toward primarily bending the putty, finding an al-
ternate to putty, perhaps going to a larger O-ring and that type
thing.

Mr. MonsoN. Was erosion anticipated in the design process of
this joint?

Mr. MurLoy. I am certain it was not. That predates me from
when I came onto the SRB Program, but I am certain that a cer-
tain amount of erosion was not considered in the design process to
be an acceptable——

Mr. MonsoN. But once it was discovered that erosion occurred,
then a decision was made that you could tolerate a certain amount
of erosion?

Mr. MuLLoy. Yes, sir, and that was based on analysis and tests
that was done by Morton Thiokol.

Mr. MonsoN. Now on the night of January 27, a recommenda-
tion was made not to launch based on some unknown factors, what
the effects of temperature were primarily as I understand it. Had a
recommendation against a launch by Morton Thiokol ever been
made prior to this?

Mr. MuLLoy. No, sir.

Mr. MonsonN. And so without accurate data on what their con-
cerns were at this time, why was it considered necessary to ask
them for data that you probably knew they didn’t have because it
really hadn’t entered into the fact, into the decisionmaking process
up to that point?

Mr. MuLrLoy. Well, sir, I don’t believe that anyone that I heard
ask for data that we knew that they didn’t have. What was said
was that the data that we do have certainly do not give you a cor-
relation between temperature and the fact that the joint will or
will not seal. We were all concerned with the risk that we were
taking in continuing to fly at any temperature, and what the data
said was that there is a risk at any temperature.

As 1 stated, the worst, the nearest thing to a catastrophe we had
before 51-L was 51-Bravo, where we completely eroded away a pri-
mary O-ring and eroded the secondary O-ring, and that was at
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above 70 degrees, 75 degrees I believe, and that is the kind of dis-
cussion that occurred.

How can we reach a correlation. We know we have a risk in this
joint. We are all concerned about the risk in this joint, but how can
we correlate the probability of failure of the joint to temperature,
and that was the whole gist of that 2-hour conversation.

Mr. MonsoN. I don’t like to. Monday morning quarterback and I
apologize for doing it, but it is hard to understand the process that
occurred that night, when it was a concern over a lack of data, and
then knowing that that data didn’t exist because the tests had
really only gone down to about 50 degrees as I understand it from
the testimony that I am hearing, and yet it was understood from
those tests that the lower the temperature got, the more the prob-
lem developed, despite the fact that you had had problems at
higher temperatures on other flights as well.

It just seems that the evidence was leading that way, and I just
would hope that we will remember this and make sure that if
there is any doubt, we don’t try to base things on whether or not
we can prove that it is unsafe but whether or not there is data to
support the fact that it is safe, in the future.

Mr. MurrLoy. I certainly agree with that, sir, and that is what I
thought we were doing on the night of the 27th.

Mr. MonsoN. Thank you, Mr. Chairman.

Mr. Roe. The Chair recognizes the distinguished gentleman from
Pennsylvania, Mr. Ritter.

Mr. RirreR. Thank you, Mr. Chairman.

I think most of what I wanted to ask has already been asked, but
I would like to add this comment, and then some questions.

Neil Armstrong, when he was here kicking off these meetings,
mentioned how in the early days they figured everything would go
wrong that could go wrong, and they were very surprised when it
didn’t, and these days the attitude was everything is supposed to go
right, and everything should go right, and they are surprised when
it doesn't.

And I think for me that sums up what happened to the whole
system.

I think the system was really a victim of its own success. Prob-
ably the greatest single enemy of the success of 51-L, of this shut-
tle Challenger mission, was the success of 24 previous flights. That
the people in the system got in the mode of thinking that they
could do no wrong, or that the systems were so good in their inte-
grated combined state that little things like joints and O-rings and
things like that simply weren’t that important, and the test, the
report, the Rogers Commission report, is so loaded with the idea
that you almost had to prove, and I go to Mr. Lund’s remarks to
Chairman Rogers, he said “we couldn’t prove absolutely that the
motor wouldn’t work” and Chairman Rogers said “In other words,
you honestly believed that you had a duty to prove that it would
not work” and Mr. Lund said, this is the vice president for engi-
neering at Morton Thiokol, he said “Well, that is the kind of mode
we got ourselves into that evening. It seems like we have always
been in the opposite mode. I should have detected that, but I didn’t.
But the roles kind of switched.”
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I think that is a very, very telling comment. Now on a more spe-
cific note, I would like to call attention to the Thiokol “Letters and
Memoranda Written After the O-Ring Concern Escalates.” That is
the title. I would like to know on page 249, whether anyone at
NASA, Marshall or elsewhere, had any idea of this kind of memo
which was circulating at Morton Thiokol. I just read from one
paragraph.

It is from Mr. Boisjoly to R.K. Lund, vice president for engineer-
ing. He says, “If the same scenario should occur in a field joint,
and it could, then it is a jump ball as to the success or failure of
the joint because the secondary O-ring cannot respond to the clevis
opening rate and may not be capable of pressurization.”

By the way, the secondary O-ring cannot correspond to the previ-
ous, may not be capable of pressurization, I am not sure that is an
erosion problem at all. We are really spending a lot of time on ero-
sion when flexibility and compressibility is maybe the real factor.
Anyway, “the result” he states, “would be a catastrophe of the
highest order, loss of human life.”

Had anyone any wind at all that this was the kind of concern
that was in and about Morton Thiokol, and obviously this kind of
concern is what underlies Morton Thiokol’s reticence the night
before the launch to go ahead. Was anyone aware of this?

Dr. GranaM. Mr. Ritter, I think I will ask the gentleman from
Marshall to see if they had any specific knowledge of this. At head-
quarters I certainly did not, and I notice that the letter has compa-
ny private, written on both the heading and the end of the letter.
That type of communication is not normally circulated outside the
company, although it is not impossible that it might be.

Dr. Lucas.

Mr. RitTER. I mean there are such things as leaks, which we are
kind of familiar with around here. You know, this is the kind of
thing that is leakable, because it is kind of a life and death matter.

Dr. GraHAM. Let me ask the representatives from Marshall if
they were aware of this letter.

Dr. Lucas. I can say unequivocably that I was not aware of such
a document as this, nor the information contained in it, and I
would like to ask my other colleagues from Marshall if any of them
were aware of it.

Mr. MuLLoy. Sir, [ was not aware of that information that is in
this memorandum, and certainly not aware of the specific memo-
randum itself. There were monthly meetings face to face, and there
were week to week telecons that occurred between the people who
worked this problem or the solid rocket motor program for me, and
none of those concerns that are in this memo were conveyed to me
in any manner.

Dr. GrRaHAM. I think another issue that might be raised here is
why this was in fact a company private as opposed to a piece of
information that would be transmitted, and I don’t know the
answer to that.

Mr. RitTer. Yes, I am a little bit concerned about that, too, in
that there are certain things that are proprietary, there are certain
things that you hold close to the vest, but when you deal with life
and death issues, and you are dealing with a customer who is prob-
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ably your biggest customer, you would think that this kind of, the
strength of this argument, would be transferred.

I am just disturbed that it isn’t.

Mr. Chairman, I would like to proceed if I may.

Mr. WALGREN. Would the gentleman yield for one follow-on
thought.

Mr. RirTER. Yes, I will.

Mr. WaALGREN. That is as I understand it after the memo that
the gentleman from Pennsylvania just read, there was a presenta-
tion made to level 1 of NASA about the O-ring problem, and obvi-
ously they communicated substantially their reservations in that
presentation, and the question I would have is not so much what
happened in the launch of this Challenger, but as I understand it,
after Morton Thiokol made that original presentation to level 1
NASA, the Commission found that, and I quote from page 148,
“The O-ring erosion history presented to level 1 at NASA Head-
quarters in August 1985 was sufficiently detailed to require correc-
tive action by or to the next flight.”

And so the question is not so much why this flight was launched,
but why did not NASA at the highest of levels, and this is beyond
Marshall and beyond anybody knowing one thing and not knowing
another thing, the information was adequate at the highest levels
of NASA to suspend the flight in August and September 1985, and
it wasn’t done, and what is NASA’s response to that?

Dr. GrauaM. I will ask Dr. Lucas to address one specific on that,
but I think the more general answer to the question goes back to
Mr. Ritter’s observation at the start of his questioning, and that is
that in fact there appeared to be what I will call a culture change
in NASA over a period of several years. During which the success-
es of the program led to an environment where the determined
challenge of each issue was somewhat lessened. While I was not
there at the time, I can certainly tell you from experience in other
areas that as an activity becomes more successful from an engi-
neering and a management point of view, it certainly becomes
more difficult to challenge it, and to raise questions.

I think this has a great implication for the future of NASA, be-
cause NASA looks forward to many successes in the future. At the
same time it must be able to operate in a very intensely concerned
and intensely skeptical mode while it is going through those suc-
cesses.

Mr. Rirter. Right. If the gentleman would yield back, I would ap-
preciate the quality of the gentleman’s line of questioning, but I
have been waiting here all day long and we are going to be going
to vote. I have another part of my question that I would like to
complete. There is another memo here titled “Activity Report,”
and that is all, and it is again by Mr. Boisjoly and it doesn’t say
just company, private, but let me quote.

It says, I might add, that even NASA perceives that the team is
being blocked in its engineering efforts to accomplish its tasks.
NASA is sending an engineering representative to stay with us
starting October 14. So it is right in that period of time that my
colleague from Pennsylvania talked about. We feel that this is the
direct result of their feeling that we, MTI—I am not sure what
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%hat means—are not responding quickly enough on the seal prob-
em.

And so there seems to be some fairly extensive—I don’'t know
how extensive, but there seems to be some conflict between the
progress of the Morton Thiokol team and NASA’s expectations, at
least according to Mr. Boisjoly, and yet when Morton Thiokol
comes back and says we are not ready, from our perspective we
prefer not to launch, it is NASA which overrides or to some extent
calls the shots on Morton Thiokol.

Dr. GraHaMm. That was obviously a long and hard engineering
discussion. I believe NASA stated during that in fact NASA would
not proceed with the launch or at least the Marshall Space Flight
Center personnel would not recommend proceeding with the
launch if in fact Morton Thiokol recommended against it. That is
not intended to excuse NASA for any responsibility in the situa-
tion. NASA clearly bears a major responsibility, but nevertheless it
was not NASA’s intention nor did NASA override Thiokol. They
may have inadvertently biased the Thiokol answer.

Mr. Rirrer. Mr. Hardy’s comment that he was appalled by Thio-
kol’s original recommendation, and Mr. Reinartz’ comment we
won’t be able to launch until April—were you present when Mr.
Hardy mentioned that he was appalled at the initial recommenda-
tion of Thiokol?

Mr. MuLLoy. Yes, sir.

Mr. Rirrer. Were you appalled?

Mr. Murroy. No, sir, I was surprised at the conclusion drawn
from the data, and a 2-hour discussion prior to that I think tended
to establish that that conclusion could not be drawn from the data
presented.

Mr. RirTEr. What is the meaning of the word “appalled” in this
ca}?se? Does it mean that he doesn’t agree with it or he doesn’t like
it?

Mr. Murroy. No, sir, I can’t speak for what was in Mr. Hardy’s
mind when he used that term.

Mr. RirtER. Mr. Hardy is not here today?

Mr. MurrLoy. He is not here today, but I believe that he had the
same feeling that I did, that you just can’t reach that conclusion
from these data.

Mr. RirTER. The interesting thing was the four people, the four
management people who eventually made the decision out of the
group of 12 which was in the caucus—and I don’t have the list of
their names with me at the moment; it is in this pile here. But as I
understand it, not one of them was intimately related to the work
on the seals.

In other words, the vice president for engineering was not—I
guess he was the one who had reservations and the other three
were not related to the seal problem. Were you aware that that is
how that decision was made, or did you have any idea of the deci-
sion process that Thiokol went through to change their mind?

Mr. MuLLoy. No, sir, I was not aware at all of that process. As
has been testified, we were on mute and it was some 30 minutes
and they came back with a rationale for a recommendation for
launch. However, after becoming aware through testimony as to
who was involved with that, Mr. Kilminster is intimately familiar
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with the problems on the seal, he dealt with that in our flight read-
iness reviews on a number of occasions.

Mr. RitTER. But it has been pointed out by people at Thiokol that
the people wanting to develop the solution to the seal were simply
not getting cooperation. That kind of bothers me too. Was it
Morton Thiokol that was not cooperating to put together the kind
of team solution approach? Was NASA involved in that? We had
some pretty frustrated engineers testifying this morning that they
were trying to push this. Here is a memo saying that NASA is
aware of this and NASA knows that the team is being blocked in
its engineering efforts to accomplish its task and yet—and yet——

Mr. MuLLoy. Let me explain. As I have said, I was not aware of
any of those memos or those weekly activity reports or the fact
that the reason the work wasn’t getting done was because these en-
gineers were frustrated by their own management policies. I was
not aware of that. However, we were trying to get an alternate con-
figuration that would improve the margin that we could test on
our qualification motor No. 5 originally scheduled to be fired in No-
vember. It is a qualification motor for the first Vandenberg launch,
a filament-wound case motor, but it has the same joint configura-
tion, the nozzle to case and in the field joints. So around October, I
got concerned that the results weren’t coming in to allow us to
reach a conclusion as to what the configuration that we could put
on that QM-5——

Mr. RiTTER. Were you expecting those results?

Mr. MuLLoy. Yes, sir, we were.

Mr. RiTTER. And yet those results were not forthcoming?

Mr. MuLLoy. They were not forthcoming. As a result of that, I
scheduled a meeting—1I can’t recall the exact date—in the October-
November timeframe and told Thiokol I wanted them to come into
Marshall and tell us how they were coming on arriving at a recom-
mended configuration for the equipment for the QM-5 firing.

That meeting did occur, and it became evident that there had
not been a whole lot of work done, and again in that meeting the
frustrations of the engineers were not being conveyed. It was just
simply that the work wasn't getting done. That briefing was given
to Mr. Kingsbury and myself and we then provided some emphasis
to Thiokol that it was very important that that work get done so
we could select a configuration for QM-5.

Mr. RitTER. One last point.

Mr. Rok. The committee will reconvene. The chair recognizes the
distinguished gentleman from Pennsylvania, Mr. Walker.

Mr. WALKER. Thank you, Mr. Chairman.

One of the conclusions of the Rogers Commission reads: ‘“The
Commission concluded that the Thiokol management reversed its
position and recommended the launch of 51-L at the urging of
Marshall.”

Dr. Graham, do you agree with that Rogers Commission conten-
tion?

Dr. GraHaM. Mr. Walker, my information on that is derivative,
basically information I have been told by others who were partici-
pating in that, so I am going to ask——
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Mr. WALKER. I want an answer from each of the people at the
table as to whether or not they agree with that finding of the
Rogers Commission.

Dr. GrauaM. I have no independent information to either con-
firm or deny that particular statement, so I would only be giving
information based on secondary sources that I have. I have not yet
found those to be of sufficient specificity that I can give a complete-
ly conclusive answer. There was certainly a very active discussion.
Much of it, in my view, during the telecon the evening before, was
proper engineering and technical probing of the reason the recom-
mendation was put forward.

However, it is possible that that went beyond probing and into a
situation that Thiokol interpreted as being an attempt to encour-
age or otherwise steer them to a specific conclusion. I believe that
is the view Thiokol stated, and I understand that is their view of
the situation.

Mr. WALKER. I am not worried about what Thiokol is stating.
The Rogers Commission conclusions, in all the various phases, is
going to be the guidance of where we go from here, and I think
that this is a fairly important conclusion given where we are after
testimony today, and I am trying to find out whether NASA man-
agement, to begin with, agrees with that conclusion of the Rogers
Commission, and that is that the position was reversed at the
urging of Marshall.

Dr. GrRaHAM. Once again, I certainly accept the conclusions and
the recommendations of the Rogers Commission.

Mr. WALKER. So you do agree with that?

Dr. GRaHaM. I understand that is their conclusion and accept
that as their view of the situation.

Mr. WALKER. What is NASA’s view of the situation?

Dr. GRaraM. NASA certainly——

Mr. WaLKER. What is NASA’s view of the situation?

Dr. GrRaHAM. | am not adding information to the process because
I don’t have independent information. I am accepting what is being
told to NASA by the Rogers Commission.

Mr. WALKER. So you accept the Rogers Commission conclusion
that the Thiokol management reversed its position at the urging of
Marshall?

Dr. GrRasaMm. I accept the conclusion that Thiokol reversed their
position, particularly as they determined it to be, at the urging of
NASA. I believe that is what was stated there.

Mr. WALKER. It is the conclusion of the Rogers Commission that
it took place that way. I am asking whether or not, based upon ev-
erything you know, whether NASA has also arrived at that conclu-
sion.

Dr. GrRanaM. I have not independently arrived at that conclu-
sion, but I accept that conclusion of the Rogers Commission.

Mr. WALKER. Admiral Truly?

Admiral Trury. That is the way I was going to answer it. I
accept the conclusion of the Rogers Commission. The commission
took all the testimony in closed and open public testimony, came to
that conclusion and I accept it. And since it resulted in the most
important part of the Rogers Commission report, which was the
findings and recommendations, which is what we are using, to
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move out on to correct the problems, I see no reason for myself to
go further into it than to accept their findings.

Mr. WALKER. Dr. Lucas.

Dr. Lucas. Based upon my own knowledge, I have no knowledge
that NASA did influence Thiokol. I was not in the meeting. I have
talked to all of my people who were, and they do not believe that
they influenced Thiokol or insisted that Thiokol change their posi-
tion on the matter.

Mr. WALKER. So you disagree with the Rogers Commission?

Dr. Lucas. No, sir. I don’t have all the information from the
Rhogers Commission and would not be in a position to disagree with
them.

Mr. WaLKER. If you don’t have it, who does? This is directed at
Marshall.

Dr. Lucas. I believe there are still a few volumes that have not
yet been released.

Mr. WALKER. So you are saying that you do accept that conclu-
sion by the Rogers——

Dr. Lucas. I accept the conclusion.

Mr. WALKER. Mr. Mulloy.

Mr. MuLLoy. Yes, sir, I think that is a conclusion that the Rogers
Commission drew from all of the testimony. I have not seen all of
the testimony. As Dr. Lucas said, there are four volumes yet to be
released and I don’t know the total basis by which they reached
their judgment. I was not aware that I was trying on the night of
the 27th to influence Thiokol to reverse their position. However,
Thiokol has testified in testimony, that I have seen some individ-
uals felt, that is what they perceived, and I think that is the basis
of the Commission’s judgment and I have no argument with the
Commission’s judgment.

Mr. WALKER. So we agree across the table that the commission is
right, that Thiokol management reversed its position and recom-
mended the launch of 51-L at the urging of Marshall? We are
agreed now across the table that that is in fact what took place?

Dr. GraHAM. I believe our statement, Mr. Walker, was that we
acceé)t that and accept the results derived from that to move for-
ward.

Mr. WALKER. If we are accepting that, if we are accepting that
statement, then I want to know how it is that it happens, who at
Marshall did that urging?

Dr. GrRanaMm. Well, in the first instance, that was a report, as I
understand it, by the commission and of a response of the Thiokol
Corp. We can certainly describe who was involved in it.

Mr. WALKER. Excuse me, but the Thiokol Co. is out of this at this
point. We are dealing with a recommendation and a finding of the
Rogers Commission. We have taken testimony from you and Thio-
kol. They have arrived at a conclusion, and we have a conclusion in
place that that happened. Now we want to find out why it hap-
pened, how it happened, who did it, is where I am now going. That
is my next question.

If we are agreed that that took place, then the real question on
my mind is who made the decision that allowed—for example, we
had Mr. McDonald before us today who said that at least three dif-
ferent people, employees of Marshall he felt put pressure on him.
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Why was that? Who made the decision that those employees should
put that kind of pressure on Mr. McDonald?

Dr. Granam. Mr. Walker, we are certainly not disputing either
the findings or the recommendations that come from that. Howev-
er, as has been stated, there are more volumes that we haven’t
seen, and in addition, this is a perception of the people at Thiokol
as then determined by the Rogers Commission. I anticipate that
Thiokol and the Rogers Commission would be better prepared to
address the specifics of that issue than we would.

Mr. WALKER. Mr. McDonald said something today, earlier, in
which he said that he told someone at NASA that if you go ahead
with this decision, he wouldn’t want to face a board of inquiry
about it if something had happened to the shuttle.

Who did he say that to?

Mr. MuLLoy. Sir, he said that to Mr. Reinartz and myself after
the decision was passed down from Thiokol. He made it in the con-
text that if he was the launch director, because of the situation
with the retrieval ships, that he would not launch this vehicle. Al-
though he agreed that there was some question about the recom-
mendations for it not to fly below 53 degrees, and then he went on
to say, “If I was the launch director in making this decision,” I
don’t believe that is what he said.

Let me restate. He said, “I would not want to appear before a
board of inquiry,” and he explained why, that “I had flown this ve-
{ﬁcle o’l’ltside of the propellant mean bulk temperature specification
imits.

Mr. WALKER. Now, he said that to people whom he also testified
were making statements to him indicating that they wanted this
vehicle to fly. For example, at least somebody said to him, “My
God, do you want me to wait until April?”’

Mr. MuLLoy. Yes, sir.

Mr. WALKER. What does that mean?

Mr. MuLroy. I think I said that, and what it meant was that we
had flown vehicles successfully and that blow-by was independent
of temperature, as indicated by the data, and that there was no
correlation with cold temperature.

Mr. WALKER. But the point is that there is a pattern here. Were
you feeling pressure from anyone to get that launch underway?

Mr. Murroy. No, sir, and I do not—again, I did not know that I
was applying pressure to anyone else. Mr. McDonald has testified
that he felt pressured.

Mr. WaLKER. He felt pressure not only from you, but Mr. Rein-
artz and Mr. Hardy, he said. In other words, everyone that was
there from Marshall was evidently putting pressure on him toward
a particular decision, and that was to launch.

Now, doesn’t that strike you as odd? That he wasn’t feeling pres-
sure from one person? He was feeling pressure from all three
people. Now, can you understand that maybe he thought a decision
had been made even higher up than each of you?

This wasn’t isolated according to his testimony earlier today.
Now, why was that? What was it that was driving each of the
three of you from Marshall to say to Mr. McDonald that you felt
that we had to get on and begin flying.

What was driving you?
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Mr. MurLoy. Well, sir, I was not aware that I was driven. What I
was doing as I have testified before was looking at the data that
was being presented. What Mr. Hardy was doing was looking at
the data that was being presented. What Mr. Reinartz was doing
was looking at the data that was being presented. What Morton
Thiokol engineering management was doing was looking at those
data. What the engineers at Marshall, if I may finish, sir, what the
engineers at Marshall were doing was looking at those data and
trying to correlate the data with the recommendations that was
being made.

I don’t think anyone at the Marshall Space Flight Center was de-
termined to launch that vehicle in an unsafe condition.

Mr. WALKER. But, you see, sure it is hindsight on our part, but
when we go back and look at data that you were looking at, it
raises questions. Every flight that had been flows below 65 degrees
had had erosion. We had the test, and you say that you discounted
it because at 75 degrees, you had flown and you had not had a
problem, but the fact is that at 75 degrees, it ultimately did seal,
but you had 100 percent assurance that at 50 degrees, it didn’t seal
at all, so that at least that part of the test was valid.

You had a group of conclusions, all of which led to a question of
temperature sensitivity, all of which were ignored, in other words,
to go ahead and fly, and yet you had testimony earlier today from
Morton Thiokol that when they went into that meeting, the engi-
neering meeting, the offline meeting, that no one at that meeting
started with the premise that you ought to fly, that they ultimately
went back and got convinced that they ought to fly, but there were
at least four people even at the end that didn’t think they should
go, and nobody began the meeting arguing that they should fly.

Now, somewhere along the line, there was a building pressure to
do something here that no one was enthusiastic about, at least in
t}lle initial instance, and I am trying to determine how that took
place.

Mr. MuLLoy. Sir, I can give you my perception of that. I don’t
agree that it was a building pressure. I think that there were in-
sights gained during the course of that 2-hour discussion about the
data between the engineers at the Marshall Space Flight Center
and the engineers at Thiokol, and the engineering managers who
were listening to that discussion.

I believe there was additional insight gained relative to conclu-
sions that one could draw from those data. That is my perception
of what happened.

Mr. WALKER. Mr. Chairman, the second bells have rung, thank
you.

Mr. RoE. Are you finished?

Mr. WALKER. Yes.

Mr. Roe. We will again, I regret, have to go back and vote. We
will recess for 10 minutes. Mr. Walgren, you are up next.

[Recess.]

Mr. Rok. The committee will reconvene.

When we recessed to vote, we were about to call upon our col-
league, Mr. Walgren from Pennsylvania. _

Mr. WALGREN. Thank you, Mr. Chairman. This whole process of
trying to sense responsibility is pretty difficult, and we on the one



- 441

hand don’t want to be blaming somebody unfairly. On the other
hand, it is very important that NASA as an organization change
whatever it was that caused this, and I was glad to hear Dr.
Graham emphasize the point of skepticism and building in some-
how a much different mindset than might be there.

On the other hand, it sure is difficult to sense the real pressure
of responsibility. Perhaps it is there, but it is hard for me to sense
it, listening to the testimony at these several hearings.

Culture is in a sense something that can’t be penetrated. If you
can blame something on a culture, there is really no way to go
behind that, and I would urge you as NASA representatives not to
stop at that point.

We had a world war that somebody blamed on culture, and there
was no responsibility. I think somehow that you have to go deeper
than that. I wish I could encourage you to do it.

I wanted to ask two avenues that to me seemed to sort of stop in
the record. One is Thiokol came to NASA and made a complete
presentation, as I understand it, of their apprehension that the O-
rings were going to fail, in late August 1985, and the only pickup
on that in the report that I see is one memorandum from Mr.
Kingsbury saying that he is most anxious to be briefed on the O-
ring problem, because it does not seem to appear to carry the prior-
ity which I attach to this situation.

And then, that is the end of the formal record that I know of.
The truth of it is that the Commission found that just on that pres-
entation to NASA at the highest levels in August 1985, that was
enough to stop all flights.

Now, is there some reason other than culture that that didn't
stop the flights, and if not, can I urge NASA to pursue whatever
the followup on that O-ring presentation of Thiockol’s was, because
in the lack of stopping the flights, that is what caused the accident,
not the temperature on January 27, not the private memo from
Thiokol, but the lack of NASA’s responsibility, according to the
Commission, that on that information alone, no further flights
should have occurred.

Is there a quick answer to why the Commission’s finding that the
flight should have stopped in August 1985, and that everyone had
enough information to stop it, why did not that happen?

Dr. Granam. Mr. Walgren, let me ask Dr. Lucas to address that,
but before he does, let me just say one quick thing on the culture
issue. I come from the private sector. I have been at NASA now
about a half a year. I think culture in a corporate sense and in an
agency sense is a very specific quantity which permeates the orga-
nization, deals with the approach to subjects, deals with whether
probing questions are asked, whether issues are challenged, wheth-
er people from the top to bottom are put face to face in dealing
with issues in the organization.

I think that is something that is under management control from
the top of the agency down, and something that is not an ephemer-
al quantity but something that has to be addressed and controlled,
and directed by the top management of the organization.

To me it is a very real quantity.
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Mr. WALGREN. And I would like to ask if Dr. Lucas could give
that submission to the record because I don’t have enough time
and I tend to preface things too much.

[The information follows:]

Material requested for the record on pages 230, line 5403 and
250, line 5862, by Mr. Walgren during the June 17, 1986, hearing.

NASA agreed with the conclusion of the Morton Thiokol briefing of
August 19, 1985, which concluded that "Analysis of existing data
indicates it is safe to continue flying the existing design as
long as all joints are leak checked with a 200 psig stabilization
pressure, are free of contamination in the seal areas and meet
o-ring squeeze requirements.’

Mr. WALGREN. The second avenue that I wanted to direct your
attention to, and in this I am trying to be constructive in thinking
myself about what would I think about if I were in those circum-
stances, there were recommendations that there be a near-term fix,
as I understand it, made by Thiokol, that shims be placed on every
flight since August, on the flight after the one that was scheduled
to go August 22, 1985, the Thiokol people recommend shimming in
every flight thereafter.

In the NASA memos it is picked up. I cannot bring it right back,
but there was a recognition that that would be a good thing to do,
a near-term fix.

As I understand it, this rocket was not stacked until November
1985. 1 don’t understand why a recommendation for a fix as simple
as my own understanding of shimming would be, would not be in-
corporated in a flight where the rocket is not put together until
November 1985, when near-term fixes to a critical problem had
been recommended with the intensity that recommendations were
made in this O-ring situation.

Is there an answer to why this rocket was not subject to that
near-term fix?

Mr. MurLoy. Sir, was that recommendation made in the August
19 briefing? I am not familiar with the recommendation in that
timeframe to do additional shimming on the joints.

Mr. WALGREN. Well, what I am basing this on is there was an
internal Thiokol memorandum which recommended a near-term
fix involving the shims, and then I thought I remembered that
being picked up in some of the discussions of NASA people, and 1
gather that would have been before November 1985, when I under-
stand this rocket was put together.

Mr. MuLLoy. Yes, sir. Of course the joints are shimmed now.
That was a recommendation that goes back in the pre-1980 time-
frame for shims and some of the documentation that was provided
the Commission.

4 Mr. WALGREN. I am looking at the August 22 Thiokol memoran-
um,

Mr. MuLLoY. Yes, sir.

Mr. WALGREN. Where they recommend a maximum shim for a
near-term solution be incorporated for flights following STS-27,
which is currently at that point scheduled for August 24, and then
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I am convinced that somebody in NASA at least was very aware of
the ability to do an improvement by increasing the shipping be-
cause of the effect that has apparently of increasing the pressure
and helping you with the erosion problem.

Mr. Murroy. Yes, sir. That was discussed in terms of custom
shimming, but this recommendation that you refer to here did not
come to NASA. I did not receive any recommendation during that
timeframe to do custom shimming, and I don’t recall that from the
August 19 briefing at NASA Headquarters as being one of the
near-term recommended fixes. That was a memo from Arnie
Thompson to———

Mr. WaLGreN. I would hope just in conclusion, Mr. Chairman,
that those in charge of this review within NASA be really looking
at why there was not better pickup on the August Thiokol report
on O-ring seals that would—goes right by any of the questions of
who knew what when. Apparently everything necessary was
known. There was no pickup. And second, why there was not
pickup on this recommendation of the near-term fix, which would
also if acted on reasonably promptly change the circumstances of
the flight in January, and it would seem from a management
standpoint you would be able to see how your organization was op-
erating, and what improvements might be made.

Thank you, Mr. Chairman.

Dr. GRaAHAM. We will take that for the record, Mr. Walgren, with
your permission.

[The information follows:]

Material requested for the record on page 253, line 5934, by
Mr. Walgren during the June 17, 1986, hearing.

Changes to flight hardware designs are not made on the basis of
recommendations contained in internal company memos, even where
NASA might have a copy of such a memo. Changes require a formal
proposal by the contractor and a comprehensive evaluation of the
proposed change by NASA.

In our knowledge, no one at MSFC was aware of the Thompson memo.
However, ideas contained in that memo were considered for
incorporation on a qualification motor (QM-5) which is part of
the Filament Wound Case (FWC) program. The larger o-ring was
incorporated, the additional shims were not. In hindsight, it is
fortunate that additional shims were not incorporated since
testing after the accident has shown that the conclusions stated
in Mr. Thompson's memo that increasing squeeze is good have been
proven to be just the opposite, i.e., too much squeeze is bad.
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Mr. Rok. The Chair recognizes the gentleman from Missouri, Mr.
Volkmer.

Mr. VoLkMER. Mr. Mulloy, in your early testimony you reviewed
going over the level 1 flight readiness reviews that preceded flight
51-L. I don’t have the copies of all those, the appendix hasn’t been
printed yet.

I look forward to it because what I do find within the Commis-
sion report is, however, that words like ‘‘the condition is accepta-
ble”, that this is acceptable. Those were the words used in almost
all of those flight readiness reviews?

Mr. MurLoy. Yes, sir; risk acceptable or condition is acceptable.

Mr. VoLkMER. Right.

Mr. MuLLoy. Based on our previous experience.

Mr. VoLkMER. And if that is presented to me if I am in higher
headquarters, somebody presents that to me, again we are looking
at what you are saying and what I am hearing, and what I hear is,
well, it is something that you just don’t worry about, it is accepta-
ble, and that concerns me, because it also concerns me, Mr.
Mulloy—and Mr. Heard is not here—but if at the time on the tele-
conference when Thiokol made their first presentation with their
criteria for not going ahead with the launch, and you and your
staff and your people there had said OK, we are going to scrub it,
we will go and look at it tomorrow, do you think Thiokol would
have turned around and said “No, we are going to go ahead and go
and have a little conference of our own, a caucus of our own, to
change their mind.”

Mr. MuLLoy. No, sir; I do not believe they would have done that.

Mr. VoLkMER. I don’t either, and that is what disturbs me, be-
cause, gentlemen, in answer to your questions by the gentleman
from Pennsylvania, you all said that you really didn’t know your-
self, know whether Marshall turned Thiokol around. It is obvious
to me that the attitude and what proceeded with Thiokol, and what
occurred during that teleconference, maybe it wasn’t said directly
but there is no question in my mind that it is there.

I think that Marshall has to accept that responsibility. If you
gentlemen aren’t going to accept that responsibility, that gives me
great concern, great concern for the future for what is going to
occur.

Dr. GraHAM. In fact NASA does accept the responsibility, and
accepts the Commission recommendations in that regard. I believe
the distinction that was being made was that, as was testified here
this morning, or this afternoon rather. As I understand the state-
ment of the NASA engineers involved in that, it was not their in-
tention to transmit the signal to Thiokol that they were being in-
timidated or otherwise asked to make a decision that was contrary
to their engineering judgment. Rather they were being asked to ex-
plain the basis for the judgment.

Nevertheless, it is clear the signal was received the other way.
That is a very serious problem, and something we have to take
every effort to guard against occurring in the future, while at the
same time still being able to understand why recommendations are
made.
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Mr. VoLkMER. And to be honest with you, Mr. Mulloy, do you
now feel that temperature has an impact on the operation and the
sealing effect of O-rings, lower temperature? .

Mr. MuLLoy. Yes, sir; I agree with the Commission’s conclu§1ons
in that regard relative to the failure investigation. They list a
number of causes for the failure of that joint, and temperature is
listed as a contributing factor and I believe that is correct.

Mr. VoLkMER. What brought you to that conclusion?

Mr. MuLLoy. I think the failure analysis done that showed there
was a lot about that joint that we didn’t understand going into
51-L. We didn’t understand the effect of overcompression on O-rings.

What we worried about prior to 51-L was being assured that we
did have compression on O-rings. What we found as a result of the
failure investigation, that overcompression was also a contributing
cause to the accident, in combination with temperature and other
factors.

So, I think we know a lot more about that joint today than we
did before 51-L.

Mr. VoLkMmER. Why didn’t we know it beforehand?

Mr. Murroy. I guess it is difficult for me to answer this way, but
I was not smart enough to know it beforehand. The people, Morton
Thiokol and the engineers that we have, had been looking at this
problem over the last 7 to 8 years. They were looking at the obser-
vations and making judgments and making recommendations to
continue flying, based on those data, were not smart enough to rec-
ommend the additional testing, and the people who reviewed that
at levels above me were not smart enough to say that we need to
do more than what we are doing.

It is tough for me to say that, but I don’t know any other way in
hindsight. '

Mr. VoLkMER. And the fact that you accepted the data for low
temperatures for the DM-4 O-ring at 40 degrees, and the QM-3 at
45 degrees as a model for an SRB for launch purposes—does that
today give you any qualm?

Mr. MuLLoy. No, sir; it does not. I think that these are flight
motors that are in a horizontal position. When the motor is put in
the horizontal position it sags about 8 inches, which puts some
varying gaps, and so forth, in those joints. When you pressurize the
motor for the actual firing, you get the real simulation of the dy-
namics of what is actually happening in the joint versus a test
where you just have two steel platens and you are measuring the
resiliency of an O-ring.

1 think a full-scale flight motor test at 40 degrees is a more sig-
nificant data point than a scale test of resiliency of an O-ring.

Mr. VoLkMER. But there had been no leak check on those?

Mr. MuLLoy. Yes, sir; they were leak-checked. All static firing
motors were checked, and that DM-4 is a flight motor fired with
an ambient temperature of 36 degrees, and an O-ring temperature
of 40 degrees.

_QM-3 was at an ambient temperature of 40 degrees with an O-
ring temperature of 45 degrees. There was another set of data that
correlated to low temperature that was presented by Thiokol that
night. That was the full-scale testing on joint segment field joints
that were done with an O-ring that was 5 mills undersized, and a
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durometer of 90, the hardness was 90 as opposed to 75, which corre-
lates to the flight O-ring, which has a room temperature durometer
of 75. But, that correlates to a 30-degree condition on the motor, so
there was significant test data that would indicate that at 30 and
40 degrees, the motor would function.

Mr. VoLkMER. Why would the Commission—maybe we will have
to find out something from them. On page 129 of the report, it
shows in relation to the demonstration motors and the qualifica-
tion motors, that pressure and nozzle, it is not applicable.

Mr. MuLLoy. STS-4 was lost at sea, sir.

Mr. VOLKMER. I am not saying STS-4, I am saying all the DM’s
and all the QM’s. My copy shows that pressure is not applicable,
nozzle not applicable——

Mr. MuLLoy. I suspect that that judgment was reached because
the practice at Morton Thiokol during that time when the joints
were assembled. They went in and looked at the configuration of
putty, and tamped more putty into the joint at that time, and I
think their judgment was that that invalidated any significance of
those test data.

Mr. VoLKMER. In other words, if there is a leak check made then
they went in and filled the putty holes?

Mr. MuLrLoy. That is correct, sir.

Mr. VoLkMER. You don’t do that on a flight motor?

Mr. MuLLoy. No, sir, we do not.

Mr. VoLKMER. That is what I am—you know, if I could have a
little bit, I am very concerned about the, I would say attitude to-
wards this because as one who has tried to be objective in it all the
way, I find it—and maybe it is hindsight and not foresight again,
but the engineers for Thiokol, not management, but the engineers
that raised the question to begin with, I don’t believe ever changed
their mind about what happened or what was going to happen or
the possibility of that happening, and I just think that they raised
T,omecl very valid points that evening that should have been fol-
owed.

Thank you, Mr. Chairman.

Mr. Rok. I thank the gentleman.

The Chair recognizes the distinguished gentleman from Florida,
Mr. Nelson.

Mr. NELsON. Thank you, Mr. Chairman.

Dr. Lucas, you have had a long and distinguished career and you
have thousands of people that have been working for you and your
predecessors who have rendered invaluable service and will contin-
ue to render invaluable service, and despite the circumstances, the
tragic circumstances that bring us together here over the very seri-
ous mistakes that have been made, I do not want to lose sight of
the fact of the commendable service that has been rendered from
the Marshall Space Flight Center over the years, including the
Apollo and the Shuttle Program.

Now, what I would like to talk to you about is, particularly Jack
Lee of the Marshall Space Flight Center, was tasked to do the in-
vestigation on what went wrong and he told us about a week-and-a-
half ago down at the Kennedy Space Center, and it was repeated
last week in hearings, that indeed analysis was to have been done
down to 31 degrees, that that was a part of the design spec, and we
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have—we have checked the documents, we have them here, you
have copies, you know what it is, and as far as I can read English,
indeed that is what the design specs were. Natural environment
down to 31 degrees, and for induced environment down to on the
strut 21 degrees, and on the skin at the joint 25 or 26 degrees.

Now, when Jack talked to us at the Kennedy Space Center and
then again here last week, he said that they had no evidence that
the analysis had in fact been done despite the fact that the certifi-
cations or the verification completion notice had been signed before
STS-1 and also again before STS-5. This morning when representa-
tives of Morton Thiokol were here, I questioned them as to this,
and they stated that they don’t read this being a contractual re-
quirement or in case that word would imply something else, that
they don’t feel that the design specifications required that kind of
analysis.

What I would like to glean from you and/or any of your repre-
sentatives, including Mr. Lee, Mr. Mulloy, anyone, at your pleas-
ure, is if you could share for us what your interpretation of the
design specs were.

Dr. Lucas. Mr. Nelson, I certainly will and then I will ask Mr.
Mulloy to amplify that somewhat. My understanding of the specifi-
cation requirements are exactly as you have presented them and
we interpreted when they were certified as having been met by
Thiokol, that there was no ambiguity there, that it was 31 degrees,
21 degrees and 25 or 26 degrees respectively. That is a program
document. It is imposed upon the contractor for the delivery of that
element and it was so certified as having met that.

Mr. Mulloy, you want to talk about the details?

Mr. MuLLoy. Yes. I agree with you, sir, in reading that. It is in-
credible, I think, that there could be any misinterpretation of it.
The shuttle program level specification JSC-07700, volume 10, ap-
pendix 1010 does contain the natural environment requirements. It
shows that requirement clearly for vertical flight for a temperature
range of 381 degrees Fahrenheit to 99 degrees Fahrenheit. It also
shows the induced environment that says each element of the shut-
tle vehicle shall be capable of withstanding induced environments
imposed during transportation, ground operations, handling and
flight operations as specified in appendix 1011.

Then we have taken that and interpreted that into the end item
specification to which the solid rocket motor is procured. That spec-
ification is CPW1-33, and that interpretation says under natural
environment in that specification, that SRM shall withstand the
natural environment defined in JSC-07700, volume 10, appendix
1010, which is the 31 degrees for vertical flight.

The induced environment, it says the SRM shall withstand the
induced environment thermal or environmental conditions defined
in the following document: SD-784-SH-0144. This is the thermal
interfaces design data book. This document is required by appendix
1011 of JSC-07700, volume 10. '

If one looks at the specification in SD-T4-SH-0144, it shows a
temperature range for the skin of the SRB for prelaunch condition
of 25 degrees to 120 degrees. It further defines what it means by
prelaunch condition. It states that the prelaunch—let me read it
from the document, if I have it.
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Prelaunch, it states:

The prelaunch post-fill surface temperature histories are presented herein for the
hot and cold day environment specified in the space shuttle flight and ground
system specification JSC-0700 volume 10, appendix 1010.

The key words there are “post fill.” That means that the exter-
nal tank has been fueled. That is not a storage condition, that is
clearly a prelaunch condition, and this environment alludes to that
prelaunch condition.

It, further, has data included in that document which is the diur-
nal cycle or the day-to-day temperature swing that goes with the
coldest day, so one can then do the analysis that arrives at that
temperature. You are correct also in stating that Thiokol certified
that the motor was qualified to that document which requires that,
and you are also correct in saying that the Government, NASA,
and all the reviews that were done by NASA, accepted that certifi-
cation. There were independent reviews done also of that wherein
that certification was also accepted when in fact there is no basis
for that certification.

Mr. NeLsoN. Is the certification to which you refer the verifica-
tion completion notice?

Mr. MuLLoy. That is one, sir. It is also the certificate of qualifica-
tion where both Thiokol asserts that the qualification requirements
have been met and the Government, NASA in this case, also at-
tests that the qualification requirements have been met. So there is
a verification completion notice and then there is a certificate of
qualification.

Mr. Roe. Would the gentleman yield?

Mr. NEeLsoN. I have a key question. ,

Mr. Roe. You always have a key question, but he is saying there
is no basis for certification. Is that what you said?

Mr. MuLLoy. I believe I did say that, and that is in error, sir,
because the basis for certification is the military specification for
the O-ring which says that the O-ring is capable of operating from
minus 30 to 500 degrees. That same military specification goes on
to say, however, you must do a specific analysis of the particular
application of that O-ring in the environment that it is to be used
in for certification.

Mr. Rok. The gentleman from Florida.

Mr. NeLsoN. Mr. Chairman, what do you want to do? We have a
vote.

Mr. RoE. Why don’t we vote and return. We have to finish this
line of questioning and so we will return in 10 minutes, if they ever
decide to finish it.

[Recess.]

Mr. Rok. The committee will reconvene. The distinguished gen-
tleman from Florida will please proceed. : :

Mr. NELsoN. Thank you, Mr. Chairman.

Where we were was we were talking about the question of what
was the design specification, and the witnesses had just testified
that they thought that the design specification indeed called for
the design specification to work for the entire SRM down to 31 de-
grees and induced temperature in the range of 21 for the strut and
about 25 or 26 for the skin near the joint.
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Now, the next question is, since you spoke, Mr. Mulloy, about the
verification completion and the other documentation that you
talked about, qualification, do you have any evidence that mdeqd
the analysis that you make reference to was required by this
design specification? Do you have any evidence that in fact that
analysis was in fact completed by the contractor? i

Mr. MuLLoy. No, sir, I do not. Where it showed that the analysis
is required, was entered, is that the basis for certification in the
military specification for the O-ring from minus 30 to 500 degrees.

Mr. NeLsoN. Now what you are telling me is that the basis that
the Government signs off on this verification completion is solely
on the basis of a military specification for the O-ring?

Mr. MuLroy. Yes, sir, because that is the basis that was present-
ed by Morton Thiokol as the basis for certification of that require-
ment.

Mr. NeLsoN. But that in reality doesn’t have anything to do with
the design specification.

Mr. MuLLoy. I agree, sir.

Mr. NELsoN. So in essence, in the case of STS-1 and STS-5,
where the signoff by the Government occurred, that the—that
things were verified—we were verifying—we the Government,
NASA was verifying on the basis of an incorrect piece of informa-
tion as to compliance with the design specification. Do you read it
that way?

Mr. MuLLoy. Yes, sir, I do. I believe that is not a valid basis for
certification of that requirement, and I believe the Government
review of that failed to recognize that.

Mr. NELsON. On December 8, 1982, when you had signed off the
one before STS-5, do you have any recollection as to what was the
information upon which you gave that approval?

Mr. MuLLoy. Yes, I do. I believe that was the certification review
to look at the difference in the lightweight case. That was a light-
weight certification to update that, and everything other than the
changes in the factor of safety due to the lightweight case and
some other things, which I cannot recall, with similarity to the
steel case. So my presumption at that time was that the steel case
had been certified for that environment prior to STS-1, and there
was nothing that caused me to question that when we did the re-
certification for the lightweight case.

Mr. NeLsoN. But specifically it had a volume 10 verification re-
quirement, completed one of those, was with regard to the induced
temperature?

Mr. MuLLoy. Yes, sir, that is correct, and my basis for that was
by similarity to the steel case and as it turns out, I was referencing
a nonexistent data base.

Mr. NeLsoN. Well, who in the Government would have consid-
ered the design specification to have been certified by considering
what you said was the evidence supplied by the contractor, which
was the military specification on the O-ring? Who would have con-
sidered that?

Mr. MuLLoy. Sir, that would have been done through the critical
design, first the preliminary design review process, then the criti-
cal design review process. What typically is done there is there is a
traceability back to the level 2 requirements, and you will find in
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that review where this requirement is specifically—there is a big
matrix that says requirement certification method, and basis of
certification.

You will find that we assemble teams of engineers who look at a
particular area. One of them would be thermal, one of them would
be structures, one of them would be propellant liners, insulation, et
cetera. That team would have looked at this particular require-
ment, and made a certification that they were complete, based on
the certification of the contractor, and then there is a critical
design review board that is typically chaired by the project manag-
er, with other senior members, who take a review of what we call
RID’s, which is review item discrepancies.

If the teams have identified areas where the testing and analysis
does not meet the requirements, or where there are design deficien-
cies in those. So it is a large number of people, and it is a large
process that culminates in the critical design review.

Now, in the case of the SRB, I am aware that prior to my time,
there was then an independent group that was brought in to look
at all the verifications of the solid rocket booster, who relooked at
that total thing. So there is a very large number of people who
have looked at that and accepted that certification, undoubtedly
without penetrating it pretty thoroughly.

Mr. NELsoN. Dr. Lucas, let me see if I can summarize this, and
you tell me if this is an accurate summary. That now, as you un-
derstand the situation, design vehicle on the SRB’s, with regard to
this temperature requirement, the lower temperature, be it the en-
vironment or the induced environment, was not met, and that part
of the Government’s approval of the specification in the verifica-
tion completion procedure, of which I have copies of two, STS-1
and STS-5, was an oversight on the part of the Government that in
fact the requirement had been met by virtue of being supplied with
information that the military specifications of the O-ring were suf-
ficient to meet that requirement.

Dr. Lucas. Yes, sir, Mr. Nelson; I believe that is essentially cor-
rect. I think it should be said that it had not been demonstrated
that the specifications had been met, and the Government missed
that, and I don’t know why other than we didn’t penetrate enough.

Mr. NeLson. OK, so we have tragically in hindsight, as we ex-
plore this, mistakes by the contractor, of which of course the con-
tractor still, according to their testimony this morning does not,
they still don’t acknowledge that this is what the contract said or
what the design specifications said.

I will take that up, Mr. Chairman, with them directly, again, and
I intend that to be my line of questioning in the morning, so if
Morton would be prepared for that.

And then second, the mistake in the review process by the Gov-
ernment as to what in fact was required. Now, we know that is
what has happened in the past. Now tell us, Dr. Lucas, what is
happening in the future?

What are you doing at Marshall to make sure that mistakes like
this never happen again, and how is your redesign process proceed-
ing?

%r. Lucas. Well, clearly, this is a lesson learned, that we must
not allow to happen again, and I cannot understand how it hap-
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pened. It is not characteristic of what we have done in the past,
and we can’t allow it to happen again in the future.

Sometimes I fear that maybe design engineers become too famil-
iar with the hardware, and they make assumptions that probably
shouldn’t be made. We have discussed at Marshall, on occasion, the
possibility of doing our reviews not with engineers but maybe with
accountants or auditors, people that are not in a position to make
any judgment whatever, but simply read down and say yes, you
know, this is what it calls for, and this is what we have got and
how do you know that that is what you have got?

I don’t know whether that is a practical thing or not. We haven’t
pursued that far enough, but that is the kind of discussions that
are going on presently at the Marshall Space Flight Center, and I
am confident in the team at NASA, to make doubly sure that this
never happens again.

Dr. GragaM. Mr. Nelson, if I could add just a word on that. We
are conducting the design review for the solid rocket booster, and
in fact, the redesign effort there, with the Marshall team. But in
addition to that, augmented by a group of people from both inside
and primarily outside Marshall working directly with the Marshall
team. In addition, we have a distinguished group of engineers and
scientists that have been provided to NASA, reporting to the Ad-
ministrator, from the National Research Council and the National
Academy of Engineering, and I believe the National Academy of
Sciences as well. So we have put in a larger hierarchical structure
to oversee this particular redesign issue.

But I think your question is a deeper one, and has to do with
how we conduct activities on such an unforgiving system as a space
transportation system necessarily is. That is a problem that we are
going to give a great deal of attention over the next year to make
sure that this type of a problem has no more chance of creeping
into the system anywhere else than we can humanly prevent.

And Admiral Truly is working on that now in a very determined
way. Dr. Fletcher and I are working on that. We recognize that as
one of our highest priority issues.

Mr. RoE. The Chair recognizes the gentleman from Pennsylva-
nia, Mr. Walker.

Mr. WaLkER. Thank you, Mr. Chairman, and I will be brief.

I just want to tie up one loose end from some previous question-
ing that I did.

Dr. Lucas, there has been reference before to a meeting that was
held in our hotel room at the Holiday Inn about an hour and a half
before the crucial teleconference that we have all been talking
about took place.

When Mr. Mulloy and Mr. Reinartz consulted with you at that
point, did they tell you about Thiokol’s concerns, and did they in
particular mention that Thiokol’s engineers were recommending
against launch?

Dr. Lucas. No, sir. They did express concern. They came to my
room and told me that some Thiokol engineers had expressed a
concern about the effect of weather on the O-rings, and that they
were proceeding to the Kennedy Space Center to conduct a telecon-
ference with Thiokol, and with our people back at Marshall.
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I don’t believe, and, of course, Mr. Mulloy can testify to this him-
self, I believe Mr. Mulloy had not been in the earlier conversation
with Thiokol, although Mr. Reinartz was there. I think he was
learning, along with me, that there was a concern, and I think that
is the answer to your question.

Mr. Warker. OK. Now was there any discussion at all that took
place in your room about getting Thiokol to change their mind
about recommending a launch the next morning?

Dr. Lucas. No, sir, not at all. As a matter of fact, I didn’t know
that Thiokol had a position at that time. The proposition was
placed to me that some Thiokol engineers had expressed a concern.
They had tried to get information on a teleconference that was a
very poor connection. Many people were at their homes, didn’t
have a good connection.

I did not know at that time that Thiokol had a position, if they
in fact did.

Mr. WaLKER. There is nothing out of that conversation that Mr.
Mulloy and Mr. Reinartz have interpreted as being an instruction
to try to get Thiokol to change their minds about this concern they
had about launch?

Dr. Lucas. Not at all. We have never, I have never, and I am not
aware of any other official in Government having attempted to
override a contractor’s objection to a launch.

Mr. WaLKER. Thank you, Mr. Chairman.

Mr. Rok. I thank the gentleman from Pennsylvania.

For the record, in the discussion that Mr. Mulloy was giving
before, in the answer to Mr. Nelson from Florida, speaking of that
certification process, and you, Dr. Lucas, had expressed your con-
cern with that, the question that comes to my mind, as I under-
stand it, there is somewhere between 780 to 800 items in the criti-
cality list, No. 1. Is there any observation from NASA at this point
of any of those items having fallen into the same time of ersatz cer-
tiﬁcagion, as was referred to before, that we are aware of at this
point?

Dr. GRaHAM. Mr. Chairman, as you know, shortly after the Chal-
lenger accident, we initiated a program which has since been specif-
ically recommended by the Presidential Commission, to go back
and look at all of the criticality 1 and 1-R items. I would like to
ask Dr. Lucas to address those from the area that Marshall is in-
volved in, but then ask Admiral Truly to address it on a larger
scale, since he has the direct line management oversight of all of
the space transportation system.

Dr. Lucas. Yes, Mr. Chairman. The Marshall Space Flight
Center has already begun working with our contractors to com-
pletely exhaustively review all of our failure modes and effects
analysis, our critical items list analysis. This review will be com-
pleted with the contractors, will be submitted to a senior board at
Marshall for review, and then, in turn, submitted to a senior, more
senior program review, so we are going from scratch, as if it had
not been done before, redoing it, and any criticality items will have
to be verified, any criticality 1 or 1-R, or whatever, has to be veri-
fied as if it hadn’t been done before.

We haven’t found any problems yet. It hasn’t gotten too far, but
I am not aware of any problems found to date.
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Admiral Trury. I would only make two comments, Mr. Chair-
man. One is this total program review will take probably through
the rest of this year. We do have almost a 3-month head start in it.
We have been going about that long.

The other comment that I would specifically make-is that this
review includes not only the design of critical parts or sections, but
the specific question of certification. We are going back to ground
zero on each item, and reassessing the logic behind the basis for
the certification of the entire list, not only for the solid rocket
motor but throughout the system.

Mr. Roe. The Chair recognizes the distinguished gentleman from
Missouri, Mr. Volkmer.

Mr. VoLkMER. Mr. Mulloy, as I understand it, back in July of
1985, and perhaps prior to that time, in one instance, launch con-
straint was imposed because of the O-ring, is that correct?

Mr. MuLLoy. Yes, sir, that was after 51 Bravo, when we had ex-
tensive damage on the primary seal and some erosion on the sec-
ondary seal on the nozzle to case joints.

Mr. VoLkMER. And on what authority or basis did you impose
that launch constraint?

Mr. Murroy. OK, sir. That is part of our problem assessment
system that I had described earlier. That system and how it oper-
ates, the operating plan for that, is a Marshall document, SE-
012082TH, dated March 1981. In that procedure, it tells how the
problem assessment system is to operate, and it assigns specific re-
sponsibilities to the various elements that operate within that.

The contractor is obligated to report all problems into that prob-
lem assessment system, so the contractor made this report on the
51 Bravo nozzle inspection.

At the time the contractor makes that input for the procedure,
he enters in the computer form whether or not that is considered
to be a launch constraint. When Thiokol submitted this, they sub-
mitted it as a “none”, under launch constraint it was “none”.

Given the seriousness of that problem then, the next step of the
procedure that is specified in that document is followed in describ-
ing what the responsibilities of the element project manager is. In
my case I have two subelement project managers, one for the SRM
and one for the rest of the solid rocket booster to whom I have del-
egated this responsibility. But it specifically states that the level 3
project manager makes the final determination of whether or not a
problem is launch constraint, and he makes a determination of
changes thereto.

So when we saw that, we considered that that was something
that we weren’t going to fly again until we understood it. When it
went through the review there at the Marshall system, a launch
constraint for the next flight was assigned.

After then Thiokol prepared—they did some additional testing to
expand the rationale and the basis for why they felt we could con-
tinue to fly. Given that observation, and the previous analysis and
test had been based on just hot gas impingement to the primary O-
ring, and how bad that could be theoretically. Because the limiting
time that that flow can continue in the time it takes for the pres-
sure to fill the volume between the putty and the primary O-ring,
they expanded that analysis, assuming that the primary O-ring
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wasn’t there, and included the volume between the primary and
the secondary O-ring. That analysis and then some additional test-
ing correlated very well with what they had seen on 51 Bravo, so
they came in with a recommendation that it was OK to continue to
fly, based on this analysis, and this testing, and the rationale was
followed, and Mr. McDonald, I think, spoke to this this morning.

One was that they felt the reason that the primary O-ring had
never sealed was that the leak check pressure on that particular
nozzle was inadequate to assure a leak check of the primary O-
ring, because it was only at 100 lb/in2. Tests had determined that
it takes at least 150 1b/in2 if you have a bad primary O-ring, to be
sure that the putty isn’t masking that primary O-ring leak. So they
had essentially two pieces of that rationale.

One was the next vehicle to fly had been leak checked at 200
pounds per square inch. It had passed that leak check. There was
no danger of the putty having masked a bad O-ring. Therefore, the
primary O-ring would seal.

However, they further stated then if we are wrong, this analysis
and test shows that the maximum erosion that will occur on the
secondary O-ring is acceptable, because it is far below the maxi-
mum erosion that could be tolerated on that O-ring.

On the basis of that recommendation then, from Morton Thiokol,
I then judged that that was a reasonable analysis. I accepted their
recommendation. I then reviewed that in the flight readiness
review with my boss, the shuttle project office manager at Mar-
shall, at that time was Mr. Lindstrom, subsequently Mr. Reinartz.
That was again written in, reviewed at the center board, and that
is one of the ones that went all the way up to level 1, because it
was a new incident, and on the basis of the acceptance of that I
lifted the launch constraint, and then I lifted it for that flight.

We wanted to continue to observe it, so we didn’t close it. Be-
cause it was an unexplained problem, there was no corrective
action taken. The only thing was that we had a 200 lb/in? leak
check instead of 100, and the procedure allows you to close those
problems and lift launch constraints on the basis of either correc-
tive action such as a design change or an explanation, as was done
in this case, that is not expected to occur on the next flight, and
that was done for every flight including up to 51-L.

We kept that problem open, because the concern was that the
original problem was not solved. We were still seeing O-ring ero-
sion, so I had no intention of closing that problem.

By the way, this is not at all unusual. During that period, you
know, that launch constraint was being lifted under this same pro-
cedure, launch constraints were being lifted on other elements of
the shuttle system.

Mr. VoLkMER. Could you give me a list of those other elements of
the shuttle system, not now but in writing?

Mr. MuLLoy. For the record, yes, sir.

[The information follows:]
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Mr. VorkMER. For the record, I would like to have those. May 1
continue, Mr. Chairman, just for a few minutes?

Mr. Rok. Yes.

Mr. VoLkMER. Even though then you continued to see erosion of
the O-ring, you continued to waive the launch constraint?

Mr. MuLLoy. That is correct, sir, on the basis of the rationale or
the explanation as to why that was an acceptable risk that was
presented to me by Morton Thiokol, reviewed and approved by my
management.

Mr. VOLKMER. Is there any reason when this first came up that
you put it in the problem assessment system rather than the prob-
lem reporting and corrective action system?

Mr. MuLLoy. Actually, sir, it is the same thing. I think the prob-
lem reporting and corrective action system is the level 2 system
that is required by JSC volume 5 in the 07700 series, and as a
matter of fact this problem report also went to JSC, into the
PRACA system.

Mr. VorLkmER. Was JSC informed of the problem?

Mr. MuLLoy. Through the flight readiness review, and through
the submission of this problem to the problem tracking system at
JSC. I do not know what distribution was made at JSC when it
goes down there. The report also goes to the chief engineer’s office
at headquarters.

Mr. VoLkMER. It is my understanding that we had some testimo-
ny earlier from Mr. Aldrich that he wasn’t knowledgeable that
there was a launch constraint.

Mr. MuLroy. That is entirely possible, sir. I don’t know what dis-
tribution was made, and I have testified, that it wasn’t briefed in
the level 2 and the level 1. When I went——

Mr. VoLkMER. That is right.

Mr. MurLoy [continuing]. That we have a problem, the concern is
flight safety, the rationale for continuing to fly is this. That was
not briefed in the context of this is a launch constraint in the prob-
lem assessment system, and it is entirely possible that if that
report, whatever distribution is made of that report at Houston,
that he might not have seen that.

Mr. VoLKMER. Mr. Graham, do you recognized this as part of the
problems of communication that needs to be corrected?

Dr. Grauam. Absolutely, Mr. Volkmer. This is a very serious
problem in communication. On the one hand the system is in place
which is quite extensive, and based on a great deal of history on
the subject, and on the other hand we now have a very strong indi-
cation. I believe without talking to the recipients, nevertheless a
clear instance of the information not showing up in the right form
or the right person at the right time, and we have to make sure
that does not happen again.

Given the fact that things can go wrong, we have to make sure
that there is enough backup in the system, enough capacity, to
keep this type of problem from growing to a disruptive dimension.

Iubelieve Admiral Truly has a comment he wanted to make as
well.

Admiral TruLy. Yes, I did. I wanted to specifically say that this
specific point of the system at the Marshall Space Flight Center,
the computer system at the Marshall Space Flight Center, into
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which problems are entered and dispositioned and the system at
the Johnson Space Center, where the same sort of actions are
taken, it is not at all clear to me that the two systems are compati-
ble, and I talked to Mr. Aldrich about that this morning, and as-
sured myself that this, this specific point of the way, not through
people but through a system that is required to track all the ac-
tions that go into it and out of it, is addressed in our program man-
agement review, before we get back to flight.

Mr. VoLkMER. It is possible, as I understand the whole system
then, that the launch director would not even know, necessarily, of
these launch constraints; is that correct?

Admiral TruLy. As I understand it, and again for the future, I
don’t see a problem, because we are going to go back to square zero
and look at both systems. But as I understand it, at the time of
51-L, if the so-called launch constraint was dispositioned as Mr.
Mulloy mentioned, unless someone read the paper that was distrib-
uted to level 2 in Houston, or to the chief engineer’s office in Hous-
ton, it would not have shown up automatically in a single tracking
system. We are going to assure in the future that it does. Is that a
fair assessment?

Mr. MuLLoy. Yes, sir, the report also goes to KSC also. Again, I
don’t know what distribution is made at KSC of the report.

Mr. VoLkMER. At the time of the flight on January 28, the O-ring
problem was categorized at a criticality 1; is that correct?

Mr. MuLLoy. That is correct. It was categorized as criticality 1 by
gggswaiver processed in late 1982 and approved here in March

Mr. VorLkMER. Then I have documents before me that have been
issued since then, that shows it as criticality 1R, one dated March
7, 1986, and one February 26, 1986.

Mr. MurLoy. What is the document, sir?

Mr. VoLKMER. Problem assessment system reports, Marshall
Space Flight Center.

Mr. MuLLoy. Yes, sir, that is an error in the system. It gets into
a deeper thing. I don’t know whether we have time to go into it
here, but let me go back and say that the contractor fills out the
data that you see on that problem assessment. He makes the initial
recommendation whether it is or is not a launch constraint. He
enters the criticality.

As a matter of fact, in the critical items list that Morton Thiokol
maintains themselves internally. They are still carrying the joint
as criticality 1R, even though there was a change made back in
1982 that changed it to a criticality 1. So what you see on that
report—and anybody reading that report, if they looked at all the
data and they looked at criticality, they would think that the criti-
cality of that joint is officially 1R.

Mr. Rok. Will the gentleman yield?

%\’Ir. INIULLOY. That has been corrected and it now shows it is criti-
cality L.

Mr. RoE. Are you saying that Thiokol’s records have now been
corrected?

Mr. Murroy. No, sir, the past report has been corrected. We are
in process of going back through a complete review of the critical-
ity items list.
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Mr. Rok. I know, but you know what is exasperating after setting
here for 14 hours today, and I have been in the executive branch, if
I were in charge of this thing and I knew that there is 800 items on
a criticality list, any one of which could sink the shuttle, and I
knew that, I would tell them flat out that you have got a mistake,
get it off there. Do you understand where I am trying to come
from. How long does it take for NASA to react? Is that Thiokol’s
problem, or responsibility, or is it NASA’s problem, that one issue
alone.

We have already gone through in the last 10 minutes well, that
was a mistake and we are not going to let that happen again, and
the certification we certified to and here we sit, and I don’t mean
to be, I really don’t mean to be crass or unkind or unfair, but it
sure as hell is exasperating, when we have a whole agency with
27,000 people, and doesn’t somebody come back and say this is criti-
cality I? How can you carry the one record and they carry it on
something else? Is that a stupid question?

Mr. MuLroy. No, sir, that is a valid observation and it pains me
very much to tell you what I am telling you, but I am telling it like
it is.

Mr. Rok. I appreciate that, and your candor. I have a lot of re-
spect for you but here we are saying—we came back and in sum-
mation we said who was responsible, did we test, did we test and
know the temperature was going to create a problem. In fact you
said that and so did Mr. Boisjoly, no we did not. We are coming
back now and saying of the criticality list where the O-rings were
involved, they were on your list as criticality No. 1 but Thiokol,
who is redesigning them as a team together has 41 people review-
ing the issue, are still carrying it on their list as criticality 1R.

How could that happen? The gentleman from Missouri.

Mr. VoLKMER. One question is that it appears to me that as you
progressed through the various shuttle flights and as 51-L came up
for review and reviewing the approval by Thiokol, it appears to me
that you were acquiescing and they were acquiescing that there
was almost 100 percent chance that the primary O-ring was going
to fail but that the secondary ring would not fail.

Is that a correct assessment?

Mr. MuLLoy. No, sir, I don’t think I or Thiokol ever considered
that there was 100 percent chance that the primary O-ring would
fail. We were showing a large substantial margin against what
would cause the primary to fail versus what we were observing.

Mr. VoLkMER. You are asserting that there was very little
chance then for that primary to fail?

Mr. MuiLoy. Our assessment every time was we did not expect
the primary O-ring to completely fail, that was even after 51-Bravo
where we did observe a primary O-ring had completely failed.

The primary basis for Thiokol’s recommendation and my accept-
ance of that as an acceptable risk was that there was a low proba-
bility of the primary ring failing but the tests indicated that if we
were wrong, we expected the secondary ring to hold. In retrospect I
believe that was a step too far.

Mr. VoLkMER. The findings of the Commission also, you have
been asked several of these, Mr. Mulloy, it says on page 148 that
prior to the accident neither NASA nor Thiokol fully understood
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the mechanism by which the joint sealing action took place. Do you
agree or disagree with that?

Mr. MuLLoy. I totally agree, sir.

Mr. RoE. The Chair is going to advise the gentleman from Mis-
souri he has 1 more minute.

Mr. VoLKMER. I am just looking for—Admiral Truly, I would ap-
preciate it if you would furnish me a copy of the list of persons and
their affiliation that are presently working on the redesign of the
joint for the SRB. ‘

Admiral TruLy. Yes, sir, I would be pleased to do that.

[The information follows:]
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Material requested for the record on page 292, line 6789, by
Mr. Volkmer during the June 17, 1986, hearing at which Dr. Lucas
testified.

The enclosed represents the full-time employees for the Design
Team as of June 20, 1986, There are others that are devoting
partial time to the redesign effort.

Marshell Space Flight Center
J. Thomas R, Clinton G. Ross
J. Blair R. Higgine J. Aberg
R, Jackson J. Patterson J, Phillips
J. Welzyn J, Turner R. Tepool
D. Brown B. Goldberg C. Vibbart
K. Coates L. Hediger €. Davis
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Mr. VoLkMmER. I did find it—if I could have that 1 minute now.

Mr. Roe. You are as good as I am at stretching out that 1
minute, but go ahead.

Mr. VoLkMER. That is all right.

Mr. RoE. Are you sure?

Mr. VoLkMER. Yes; in the approval from Mr. Joe Kilminster, Mr.
Mulloy, it says if the primary does not seat the secondary seal will
seat and the provisions above that as I read it, give me the proba-
bility that the primary ring is not going to seat. That is on page 97
of the report.

Mr. MuLLoy. Yes, sir.

The engineering assessment is that cold O-rings will have in-
creased effective durometer, they will be harder to seat, et cetera.
Demonstrated seals threshold three times greater. Those are asser-
tﬁ)ns that the primary O-ring is expected to seat is the way I read
that.

. Mr. VoLkMER. You read it a little different than I do.

Thank you very much.

Mr. Rok. I want to thank you, Dr. Graham, Admiral Truly, Dr.
Lucas and Mr. Mulloy for your candor and patience, and I think
you have added a great deal to our deliberations today.

Thank you for being with us. We don’t see you being called back
tomorrow. We will call you if necessary.

Tomorrow at 9:30 we will call back the witnesses from the Thio-
kol Corp. to conclude their testimony at 9:30 tomorrow morning.
Therefore, the committee stands adjourned and we will meet at
9:30 tomorrow morning.

[Whereupon, at 7:05 p.m., the committee was adjourned, to recon-
vene at 9:30 a.m. on Wednesday, June 18, 1986.]
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The committee met, pursuant to adjournment, at 9:30 a.m., in
room 2318, Rayburn House Office Building, Hon. Robert A. Roe
(acting chairman of the committee) presiding.

Mr. Rok. The committee will come to order.

We want to welcome everyone this morning.

Today we resume the Science Committee’s hearings investigating
the shuttle Challenger accident.

Yesterday we heard from Morton Thiokol and Space Flight
Center personnel. These two units are key to the O-ring problem
pointed out by the Rogers Commission Report.

But this morning’s session we have called back for further ques-
tioning and review several of the Morton Thiokol witnesses that
appeared yesterday morning. They include Mr. Edwin Garrison,
president of the Aerospace Group; Joseph Kilminster; Carver Ken-
nedy; Allan McDonald; Roger Boisjoly; and Arnold Thompson. I
think I covered everybody.

Our purpose in further interrogating more carefully each group
of witnesses is not only to understand the detailed scenario that led
up to the moment when the Challenger accident occurred, but
more importantly, to see these details comprehensively as they
formed a pattern that led up to the judgment to launch.

It will be from this larger perspective we as a committee will
need to make its recommendations for changes in NASA’s func-
tions and operation that will ensure our space program and our
Nation against any future accidents or failure.

We certainly want to thank all of our witnesses for staying over
and returning this morning.

Does the distinguished ranking member have any statement to
make before we——

Mr. LuJan. I do not.

Mr. RoE. Mr. Lujan from New Mexico.

Let me for the benefit of the members who are here and others
who may be interested, if any member has any statement they
want to submit for the record, without objection, I would ask unan-
imous consent for that approval. And then the third thing is that
we plan on concluding hopefully by noontime as far as our wit-
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nesses are concerned, which is our goal, and then the committee
will stand adjourned at that point.

We plan on reconvening a week from Wednesday, and in recon-
vening a week from Wednesday, our witnesses that day at 9:30 on
Wednesday next morning will be a broad cross section of the astro-
naut corps going back to the beginning of the program so that we
can have a substantive sampling and take advantage of their
thoughts and ideas, and get advantage of their input and any rec-
ommendations they may choose to make to the committee at that
point, plus other questions members will have to ask. That is what
our plan is.

And then there is a whole series of additional hearings that will
be held in more detail, particularly as we get into the issues of
management, which the members are all concerned about, and im-
provements in the management program, and then, most impor-
tantly, from there we will go to the both short- and long-range
policy recommendations the committee will be making through the
legislative process. And that is where we are coming from.

Now, the chairman has two really short questions to ask before—
oh, I beg your pardon. We asked all of the witnesses if you would
please rise to be sworn and raise your right hand, all those who
will be participating today, and then repeat after me, I, giving your
name, do solemnly swear to tell the truth——

[Witnesses sworn.]

Mr. Roe. We thank you, gentlemen.

STATEMENTS OF U. EDWIN GARRISON, PRESIDENT, AEROSPACE
GROUP, MORTON THIOKOL CO.; JOSEPH C. KILMINSTER, VICE
PRESIDENT; CARVER G. KENNEDY, VICE PRESIDENT, SPACE
BOOSTER PROGRAM; ALLAN J. McDONALD, DIRECTOR, SRM
VERIFICATION TASK FORCE; ROGER M. BOISJOLY, STAFF EN-
GINEER; AND ARNOLD R. THOMPSON, SUPERVISOR, STRUC-
TURES DESIGN

Mr. Rok. The first question that I would like to ask, and I am
going to be brief, mercifully brief this morning, was the—in our in-
terrogation yesterday afternoon, in reviewing a number of the
items that we were focusing on in the criticality list, Mr. Mulloy
made the observation: As far as the O-ring situation was con-
cerned, we were under the impression it had been put back as criti-
cality No. 1. He made the observation, as I recall it, that NASA
has listed it as criticality 1 item, but Thiokol is still carrying it as a
1-R item.

Is that correct or incorrect? In other words, we said to them at
the time we couldn’t possibly understand, with all of the dialog and
all of the Commission hearings and this committee’s hearings and
the Senate hearings, that it is such an obvious point to view that,
why wouldn’t NASA be telling Thiokol, we don’t know why you
could be carrying it 1-R when we declared it to be. That is an im-
portant point.

Could someone elucidate?

Mr. McDonNaLp. Yes; at the time of the launch, we were still car-
rying it as a 1I-R——
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Mr. Rok. At the time of the launch. He made the point, you are
carrying it that way now, is that correct?

Mr. McDonALp. I don’t believe we are. The paperwork may not
have changed, but we definitely considered it a 1 right now because
we are going to fix it anyway. I think it is somewhat academic.

Mr. Rok. I am trying to get someone to say we are either 1-R or
we are not. Is it the policy position now, as of this moment, for
Thiokol to carry the whole O-ring situation as a critical item 1?

Mr. McDonNALD. Since we are in the redesign effort, the criteria
for that is it must be a 1-R. We will not accept a design that won’t
have a 1-R.

Mr. Rok. You are still missing my point. That is, your ultimate
goal is a 1-R. Unless I am not asking the question properly——

Mr. McDoNALD. If we were to fly the vehicle we have right now,
it would be a 1.

Mr. Rok. That is the point I am making. So you consider the ve-
hicle as it is now a criticality item 1, is that correct?

Mr. McDonALD. Yes, I do.

Mr. Rok. That is the way Thiokol is listing it?

Mr. McDonaLp. I don’t know if we are listing it that way.

Mr. Roe. Mr. Garrison, you are president of that company.
Would you please list it that way this afternoon, right now?

Mr. GARRISON. Yes.

Mr. RoE. We are getting into minutia points we shouldn’t be get-
ting into, but that is the way it ought to be listed, and your goal is
to go to the criticality 1-R when you are prepared with the new
design, is that not correct?

Mr. GarrisoN. That is correct.

Mr. Rok. Let me ask a second question and then I will defer to
the distinguished gentleman from New Mexico.

Mr. Kilminster, in the communication you signed after the
caucus meeting and the determination was made to go and to—ac-
tually go and fly, is really what it amounted to, there seems to be a
little bit of a debate and I just haven’t had time this morning to
look that up in the Presidential documents that were submitted
and whether it is concluded on that document. There seems to be
some debate that there was in the orange copy submitted of that
memoranda you signed, that was submitted to the Commission, but
purportedly on the bottom there is another warning, which the
warning reads, and I quote: “Information on this page was pre-
pared to support an oral presentation and cannot be considered
complete without the oral discussion.”

Do you recall that?

Mr. KiMinsTER. Specifically, I don’t recall that, Mr. Chairman.
However, I think that was used on a piece of standard form paper
and that very likely may have been there.

Mr. Rok. Well, it is there. I am going to develop this further.

What I am trying to get at, while other members are testifying, I
am going to look this up as far as the copies of our official docu-
ments are concerned from the Commission as to whether or not
that warning was there. Because it would appear to me that when
you submitted this data or signed this data for NASA, that it
wasn't just what was written here, that it warns that the informa-
tion on this page was prepared, and I am quoting, “to support an
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oral presentation and cannot be considered complete without the
oral discussion.”

Do you follow me?

Mr. KiLMINSTER. Yes, sir.

Mr. Rok. That leads to the point of view, who in NASA was privy
to the oral part of the discussion?

Mr. KiMINSTER. Those people at NASA that were involved in
the oral discussion were those that were on the telephone confer-
ence that evening, which included Mr. Mulloy, Mr. Reinartz, at
KSC, and a large contingent at Marshall Space Flight Center
which included Mr. Hardy and others.

Mr. RoE. What I want to ultimately develop is this document
which you signed which everybody agreed was somewhat out-of-
the-ordinary situation, was not only the writings alone that were
involved but also the oral discussions that took place with members
of NASA who knew of the issue involved or the issues involved.

Is that a fair commentary?

Mr. KiLmINsTER. That is the intent.

Mr. Roe. We will develop that further.

The Chair recognizes the distinguished chairman from New
Mexico, Mr. Lujan.

Mr. Lusan. Thank you, Mr. Chairman.

I have two questions but I want to move on quickly so everybody
has an opportunity to answer the question.

When I asked staff—and probably, Mr. Kilminster, this could be
directed to you—when I asked staff about the whole issue of criti-
cality 1 and criticality 1-R and all those things originally I said, let
me take a look at a list of what is there. I was really surprised,
there was 748 criticality 1 items, 1,600 criticality 1-R items, and
they are all kind of treated equally.

Just for the SRB alone, this book, that looks like a ream and a
half of paper to me, so it must be maybe 750 pieces of paper there,
in addition to the main engine 1 and external tank 1, so let me just
refehr to this one because this is what Morton Thiokol is concerned
with.

Is there some way—it seems to me like if you throw 748 items at
me that are really critical, then I am just going to really kind of
ignore them because there is so much information there. Either
that, or I would start with the first page and look at that and
maybe that is not a very important item.

In looking over them, for example, I saw where one of the criti-
cality 1 items, and I marked it over here, is if the external tank, it
says, erroneous external tank ring safety system and armed device
1 and 2 caused by electronic circuit failures in the left SRB—what
I thought that meant, if they failed to separate, then the external
tank could fall and hit somebody on the head on Earth. That is not
nearly as important, it would seem to me, as something that would
make the shuttle blow up.

Is there some way that an assessment could be made of the possi-
bilities of an accident, first of all, of an accident happening, and
secondly, the severity of that happening?

One of the items that I do a lot of work with in the Congress is
in the nuclear industry, and they have those scales of probability,
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the rasmussen, and probabilities and all that sort of thing, but that
doesn’t seem to exist in the criticality 1 and 1-R items. _

As one of the improvements that we are looking for, is that possi-
ble in this program, in this area?

Mr. KiLMINSTER. I believe that the criticality assessment pro-
gram that NASA has is very thorough. The criticality 1 versus 1-R,
for instance, means that in our case, in the solid rocket motor, the
basic structure, the steel case itself, is criticality 1..That means
that if something were to happen to that unit, there is no backup.

Mr. Lusan. No; I understand that, and because of limitation of
time, they’ll ring the bell on me. What I am getting at is couldn’t
we take those 748 items of criticality 1 and say this one is more
important and so, therefore, we ought to pay more attention to this
one? This is the second most important or dangerous one, rather
than saying, all criticality items are not equal is what, I assume
that is what—

Mr. KiLMINSTER. There is another system called the failure mode
and effects analysis system that identifies for each element what
the criticality is and what could be expected if that element were
to fail. And some of those 700 that you are talking about, for in-
stance, could mean if one failed in the failure mode and effects
analysis, then there is no backup. However, the extent that that
might affect the vehicle is different, as you suggest.

Mr. LusaN. Yes; because in that example of the external tank
falling and hitting somebody on the head, that is a very remote
possibility, and if it did happen, you would kill one person instead
of a whole crew.

Mr. McDonNaLD. I would like to make a comment on that. I
haven’t read that one, but I don’t think that is what they meant by
that. Criticality 1 is potentially catastrophic for the shuttle and
crew, and what can happen, if you don’t separate one of those
SRBs when it is supposed to separate, you can lose control of the
vehicle, you sure can’t make orbit. Too, you are losing the potential
of losing the whole works.

Mr. Lusan. It seems to me like all items are looked at evenly,
and somehow we may be able to devise a system where some are
more important than others, and those could be identified as this is
the first one you look at, and all the way down the line. Anyway,
we’ll look further into that.

Mr. Roe. Right on target. I thank the distinguished gentleman.

I now recognize the gentleman from New York, Mr. Scheuer.

Mr. ScHEUER. Thank you very much, Mr. Chairman.

Mr. Garrison, yesterday both Mr, Locke and Dr. Lucas stated
that because of the $10 million reduction fee in the Thiokol con-
tract for loss of emission due to failure of the solid rocket motor,
there was a strong incentive on the part of Thiokol to fix problems
like the O-ring. What would the financial impact to Thiokol be of
stopping the shuttle program, let’s say, for a year to reengineer
some of the systems, to conduct further testing and development?

Mr. GarrisoN. Well, we would have an impact. I don’t think it
would be catastrophic to the company, sir. I would have to go back
and get some data and make some estimates of what the produc-
tion cost versus the research, added research and development cost
would be. It would be an impact if that is your question.
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Mr. ScuHeUER. Yes; I would appreciate if you would do that, and 1
would ask unanimous consent the record be held open for 1 week
or 10 days, or whatever it will take you to get that.

[The information follows:]
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Pages 13 and 1l4:
MR. SCHEUER

"Mr, Garrison, yesterday both Mr. Locke and Dr. Lucas stated that
because of the $10 million reduction fee in the Thiokol contract for
loss of emission due to failure of the solid rocket motor, there was a
strong incentive on the part of Thiokol to fix problems like the O-ring.
What would the financial impact to Thiokol be of stopping the shuttle
program, let's say, for a year to re-engineer some of the systems, to
conduct further testing and development?

MR. GARRISON

Well, we would have an dimpact, I don't think it would be
catastrophic to the company, sir. I would have to go back and get some
data and make some .estimates of what the production cost versus the
research, added research and development cost would be. It would be an
impact if that is your question.

MR. SCHEUER

Yes, I would appreciate i1f you would do that, and I would ask
unanimous consent the record be held open for a week or ten days, or
whatever it will take you to get that."

INSERT

Mr. Garrison. Any response I could give to this question would be
speculative. Short of actually stopping the program it is impossible to
take into consideration all the unknown factors, things such as length
of stoppage, engineering manhours required, technical problems
encountered, etc... Without access to this data base we would be unable
to provide an accurate response.
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Mr. ScHeEUER. On August 22, 1985, A.R. Thompson, one of your
Thiokol engineers, wrote a memo indicating immediate short-term
changes should be made in the joint design to reduce flight risk.
This memo was ignored. How much money and how much time
and how much in the way of the flight delay penalties would have
been involved had you taken the time to do the research and test-
ing that Thompson recommended at that time?

Mr. GARRISON. I am sorry, I really don’t understand your ques-
tion, Congressman.

Mr. ScHEUER. A.R. Thompson recommended in August, right
after that August 19 briefing, you remember that August 19 brief-
ing we heard so much about a couple days ago?

Mr. GARRISON. Yes, sir.

Mr. ScueUER. Immediately after that briefing, when it was rec-
ommended that systematic new efforts be undertaken, your A.R.
Thompson recommended that changes should be made in the joint
design to reduce the risk. As a result of that, that immediate short-
term efforts should be made to make changes in that design. It was
as a result of the briefing just a couple of days before. OK?

What I am asking you is, in your calculus that led to ignoring,
brushing aside his recommendations, what did you compute men-
tally, what did you crank into the computer as the cost of doing
that, both in the out-of-pocket costs of the research, the cost in
terms of penalty delays, and the general cost of time lost? How did
they size all of those costs, direct and indirect costs, of delay penal-
ties, research, how did you add all of them up, and how did you do
your calculus that led you to reject, in effect, the August 19 brief-
ing, the results of that briefing from your own Thiokol engineers
and the recommendations a couple of days later, the specific recom-
mendations of A.R. Thompson recommending immediate short-
term changes in joint design?

Mr. GARRISON. If I remember, first off, I would like to say that
the knowledge of Mr. Thompson’s concern didn’t get up to the kind
of people who make a decision of that type, and I don’t think we
can do that. I really don’t know how to make an estimate, sir——

Mr. McDonALp. I would like to make a comment on that, if I
could.

Mr. ScHEUER. You must have made an estimate. If you could
have had additional research without cost, without delay, by the
snap of the fingers, you would have said, ‘“‘Sure, let’s have this re-
search,” it would have been there, but it wasn’t without loss of
time, it wasn’t without investment of money, it wasn’t without
paying a time penalty.

So all of those things must have gone into your calculus of
saying, “No, we are not going to do the research, in effect, we are
going to ignore the briefing of August 19.” I want to know the
thought processes by which you came to the decision not to do the
research.

Mr. Chairman, Mr. A.R. Thompson is in the room. I wonder if we
could ask him to come to the table.

Mr. RoE. Why don’t you join us up here, Mr. Thompson. Were
you sworn in, Mr. Thompson?

Mr. THOMPSON. Yes.
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Mr. ScHEUER. Maybe I will ask Mr. Thompson. Mr. Thompson,
who did you make your recommendation to? Who in the chain of
command at Thiokol, perhaps at Marshall, perhaps at NASA-
Washington, knew of your concerns, knew of your recommenda-
tions, and what to your knowledge was done about them, and what
decisionmaking process took place by which your recommendations
were turned down?

Mr. THoMPSON. I wrote the memo to a Mr. Scott Stein that was
involved in the O-ring team, and several copies of it to several
people in the organization. Mr. Stein was involved in project engi-
neering, as well as a member of the O-ring team.

The purpose of the memo is that I was not content with the pro-
cedure and how things were going, of course, so I thought we
needed to do something more. I became less and less comfortable
with flying due to the SRM-22, where we had the 53-degree motor.
So I felt we needed to do something to help the resiliency and help
reduce some of the blow-by.

Mr. ScHEUER. Who did your memo go to, who in the chain of
command going up to you were aware of your memo?

Mr. TaoMmpsoN. Let’s see, I believe the head of the O-ring team
was Mr. Ketner, and Mr. Boisjoly, and those are some of the ones I
remember. Mr. Russell (my supervisor), Mr. Jack Kapp, Mr. Ebling,
Mr. McIntosh, Dr. Salita, and Mr. Ketner.

Mr. ScHEUER. Do you have any reason to understand why your
recommendation was turned down, not acted upon?

Mr. THoMmPsON. No, sir, I don’t. But as had been indicated, it did
need some research to show that those were the correct things to
do, and the two things, of course, were to increase the shim thick-
ness to take some of the rattle out of the joint, and to increase the
O-ring diameter.

Mr. ScHEUER. Would the research and development of your fixes
have delayed the delivery of the SRM’s to NASA?

Mr. THoMPsON. It would have required time to make new shims.
It probably would have delayed it 1 month or 2, at least for the
hardware and some of the research work would have been neces-
sary to document it, which would have taken additional time.

Mr. ScHEUER. How much of those delays of 1 month or 2 have
penalized Thiokol?

Mr. THOoMPSON. I am not sure how to answer that, sir.

Mr. Roe. One more answer from Mr. McDonald and the gentle-
man’s time has expired.

Mr. McDonaALp. There were things done. In fact, the recommen-
dation Mr. Thompson made was implemented as soon as we could
implement it. The larger O-rings were put into the QM-5 test,
which was the test we had going into the test bay that very time to
find out if those were going to work and improve the situation that
Mr. Thompson thought they would.

We acted on that immediately. And since the accident, we are
going back and revisiting that, because—and this is a good example
of sometimes a short-term solution becomes a long-term problem, is
that we found that the increased O-ring squeeze that we got by put-
ting that larger O-ring may not be the direction we want to go.
Some of our tests said that is part of the problem.

Mr. ScHEUER. I thank the chairman.
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Mr. Rok. The chair recognizes the distinguished gentleman from
Wisconsin, Mr. Sensenbrenner.

Mr. SENSENBRENNER. Thank you. I would like to follow up on the
line of questioning I tried to develop yesterday before my time ex-
pired on what the decisionmaking process was within Thiokol. I
think one of the things we are concerned about as a committee is
to make sure that the management processes are such that some-
thing like this never falls through the cracks again.

Now, as I understand it, based upon yesterday’s testimony and
the Rogers Commission report is that Mr. McDonald was at the
Cape recommending against a launch, Mr. Boisjoly was in Utah
recommending against a launch. There was a teleconference on
whether to launch between the NASA officials at the Cape and the
Morton Thiokol officials in Utah, and then there was a caucus of
thedMorton Thiokol officials, and a recommendation to launch was
made.

Who made that recommendation to launch with the caucus? Did
you, Mr. Kilminster?

" Mr. KiMinsTER. Yes, sir. I was one of four that made that rec-
ommendation.

Mr. SENSENBRENNER. Who are the other three?

Mr. KuMinsTER. The vice president of engineering, Mr. Bob
Lund; my immediate supervisor, Mr. Cal Wiggins; vice president
and general manager of the Space Division, and his supervisor,
senior vice president, Mr. Jerry Mason.

Mr. SENSENBRENNER. Did all of you agree on that recommenda-
tion to launch?

Mr. KiLMINSTER. Yes, sir.

Mr. SENSENBRENNER. You agreed on that recommendation to
launch contrary to the recommendation of your engineers, Mr.
Mc]%;)nald, who was at the Cape, and Mr. Boisjoly, who was at Wa-
satch——

Mr. KiLMINSTER. It was not known to us at that point Mr.
McDonald was opposed to the launch.

Mr. SENSENBRENNER. The NASA officials did not communicate
Mr. McDonald’s opposition to launch to you?

Mr. KitMINSTER. | think that they mentioned that that was dis-
cussed after the telecon.

Mr. SENSENBRENNER. Did you ask the NASA officials at the Cape
if they had talked to Mr. McDonald, and if so, what Mr. McDon-
ald’s opinions were?

Mr. KiLMINsTER. No, I did not ask that.

Mr. SENSENBRENNER. Why not?

Mr. KiLMINSTER. I believe that at the end of the summary that
we gave, after we came out of the caucus, Mr. Stan Reinartz, who
was at KSC, along with Mr. Mulloy and Mr. McDonald, asked if
anyone had any further comments or considerations to make rela-
tive to that recommendation, and none were forthcoming.

Mr. SENSENBRENNER. Yesterday Mr. Mulloy testified that Mr.
McDonald did not argue against launch during the telecon and
that he sat and listened to the Thiokol people and Wasatch present
its arguments. Mr. Kilminster, you had no conversations with Mr.
McDonald, who was your representative at the Cape, during the
telecon?
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Mr. Kiminster. No, sir, not specifically, just on the telecon as
he was one of the people listening to what was being presented.

Mr. SENSENBRENNER. Mr. McDonald, was your role in the telecon
to be seen and not heard or something else?

Mr. McDonaLp. No; as I had indicated, I had requested the tele-
con because I felt it was an engineering decision that had to be
made—I requested engineering—analyzed the situation, came back
and recommended a temperature we were comfortable to launch
with. That was done by the engineers. '

The recommendation was done by the vice president of engineer-
ing. I had no reason to enter that telecon because I agreed with ev-
erything that was said. .

Mr. SENSENBRENNER. Mr. McDonald, did you have an opportuni-
ty to support Mr. Boisjoly during the telecon?

Mr. McDonaLD. Yes, I did.

Mr. SENSENBRENNER. Did you?

Mr. McDonaLp. Yes, I did. I made one comment on the telecon
relative to the interpretation of the static test data as to whether it
showed that the O-rings would operate properly at colder tempera-
tures since the static tests were at cooler temperatures than what
we had flown at. The comment I made was I don’t feel we can use
that data because in those tests we recognized that we were put-
ting blow holes through the putty during assembly and leak check
operation, as such—it is much more difficult to assemble in a hori-
zontal position than it is in a vertical. It is harder to keep the
putty in the right place. We knew that.

We went in and filled all those holes of putty before we static
tested. We didn’t do that with the flight motors at the Cape. So I
made a comment, “I don’t think it is appropriate to use that data.”

Mr. SENSENBRENNER. Well, now that we have all of this testimo-
ny on the table, I am trying to find out how all of a sudden, the
four of you, Mr. Kilminster pulled the rabbit out of the hat and -
recommended the launch, when the evidence pointed in exactly the
opposite direction.

Mr. KmminsteR. I don’t believe all the evidence pointed in exact-
ly the opposite direction. I believe there was inconclusiveness with
some of the evidence, and we pointed out that in our rationale,
that the—some of the launches that have occurred, lower than 75
degrees, had not exhibited blow-by, whereas we had two, one at 75
degrees, one at 53 degrees that had exhibited blow-by. So there was
no correlation there. '

In addition, as I mentioned yesterday, we looked at the margin of
safety that we had relative to O-ring erosion.

Mr. SENSENBRENNER. One final question. Once a decision like
this was made by what I will refer to as the gang of four in Wa-
satch, was that decision reviewed by anybody further up in the
l\/lIor?ton Thiokol chain of command, either Mr. Garrison or someone
else’

Mr. KiLminsTER. Not to my knowledge. That would have been
left up to my superiors to carry that forward.

Mr. SENSENBRENNER. Well, Mr. Chairman, I would just like to
make the observation, Harry Truman had a sign on his desk saying
“The buck stops here” in the Oval Office in the White House. Obvi-
ously, no one at Morton Thiokol had a sign that said “The buck
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stops here,” and it seems to me that when we are dealing with leg-
islation to try to prevent this tragedy from happening again, we
are going to have to be insistent that there be a well-defined chain
of command, and I think that the testimony that has come from
Morton Thiokol, as well as from NASA, is that there was no well-
defined chain of command where the buck stopped, either at
Morton Thiokol or within NASA. And I think that an accumula-
tion of those factors resulted in the tragedy.

Thank you, Mr. Chairman.

Mr. Rok. I thank the gentleman from Wisconsin.

The Chair recognizes the gentleman from Florida, Mr. Nelson.

Mr. NeLsoN. Thank you, Mr. Chairman.

What we are trying to do is establish what in fact happened,
what is the truth. A dispute has arisen between you all, Morton
Thiokol, and the test of the NASA witnesses from the Marshall
Space Flight Center as to their statement to us that analysis was
required under the contract. Under the design specifications for the
solid rocket motor, analysis, in fact, was required of what the
motor would operate like in conditions in an environment down to
31 degrees, and an induced environment on the skin at the joint
down to 25 degrees and on the strut down to 21 degrees.

I have reviewed all of these documents, they are clear to me
that, in fact, that is what it says, and in your testimony yesterday
you disputed that in fact you had such an understanding from the
documents. So I questioned at length the people from Marshall yes-
terday afternoon.

Now, obviously the report of the Presidential Commission points
up that all of this tragic mistake in large part has been a commu-
nication problem, and human beings make mistakes, and there are
communications problems every day. But the fact is our concern is
that there still is a communication problem about what the design
specifications, in fact, require.

I want to continue now trying to understand what your under-
standing of these design specs are. Because this item, 31 degrees in
a flight condition, as stated in here, and down to 21 degrees, which
is a design spec for the strut, is the very linchpin. Had that testing
and analysis been done, according to the design specs, it is very
likely that everyone would have been alerted in the system with
the red flags waving and the launch never would have occurred.

So as the senior officer here, Mr. Garrison, let me go back to the
question. What is your interpretation of these design spec require-
ments?

Mr. GARrisoN. Congressman Nelson, as I testified yesterday on
your questions, I went back and reviewed the fact that we had
taken the specifications and other contractual documentations that
we had received after award of the contract, we interpreted those
and put them in a plan for a development verification and qualifi-
cation program, and that plan was approved by NASA, and we pro-
ceeded with that, successfully conducted the program. Prior to the
first launch, there was a very detailed review of the motor design
and if we had met the specifications requirements. I think that
there is documentation through the system that says that NASA
had the same interpretation as we do—did on this item, that we
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were to operate between 40 and 90 degrees and storage tempera-
ture was 32 to 100.

Mr. NeLsoN. All right. I beg to differ with you, not by my conclu-
sions, but by the testimony that has been here——

Mr. GarrisoN. Could we refer to a document I think that indi-
cates that NASA did have an interpretation similar to ours?

Mr. NEeLsoN. Please. And, Mr. Chairman, would you enter it into
the record as a part of the hearing?

Mr. Rok. Without objection, so ordered.

[The information follows:]
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ABSTRACT

The design requirements established for the
development of the Space Shuttle solid rocket motors
(SRMs) were very demanding and included three very
new and unique features:

e First solid propulsion system to be used for
manned space flight.

e largest solid rocket motor to be flown.

e Fist solid propulsion system designed to be
recovered and reused.

It was these "new" features that dictated that
"old" established technology and manufacturing
approaches be used in the development of this unique
solid rocket motor. High reliability was paramount.
This paper discusses the evolution of the Space
Shuttle SRMs from the original design flown on STS-1
to the new generation SRM currently under develop-
ment. This new generation SRM incorporates a
graphite epoxy filament wound case (FWC).

INTRODUCTION

Technology selected for the initial design of
the Space Shuttle SRM evolved from the successful
Minuteman and Poseidon C-3 booster programs. The
Stage I Minuteman booster had been operational for
eleven years, and the Poseidon C-3 for five years at
the time the new SRM development program started
in June 1974. The original development program
included seven static tests: four development
motors and three qualification motors.

This first generation solid rocket motor known
as the "Standard SRM" boosted the Columbia into
orbit on STS~1 on 12 April 1981 (Fig. 1) and flew on
the first five Shuttle flights. The need for more
payload resulted in reducing the steel case weight
by 4,000 1bm which increased payload capability by
700 1bm for STS-6 and STS-7.

Further improvement in performance was obtained
in the flight of S7S-8 on 30 August 1983; this
flight included the new high performance motor
(HPM). The HPM provided 3,000 1bm more payload;
performance was increased with a change in the
nozzle and finhibitor pattern on the propellant
grain. This improvement in the basic SRM was
qualified with two static tests of the HPM prior to
the first flight. A new generation SRM is currently
under development to provide an additiconal 4,600 1bm
payload to polar orbit from the new Air Force Space

Copyright © American Iustitute of Aeronaatics and
Astronautics, Inc., 1985, All rights reserved.

Figure 1.
Columbia on STS-1 (12 April 1981)

First Launch of the Space Shuttle

Shuttle launch complex at Vandenberg Air Force Base
(VAFB) in California. This new SRM incorporates
filament wound case (FWC) segments made from a
graphite epoxy composite. This new generation
FWC-SRM is indeed a pioneering effort. The 146 in.
diameter by 26 ft long graphite cylinders are the
largest graphite structures ever fabricated and will
be the first graphite rocket motor cases to be flown
by the USA on any solid rocket propulsion system.
The development of the FWC-SRM includes three static
tests (two development and one qualification motor).
The first FWC-SRM static test (DM-6) was success~
fully conducted at the Wasatch Division of Morton
Thiokol at Brigham City, Utah on 25 October 1984
(Fig. 2). The second development motor test (DM-7)
was successfully conducted on 9 May 1985 with a
final qualification test (QM-5) scheduled for
First flight is scheduled from VAFB

September 1985.
in early 1986.

Figure 2. First FWC-SRM Static Test at
Morton Thiokol/Wasatch Division
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DESIGN EVOLUTION

Conservative structural and thermal design
factors of safety were initially imposed on the SRM
to withstand the transportation, flight, water
impact and recovery environments (Table I). These
high safety factors are consistent with manned
flight operations. Recovery, refurbishment, and
reuse of many SRM components resulted in unique
design requirements to withstand water impact, salt
water corrosion, numerous refurbishment cycles, and
multiple operational uses. The use of established
materials and proven design concepts and manufac-

turing approaches minimized technical risk while
providing schedule assurance at minimum cost
(Ref. 1). The analytical design ablation factor of

2.0 was later reduced to 1.5 based upon a data base
established from full-scale SRM test firings.

TABLE |
SRM SAFETY FACTORS AND
ENVIRONMENTAL REQUIREMENTS

* STRUCTURAL SAFETY FACTORS
* PRIOR TO SEPARATION 1.4

« AFTER SEPARATION 1.26
® THERMAL SAFETY FACTORS
« ABLATION 2.0
+ CHAR 1.25
* ENVIRONMENTAL REQUIREMENTS
¢ STORAGE TEMPERATURE 32° TO 95°F
* OPERATING TEMPERATURE 40° TO 90°F
* MAX CASE TEMPERATURE (REENTRY]  500°F
» MAX ACCELERATION LOADING
+ TRANSPORTATION +2.6g
« FLIGHT 3
+ WATER IMPACT ~20gs

BPACE SHUTTLE
SOLID ROCKET MOTOR

(HIGH PERFORMANCE MOTOR
WITH LIGHTWEIGHT CASE)

INHIBITOR REMOVED FROM CENTER
SEGMENTS OF STANDAAD MOTOR FOR
THRUST-NWE TRACE MODIFICATION

« EXPANSION RATIO
CHANGE FROM

1.81351n

1261 1.5,

7.16707.72

PR

SRM Casting Segments

Propellant/Liner/Insulation

Eighty-six percent solids polybutadiene acrylic
acid acrylonitrile terpolymer (PBAN) propellant was
selected for the SRM based upon extensive experience
with this same basic propellant in the Minuteman and
Poseidon C-3 booster programs which produced over
200 million pounds of this propellant. The Shuttle
SRM formulation (TP-H1148) is nearly identical to
the propellant used in the Poseidon C-3 first stage
motor; propetlant formulation and properties are
shown in Table II. Over 70 million pounds of the
Shuttle SRM propellant (TP-H1148) have been proc-
essed to date.

Each SRM consists of four casting segments
(Ref. 2), i.e., a forward segment, two center seg-
ments and an aft segment (Fig. 3). The forward
segment contains an 1ll-point star grain configura-
tion in the headend which transitions into a tapered
cylindrical perforate (CP) grain design (Fig. 4).
The remaining three segments contain simple tapered
CP grain designs; the two center segments are

TABLE It

TP-H1148 PROPELLANT FORMULATION

MATERIAL WEIGHT (%)
HB POLYMER

ECA TYPEH 14.0
ALUMINUM (NONSPHERICAL) (254)  16.0

JRON OXIDE TYPE Il 0.3

AP (GROUND ~ 20y }

AP (UNGROUND) 69.7

PROPELLANT MECHANICAL PROPERTIES

UNIAXIAL PROPERTIES 74°F
MAXIMUM STRESS (PSI) 113.0
STAIN AT MAXIMUM STRESS (%) 36.9
STRAIN AT CRACKING (%) 48.4
MODULUS OF ELASTICITY (PSI) 518

PROPELLANT CHARACTERISTICS

BURN RATE AT 1,000 psia {rp)(in./sec}

BURN RATE EXPONENT (n)
DENSITY (LBM.IN.3)

TEMPERATURE COEFFICIENT OF PRESSURE (IIk}{%/°F)
CHARACTERISTIC EXHAUST VELOCITY (C*HFT/SEC)
ADIABATIC FLAME TEMPERATURE (°F)

0.436
0.36
0.064
0.11
5,082
6,092
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Figure 5. Thrust~Time Comparison, Standard SRM vs HPM

identical and interchangeable. This grain design
results in a volumetric loading density of 80.5%
with a propellant web fraction of 57.6%. Maximum
induced grain strain is 21.9% at the fin to CP
transition in the bore. Inhibiting is used on both
exposed propellant surfaces at each segment joint to
achieve the desired thrust profile shown in Fig. 5.

An asbestos/silica filled nitrile butadiene
rubber (NBR) insulation was selected for the primary
case insulation, stress relief flaps on the end of
each segment, and full web propellant inhibitors on
the forward faces of the propellant grains., This
same ipsulation was used in the Minuteman and
Poseidon C-3 boosters. A layer of carbon fiber
filled ethylene propylene diamene monomer rubber

(EPDM) is used for added erosion resistance in the
aft dome and under stress relief flaps of the aft
segment and hoth center segments. Carbon fiber
filled EPDM was developed under the Trident I C-4
program, The insulation design for the HPM is shown
in Fig. 6. The Shuttle SRM alsc uses the Poseidon
C-3 asbestos-filled carboxyl terminated polybutadiene
(CTPB) liner; a modification of this liner is used
as an inhibitor on &11 aft propellant faces. The
high performance motor (HPM) removed most of the
castable CTPB inhibitor on the aft propellant face
of both center segments as shown in Fig. 7 to
provide an increase in the initial burning surface
to provide higher thrust during the iritial portion
of the burn (Ref. 3).
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Figure 7.

Ignition System

The SRM ignition system is mounted internally
in the forward casting segment. The ignition system
shown in Fig. 8 consists of the following elements:
Safety and Arming (S&A) Device - A reusable actu-
ating and monitoring (A&M) assembly and an expend-
able booster-barrier assembly containing a mixture
of boron potassium nitrate pellets and granules.
The S&A device 1is an electro-mechanical system
designed to preclude inadvertent ignition and insure
positive ignition when required through the use of
redundant NASA standard initiators (NSIs).

Ignition Initiator A small, multinczzled steel
cased rocket motor containing 1.4 1b of fast burning
propellant in a 30-point star configuration. The

PROPELLANT

34,15 (HPM)

Center Segment Propellant Inhibitor Patterns

igniter initiator is ignited by a pyrotechnic charge
in the booster-barrier assembly.

Igniter - An insulated reusable D6AC steel case
containing 137 1bm of fast burning PBAN propellant
in a 40-point star grain configuration. A molded
silita phenolic throat insert controls the pressure
in the igniter and directs the igniter plume to the
main SRM propeliant grain. The pyrogen ignition
system used in the SRM is a scaled version of the
Minuteman ignition system, The ignition system has
not changed since its original development.

Nozzle
The SRM nozzle shown in Fig. 9 is an omniaxis

movable nozzle. The nozzle consists of alumfnum and
steel components irsulated with carbon cloth
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SRM CHAMBER PRESSURE
TRANSDUCER (3)

$&A ATTACH BOLTS (10)
WASHER
PACKING WITH RETAINER

SAFE AND ARM
(S & A) DEVICE

S & A GASKET

B-KNO3 PELLETS
CHARGE BASKET

BOLT (36)
WASHER (38)
PACKING WITH
RETAINER (36)

INNER GASKET

{
INITIATOR PROPELLANT —/

Figure 8.

SHIM (10 EACH) AFT END RING

FORWARD
END RING

NOSE/INLET - COWL HOUSING

HOUSING

53.86 in. THROAT DIA
167.2 in. OVERALL LENGTH (INCLUDING EXIT CONE)

152.60 in. EXIT CONE DIA
Figure 9.

phenolic ablation material supported on glass cloth
phenolic throughout the nozzle. Approximately 20
percent of the nozzle is submerged inside the aft
motor case. The exit cone contains two sections to
facilitate shipping and handling. The exit cone
extension is assembled to the nozzle after assembly
of the aft skirt to the solid rocket booster (SRB).
The exit cone extension contains a linear shaped
charge (LSC) which severs the exit cone after SRB
separation to minimize structural loads on the SRB
during water impact. The nozzle contains a flexible
bearing capable of 8 deg deflection for thrust
vector contiol (TVC). The flexible bearing consists
of ten layers of D6AC steel shims sandwiched between
eleven natural rubber pads. The SRM nozzle with the
flexible bearing is a scaled version of the Poseidon
C-3 booster nozzle. The SRM nozzle contains a
unigue snubber device to reduce nozzle damage during
water impact. The snubber device, positioned on the
exit cone steel structure, permits vectoring but
bottoms cut on the bearing aft end ring at water
impact to prevent forward motion of the nozzle. The

SNUBBER ASSEMBLY

FLEXIBLE BEARING ASSY

ACTUATOR BRACKETS
COMPLIANCE RING

IGNITER ADAPTER

MAIN PROPELLANT GRAIN

DEAC STEEL
CASE

UF.3195 BOND

NBR MEMBRANE

NOZZLE INSERT

SRM Igniter

THROAT INLET HOUSING

[] STEEL COMPONENTS

BB Acuminum

FORWARD EXIT CONE HOUSING

AFT EXIT CONE SHELL

CARBON CLOTH PHENOLIC
GLASS CLOTH PHENOLIC

SRM Bolt-On Nozzle

high performance motor (HPM) uses the same basic
nozzle but reduced the throat diameter by 0.57 in.
and extended the length of the nozzle by 10.46 in.
to increase the ipitial expansion ratio from 7.16 to
7.72.

Case

Case sections are roll formed from D6AC steel
forgings, the same material that was used in Stage I
Minuteman motors. The 146 in. diameter motor case
consists of eleven weld-free sections; the ends of
each segment are machined to form tang and clevis
joints as ghown in Fig. 10, Each jeint is fastened
with 177 stéel pins. The pins are held in place
with spring cTips and a steel retention band around
the joint circumference. Each insulation joint
ahead of the 0-ring.seals is filled with an asbestos
filled zinc chromite  putty during assembly for
thermal protection of the O-ring seals. Each joint
is sealed against pressure leaks with two fluoro-
carbon elastemer O-rings installed 1in machined
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Figure 10. SRM Case

grooves in the clevis. A leak check port is located
between the 0-rings to check the redundant seals
during assembly operations. Each case is designed
for 20 wuses; therefore, in addition to normal
strength criteria, fracture mechanics and environ-
mental effects were carefully considered in the
design along with nondestructive testing. Case
acceptance criteria include minimum fracture tough-
ness as  wel) as normal tensile properties
{Table I1I}.

TABLE |1}
D6AC PROPERTIES

ULTIMATE STRENGTH
YIELD STRENGTH
FRACTURE TOUGHNESS

195,000 psi
180,000 psi

980,000 psi V in.

The six cylindrical segments, attach segment,
and two stiffener segments are roll formed from ring
rolled forgings. The ribs on the attach segment for
attachment of the SRB to the external tank (ET)
attach ring and on the stiffener segments for
attaching stiffener rings required to resist water
impact loads are integrally formed during case roll
forming and machining operations. Nominal case wall
thickness is approximately 0.5 inch. The forward
case segments have remained unchanged but the center
and aft segment sections were reduced in thickness
and weight for the HPM,

The new filament wound case (FWC) contains
graphite epoxy cylindrical sections with DBAC
steel end rings on each composite cylinder. The

fWC uses *the HPM DBAC steel end domes and ET attach
section. The resulting case weight is reduced by
approximately 28,000 1bm. The steel attach rings
are attached to the graphite epoxy with a double
staggered row of steel pins (132 pins per row) held
in place with Kevlar retention bands. The metal
to composite Jjoint contains redundant and
verifiable O-ring seals. The field joint between
each casting segment is similar to the HPM as shown
in Fig. 11. Stiffness of the graphite case was of
primary concern. Results from the first two static
tests indicate the case behaved as expected; average
case sag for the horizontal static test was 6.12 in.
compared to 3,37 in. for the HPM, As noted in Table
IV, the DM-6 and DM-7 case growth data was well
below the design requirements. Cverall bending
stiffness (E_t) of 10.4 x 10° Tb/in. was about 20%
Tess than adicted and Tlower than the nominal

GRAPHITE CYLINDERS

HPM ET ATTACH (DBAC)

HPM FORWARD DOME {DEAC}

D

HPM AFT DOME

[DBAC)
- POST WOUND
[ | stiFrenen
RINGS
CLEVIS ADAPTER TANG ADAPTER
RINGS "RINGS
Ty R COMPOSITE
DEAC D6AC  PIN/SEAL
GRAPHITE COMPOSITE 7ana CLEVIS GROUP
ELL RING RING {132 PINS/ROW}
Y
4 =
~COMPOSITE -, ASSEMBLY
SEAL - SEAL
Figure 11. FWC-SRM Case Segments
TABLE IV
SRM STIFFNESS CHARACTERISTIC
REQUIREMENT  FWC (DM-6/DM-7
OVERALL AXIAL GROWTH
AT MEOP (in.} 0.60 0.37/0.46%
RADIAL GROWTH AT FORWARD
SEGMENT AT MEOP (in.} 0.66 0.60/0.58*
BENDING STIFFNESS (£t ib/in.) 10.6 x 108 10.4 x 106

*SCALED TO MEQP FROM MEASURED DATA AT 935 psi
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requirement of 10.6 x 10° 1b/in. (66% of steel case)
due to Jjoint bearing compliance. The FWC contains
22 helical layers of graphite filament for stiffness
and 19 to 22 alternating hoop plies (depending on
segment Jocation due to pressure drop qown the
grain) for pressure vessel performance (Fig. 12).
Nonstructural graphite cloth broadgoods are used on
the internal surface for mandrel removal and for
abrading prior to insulating. Additional layers of
graphite broadgoods are used in the joint ends to
increase Jjoint strength and improve Jjoint shear
capability. A hoop wound glass overwrap is used on
the joint ends to provide a machining surface for
end ring attachment. The aft segment contains three
postcure wound graphite composite stiffener rings to
prevent collapse of the aft segment during water
impact.,

The FWC-SRM also uses a new systems tunnel
fabricated from a molded polyurethane foam core with
an aluminum cover. The systems tunnel or raceway is
bonded to the FWC and contains all electrical cables
and a linear shape charge (LSC) for motor destruct.
The new foam core systems tunnel is 200 1bm Tighter

JOINT
REGION

f———Memerane—— ESIOY,
1.61IN. [~OVERWRAP (2 PLACES) 401N,
il HOOP WOUND GLASS 11N,

T |
SUBSTRATE 1,348 IN. FWD {1.376 IN. OVER 202 IN. OF FWD SEGMENT)
(2 PLACES) 1.322 IN. CENTERS |
GRAPHITE CLOTH 1,308 IN. AFT

70 eNp—
FWD AFT  (TEST SPECIMENS)
JOINT MEMBRANE

CONSTRUCTION CONSTRUCTION MATERIAL

12 PLIES 80 DEG HOOP 19-22 90 DEG HOOP PLIES  AS4 GRAPHITE

AND 55A EPOXY
RESIN

22 HELICAL LAYERS 33.5 22 HELICAL LAYERS 33.5
DEG DEG

48 LAYERS 3 CUT DOUBLE HELICAL ASE GRAPHITE
UNIDIRECTIONAL LAYERS 35601 EPOXY
BROADGOODS RESIN

GLASS 90 DEG HOOP GRAPHITE CLOTH GLASS ROVING
OVERWRAP AND GRAPHITE  SUBSTRATE 55A EPOXY
CLOTH SUBSTRATE RESIN

Figure 12. Typical Composite Segment Construction
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£
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"!%’ ’\"i”"’”””""‘l\;ﬂ ASTENER

|
SRM CASE

than the current all aluminum systems tunnel and has
a much lower aerodynamic profile than the current
design as shown in Fig. 13. The new systems tunnel
requires less closeout of external insulatfon after
cable installation and will be used on future HPM's
as well as FWC-SRMs.

MOTOR_PERFORMANCE

The HPM configuration is shown in Fig. 3.
The HPM is 146 in. in diameter, 126 ft long, con-
tains 1,110,136 1bm of solid propellant and weighs a
total of 1,255,750 1bm. Mass properties of the HPM
are presented in Table V. The nominal action time
is 123 secGand the HPM delivers an average thrust of
2.59 x 10 ‘lbf;smaximum vacuum thrust is approxi-
mately 3.31 x 10° 1bf. The motor delivers a vacuum
specific impulse of 267.3 sec with an initial nozzle
expansion ratio of 7.72. Nominal burn rate is
0.368 in./sec at 60°F at a motor operating pressure

of 625 psia. Maximum expected operating pressure
(MEOP) is 1,016 psia. The ballistic performance of
the HPM and FWC-SRM are basically the same; the
TABLE V
HPM MASS PROPERTIES
FORWARD CENTER AFT TOTAL
TEM SEGMENT SEGMENT(2) SEGMENT SRM
CASE 26,226 21,387 28,576 97,638
INSULATION 3,807 2,400 9.963 18,670
LINER 343 32 381 1,348
INHIBITOR 264 560 s21 1,886
IGNITER INERTS 462 - - 483
NOZ, FWD SECT. - 17,160 17,160
NOZ, PLUG .- 50 50
SYSTEMS TUNNEL 131 144 633
INSTRUMENTATION ] 4 9
EXTERNAL INSUL 81 107 256
PROPELLANY - Mt 301,839 262,889 1,110,138
PROPELLANT - ign 137 - 137
SUBTOTAL (lom| 333,186 287,575 319.875 1,248,191
TOTAL
SRM
ITEMS SHIPPED SEPARATELY
AFT EXIT CONE 5.883
EXIT CONE SEPARATION SYSTEM 280
STIFFENER RINGS 843
ATTACH PROVISIONS (TOTAL) 537
MISCELLANEQUS 36

SUBTOTAL (fbm) 7,669
TOTAL SRM (tbm) 1.266,750
MASS FRACTION 0.884
BURNOUT WEIGHT (m) 138,295
PREFIRE CENTER OF GRAVITY {IN. FROM

IGNITER BOSS) 6843
BURNOUT CENTER OF GRAVITY (IN, FROM

IGNITER BOSS) 8235

NEW TUNNEL

2.RUBBER MOUNTING COVER
PADS ATTACH
POSTS ;
ALUMINUM COVER
TALUMINUM)}
NSCE
DESIGN DIFFERENCES S
e URETHANE
DESIGN NEW TUNNEL OLD TUNNEL FOAM 15,75 \\\& LSC RETAINERS
* COVER THICKNESS 0.090 IN. 0.250 IN, LsC EDGE SEAL
* INTERIOR SUPPORT URETHANE FOAM METAL BRACKETS (EPDM)
* ADHESIVE (TO CASE} A918 934
o WIDTH {W/CORK TPS) 16.75 IN 10.50 IN SHEAR PLY
* HEIGHT [W/CORK TPS) 2.621N. 4,50 IN. (HYPALON)
* WEIGHT 1.099 L8 1,298 L8
Figure 13. Systems Tunnels
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Figure 14, FWC-SRM Design Configuration

FWC-SRM has approximately 3,000 lbm less propellant ]
(0.27 percent) resulting from a slightly smaller
inside diameter and an increase in insulation in the
area of the metal adapter to composite joint. The
baseline FWC-SRM design configuration is shown in
Fig. 14. A comparison of the pressure-time traces
of the DM-6 and DM-7 FWC-SRMs with the HPM is shown
in fig, 15.

NORMALIZED TO TARGET BURN RATE = 0,388 in./sec TEMP = 60°F AND PRES = 625 psia
1.000 T
‘ T T

N

o
3 s00 i \ I
2 T \\
H |
H D [
{
g w0 +—1
— HPM NOMINAL
200 || - DM® 3
. M7 \

0 10 20 30 40 50 60 70 80 90 100 110 120 130
TIME {sec)

Figure 15. Pressure vs Time

Thrust differential between the two SRMs during
operation must be minimized to reduce vehicle
control  requirements. The thrust differential
between the two motors is primarily due to varia-
tions in propellant burning rate. The reproducibil-
ity of the thrust-time trace and the predictability
of the propellant burn rate have combined to provide
considerably lower thrust imbalance levels than
required by the specification. Differences between
target and actual burn rates have been less than 2
percent compared to a specification requirement of 3
percent.

Thrust traces during ignition for 26 static and
flight tests (both standard and HPM) are shown in
Fig. 16. The range in ignition interval times (from
ignition command to 1,640,000 1bf sea level thrust)
is less than 0.05 sec compared to the requirement of
0.170 sec (from 0.170 to 0.340 sec). The reproduc-
ibility of the thrust-time trace during steady state
and tailoff is shown in Fig. 17. The envelope of
thrust imbalance levels from 11 matched pairs of
SRMs flown on the Shuttle {s well below the specifi-
cation limits as shown in Fig. 18; the SRMs are cast
in matched pairs to minimize thrust differential.
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Figure 16. Composite of 26 SRM Thrust-Time
Traces During Ignition
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A1l SRMs have operated within specifications
and all Shuttle flights have been successful to
date. A1l SRM hardware has performed as expected

with the exception of one of the nozzles on the
flight of S5TS-8. This nozzle exhibited severe
erosion in the nose inlet section of the nozzle that
substantially reduced the safety factor of the
nozzle in this area. The anomaly observed on STS-8
was traced to a need for tighter quality require-
ments on the carbon cloth phenolic material used in
this section of the nozzle. This problem was cor-
rected by restricting the material used in this
portion of the nozzle and tightening the pracess
controls for manufacturing these parts.

RECOVERY, REFURBISHMENT, AND REUSE

The solid rocket motors (SRMs) are the first
and only reusable solid rocket motors ever flown,
The expended motors are parachuted back to earth
(Fig. 19), retrieved in the Atlantic Ocean approxi-
mately 130 miles from the launch site, towed back to
Port Canaveral, returned to the Wasatch Division of
Morton Thiokel in Utah on railcars, refurbished,
reloaded, and returned to the Kennedy Space Center
{KSC) for another launch. The steel case components
of the SRMs will be used 20 times. The rubber/stcel
shim flexible bearing in the nozzle, which provides
steering capability for the vehicle, will be used
for 10 flights before the rubber is removed; new
rubber will then be vulcanized to the refurbished
metal to  form a new recycled" flexible
bearing which will be good for another 10 flights.
The steel and aluminum structures in the nozzle will
be used for 20 flights. The safe and arm (S&A)
device and the igniter are also refurbished and re-
cycled for a total of 20 flights. Altogether, there
are 84 metal parts, two S&As, six operational
pressure transducers (OPTs), and over 5,000 pins and
bolts that are recovered and reused on every SRM
fiight set (Ref. 4).

)
jv
el
2 7 ~

MAXIMUM DYNAMIC
e N PRESSURE
¥ aPOGEE N ALT = 42,000 ft
ALT - 220,000 ft @ = 1,700 psf
TOMBLE RATE = 16 dugisec® ANGLE OF ATTACK = 170 deg.
196 sec 3\ 310 sec
a, Q
SEPARATION OROGUE CHUTE v
ALT = 155,000 ft DEPLOYMENT \
V 2 4,400 fpa ALT = 18,000
128 sec G- t MAIN CHUTE
340 sec DEPLOYMENT
ALT = 6,300 ft
a = 120 pst
360 sac
*EXIT CONE SEVERED

WATER IMPACT*
10 sec BEFORE SPLASHDOWN =88 fps

T = 400 sec

Figure 19. Typical SRB Reentry Profile

Some attrition of hardware has occurred when
water impact loads have been more severe than ex-
pected., However, 95 percent of the hardware that
has been recovered has been acceptable for reuse.
Some $RM hardware has already flown five times and
nearly all of the hardware from the development and
quatlification program has alse been used in flight
motors.

. Eighteen Space Shuttles have been boosted
into space from Kennedy Space Center using 36 solid
propellant rocket motors. The two SRM boosters,
which supply about 84 percent of the launch thrust,

Figure 20. SR8 Separation

Figure 21. SRB with Three Main Parachutes
are separated (Fig. 20) from the Space Shuttle
Orbiter approximately 2 min after launch at an
altitude of 30 miles. The motors are parachuted to
the sea {Fig. 21), retrieved and towed 130 miles
back to Port Canaveral (Fig. 22). After partial
disassembly, the motors are returned to Morton
Thiokol 1in Utah on railcars (Fig, 23} where refur-
bishment and reloading takes place. Being the only
reusable solid rocket motors ever flown, their
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Figure 24. Water Impact

The floating motor is tipped from a spar mode
(Fig. 25) to the towing log mode by displacing
internal water with compressed air introduced
through the nozzle opening. Hookup and towing
(Fig. 26) times are a function of the sea state and
have varied from 1 to 4 days. Hardware damage
appears to be inversely proportional to the sea
state to some extent.

The total SRM hardware mission cycle (Fig. 27)
has two basic loops which include refurbishment.
Case and igniter hardware start with new and used
Figure 22. SRBs Being Towed Back to Port storage and proceed through proof testing, assembly,
insulation, propellant cast and cure, inspection and
final assembly finfshing. Motor delivery to KSC,
stacking, launch and recovery is followed by evalua-
tion, refurbishment, inspection and preservation.
Nozzle hardware flow s similar with flexible
bearing fabrication and proof testing, nozzle struc-
ture proof testing, nozzle assembly, inspection
and final motor assembly. Following the recovery,
nozzle components undergo a performance evaluation,
disassembly, refurbishment, inspection and preserva-
tion.

Figure 23. SRM Segment on Rail Car

recovery provides the opportunity to evaluate the
design performance and, safety factors built into
each motor, through insulation and hardware inspec-
tion during refurbishment.

Impact velocity of the SRM booster is around 55
miles per hour even with the three large parachutes
attached. Initial forces are exerted on the
remaining nozzle exit cone and transmitted into the
aft case dome. Booster aft skirts which house nozzle
actuators also receive high impact loads. The most
damaging loading on the case wall comes from the
water forced radially imward as the impact cavity
collapses on the partially submerged case as shown
in Fig. 24; nearly 3/4 of the motor is submerged
below the water. Figure 25, SRB in Spar Mode
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Figure 26.

CONCLUSIONS

As a result of successful SRM refurbishment,
the goal of tow cost Space Shuttle missions is
enhanced. Hardware reuse goals of at least 19 can
be confidently projected due to the building base of
available data. SRM hardware continues to build up
mileage by continued travel on water, rail, road and
through space.

The new generation FWC-SRM has a requirement
for recovery and reuse of al)l metal parts. The
current FWC-SRM development program will also
evaluate the potential reuse of the graphite compos-
ite cylinder sections. Graphite cylinders from the
first two static tests (DM-6 and DM-7) and a short
length structural test article (STA-2) are currently
being evaluated to establish potential reuse capa-
bility. Data obtained to date indicate that the
graphite cylinders may be reusable. Recovery of the
first flight set of FWC hardware to be flown from
VAFB early next year will be used to establish
reflight capability of the graphite cylinders.

The Space Shuttle SRMs evelved from the most
mature solid rocket technology in the industry to
the latest advancement in the state-of-the-art for
solid rocket motor cases. The SRMs have maintained
a record of 100 percent reliability in all SRM
static tests and flights of the Space Shuttle to
date. Future flights will continue to use the HPM
for most launches with the FWC-SRM to provide
additional payload capability where needed. It is
expected that the SRMs will contipue their flawless
performance in both HPM and FWC-SRM configurations
in the future (Ref. 5).
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Figure 27. SRM Hardware Mission Cycle
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Mr. McDonaLp. I would like to review the documentation, any
element of the shuttle goes through a preliminary design review, it
goes through a critical design review, it goes through a design cer-
tification review which NASA is the principal participator, as well
as the element subcontractor, and they also bring in outside people
to make sure that that element is qualified to the specifications it
is supposed to be.

One of those final ones, prior to the first launch, occurred in
April 1980, is this document called “Space Shuttle Verification Cer-
tification Propulsion Committee.” It was headed up by General
Morgan and also the chief engineer at NASA headquarters at that
time, Walt Williams, and their findings, their findings were, as in
comparing everything that was done, ready for qualification. And
the things they had concern was—one of their concerns was that
we had no test at the temperature extremes of 40 to 90 degrees
Fahrenheit.

Mr. NELson. May I have a copy of that document right now?

Mr. McDonaLD. You certainly can.

Mr. GARgIsON. Read the other part.

Mr. McDonALD. Let me read to you first, and I will give this to
you, and this was their findings. It says, “The SRM verification
program does not include any full-scale firings nor any instrument-
ed storage tests at environmental extremes. Extremes include
short-term horizontal storage conditions at Utah or in shipment,
long-term storage at 32 degrees Fahrenheit to 100 degrees Fahren-
heit or firing at 40 degrees Fahrenheit and 90 degrees Fahrenheit.”

Mr. NELsoN. Was that specifically a document that modified the
design requirements, as stated in the initial space shuttle flight
and ground systems specification?

Mr. McDonaLb. No, it was a document that was written based on
the data that was available to determine whether we met the speci-
fications as they interpreted them also.

Mr. NELsoON. It was written by whom?

Mr. McDoNALD. It was written by General Morgan and by Mr.
Walt Williams, the chief engineer at NASA headquarters.

Mr. RoE. The document will become part of the record.

Let me clarify a point for the record at this point before I call on
the distinguished gentleman from California, to get this into the
record at this point.

In the observations of the Thiokol leadership and in view of that
document that you have just read, is it perceived at all you would
just go ahead blindly? Everything you did in the design approach
had to be approved by NASA, is that correct or not correct?

Mr. GarrisoN. Well, everything certainly had to be approved,
yes, sir.

Mr. RoE. The question has arisen on the design specification re-
quirements, and, in effect, what is being said, did Thiokol or did
Thiokol not meet its design specifications?

Mr. GARRISON. In our opinion, and with our interpretations, we
met the requirements.

Mr. RoE. All right. I am simply saying for the record, it would
seem to me, you are not just picking up a bowl of soup and present-
ing it—there are thousands of parts and thousands of engineering
decisions to be made. And I assume there was some process that
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was followed with NASA as you progressed along, because NASA
was the ultimate one to determine whether you were meeting your
contract requirements or not. And if you weren'’t, they should have
stopped you. Is that the proper understanding?

Mr. GARRISON. Yes, sir, that is correct.

Mr. Rok. That is all I want to say.

The gentleman from California.

Mr. Packarp. Thank you, Mr. Chairman.

In your telecon, was temperature that night ever discussed?

Mr. KiLMINSTER. You are talking of the telecon of January 277

Mr. PACKARD. January 27.

Mr. KILMINSTER. Yes, it was.

Mr. PackarDp. What was the nature of that discussion?

Mr. KinmiNsTER. Earlier in the day, when we were told the over-
night temperatures could be low, we were told initially they could
be as low as 18 degrees overnight temperatures. Later on, that was
modified, and I believe the last calculation we made, even while
the telecon was initially going on, was based on 23 degrees over-
night low temperatures. We took those low temperature conditions
as a function of time as when they would occur or when they were
predicted to occur over that nighttime period, and then we predict-
ed from that what the temperatures of the O-rings could get down
to. It was on that basis we predicted that the temperatures of the
O-rings would be around 29 degrees, and that was discussed during
the course of the telephone conversation.

Also discussed, and I believe it is included in the charts that
were used for that discussion, were temperatures of other motors
that had been tested at various temperatures.

Mr.? Packarp. That was considered to be the ambient air temper-
ature?

Mr. KiLmMINSTER. No, sir, that was the calculated temperature of
the O-ring given some ambient temperature condition, and that
ambient temperature condition over time.

Mr. PAckaRD. And it was at that time your engineers, with that
information, felt that it was inadvisable to fly?

Mr. KILMINSTER. Yes, sir.

Mr. Packarp. And what circumstances and what data changed
that decision?

Mr. KimMiNSTER. We also had some information, as I had men-
tioned yesterday, where some resiliency tests were done, and those
resiliency tests were laboratory tests that were conducted at 50 de-
grees, 75 degrees, and 100 degrees.

In addition, we had sub-scale tests that were conducted using the
same pressurize rate that we would predict for the motor on these
sub-scale vessels with full-scale full diameter O-rings, but at a
smaller diameter, circumference diameter, and in the same gap or
grove geometry that we would use in the full scale.

Those tests were conducted, 2 at 75 degrees and 2 at 30 degrees.
This was done with an argon gas so we could sniff with a very sen-
sitive instrument to see if there was any blow-by past the O-ring
when we conducted that pressurization test. Those indicated that
there was not any blowby.

Mr. PackarD. And that was the extent of any tests that were
below 40 degrees or even 53 degrees, is that correct?

64-295 0 - 86 - 17
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Mr. KiLMINSTER. No, sir. There was also some static tests tem-
peratures, and I believe that night our calculation showed they
were, one of them was at 47 degrees, again calculated O-ring tem-
peratures, and another one at 48 degrees calculated O-ring tem-
peratures.

Mr. Packarp. Of course, there is a lot of difference between 47
degrees and 29 degrees.

Mr. KiLMINSTER. Yes.

Mr. PackArD. Were there ever any—or did you use previous
flight experience as it relates to temperature to determine the ef-
fectiveness of the O-ring joint? Were those figures calculated and
tabulated on an ongoing basis, previous flights?

Mr. KiLminsTeR. I believe we understood that night, and I can’t
remember if they were shown on the charts or not, that there were
a number of flights between 75 degrees and 53 degrees, which ex-
hibited no blowby.

Mr. PACKARD. But nothing below 53?

Mr. KiLMINSTER. Nothing below 53 for flight motors.

Mr. PAckARD. You have some of your new design people or the
redesign people here today, is that correct?

Mr. KiLMINSTER. Yes, sir.

Mr. Packarp. I would be interested in knowing what kind of
progress and what direction the redesign is going at the present
time.

Mr. KiLMINSTER. I defer that question to Mr. McDonald.

Mr. McDoNALD. I am head of the redesign task force, and we are
in the process of looking at various concepts. We have been estab-
lishing criteria for those concepts, and those concepts are to make
sure that we have full redundancy in any sealing concept for the
full duration of the flight. We are going to eliminate, as best we
can, any kind of rotation one could ever get out of a joint like that,
and we are looking at different seal concepts, as well as different
types of devices to protect those seals, and it is not because we
don’t have a lot of concepts, we have more than we can deal with
right now. We have got to narrow those down, but we are doing
that very carefully.

Mr. PAckaRD. We are looking primarily again at the existing O-
ring type of redesign?

Mr. McDoNALD. We are looking at some O-ring design and some
that do not have any O-rings. We are looking at different types of
sealing concepts, as well as O-ring concepts.

Mr. Packarp. Thank you, Mr. Chairman.

Mr. Rok. For clarification of the record, Mr. Garrison, would you
advise the committee, we are speaking of the redesign team—is
that the word we are using? What do you call it, your redesign
team?

Mr. McDonNALD. Yes.

Mr. Rok. Is that a Thiokol redesign team?

Mr. GarrisoN. Yes, sir. That is an organizational element title
and the program management organization of our Space Division.

Mr. RoE. When did the team begin, for the record?

Mr. GARRISON. The team——

Mr. Rok. August?
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Mr. GARRISON. At the time Mr. Dorsey came on board and reor-
ganized the division.

Mr. RoE. When, August? Just recently?

Mr. GARRISON. March.

Mr. Rok. In March of this year?

Mr. GARRISON. Yes.

Mr. Rok. Has this all been discussed, NASA knows what you are
doing?

Mr. GARrRIsON. Absolutely.

Mr. RoE. Are there NASA people on the team?

Mr. GarrisoN. This is an internal organization, sir. It has been
coordinated with NASA, they are fully aware of what we are doing.
They are fully aware of the people we have assigned. We are not
trying to say that this is the total design task force for the system.
This is Thiokol’s organization that is spending full time in support-
ing this activity.

Mr. Roe. Where did the idea of a team come from, from Thiokol
orh from NASA or a joint meeting between Thiokol, NASA, or
what?

Mr. GarrisoN. This is an internal Thiokol organizational title,
sir. And it was to give our program management people, specifical-
ly Mr. McDonald, the assets to manage that program.

Mr. Roe. I understand the technical difference, I understand
what you are talking about. What I am trying to get is where is the
origin from? Is it sanctioned by NASA, is it now an accepted fact
that there is a Thiokol redesign team that is approved by NASA?

Mr. GARRISON. Yes; I believe so.

fer. Roe. Have you got a contractual agreement to that
effect——

Mr. GarrisoN. Well, we have——

Mr. RoE [continuing]. In your ongoing contract for redesign?

Mr. GarrisoN. We have technical direction from NASA, yes, sir.

Mr. Rok. So it is a sanctioned operation by NASA who is agree-
ing Thiokol is doing the study into redesign?

Mr. GarRrisoN. Absolutely. Completely covered by our contract.

Mr. Rok. The gentleman from Texas, Mr. Andrews.

Mr. AnprEws. I would like to go back to my line of questioning
yesterday. Mr. Roe asked you yesterday morning who was in
charge of that critical meeting in which the fretful decision to
launch was made. I didn’t appreciate your answer. I didn’t know, I
understood your answer. You were in charge of that meeting, were
you not, sir?

Mr. KiLMINSTER. The senior man that was at that meeting was
Mr. Mason, the senior vice president of Wasatch operations.

Mr. ANDrREWS. He was the person who oversaw the discussion in
the meeting and drew the conclusions together, and not yourself?

Mr. KiLMINsTER. That is correct.

Mr. ANDREwS. Yesterday I read to you a statement that was
made by Mr. Locke, his written statement, in which he said:
“NASA questioned Morton Thiokol’s decision. Our engineers could
Eot prove that it was unsafe to fly at less than 53 degrees Fahren-

eit.”

Mr. McDonald has testified, and this statement testifies, that
what had happened was that NASA changed the burden of proof
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on Thiokol and suddenly rather than trying to prove it was safe to
launch, you were put under the burden of showing that it was
unsafe to launch.

You disagreed with that statement yesterday. Is that correct, sir?

Mr. KiLMINSTER. Yes; basically, I did not see any significant dif-
ference in the way that we were asked to review the technical data
and draw conclusions from technical data that we are asked almost
on a weekly basis when we have other technical discussions with
Marshall Space Flight Center. When we present data one way or
the other, they, rightfully so, scrutinize that data, penetrate that
data and ask us on what basis we are making our judgments. And I
saw that operation as being a typical type thing that we had done
in the past.

Mr. ANDREWS. And that troubles me greatly. Because that leads
me to think that this kind of decisionmaking may happen again in
the future. I assume that we don’t want to write such strict con-
tracts between NASA and their contractors that would restrict
common sense and inhibit judgment. But what do we do when the
judgment is flawed and the common sense is put aside, as hap-
pened in the case of that meeting?

And my question to Thiokol and to you is: Do we need, as a
matter of policy, to have tighter burdens of proof written into the
contracts with the contractors, where you know full well what your
responsibilities are when you make that decision to recommend a
launch or not to launch?

Mr. KiLMINSTER. I would believe that type of thing would be rela-
tively difficult to write in as a matter of mechanics type operation.
I have no further comment, I guess.

Mr. ANDREWS. How do we avoid the failure of common sense and
good judgment that occurred in your instance?

Mr. KiminsTER. I don’t believe there was a failure of common
sense in this instance. I believe that we had different people look-
ing at the same data and drawing somewhat different conclusions.

Mr. ANDREWS. Let’s go into that in a little more detail. I would
like, if we could, there is a critical memo that was the final deci-
sion to launch that was sent to NASA, and if we could project that
on the wall for a second, it might be a little bit easier to talk about.
And I would like to ask Mr. McDonald if he would, if we can see
this, to go down this memo and first, Mr. McDonald, tell us what is
critical about this memo, what is this memo?

Mr. McDonaLp. That was the final memo that came of the fax as
a result of the caucus at Wasatch, and it basically delineates the
points that were made when Mr. Kilminster came back on the line
recommending to proceed on with the launch, even though we had
some concerns.

Mr. ANDREWS. So when Mr. Kilminster tells this committee that
his common sense was sound that day and his judgment was appro-
priate, this memo reflects that common sense and judgment. This
is the basis for Thiokol's decision that is reflected in this written
document.

Mr. McDoNALp. That is the way I understand it, yes.

Mr. ANDREWS. Would you please go down the memo, and let’s
talk about the specifics of this extremely important document for
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this committee, and give us your thoughts first why each of these
is significant, what they mean to us.

Mr. McDonNALD. Well, the first bullet says “Calculation shows
SRM 25 O-rings will be 20 degrees colder than SRM 15 O-rings.”
Now the SRM 15 was from the previous flight 1 year before that on
STS-51C. And that is bad, because they are recognized to be much
colder, which everyone recognized was going in the wrong direc-
tion.

Mr. ANprews. If this is one of the things, when you saw this
memo you were shocked, were you not, to see this in writing?

Mr. McDonALD. Yes; I was. I was a bit surprised because there
were s0 many things on here. In fact, more things that were bad
than there were good.

. ﬁh. AnDREwS. Mr. Chairman, my time is up. I have heard the
ell.

Mr. Rok. That is all right. I think it is a critical issue, and the
members will indulge us, in addition to that, the point I raised this
morning, if the gentleman from Texas will yield, I will give addi-
tional time, that is a duplication of the memorandums that ap-
peared in the Commission report on page 97. That is how it is
printed in the report.

However, in the original document, there is a section on the
bottom that I mentioned this morning, as I understand it from in-
formation we received, that has a codicil under where it says;
“Morton Thiokol, Inc., Wasatch Division,” there is another part of
the writing that has a warning, and it reads as follows, and I quote,
warning reads: “Information on this page was prepared to support
an oral presentation and cannot be considered complete without
the oral discussion”.

One more time, for the record, information on this page was pre-
pared to support an oral presentation and cannot be considered
without the oral discussion, and that is what I was attempting to
develop early this morning, and relate that to this memorandum.
There is an oral discussion related here. That is what the warning
of the codicil says according to the official record.

Mr. McDoNALD. Let me explain why that is there. This is a form.
The form is a piece of paper that we use to put oral presentations
together for the customer.

Mr. Rok. I understand. .

Mr. McDonaLD. We make bullets on there and when we give an
oral presentation, there is obviously a lot more said than what is
exactly on that piece of paper. It was just typed on that piece of
paper. It has no more significance than that.

Mr. Rok. If the gentleman would yield, it may be typed on there.
I am beginning to wonder why anything is typed. It seems to me—
weren’t there oral discussions that related to the issue?

We just got done saying you spent a half hour caucusing or an
hour caucusing. What I am trying to get at, and I think the key to
this issue, is whether or not Thiokol unilaterally made this deci-
sion, or was it made in concert and discussion with NASA officials.
That is No. 1.

The second point of the question is, if that is so, at what level
was that decision made, or those series of decisions made, and
quote, one, did, No. 1, people in NASA top management know of
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the decision. And equally as important, did No. 1 people in Thiokol
know of the decision. Do you see where I am coming from?

Mr. McDonNaLD. I will defer the latter part of that question to
Mr. Garrison, but this piece of paper is like a logo; it’s a letterhead
piece of paper where that information relative to the oral presenta-
tion is part of the paper. It was not typed on there after the infor-
mation was. It was already on the piece of paper.

Mr. RoE. But the gentleman seems to be thinking I am having
difficulty in understanding that. I am not. I understand exactly.
What I am trying to develop all through the testimony we had
people say: “Oh, we left that out,” or “That didn’t matter,” or
“This was a mistake.” We have heard that for days now. You know
someplace along the line you signed a document, Mr. Kilminster
signed a document. Does the oral relationship and discussion have
anything to do with it? That is the question he is asking. How did
you arrive at the decision?

Mr. GarrisoN. I don’t believe that that statement on the bottom
of the paper insinuates in any way that the document doesn’t
mean what it says. That was a decision that our management
people made and transmitted to NASA as a result of the lengthy
telephone conversations they had all afternoon.

Mr. Rok. There is a difference of interpretation, and I think you
or Mr. Kilminster have said it. It depends upon, you know, the
eyes—truth is in the eye of the beholder. I think I thought I heard
what you said. The biggest mistake we can make in life in the art
of communications is if the other person understood what we said.
In your own group of people here, Mr. Kilminster said that he did
not feel that was a change of policy, I did not feel that was pres-
sure, and so forth.

But Mr. McDonald and Mr. Boisjoly testified to the point of view
they do feel it was pressure. They didn’t agree with Mr. Kilmin-
ster. It is either correct or is not correct; isn’t that what you testi-
fied to? So therefore we have a difference of opinion in the Thiokol
chain of command, if I may make that point. Is that reasonable?

Mr. GARRISON. Yes, sir.

Mr. Roe. Now, NASA comes back, and says: Look, we didn't
think we were pressuring at all. We just were following the proc-
ess. This is what we always do.

Now, there is something not coming together there. Do you un-
derstand where we are trying to come from?

Mri GaRrrisoN. I think that what you stated is true, that some
people—

Mr. Roe. Was Thiokol under pressure by NASA to make a deci-
sion regardless of the problems involved to launch? Or did Thiokol
unilaterally make that decision? That is what is before us on this
memorandum right now.

Mr. GarrisoN. Mr. Chairman, I would like to summarize what I
think the position is, and when I saw what I think it is, because we
do have a difference of opinion between our people on how they felt
during that telephone conversation on pressure. We also have obvi-
ously a difference of opinion between two groups on technical judg-
ment, and that is a fact.

I don’t know how to get around that. The four people that made
the decision felt that they had adequate, adequate technical justifi-



515

cation to make the decision. We had other people that felt just as
strongly that they did not. Those are the facts.

Mr. Rok. I thank the gentleman. We will now recess for 10 min-
utes to go and vote and return, and we will take up with Mr. An-
drews when we return.

[Recess.]

Mr. RoE. The committee will reconvene.

When we recessed to go and vote, we were having some questions
being asked by the gentleman from Texas, Mr. Andrews. The chair
recognizes the gentleman from Texas, Mr. Andrews.

Mr. ANDREwS. Thank you, Mr. Chairman.

Mr. McDonald, tell us, if you would, please, the significance in
your mind of this memo that is reflected on the wall that is found
on page 97 of the Presidential commission report.

Mr. McDonaLp. Well, I guess the significance in my mind was
that Mr. Kilminster tried to incorporate all of the information that
he knew, that he was aware of at that time, relative to the issue of
cold temperatures on the capability of the O-ring seals, both posi-
tive and negative, and he summarized all that there.

Mr. ANDREwS. All right. When Mr. Kilminster stated earlier that
he used good common sense and good judgment, that is what is re-
flected in this memo, is it not?

Mr. McDonaLp. Well, you will have to ask Mr. Kilminster that.

Mr. ANDREWS. I believe he stated that that is his judgment. Now,
if you would, please go down these very, very important conclu-
sions that Thiokol drew, and tell the committee what is significant
about each one.

Mr. McDonNALD. Well, as I had indicated, the first one shows it is
much colder, which is a bad thing. Everybody knew that that was
our concern. Everybody was concerned about what effect that
might have, because it was going to be colder, outside of our experi-
ence base.

Mr. ANDREWS. Were you surprised to see that in this memo?

Mr. McDonNaLD. Oh, absolutely not. That was a known factor for
everybody. That was the reason we had the whole meeting in the
first place, because it was outside of our experience base; our
lowest experience base prior to this was on STS-51C, which was
our set of SRM-15 motors that is referenced here, and this is a
much colder condition. That was what drove the whole meeting.

Mr. ANDREWS. And weren’t you surprised to see that the conclu-
sion to launch was made in spite of this notation?

Mr. McDonNaALD. Well, I was surprised to see the conclusion the
launch was made in that. I wasn’t surprised to see it on this par-
ticular piece of paper, because Mr. Kilminster was trying to put
down all the information that they knew, both good and bad.

Mr. ANDREWS. The second one is the temperature data section.
Tell us what is significant about that.

Mr. McDonaLDp. Well, the temperature data is not conclusive on
predicting primary O-ring blowby. Now, generally when we have
information that is not conclusive, it has to be interpreted as nega-
tive; if you don’t understand it or it can’t support a position, then
that is bad.
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Mr. ANDrREwS. And so good common sense or good judgment
would be to recommend not to launch, when you have inconclusive
information on something as critical as this temperature measure?

Mr. McDonaLp. Well, that is right. It is a negative thing, and
then we go to the engineering assessment, and recognizing that by
getting colder those O-rings are going to be harder, there durome-
ter increases, which is not good. We mention that those harder O-
rings are going to take longer to seat, and that was kind of the
issue that Roger Boisjoly had made earlier with the concern with
the timing function, the time it takes for this whole sealing oper-
ation to occur while you may be getting some erosion on the O-
ring.

And the sub to that is that more gas may pass primary O-ring
before the primary seal seats, relative to the worse condition we
had seen a year earlier, and that is a very negative statement that
says that it is liable to be worse than what we had seen, even
though a year earlier it certainly didn't fail.

Mr. ANDREWS. And in spite of that information that is reflected
in the memo, Mr. Kilminster’s common sense told him that it was
OK to launch that morning?

Mr. McDonaLp. Well, he was weighing this information relative
to the rest of the information on this chart also to make that deci-
sion. In all fairness, you must go through the whole thing. At that
point you will notice there are some comments that are made on
the positive side of why they feel it will still work. The one about
demonstrated seating threshold is three times greater than the
thirty-eight one-thousandths erosion that was experienced on that
previous coldest launch 1 year earlier is a positive statement that
we can obviously tolerate much more erosion without losing the
seal than we had seen prior to that.

The next statement says that the primary seal does not seat. The
secondary seal will seat.

Now, that is a matter of judgment in my opinion, because the
point that Mr. Boisjoly was making is that, yes, if you conclude
that all of this whole phenomena occurs in the first 170 millisec-
onds before the metal parts have a chance to deflect and rotate,
that is a fairly good chance that indeed will happen.

But if the cold temperature affects the O-rings themselves, and
the grease and the capability extruded in the gap that Mr. Boisjoly,
the point he made, and he made beyond that time regime, and
then because the resiliency of the secondary O-ring is the same as
the primary, they both have the same problem, it may not come
out fast enough to catch up with the metal parts and it won’t seal.

Mr. RirteEr. Will the gentleman from Texas yield on that?

Mr. Anprews. I will be glad to yield.

Mr. RitTeR. It states here if the primary seal does not seat, the
secondary seal will seat, and you say that is certainly a matter of
judgment and I would agree. Now, the primary O-ring seal has a
critical 1 rating. That means it does not have a redundancy built
into it, which means that in fact you should seriously doubt, given
the criticality 1-R rating, you would seriously doubt, from the
rating system, that the backup seal would work, wouldn’t you?

Mr. McDo~naLp. Well, let me comment on that. I think—and I
heard most of Mr. Boisjoly’s testimony yesterday, and I think he
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did an excellent job in explaining how we looked at that situation.
The criticality 1-R was changed to a 1 when people recognized that
if we took some of the hardware that our engineering drawings al-
lowed us to build, and took the worst tolerances with the clevis
opened as much as it possibly could, and the tang being as thin as
it possibly could, and the O-ring being as thin as it possibly could
be, that we were in a condition where if you believed the informa-
tion that Marshall had obtained off of a structural test article on
how much that opening between the tang and the clevis sealing
surface happened during pressurization, you could end up with a
condition where you had no squeeze on that secondary O-ring.

Now, when that was recognized, there were two things that were
brought to bear at Thiokol. One was that we decided that we are
not going to allow any hardware to ever go in the field that had all
of those worse tolerances stack up. We were going to measure each
of them individually and only mate hardware that was not in that
kind of a condition, and we had to present at every flight readiness
review what those measurements are and what O-ring squeeze that
we had maintained, so there was none of it in the field.

Mr. Rirrer. If you will yield back to me for a moment, doesn’t
the criticality of 1 characterization imply a single point failure,
and that is it, and that is the nature of criticality 1, and that you
are trying to justify why you guys went ahead and did this, but you
violated in a sense your own performance rating system?

Mr. McDonNaALD. Well, it does imply that is what a critical 1 is, if
the hardware is in that kind of a condition, and the reason it was
changed is because the engineering paper allowed you to have
hardware in that condition, and in order to make sure that it never
happens, you have to treat it as a criticality 1. Now, in this particu-
lar instance, and subsequent to that change in criticality 1-R to 1,
we watched all that hardware.

The second thing was the reason Thiokol never changed their pa-
perwork from a 1-R to a 1—and we did not—was that, one, we
didn’t agree with the conclusion that the clevis opened that much
in the first place. We ran our own tests, and said that it didn’t
open near as much as what the Marshall data indicated, and we
ran ours in a vertical condition rather than a horizontal that they
ran theirs in. The horizontal was the worst condition but the motor
doesn'’t fly that way.

More recently, as a result of the referee tests, they were started
because of this disagreement between ourselves and Marshall con-
firmed that we were right, that it didn’t open that much, and as a
result if you forgot about resiliency in the cold temperature, which
up until recently we weren’t aware of that problem, but when the
criticality 1R was changed to one or temperature wasn’t an issue,
our hardware and our analysis and the data that we received re-
cently said it was indeed redundant, and it stayed that way.

. Now it is just because of this temperature problem and the resil-
iency of the O-ring that we found out in this past year has now
made it so it is only a criticality 1.

Mr. ANDREWS. But the point is—if I could regain my time for one
more question—the truth is, Mr. McDonald, you and Mr. Boisjoly,
in looking at this memo that reflected that discussion, know full
well that the things are listed on here, any one of those could be
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ample reason to decide not to launch, as an abundance of precau-
tion. That is correct, Mr. Boisjoly, isn’t that right?

Mr. Borssory. Yes, I agree to that.

_Mr. ANDREWS. And in spite of that, we have Mr. Kilminster sit-
ting there today testifying before this committee that he used good
common sense, good judgment, and in spite of this memo and the
stark conclusions that were drawn from the memo, and the facts
that we know happened, he still says that Thiokol at that meeting,
those engineers and the management people, used good common
sense, and I am frankly just appalled by that, and as we as a com-
mittee try to go about designing better public policy, we need some
harder answers than that, Mr. Kilminster. We have got to avoid
the kind of bad discretion and the bad judgment that Thiokol used
in that very, very critical meeting.

Mr. Ki.MINSTER. Based on today’s state of knowledge, that cer-
tainly is the case. What I was trying to relate to you was the state
of knowledge that we had that evening, and this information was
reviewed with the vice president of engineering as well as the
other two managers there, and that was our consensus, not just
mine alone.

Mr. ANDREWS. Thank you, Mr. Chairman.

Mr. Rok. The time of the gentleman has expired. Put the lights
on, please.

I think for an even balance of the issue, in view of the fact that
we have been going round and round and round and round, and
properly so, to get to the bottom of the issue, we can’t lose sight of
a very important fundamental fact. Even if what was said today is
correct—and I have no reason to doubt it—there is a difference of
opinion between Mr. McDonald, Mr. Boisjoly and Mr Kilminster,
there is no problem with that. But the final buck stopped at NASA,
either that or Thiokol was running the system. That is something
that we can’t lose sight of in our evenhanded deliberations.

The gentleman from New Jersey, Mr. Torricelli, is recognized.

Mr. TorriceLLl. Thank you, Mr. Chairman.

Mr. Ritter, as a man of science, addressed this question from his
own background. Let me briefly, Mr. Kilminster, do it, address this
question from my own background as a lawyer. You find yourself
in an interesting position, as one who invariably in the future
could be involved in a civil litigation or worse.

As I understand your testimony this morning, before this com-
mittee, and I assume in the legal process that may follow, you are
going to suggest to a court, as you suggest to this committee, that
you were engaged in a conversation and a decision to launch a $4
billion vehicle with seven lives aboard, and although one of your
engineers was on the site and on the phone, never really ques-
tioned his contrary judgment. You did so without real working
knowledge of the conditions at the site, and having never tested
adequately the equipment that you had sold to NASA, as I under-
stand the circumstances that were then prevalent at the site.

I am not so much, Mr. Kilminster, asking you for a response as I
am that I have seen the makings of negligence cases before, but
rarely one that was so strong. You are going to find yourself in a
unique position, if you and your corporation are going to claim that
negligence has not been committed in this case.
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I invite your response, though it is certainly not required.

Mr. Garrison, is the policy of your company to sell equipment to
the U.S. Government, certify it having met standards that have
been set forth in the bidding process, having never adequately
tested them to the limits of those specifications? And could that not
be said to be the case with any other equipment that you have sold
the U.S. Government, or shall we assume that this is a unique ex-
ception, and that everything else that you have sold to the govern-
ment has in fact been tested to the limits of its specifications?

Mr. GARRISON. I believe, Mr. Congressman, that I explained earli-
er that I do not believe we did that. I think that—I will repeat
again, we interpreted the specifications. We submitted our plans,
which were agreed to, and approved, and I feel that we complied
with the contract.

I think you have to understand—and there may be some miscon-
ception in this room—that we take a contract and go away and do
our thing and deliver a product, and that is not true, because ev-
erything we do is under scrutiny and approval of NASA.

Mr. TorriceLLI. I think Mr Roe has made that point, and I think
it was a contribution to our discussions today, because for whatever
failures took place in the corporation, the fact is that they were
done under the nose of NASA and in fact with their approval. It is,
however, difficult for a lay person listening to this discussion today
to come to the same conclusion—having now read the specifica-
tions, and heard of your testing process—come to the conclusion
that in fact the item was tested to the limits of its specifications—
difficult to accept.

Mr. GARRISON. We believe we did that.

Mr. TorricELLL. Let me suggest to you then, you today, sitting
there, would suggest that NASA flew these motors at 31 degrees?

Mr. GARRISON. Absolutely not.

Mr. TorricELLI. But you tested them to 31 degrees?

Mr. GarrisoN. I think the record shows what the qualification
program was.

Mr. TorricELLI. Again, I don’t come to this as a scientist. I come
to this as a layman.

Mr. GarrisoN. Qur specification says the operating limit of the
rocket motor is 40 degrees to 90 degrees, sir.

_Mr. TorriceLLl. And that is, you felt, the limit of your obliga-
tions to NASA, that it be operational at 40 degrees?

Mr. GarrisoN. No, I was just commenting on what specification
requirements are. I thought you were referring to that.

Mr. TorricELLL I see; but your view is that the limits of your re-
sponsibility to NASA, that it be operational at 40 degrees?

. M: GARrisoN. I believe that was the requirement of our con-
ract.

Mr:? TorRICELLI. Yes, would you fly this shuttle today at 40 de-
grees?

Mr. GARRISON. I would not fly at all until we have gone through
a redesign of the joint.

Mr. TorricELLI. But yet you are telling me that you adequately,
as required under the contract, tested at 40 degrees. You have done
no tests since. You had those tests, but you now conclude that that
was not the proper conclusion?
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Mr. GARrrisoN. My statement was that I feel very strongly that
we met all the contractual requirements.

Mr. TorriceLLL I think the point is sufficiently made.

Mr. Chairman, may I have a moment——

Mr. Rok. Proceed.

Mr. TorrIiceLLL. Immediately after the accident, there was an op-
portunity to speak with Secretary Weinberger, and there was a
natural concern if this was a problem of the solid rocket motors on
the boosters, there being some similarity to the technology with
military rockets, was the United States unprepared to defend itself
in freezing temperatures.

He assured me of the fact that they had tested their equipment
to minus 60 below. They had no problems with the joints, no prob-
lems with their solid rocket motors. I didn’t find any of your reac-
tions to that, how it is that other manufacturers with similar tech-
nology seem to have encountered none of these difficulties, and are
operating with complete assurance of their technology. What are
the profound differences that that same technology was not able to
be incorporated in the shuttle from the outset?

Mr. GARRISON. I believe, basically, we all use the same technolo-
gy. I can’t address your question, because I am not familiar with
all the requirements in the performance.

Mr. McDonNaLp. I think I can address that, since I was the chair-
man of the solid rocket technical committee for the American Insti-
tute of Aeronautics and Astronautics. First of all, Mr. Weinberger
doesn’t have anything in his arsenal that he launches that has
joints in it. The only other system there is the Titan, and it is a
space launch system. It is not a tactical weapon, so it is very
unique.

Mr. TorrICELLI. So in military systems there are no joints?

Mr. McDonaLD. There is no field joint in any military system.
There are joints, but not field joints.

Mr. TorricELLL Because they separate at the joint?

Mr. McDonNaALD. No, no. We have joints in every rocket motor we
build. We have to attach things like igniters and nozzles. There are
different types of joints and they do not deflect like this one be-
cause they are not as big and they are not as long. This was unique
to this type of an application, because you have a tremendous
structure here.

Mr. TorriceLLl. Thank you, Mr. McDonald. That is helpful.

Mr. Garrison, finally, in the redesign team, at the moment that
is looking at the joints and solid rocket motors, are there represent-
atives of other companies? In other words, is the best and the
brightest of America being involved in this redesign process, or
have you returned this challenge to the same team that brought us
the original designs?

Mr. GARRISON. It is my understanding that NASA is incorporat-
ing the inputs of everyone that they feel qualified to do so, and so
are we. We have gone out and we do have a number of consultants
assisting us in the various areas.

Mr. TorriceLLI. So we can be assured that everyone who has
ever been involved in this technology in America, no matter who
they work for or who they represent, the best of their knowledge
will be made available for a quick and adequate solution?
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Mr. GaRrIsON. I can’t guarantee you that everyone will be. We
are going to the experts that we feel familiar and comfortable with
in all areas and getting other opinions, and I believe that NASA is
also doing the same thing.

Mr. TorriceLLL. Thank you Thank you, Mr. Chairman.

Mr. Rok. The chair recognizes the gentleman from Pennsylvania,
Mr. Ritter.

Mr. RirteEr. Thank you, Mr. Chairman.

I can’t help but agree with my colleague from Texas, Mr. An-
drews. When I look at the chart form the memo, the followup to
the telephone conference on page 97, I can’t help but think that
most of the very hard and fast comments that are made there actu-
ally opt against launch. I mean, if you add them up, they opt, you
know, the bad versus the good, the bad are much more predomi-
nant. They weigh heavier individually than the good.

I mean, if you just look at that, it is hard to hit that bottom line,
which says, “MTI recommends launch.” Does anybody want to
comment on that?

Mr. McDonNaALp. I think Mr. Kilminster has to comment on that,
but I think in all fairness to him, one has to look at all of the fac-
tors on there, that he obviously thought the ones on the bottom,
which in numbers weren’t the most, were more important than the
ones on top, and that happens many times. You go down and buy a
suit——

Mr. Rirrer. If you will yield back for a second, the ones on top
are much harder and firmer. The ones on the bottom are like wish-
ful thinking, almost. They are at best conjecture. They are at best
seeking to push the issue of what——

They are trying to prove something. The ones on top, it is cold,
there is no doubt about it. There is no doubt about what happens to
the O-rings under those conditions.

You know there is no doubt about the more gas may pass the O-
ring, but the other ones, the bottom ones, we already discussed a
little bit about Criticality 1 and the fact that that characterization
implies no redundancy. I mean the other ones are reaching, and I
guess I have trouble, I just have trouble assuming that up to a
launch decision.

Mr. GARRISON. Let me comment. Mr. Ritter, I don’ think there is
any doubt that our top technical people, our top management/tech-
nical people, because they are technical people also, made an error
in judgment. That error was also, or the technical position that
they had was agreed to by our customer, and that is not an excuse.
That is a statement which I am really trying to portray that they
weren't the only ones that misinterpreted the data and drew wrong
conclusions.

We have other people, both here and maybe at NASA, that did
not agree with those decisions, so I don’t think we are trying to
defend, I don’t think Mr. Kilminster is trying to defend the posi-
tion today that the decision was a correct one.

Mr. Rirter. Obviously the position was not a correct one. The
world knows that all too well. But I mean, from the teleconference,
from the written summary of the teleconference, you almost have
to conclude not to launch. Anyway, I would like to get on to an-
other perhaps more fruitful line of questioning.
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Mr. McDonald, we have heard a great deal about your opposition
to the launch. Did you actively argue against the launch during the
time of the telephone conference?

Mr. McDonaLp. No, I didn’t. That two-hour telephone confer-
ence, as I mentioned, was a conference that was being conducted by
our engineering people on the teleconference, which made the ulti-
mate recommendation not to launch below 53 degrees Fahrenheit. I
totally agreed with that. I had no reason to enter that conversa-
tion.

Mr. Rirter. But then the off-line telephone conference, did you
actively campaign against a launch at that time?

Mr. McDoNALD. Yes, I did. I had a long conversation during that
off-line, with Mr. Mulloy and Mr. Reinartz, concerning a couple
factors. One was I told them I don’t know why we just don’t delay
this thing until tomorrow afternoon, because based on what I had
heard from the weather report, that they were projecting tempera-
tures something like 48 to 50 degrees in the afternoon. I knew
when I came down to the Cape for that launch that the initial
launch time was in the late afternoon, it was like 3:45 in the after-
noon, and they told me that they had looked at that, but there was
some problem with one of the abort landing sites. I believe it was
Dakar. It was either weather or visibility in the late afternoon, and
so they couldn’t do that.

I also had a long conversation with them about the interpreta--
tion of the qualification of the motor between 40 to 90 degrees,
which they, Mr. Reinartz had raised earlier that our 53-degree rec-
ommendation didn’t seem to be compatible with that, and I told
him he is right, it isn’t.

I wasn'’t in the original development qualification program. I had
been involved, however, in the design certification review as the
chairman of our team for the filament wound case solid rocket
motor that we were getting prepared to certify for flight out of
Vandenberg Air Force Base, and in that process I went back and
looked at some of the documentation that was prepared for certify-
ing for the first flight of the steel case, and even though it was my
impression that it was to be qualified from 40 to 90, I don’t recall
seeing anything that we had done, where we had static tested O-
ring seals in the condition they should be at those temperatures.
Therefore, you know, I would even be concerned with that, and
that was the kind of conversation I was having with them at the
time.

Mr. Rrrrer. But didn’t you during the course of this caucus men-
tion to Mr. Kilminster that he consider a point that the secondary
O-ring is in the proper position to seal, if blow by of the primary O-
ring occurred, and doesn’t that act in support of what they were
saying? Were you wearing two hats at that time?

Mr. McDonaLp. No. They interpreted it that way and it was a
point that I had made at the end of the teleconference when the
decision was made to caucus to reconsider, and at that point I men-
tioned—in fact, Mr. Hardy had made the comment earlier—that if
we are going to make a recommendation that is anything other
than 53 degrees, I think an important consideration is to look at
the secondary seal as well, because the cold temperature is bad for
both seals.
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Mr. RiTTER. You are essentially saying, according to Mr. Hardy’s
testimony on page 99 during tie Presidential Commission, that
there was pretty good redundancy, that in a sense you supported
the idea that the secondary O-ring would seal; is that correct?

Mr. McDonNaLD. No, I didn’t support the idea. I supported the
comment that I made that is an important consideration that we
look at. If we are going to recommend some other temperature
other than 53 degrees, I said that at the time, I still feel that is
true, because it was very clear that the recommendation that we
had made of 53 degrees was totally on our experience base from
flights, and if we are going to go outside that experience base, we
need to understand, to run some calculations as to how the seating
is going to be affected at lower temperatures.

We must consider both seals, because if we conclude that the
cold temperatures are not going to affect anything in the first 170
milliseconds, so that we don’t get out of that regime that Mr. Bois-
Jjoly was talking about, it is probably all right to go colder. But if it
does affect that timing and that first 170 milliseconds and goes
beyond that, that is when the secondary seal, we can’t count on it.
We can count on the first 170 milliseconds.

Mr. RirreER. When Mr. Kilminster announced the decision to
launch, I guess Mr. Reinartz asked, “Are there any further com-
ments? Did you have any further comments, Mr. Boisjoly? Did you
have any further comments, I mean, did anyone at that point seek
to turn the situation around.

Mr. BorssorLy. Both Arnie Thompson and I might add that we
were the only ones in the room that continued to vigorously oppose
the launch during the caucus. We reiterated and reviewed all the
data that we had presented, and continued to try to convince the
four management people not to change the decision. Once that de-
cision had been made by them on the basis of our input, I would
say it was over, so people keep alluding to the fact that, you know,
why didn’t we say something after the managers had come on the
loop and made that decision on that launch.

I firmly believe, as I so stated in testimony previously, that once
we as engineers fight our hearts out to present the information
that we believe supports a particular position is given, then we are
out of it. We cannot then act as management in the company to get
in—

Mr. RrrreR. I accept that.

Mr. BoisgoLy. With management. So that is why the comments
were made.

Mr. Rok. The gentleman’s time——

Mr. RitTER. If the gentleman would allow me just an additional 2
minutes.

Mr. McDonald, with your high-level position, though, you are in
the management loop, and not just in a technical sense. When Mr.
Reinartz said, “Are there any further comments?”’ how come you
didn’t jump up and down and say no?

Mr. McDonaLp. Well, I had made some notes of what Joe had
explained over the network as to what our rationale was to launch,
and had jotted those down because this 5-minute caucus that was
going to be a 5-minute caucus turned into a half hour. I had no
reason to believe that that half-hour wasn’t done in running some
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calculations to determine whether we could indeed launch at a
colder temperature outside our experience, and it wasn’t until it
got to the bottom line where there wasn’t a particular temperature
recommended, you just had to proceed to launch, it kind of took me
by surprise.

I also, as I had testified, I was convinced that it was the pressure
from NASA that caused the whole caucus in the first place. I knew
that, and I knew that Mr. Mulloy had challenged our recommenda-
tions, and indeed, he challenges everything but it has always been
on the other side when we try to say it is OK to do something he
says, “I don’t think you can convince me.”

Now all of a sudden we had this list of three reasons why we said
it ought to go ahead and launch, with a lot of things on there that
were reasons not to. He didn’t challenge those like he should have,
I thought, so I knew at that point in time that if I was going to
have any impact on this thing, I was going to have to deal with Mr.
Mulloy and Mr. Reinartz, because I felt that my management, if I
talked to them, would say, Well, have you talked to Mr. Mulloy
and Mr. Reinartz about that?

And that telephone conversation, at the end it was very short.
Joe went through, read those. He was told to put that in writing
and sign it, and I had commented to Mr. Mulloy at that time, be-
cause I thought I would have to sign it, as I was the man at the
Cape, that I wouldn't sign it, it would have to come from the plant.
That was done. Mr. Reinartz says, “Any more comments?”’ And
they accepted it all, and that was the end of that conversation.

It was after that that I, you know, I just couldn’t live with that
and told him I didn’t see the rationale that was presented that con-
vinced me that it was all right to proceed, and I don’t understand
how NASA can accept that recommendation.

Mr. RITTER. So you did protest to Reinartz?

Mr. McDonNaLD. Oh, I did, very, very vigorously, but they were
not on the network. That was after everybody went off of the net-
work. I protested for some time to both Mr. Reinartz and Mr.
Mulloy.

Mr. RitTtER. One last question for Mr. Boisjoly. Your memo of
July 31, where you talk about inattention to the subject at hand,
you say in this company private memo, “The result would be a ca-
tastrophe of the highest order, loss of human life.” You close the
memo—this is to V.P. Engineering, Mr. Lund. You then say, “It is
my honest and very real fear that if we do not take immediate
action to dedicate a team to solve the problem with the field joint
having the No. 1 priority, that we stand in jeopardy of losing a
flight along with all the launch-pad facilities.”

What kind of response did you get? That is a pretty hairy docu-
ment. It is a pretty emotional document. What kind of response did
you get? You would think that it would elicit quite a substantial
response, because of its strength of message.

Mr. Boissory. I didn’t get any personal response, but there was a
memo written by Mr. Lund to Mr. Larry Sayer, director of engi-
neering at that time, engineering design, on August 20, and basi-
cally it was an answer to that memo that set up a test team to go
forward and solve this problem. But as far as any immediate inter-
play or verbal interplay, there was none with me.
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Mr. RoE. The time of the gentleman from Pennsylvania has ex-
pired. The chair recognizes the distinguished gentleman from Cali-
fornia, Mr. Mineta.

Mr. MiNETA. Thank you very much, Mr. Chairman.

First, I would like to ask about this document that was cast on
the screen. Is that essentially what was on—that is the telegram of
January 27?

Mr. KmminsTER. No, sir. Previously we had discussed I think
something on the order of 11 or 12 pages of data, and then after we
went off line on the caucus, then this, the one that was on the
screen, is what was transmitted.

Mr. MINETA. And that was requested of you by NASA to affirm
concurrence with going ahead with the launch on January 28?

Mr. KiLminsTER. That is correct.

Mr. MineTA. Had you ever been requested by NASA to submit in
writing any kind of a document like that in the past?

Mr. KiLMINSTER. As a matter of the normal flight readiness
review process, we typically do sign a document that says that the
unit, those units are ready to be used on the subsequent flight.
That is typically done in the readiness review process approximate-
ly 2 to 3 weeks before a launch, and was done in this case, and
then that same document is used up through L minus 1, launch
day minus one review, and if anything comes up in that interim
time, then that has to be worked in real time to resolve any issues.

Mr. MINETA. And if there are any issues that come up after this
L minus 1, is there anything again to reconfirm what you had pre-
viously sent in the form of message or a telegram?

Mr. Kiominster. This was a unique situation relative to some-
thing coming up after the L minus 1, and we had no previous expe-
rience in that regard.

Mr. MiINETA. And the fact that they had requested that of you,
did you consider that to be atypical?

Mr. KimiNsTER. Well, the whole routine of having a discussion
this late before launch was unusual. However, I was not greatly
surprised when I was asked to submit a signature on this page.

Mr. MiINETA. Let me ask about how long do you think it will take
to redesign and get ready for tests and to qualify that joint in the
O-ring area?

Mr. GARRISON. At the present time we are conducting a series of
analysis studies and tests to identify a joint that we feel will be -
safe and serve the purpose and go forward with. Until we have an
opportunity to select those specific design parameters, and until we
have an opportunity to understand fully the Presidential Commis-
sion’s recommendations in this area, I don’t believe that we can
make an accurate projection of that at this time.

Mr. MineTA. And you feel you have the inhouse expertise and
the capabilities to go ahead and redesign that area?

Mr. GARRISON. Yes, sir.

Mr. MiNETA. If you feel you are prepared and qualified now, then
why could you not have completed this redesign over the past
years, since this isn’t something that just cropped up; this is some-
thing that was, I guess I might say, so obvious that the O-rings
were faulty and that erosion was occurring persistently, why do
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you feel you are able to do it now, and couldn’t do it before the
accident?

Mr. GARRISON. I believe that at this point in time we have some
more data than we had prior to the accident.

In our failure analysis, as an example, we have done a great
amount of testing to understand the joint. That data is available.

I think, initially, all of the technical experts that were involved
in the design of the case and the motor felt that the joint was ade-

uate.
1 Mr. MiNETA. You have—you had noticed everybody has been on
notice on this thing for quite a while, and I am not—what is it
about the current data that you have now that gives you the assur-
ances that you can go ahead and redesign or that you are even
more aware or that you are aware of the problems as compared to,
let’s say, 1984, just using that as a figure?

Mr. GarrisoN. I would like to have Mr. McDonald answer that,
who has that support for us.

Mr. McDoNALD. Mr. Garrison is right, we not only have much
more data, but I listened to discussion yesterday from people from
Marshall Space Flight Center, and Mr. Mulloy explaining why we
felt that it was safe to fly prior to 51-L, and I have to agree with
his assessments.

Prior to that time we had seen this erosion on the O-rings. That
was evident. And when I came on the program in March of 1984,
one of the things I initiated and was done by Thiokol was to get a
better understanding of how this happens and to model that math-
ematically.

Dr. Mark Salita did an excellent job in modeling the erosion, and
he developed that model based on a series of subscale tests that he
conducted and then analyzed all the data from the flight motors
and was able to predict the kind of erosion we were observing
within plus or minus 12 percent.

We then took an O-ring and shaved it and kept shaving it and
removing material until it would fail at three times the pressure
we would ever operate at for a margin, and we found that we could
shave up to about 155/1000 out of the 280/1000 O-ring before it
would fail.

Mr. MiNETA. That was roughly when you did that?

Mr. McDonaLp. We did that in about mid-1984.

And then, subsequent to that, we took some hot firing tests
where we focused a jet of gas on it to eat up the O-ring while the
motor is igniting, much more like we see in the full-scale shuttle
motor, except it was smaller scale.

The O-ring size is exactly the same. And we found out that we
could erode the 125/1000 of that O-ring and we also maintain a
good adequate seal.

In fact, we sealed it up to 150/1000 of it removed in one case, but
between 145/1000 and 160/1000 sometimes it didn't.

So, it was in that same range that it would not seal that we
found in our cold test at three times the pressure. So, on that data
we had calculated, it was much like the insulation we have in the
rocket motor.

It is a criticality one. The insulation of the whole rocket motor is
exposed to the fire inside the motor for the full 120 seconds. And if
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we are wrong in how that material behaves, it will burn through
the case and it causes a catastrophic failure.

We calculate how much margin of safety or what the safety
factor is on that insulator and that insulator in most cases has a
factor of safety of two.

We calculated how much safety factor we had on the O-ring, and
it was over two, because the duration at which the O-ring gets this
erosion is during the first 600 milliseconds when the motor is pres-
surizing.

So, we felt that we had as good margin on erosion of the O-ring
as we had on the insulator at that time.

Now, some people say, yes, but look, you are talking about milli-
seconds here, and if you are off, it is a big deal, and it is.

But you must consider the complexity of the shuttle system.
When we ignite the two solid rocket boosters, if one of those boost-
ers doesn’t thoroughly ignite exactly the way the other one does
within a couple hundred milliseconds, it will turn the whole vehi-
cle over. You have a catastrophic event.

So, you are dealing with those kinds of engineering judgments
and analyses. And it was our conclusion that it was safe to fly,
even though we had that kind of erosion, as long as we kept it
within what we had been able to predict, what we had shown took
to fail it, that we had a good margin and we understood it.

That was our experience base.

Mr. MineTA. We had a blowby on STC, was it 51-C?

Mr. McDonaLbp. That is correct. And I would like it addressed.

Mr. MiNETA. That was when?

Mr. McDoNaLp. That was in January of 1985. So, up until that
time we had never seen this phenomena of blowby.

Mr. MiNETA. What did you do then?

Mr. McDonaLp. What we did at that time was to try to analyze
that situation to understand why we saw that, what was different
about 51-C over the previous flights before that when we didn’t see
it.

And we went to the flight readiness review for the next flight,
which we were required to every time explain any anomaly, what
we _understood about it, and why it is safe to fly the next flight.

The conclusion we drew at that time is the only thing that we
could conclude caused that blowby, was that that particular flight
was preceded by the three coldest days in Florida history, and it
was cold.

Now, we didn’t expect to see the three coldest days in Florida
history every time we went and flew, so the conclusion was on the
very next flight it certainly won’t be the coldest 8 days in Florida
history again, and therefore, the next flight should be acceptable
because it shouldn’t see this type of behavior.

Mr. MiNETA. So, that was when you first, then, became aware
that the temperature played a role in erosion?

Mr. McDonNALb. That is correct. That is the first time and that is
when Mr. Boisjoly and Mr. Thompson and people started running
some tests to confirm whether our suspicions was that the cold
temperature may have affected that sealing capability in the O-
ring.
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Mr. MiNneTa. Had you gone back to any flight readiness review
prior to the one just immediate to the one that was being launched
in taking a look at those anomalies?

Mr. McDonaLp. Oh, yes; we continuously did that.

Mr. MINETA. As [ understand it, the procedure was to just look at
the immediate preceding one and not look at a series of flight read-
iness reviews in order to see, what I would call, a trend line?

Mr. McDonaLD. No; we continuously kept track of all of those,
but our immediate concern was, are we seeing things that we have
never seen before, and are they outside of what we have seen
before, because if they are, they are clearly different and we must
explain why they are different.

Mr. MiNEtA. Finally, then, did you ever get to the point of
sgy?ing, ves, we have to change it, in terms of that 53-degree crite-
ria’

Mr. McDonaLp. Well, yes, we got to the point in July, as a result
of the problem we had with the nozzle seal, the conclusion we need
to make some changes in those joints.

Mr. MINETA. And that was when——

Mr. McDonNaALp. That was in July 1985.

Mr. MiNETA. Thank you very much.

Mr. RoE. The time of the gentleman has expired.

The Chair recognizes the distinguished gentleman from Pennsyl-
vania, Mr. Walgren.

Mr. WaALGREN. Thank you, Mr. Chairman.

Going back to the questions about design specifications and how
the system was asked for at 31 degrees and then accepted at 40 de-
grees, my impression of the document that you gentlemen pre-
pared, asserting the acceptability of 40 degrees, that document was
wriﬁten as you presented the motor, as I understand it. Is that
right?

You were substantially through the process of designing the
motor and this was the acceptance at that point. Is that correct?

Mr. McDonaLp. Correct.

Mr. WALGREN. My question, then, is where did that 40 degree
number come from? It appears that NASA agreed to the 40 degree
number or a group of people agreed to the 40 degree number, but it
is, at that point, coming out of thin air.

Is there any tracking of that number? Where did it originate?

Mr. McDonNALD. The 40 degree number?

Mr. WALGREN. Yes.

Mr. McDonaLp. The number came from the specifications that
we were supplied for the solid rocket motor to operate over a pro-
pellant mean bulk temperature of 40 to 90 degrees Fahrenheit.

It was in our specifications.

Mr. WALGREN. That was the original specification, is that cor-
rect?

Mr. McDoNALD. It is the same one we have now.

Mr. WALGREN. Is that the same specification as the 31 degrees?

Mr. McDonaALp. No; the specification as to 31 is a JSC, Johnson
Space Center specification, that is referenced in our specification, I
think volume 07700, referenced some vehicle specifications that are
part of ours.
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And you go to that document and it comes up with a 31 to 99. It
says that the elements of the shuttle must withstand 31 to 99 de-

ees.
ngt doesn’t say they have to operate under those temperatures; it
has to withstand it. )

And we have a lot of environments that we have to withstand,
and we have certain environments we have to operate under.

We have to withstand coming across a blizzard in Wyoming, also,
where it is even colder, but we don’t operate under those condi-
tions.

We have to withstand storage over a wider temperature range
we operate over. We have to withstand sitting on the launch pad
for some undetermined period of time under some environments,
and we have to withstand any influence from other parts of the
system and that is where I think the confusion came in, probably,
earlier on how people interpreted that on what the motor actually
operated under and what it had to withstand.

And those documents, in my opinion, make it very clear. It says
“withstand,” and that was probably where the misinterpretation
came from.

Mr. WALGREN. And there is no design specification saying it
shall operate at 31 degrees?

Mr. McDonaLb. I couldn’t find one.

Mr. WALGREN. And the temperature at launch was what, again,
was——

Mr. McDonaLp. Well, 1 believe the ambient temperature was 36
or something at the time 51-L was launched.

Mr. WALGREN. So, we were launching below the design specifica-
tion at that point.

Mr. McDonaLp. Well, in my opinion, from what we had quali-
fied, or everybody thought we had qualified, the motor for, we
were.

That was my argument with Mr. Mulloy and Mr. Reinartz after
the teleconferences, why I didn’t understand why they could accept
the recommendation, because it was my interpretation that the
recommendation was outside of what everybody thought the motor
was qualified to.

Mr. WALGREN. And they did not assert that it was qualified to
operate at that range. They simply fell back on arguments that,
look, the seal didn’t seal at 75 degrees or there are circumstances,
doesn’t seal at 75 degrees, so why should we worry about it.

Is that essentially it?

Mr. McDoNaLp. Mr. Mulloy showed how essentially ambiguous
that specification was, because yes, he understands there is 40 to 90
degrees, but that the propellant mean bulk temperature—and that
is what it refers to, which, in his mind, says it can be exposed to
much colder temperature than that—as long as the propellant
mean bulk temperature is within those limits.

And I told him at the time I thought that was asanine, because
the propellant in that motor is so large and such a massive insula-
tor that I could expose it to 100 degrees below zero for several
hours and only change the propellant mean bulk temperature by a
few degrees, and I know the spec didn’t really mean us to do that.

That was a comment I made to him that night.
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Mr. WALGREN. So, there never was a specific operating tempera-
ture that you received.

You received a withstanding temperature of 31 degrees and you
received a propellant mean bulk temperature of 40 degrees.

Mr. McDoNALD. That is correct, and that is why I said yesterday
it is a lousy spec. It didn’t get any better overnight. It is still a
lousy spec, because it doesn’t specifically say that.

Mr. WaALGREN. Thank you, Mr. Chairman.

Mr. RoE. The Chair recognizes the gentleman from Missouri, Mr.
Volkmer.

Mr. VoLkMER. Thank you.

Mr. Boisjoly, what happened between the flight readiness review
on the 51-I and the January 27 telecon before, in other words, the
first one, that persuaded you that the Launch Commit Criteria
shoulgl be changed to 53 degrees, in the past it had been 31 de-
grees?

Mr. BoissoLy. The teleconference of the 27th, is that what you
are referring to?

Mr. VoLKMER. Yes; what persuaded you at that time to say you
shouldn’t launch between 53 degrees temperature?

Mr. BorssoLy. Because the previous year 1985 January, that was
the predicted O-ring temperature in that environment. We had
blowby but we had characterized that the erosion part of that
blowby was less than we had experienced before, and we would
have been operating within our experience base.

Mr. VOLKMER. It was based on that and all the flights inbetween
had been above 53 degrees?

Mr. Boissory. That is correct, yes. It was not uncharacteristic at
all to operate within one’s experience base.

Mr. VoLkMER. But in all of the memorandums, et cetera, that
had occurred before—inbetween the time, January 1985 and Janu-
ary 1986, you don’t specifically say that, you basically say low tem-
p}e;ratures—we need to look at this joint problem and do something
about it.

Mr. BoissoLy. That is right, and I so testified or submitted writ-
ten testimony to the Commission to the effect that we had just ex-
perienced the three coldest days in Florida history the year before.
And that would be analogous to a 100-year storm from a rainstorm
or something like that. It was nobody’s expectation we would ever
experience any cold weather to that degree before we had a chance
to fix it again, so that basically is why it wasn’t pursued any fur-
ther than that from my personal standpoint.

Mr. VoLKMER. In other words, you saw no need at that time then
to try to change the criteria in March, April, May, June on
through?

Mr. BoissoLy. That is correct.

Mr. VoLkMER. Because of that, you didn’t expect to experience it
again anyway?

Mr. BoisgoLy. That is correct.

Mr. VoLkMER. OK.

Now, yesterday we had the testimony, and the Commission
report bears reference to it too, that the Reinartz, when you fin-
ished up the second telecon, the one that Morton Thiokol had given
approval and you were back in Utah, did you hear Reinartz say or
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anyone else have any further comments or anybody disagree with
the recommendation?

Mr. BoisjoLy. Yes.

Mr. VoLKMER. And you said nothing.

Mr. Boisgory. That is correct.

Mr. VoLKMER. Can you tell me why?

Mr. Borssory. Yes; we had—Arnie and I, Arnie Thompson and I
had fought vigorously against the launch and were two of the
prime movers in preparing the charts that gave the information,
technical information against launch. The first decision was made
not to launch below our experience base and we were quite pleased
with that. When we went off the line and caucused—one of the
first statements that was made is that we have to make a manage-
ment decision by management people. And we continued very
strongly to oppose that. And we argued as vigorously as we could
argue, and when you look up into people’s eyes you know you have
gone about as far as you can go.

And so both Mr. Thompson and I just plain frankly backed off.
You had to be there and you had to see the looks and feel the expe-
rience that it didn’t really make any difference what further you
were going to say, you were just not going to be heard.

Mr. VoLkMER. Did you get that same impression from the Mar-
shall ?people that were in the telecon, Mulloy and Reinartz and
them?

Mr. BoisJsoLy. I was unable to look into their eyes——

Mr. VoLkMER. For the tone of their voice.

Mr. Boissory. The tone of their voice as I so stated, I felt that
there was pressure, and I felt that the tone of the meeting had
changed. And I think I stated that before; that we were always put
in a position and quite frankly in many respects nitpicked to prove
that every little thing that we had was in proper order and had the
proper engineering rationale and data to back it up in order to fly.

And in this instance we were being challenged in the opposite di-
rection. So that is why I didn’t speak up, it was a management de-
cision at that point in time, and I had nothing more to say.

Mr. VoLkMER. Thank you very much.

And as far as you know, Mr. Kilminster, did anyone at Wasatch
inform anyone other than the Marshall people in the telecon,
either level I or II, of any of these concerns?

i\/I}r1 KiLMINSTER. No, sir, I had no advisability of that from Wa-
satch.

Mr. VoLkMER. Did you at any time have any contact with either
Houston or headquarters?

Mr. KiLMINSTER. As far as this night was concerned?

Mr. VOLKMER. Yes.

Mr. KiLMINSTER. No, sir.

Mr. VoLkMER. All right. The last question I would like to ask you
is, well maybe it won't be the last one if I have time, but it is very
important to me. We have seen a considerable number of tests
since the accident on the 28th, and these tests have brought about
some eye opening to some people. We heard testimony of that yes-
terday. My question to the people at Marshall was, and the same
question I think applies to you, since you developed this motor, is
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why weren’t those tests done before the accident rather than only
afterwards?

Mr. KiLMINSTER. I think as we have discussed we had an ongoing
activity, a fairly concerted activity starting with August 1985 to ad-
dress these matters. However, as we conducted the program and as
these anomalies would become known to us, specific analytical
techniques and specific tests were conducted in order to insure that
we would have a safe flight condition.

And that started relatively early in the program where we tight-
ened up tolerances on the nozzle, excuse me, on the field joint. We
increased O-ring sizes, we initiated the use of shims in order to
compensate for the rotation that was going on there.

Later on, when we did detect the erosion condition, we conducted
analytical calculations to identify what limiting parameters there
were there and what is the maximum extent of erosion we would
expect to see, and found that it was well within the data that we
hadl generated by tests that the O-ring could withstand and still
seal.

As we were marching along, we were meeting these things head
on on an individual basis in order to insure ourselves that it was
safe to proceed. At the same time, having O-ring erosion was not a
desirable circumstance, and we had activity going on in order to
pursue that and try to eliminate it altogether.

And as we discussed yesterday, the putty is the prime actor there
of keeping the hot gases away from the O-rings, so much of our ini-
tial work had to do with lay up, cleaning of the joint in order to
insure that we had the proper putty configuration in there.

Mr. VoLkMER. I don't believe you answered my question; were
you going to conduct the tests if we hadn’t had the experience with
51-L and we have had a fight with the—would you have done the
same tests we had done since the flight? Let me put it that way.

Mr. KitMINSTER. I guess I can’t answer that specifically. We had
identified a long lead procurement of steel bullets in order to ac-
commodate a joint redesign. We had identified some tests that
would be conducted to further evaluate the blowby. But as far as
some of the dynamic testing that was conducted subsequent to the
accident, I don’t know if that would have been done or not.

Mr. Rok. The time of the gentleman has expired.

The Chair recognizes the distinguished gentleman from Idaho,
Mr. Stallings.

Mr. StaLLiNGs. Thank you, Mr. Chairman.

Before I raise several questions this morning, I would like to ex-
press my appreciation to Morton Thiokol officials for their coopera-
tion during the Presidential Commission investigation. Morton
Thiokol as well as the other witnesses who have appeared before
this committee I believe deserve acknowledgment for their efforts.

The Rogers Report was critical of the decisionmaking process
and the lack of safety concern. While I recognize many serious mis-
takes have been made, I think it is important the record show
what the history has been of Thiokol’s past performance.

Mr. Garrison, your company has been the sole source of the solid
rocket booster for the space shuttle for some time. How long have
you been working on that contract?

Mr. GARRISON. I believe we received that contract in 1974.
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Mr. Starrings. How would you characterize your performance on
that contract?

Mr. GARRiIsON. I think the methods that we measure by has been
very good. We have been in an underrun position from a cost
standpoint, including the development contract and production;
since we have been in production, we reduced the price of our de-
livered units by a significant amount, as much as 20 percent, I be-
lieve, based on the first unit and the last one delivered.

And of course we had planned to make some additional capital
investments that would drive that cost down even more. I believe
we met all of our schedule requirements, and in our opinion we
have met all of the specification requirements, so we are proud of
our performance on this contract up until that time.

Mr. StaLLiNnGs. Have there been any incentive awards on the
contract?

Mr. GARRisON. Yes; we have done very well on the incentive
awards. We have gotten very high ratings in the award system,
yes.

Mr. StarLiNgs. Do you feel that your company will make some
modifications, will change some policy as a result of this incident
and these events?

Mr. GarrisoN. Well, we are in the process of completely looking
at our systems, our people, our organization from top to bottom,
and this has called for a complete reassessment. We are in the
process of doing that and we will do it. It is my intent that this—
an event like this with the confusion, confusion may be a bad word,
I would say the judgment of various people will be criticalized at a
higher management level and dealt with there.

Mr. StaLLiNgs. Thank you very much, Mr. Chairman.

Mr. Rok. I thank the gentleman.

The Chairman recognizes the distinguished gentleman from Flor-
ida, Mr. Nelson.

Mr. NELsoN. Thank you, Mr. Chairman.

Mr. Chairman, I think it is important here to again underscore—
Mr. Chairman, I think it is important to underscore the point that
you brought out earlier, which is that there has been a communica-
tion problem. That the communication problem has been on both
ends of the line of the communication; that it includes NASA as
well as we look back into the flight—look back into the facts, as
well as the contractor.

And so I want to explore again in—to the degree of misunder-
standing that occurred to find out how this decisionmaking process
was flawed such that the motor had never been tested to the ex-
tremes of temperature that it should have been.

Now, earlier in the testimony, I notice NASA testified to this
yesterday, it was stated, and I would like your response to it Mr.
Garrison, it was stated that they signed off on the verification cer-
tification before STS-1 and STS-5. Because they had been told by
Thiokol that sure, the ambient temperature and the induced tem-
perature on the solid rocket motor had been met because the mili-
tary specification of the O-ring was that it would go down to minus
30 degrees and up to plus 500 degrees Fahrenheit.

Did in fact that communication go from Thiokol to NASA? Mr.
Garrison.
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Mr. GARRISON. I am not familiar, obviously. I was not in the de-
tails. I will ask Mr. McDonald or Mr. Kilminster, whoever may
have that knowledge.

Mr. NeLsoN. Mr. Kilminster.

Mr. KiLMINSTER. My understanding of the analytical work that
was done, and, by the way, I think we need to be sure to clarify
that that qualification can be accomplished not only by testing but
also by analysis, also by similarity, that type of thing.

Mr. NELsoN. That is correct, the design spec, by the way, re-
quired both for ambient temperature and for induced temperature
to be by analysis. That is what is contained within these docu-
ments.

All right. Go ahead, please.

Mr. KiLminNsTER. As I mentioned yesterday, in researching this, I
think you will find that the fracture critical items, which includes
the steel in the case, the steel parts of the ignition system and
some of the steel parts of the nozzle, were qualified by analysis on
a fracture mechanics basis at 20 degrees.

Mr. Nerson. All right. That is prefatory. Now let's get to my
question.

Do you want me to repeat the question?

Mr. KiLMINSTER. Please.

Mr. NEeLsoN. Did Thiokol relay to NASA that these temperature
analyses had in fact been met because you were using an O-ring
which had already been certified to the military specifications
Khich was down to minus 30, and up to plus 500 degrees Fahren-

eit.

Mr. KiMINSTER. I can’t comment specifically that there is a
piece of paper in the system that says that.

Mr. NELsoN. Well, that is what NASA said yesterday. Is there
anybody in your organization that can answer that question?

Mr. GARRISON. Not here.

Mr. NeLsoN. Well, let me ask you this: Is, in fact, that O-ring—
does it have a military spec from minus 30 to minus 500.

Mr. KiLMINSTER. Yes, it does. It is a procurement spec.

Mr. NELsON. So it is conceivable that what NASA said yesterday
is accurate, that someone said, well, we have completed the certifi-
cation because that is what the military spec says.

Mr. KiLMINSTER. That is conceivable.

Mr. NeLsoN. Okay.

Well, now, as we examine this, we realize that that wasn’t cor-
rect, because this contract required more. Now let me get to that,
because you all dispute the reading of this design specification.

This morning you gave this document dated April 1960, and of
which you are citing, as, Mr. McDonald, you apparently all along
have thought, that the temperature specs were 40 to 90. It is fairly
clear to me from reading these documents that we are talking
about two different things. We are talking about 40 to 90 degrees is
the propellant bulk mean temperature, which is the temperature of
that solid rocket propellant, which changes very slowly over the
course of time.

As a matter of fact, some of your testimony to the Commission
said you could have minus 100 degrees outside, and the propellant
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temperature is only going to change a few degrees over a long
period of time. That is one indication. That is one criteria.

It seems to me that these design specs also clearly state that
there is another requirement regarding temperature, and that is
from the ambient air temperature otherwise defined as natural en-
vironment under this document volume 10, and also another defini-
tion of induced environment, and they go on through the various
appendices to determine and to define what each of those are in
terms of degrees.

You still maintain that that is a part of the design specs that you
all did not understand?

Mr. Garrison.

Mr. GarrisoN. First off T would like to say that we didn’t dispute
your reading of the document.

Mr. NewsoN. No, I understand. I am trying to get inside your
head.

Mr. GarrisoN. We have an interpretation problem, and I would
like to reiterate again that this interpretation was basically made
12 years ago.

It has followed, and I believe everyone has been in agreement
with our interpretation that has been involved in the program, so
there was no reason for us to think until this time that it was in-
correct, so I believe that we are talking about an interpretation,
and I frankly don’t know how we resolve that at this point.

Our interpretation, as I stated to you, based on the people that I
talked to and our people were involved, as we stated, and I can’t
change that. It might be wrong. It was made 12 years ago, and I
said we have been operating and everyone has been concurring
that that was the correct interpretation.

Mr. NeLsoN. You know what we are trying to do here, as the
modus operandi as set by the Chairman is trying to get the truth,
and I understand you are trying to give the truth, and that is what
we are trying to find out.

The fact is NASA came up and said they messed up, and you are
saying you didn’t mess up. You are saying you might have messed
up, and we are just trying to find out what was the degree of your
thinking.

I have already said prefatory to my comments, you know, you
are not entirely at fault. I mean, there is a lot of blame to go
around here.

Mr. GarrisoN. Congressman Nelson, I think you will have to
admit that it would be unusual for us to go say sometime after we
had made our interpretation that we believe you are wrong in your
interpretation. They wrote the spec.

I think Mr. McDonald has expressed his opinion that he thinks
the spec is confusing, and open to misinterpretation, and that may
be our problem, but we honestly thought we were meeting the
intent of the specs, and we thought that for 12 years.

Mr. NeLsoN. Mr. Chairman, I have one more question.

I could not help but reminisce, as we have heard this whole con-
versation, and we have heard these temperatures, 40 to 90, and we
have heard many times the reference to 53 degrees, and Mr.
McDonald’s concern about not launching below 53 degrees, because
in fact that was the coldest temperature of any previous launch,
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and he knew that there had been severe O-ring degradation on
that launch, so my question is, which I couldn’t help but reminisce,
STS-61C, that finally launched on January the 12th, we were
scrubbed four times, snd during several of those scrubs, the tem-
peratures were less than 53 degrees, and so my question is, did any
of these same concerns with the temperature come up in discus-
sions during the final checks before those attempted launches?

Mr. McDoNALD. I am not aware that they had, Congressman. I
don’t know. I wasn’t at that launch, but I don’t recall that that
came up.

Someone would have to relay what the temperatures were ex-
pected during the time period before and after, because if you will
recall, the 53 degrees on the previous coldest one, when it actually
launched it was actually 60 some degrees, I believe, the ambient
temperature, and that 53 degrees is an O-ring temperature that is
calculated from that, and you have to know what the temperature
history is to arrive at what the O-ring is.

Mr. NewsoN. Mr. Chairman, I will just conclude with that. I
thank you.

The temperature was on or about in the low 40 degrees on De-
cember the 19th, during the first scrub of STS-81C, in the low 40’s,
the ambient air temperature.

Thank you, Mr. Chairman.

Mr. Roe. The Chair recognizes the gentleman from California,
Mr. Packard.

Mr. PAckARD. Thank you.

Mr. Chairman, I would like to pursue that a little bit further. I
think, Mr. McDonald, you expressed that for this launch we experi-
enceg the 8 coldest days in, what, the history of Florida, at that
time?

Mr. McDo~naLp. That was what was reported to us on the Janu-
ary 1985 launch, that is correct.

Mr. PackarD. What was the temperature on this flight 51-L that
was scrubbed three times——

Mr. McDonNaLp. That is correct.

Mr. Packarp. What was the temperature on the 22d when it was
first scrubbed?

Mr. McDonNALD. The 22d? I don’t know what it was then. I was
down at the scrub the day before.

Mr. Packarp. What was it the day before on the 27?

Mr. McDoNaLD. During the launch window from 0938 to 1238 it
ranged between 48 and 57 degrees.

Mr. PACKARD. So, it was below the 53 at least part of that launch
window.

Mr. McDonALD. That is correct.

Mr. Packarp. Was temperature discussed then?

Mr. McDonaLp. No, it was not.

Mr. PAckARD. On any of the 3 scrubbed days?

Mr. McDonaLp. Nowhere was it, no.

Mr. Packarp. And the temperature dropped in one 24-hour
period from 48 as a low down to below 29, possibly even down to 16.

Mr. McDonaLp. Down to 22. They were predicting 18, and that
was what caused the great alarm. You know, that doesn’t happen
very often in Florida.
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Mr. Packarp. Why, in your judgment, wasn’'t weather—when it
had gone down on the windows before or on the scrub days before
on 61-C, was it, and also in the previous scrubbed days of this
launch where it was below the 53 level, where there was not data
to justify flying, and where there was a policy that we wouldn'’t fly
below those certain thresholds—why wasn’t the weather discussed
on those scrub days?

Mr. McDonALD. I don’t—I can’t answer that. I think that is an
excellent point, and again, it is part of that communication prob-
lem.

I think that is an excellent point. I don’t recall that anyone
brought up the weather, what predicted temperatures were, be-
cause it was too much like we normally fly with, and I think that
is an excellent point.

Mr. Packarp. The erosion problems of the O-ring was known for
several years before, and there was some data on that, and you
were monitoring that.

The O-ring resiliency was not—there was no data or research
done on that until June 1985, is that correct?

Mr. McDonaLp. I believe that was the time period, wasn’t it,
Roger?

About February or March, he said, we started that.

Mr. PAckARD. You started. June 3d is referred to in the Presi-
dent’s Commission as having some results from your research as
far as the resiliency under cold weather of the O-rings.

In your testimony, Mr. Kilminster, I believe you said that, “As
launch was scheduled,”—this is the night before, on the night of
the 27—“As launch was scheduled for early the next day, our engi-
neers immediately commenced evaluating the available data.”

This is in reference to the cold weather and how it would affect
the O-rings. You had had some data before. Why did you wait until
the night before you began to even consider the whole question of
O-rin?g resiliency and O-ring problem under cold weather condi-
tions?

Mr. KiLminsTER. This was in response to a specific request that
came from NASA earlier in the day, after they scrubbed on the
27th, around noon eastern time, I believe, and the prediction that
they had at that time that there was going to be a significant drop
in overnight temperatures.

Mr. Packarp. And what did your review—immediate evaluation
of the data—what did it show?

Mr. KiLmiNsTER. Well, there was a couple of areas of concern.

No. 1 was, would we be concerned about this propellant mean
bulk temperature condition? So, analysis and quick evaluation was
done there and said, no, that under the circumstances that we
zvould not have any problem with propellant mean bulk tempera-

ure.

There was some assessment made of if it gets that low, if there is
some gradient, some temperature gradient going from the case wall
into the insulation and propellant, would that be a concern.

That was looked at and judged by engineering not to be a con-
cern, and so the only one that was identified as being of concern
was the joint issue.
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Mr. Packarp. Were you relying wholly on NASA’s evaluation
6nd_ ju;igment as to whether to overlook the cold weather and the

-ring’

Mr. KiLMINsTER. No, sir. That was our engineering people who
were conducting that assessment on all three of those items.

Mr. PAckARD. One last question, one that I dealt with with the
people yesterday afternoon.

On page 146 of the Commission’s report, it shows where there
was, or that you were monitoring, the flights that—well, all flights
were monitored in terms of O-ring degradation, and it showed no
successful flights below 65-degree weather, no successful flights
that had no O-ring damage done, 17 flights above the 65-degree
level with no O-ring damage, but all flights had damage that was
below that level.

Were you using this information on an ongoing basis to evaluate
the effects of O-ring and cold weather?

Mr. KiLMINSTER. I believe the task force, in conducting their ac-
tivities, were looking for any correlation, correlations having to do
with the shape of the segments as they were put together.

And I can’t say specifically, but I think they were looking at tem-
perature based on what we had learned on the earlier January
issue.

But perhaps Mr. Boisjoly could answer that in more detail.

Mr. Boissory. We had asked for that data as part of the team
members and were in the process of gathering that data, and we
had not yet received it.

Mr. Packarp. So, Thiokol did not have access or did not use at
least the information from previous flights in respect to the joint.

Mr. BoissoLy. We did with respect to the joint on erosion, but
with respect to specific launch temperatures on specific vehicles,
we didn’t have that specific data at that time.

Mr. Packarp. It is easy, perhaps, after the fact, but do you be-
lieve that there was a general malaise on the question of tempera-
ture and its effect upon the O-ring joint up until the accident?

Do you think that this was a general disregard or a feeling that
it was not as critical of an area, the temperature effect on the O-
rings?

Mr. Boissory. No.

Mr. Packarp. Not as critical.

Mr. BoissoLy. No, not at all, because I think my memos indicate
just the opposite to that. I was extremely concerned about that.

Mr. McDonNaLD. I would like to comment on that information, be-
cause one of the gauges that we had used from the start—I think
Mr. Mulloy testified to that yesterday, and he also challenged us to
why we could continue flying—was the first time we ever observed
erosion on a field joint O-ring was in the second flight STS-2, at 70
degrees Fahrenheit, and it was the worst and still was the worst
erosion we had ever seen on launch.

So, you have got to take that data in some context.

Mr. PackarD. I understand that.

However, erosion, I think, is not necessarily resiliency. I am not
persuaded that it was the erosion problem that created the leak
here as much as it was failure of the O-ring to seal, which could
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have been erosion, but was probably more likely a lack of resilien-
cy to seal off the gap.

Mr. McDonaLb. I don’t disagree with that. I am just saying they
thought thermal stress, as observations on O-rings, as a function of
temperature. You have to put that in perspective.

Mr. Packarp. Thank you.

Mr. Rok. I thank the gentleman from California.

We are just about at a conclusion here this morning. There are a
series of questions that the committee has prepared that we will be
submitting to you in writing that we would like you to respond to,
and some of them have really to do with—they are specific.

Some are technical in nature. I am thinking about the joint rota-
tion aggravated by switching to lightweight steel.

I know that is something that is being worked on, the cases, and
those sorts of things, but I think it would be invaluable to get that
on the record in writing, and if you would be kind enough to re-
spond to that we would appreciate it, to round out the record.

The gentleman from Florida.

Mr. NeLsoN. Thank you, Mr. Chairman.

Just one clarification, if you could help us here, Mr. McDonald.

On page 142 of the report, discussing the closure issue, it states:
“On December 6, 1985, Thiokol’s Brian Russell wrote Al McDonald
requesting closure of the solid rocket motor O-ring erosion critical
problems. He gave 17 reasons for the closure, including test results,
future test plans, and the work to date of Thiokol’s task force. Four
days later, December 10, 1985, McDonald wrote a memo to NASA’s
Mr. Ware, asking for closure of the O-ring problem.”

Can you share with us why you did that?

Mr. McDonaLb. I would be glad to do that, sir.

The reason that Mr. Russell had originally addressed the memo
to me on that subject was that he had received a telephone call
from his counterpart at the Marshall Space Flight Center, Mr. Jim
Thomas, who had apparently come out of a meeting or been given
some direction by the director of science and engineering at the
Marshall Space Flight Center, Mr. Jim Kingsbury, that he was
very upset in the problem assessment system and this problem
review board of this continuing long list of anomalies that were re-
ported, and the list keeps getting longer and things weren’t taken
off, and some of them were getting relatively old, some of them
back literally, years, and that list certainly had far too many prob-
lems that were over 6 months old, and we need to get that list
down, and we must close some of those actions out.

In fact, he informed me that Mr. Wear, who is the one I usually
communicated with, the manager of the solid rocket motor project,
would probably be sending me a memo to that effect here shortly,
which it did come, and that we need to get those off of those lists,
and he put together a memo on what his position was as to why we
ought to be able to remove the O-ring problems from that list, be-
cause we were tracking them on another system, in fact, weekly,
not monthly anymore.

We had a task force that had a meeting, a teleconference, every
week with the people at Marshall discussing what we were doing,
trying to solve the issues.
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And if you read the memo that I wrote, it says that we are going
to continue that, and it is not an indication we solve the problem.

In fact, just the opposite. It is going to be some time before we
can solve that problem, so if somebody wants to get this list down,
they might as well take them off, because we are doing it in, I
think, a more productive manner that is more visible, and there-
fore, let’s take them off, and that is what I did it for.

Mr. NeLsoN. Did you raise the issue of the temperature questions
at that point in your memo?

Mr. McDonaALD. No, I did not, sir.

Mr. NELsoN. This was just your memo in response to their 17
reasons stating that they wanted to close out any further discus-
sion of the O-ring problem.

Mr. McDonALD. Right. There wasn’t anything, I don’t believe, on
temperature there, no.

Mr. RoE. The time of the gentleman has expired.

The committee will stand adjourned. We are going to reconvene
in 1 week Wednesday.

I want to thank the representatives from Thioko! for their up
front, straightforward answers in response to the committee’s ques-
tions.

As I mentioned, we will have some in depth other technical ques-
tions which we think will be helpful to the committee and we will
submit those to you in writing.

We want to thank you very much.

The committee stands adjourned.

[Whereupon, at 12:25 p.m., the subcommittee adjourned subject
to the call of the Chair.]
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HouseE or REPRESENTATIVES,
COMMITTEE ON SCIENCE AND TECHNOLOGY,
Washington, DC.

The committee met, pursuant to call, at 9:30 a.m., in room 2318,
Rayburn House Office Building, Hon. Robert A. Roe (acting chair-
man of the committee) presiding.

Mr. RoE. The committee will come to order.

This morning we commence our third week in the series of hear-
ings that the Science and Technology Committee is holding to in-
vestigate the space shuttle Challenger accident. Equally as impor-
tant to where we will go from here in the overall national space
program.

In following the overall plan for our inquiry, we heard first from
Chairman Rogers of the Presidential Commission on the Space
Shuttle Accident. The Commission, under the guidance of its distin-
guished Chairman, had conducted a detailed investigation of the
shuttle’s hardware and technology failures, and also a thorough
analysis of the management decisions associated with the launch.
Chairman Rogers presented the excellent report that grew out of
the Commission’s work.

Our second group of witnesses was headed by Dr. James Fletcher
and was comprised of various other NASA officials involved in the
general governance of the agency, as well as those specifically in
charge of the Space Transportation System.

Third, we heard personnel from Morton Thiokol Co., the design-
er/manufacturer of the solid rocket booster’s motor joint. The
Rogers’ Commission identified the faulty operation of this joint as
the prime cause for the shuttle’s failure on January 28.

On the same day, we heard from personnel at NASA’s Marshall
Space Flight Center. Since the Marshall Center has safety over-
sight responsibility for the SRB program, the committee considered
it important to juxtapose the appearance of the Morton Thiokol
and the Marshall Center witnesses.

Today we will be hearing from NASA’s astronauts. These are in-
dividuals who are, or have been, the most direct participants in
America’s manned space flight programs. Their intense training
encompasses knowledge of a vehicle’s hardware and its specific
function, knowledge of and experience with the special characteris-
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tics of the space environment through simulation, and most impor-
tantly, inflight intimacy with space travel.

They are an extremely unique group of individuals who have
been selected for excellence in judgment and expertise. We call on
them today to provide us not only with their perspective of a mis-
sion’s planning and execution, but also with their view of both the
weaknesses and strengths in NASA’s current program and oper-
ation.

This morning we will hear from Maj. Donald Slayton, Gen.
James McDivitt, Capt. John Young, Col. Henry Hartsfield, and
Comdr. Robert Gibson.

In this afternoon’s session, Gen. Thomas Stafford will join us in a
continuation of the proceedings.

Our ultimate goal in examining the causes of the shuttle acci-
dent is to strengthen the Nation’s space program so that we can
safely and steadfastly continue our pursuit of the dual objectives of
space exploration and space development.

(ir{entlemen, I welcome you. I know that you can help us in our
task.

We will begin after the remarks of Mr. Lujan, the distinguished
Representative from New Mexico, and the Science Committee’s
ranking Republican member.

Mr. LusaN. Thank you very much, Mr. Chairman.

I, too, would like to extend a warm welcome to today’s panel of
witnesses. There are few people in the world better qualified to
talk about space flicht than the astronauts who appear before us
today for this hearing.

Mr. Chairman, it has been almost 6 months since the tragic
Challenger accident. During that time in attempting to find the
causes and the cures we have had a lot of criticism. So much so we
tend to forget we have a great space program.

I happen to believe it is the best in the world. To illustrate my
point, I might bore the committee with a little story that evolved
sometime ago.

My granddaughter was talking about flying saucers. I told her
that in southern New Mexico there had been sightings of space
ships. We read about those all the time. I had been told they were
expecting another sighting on a particular day. So I went down
into the area hoping that I could see one.

It didn’t come, so I stayed another day hoping to catch sight of
one. One did finally come and I saw it. I saw it land. I might tell
you, Mr. Chairman, this is a true story.

She asked me if I saw any creatures, and I said yes. She asked
me if they were little green men, and I said no.

I then explained to her that the creatures were just like her and
me. Their names were Jack Lousma and Gordon Fullerton, as a
matter of fact.

The point of the story is I did see a spaceship land and it came
from the United States, the only nation in the world to possess a
machine that will carry us into space and return just like a regular
airplane does.

Mr. Chairman, it is a dangerous operation. I have been told 2,700
things, criticality 1, and 1R can go wrong. I marvel every time I see
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a shuttle land, usually within feet and within seconds of NASA’s
predictions when it left Kennedy several days before.

Our job is not to find fault for fault’s sake only, but to learn from
this experience, this Challenger experience so we can take correc-
tive action. I am particularly grateful that members of the astro-
naut corps have agreed to share their wisdom of the years in the
space program with us.

There are few whose knowledge of the program is deeper and
command of issues broader than members of this astronaut corps. I
look forward to hearing a frank assessment of the strengths and
weaknesses of our space program today and when we are through
here, I hope we can get on with the business of rebuilding our
space program.

We really can’t afford to wait much longer for major policy deci-
sions to be made. The longer we wait, the harder and surely the
more expensive it gets.

Thank you very much, Mr. Chairman.

Mr. Rok. I thank the distinguished gentleman.

We have two housekeeping matters to take up first.

Without objection, television broadcast, radio broadcast, still pho-
tography of the coverage will be permitted this week on the hear-
}_ngshheld on the Roger’s report, and there is no objection, and so
orth.

The second matter is I move the proposed membership of the Sci-
ence Policy Task Force that has been placed before the members be
approved for 6 months commencing July 1, 1986.

Someone second that motion?

The gentleman from Pennsylvania second that motion.

All in favor, signify by saying aye.

Contrary?

So carried.

I want to thank you for taking your time to be with us as a dis-
tinguished panel and just for the members, just to reiterate, and
for yourselves, we are on a tripart program here really. Some
people had said and recently there were some news reports that
were issued, an editorial or two, if the Rogers Commission did their
work as they did, and did a good job, why should it be necessary
that the Congress, namely the Science and Technology Committee
of the House and our counterpart in the Senate, why should we be
in effect holding additional hearings?

I kind of was surprised at that in a way because I didn’t consider
the issue to be concluded on the basis of the Rogers Commission
report, nor has this committee, by the way, or the Congress. I think
that is No. 1.

No. 2, the Rogers Commission made it very clear that the initial
responsibility as given to them by the President in his directive
was based upon the point of view of what happened technologically
in effect, why was there an accident, what happened. Of course, we
have been pursuing that and I am sure there will be questions and
dialog relating to that tragic issue today from your point of view.

But second, in that tripart program, we want to look into the
management structure as to really what has happened to NASA
and not NASA bashing. That is not our purpose here at all.
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We want to be able to take quantum steps forward to improve
the situation so we can go back into space as quickly as possible,
but safety is, of course, you know, No. 1.

So the second issue that we are devoting our issue to which you
begin to bridge that gap now, as I see it—Manny and I talked
about that earlier—is to start to look to what you see the role that
the astronaut corps should play in the overall program.

There are some vast differences in those who participated in ear-
lier manned flights as to what we see the institution beginning to
develop into.

Then, of course, our third function, when we finish these phases
of our hearings, will be to get into the long and short range policy
issues, what does America and what does the Congress do and what
do the people do, what do you do as far as the short range space
program is concerned, getting back out there and what our goals
will be in a major point of view for the long range issues. So that is
where we are coming from. That is what these issues are about.

Now, having said that, I want to formally welcome you to our
committee, and I guess Maj. Deke Slayton has been designated for
us to call upon to make the first initial observations.

Does anyone have a formal statement? That is where I am
coming from. Suppose we recognize now Major Slayton.

STATEMENTS OF MAJ. DONALD “DEKE” K. SLAYTON, USAF (RET.);
BRIG. GEN. JAMES A. McDIVITT, USAF (RET.); CAPT. JOHN W.
YOUNG, USN (RET.); COL. HENRY W. HARTSFIELD, JR., USAF
(RET.); AND COMDR. ROBERT L. GIBSON, USN; LT. GEN. THOMAS
STAFFORD

Major SLaytoN. Thank you for the opportunity to visit with you.
I do not have a prepared statement. I didn’t get notification in time
to do that. I gathered from your letter, however, that one of your
primary interests was in how the astronaut corps interfaces with
the rest of the management team.

I guess being one of the more mature guys here at the table, I
can probably relate back to how we started and where we ended up
in the shuttle program initially.

I can’t speak to what has happened since then. You have people
here who are more talented than me that can speak to that. But at
the time we came into the Mercury Program, there were seven of
us flight crew, and one of the first things we did was to break up
into technical areas of expertise. Each guy took a major technical
area of the program to follow and to make technical inputs into.
We all reported directly at that time to the Center Director, Bob
Gilruth, and of course, we were a very small, tight organization at
that time.

The precedence for that had been set by guys like Scotty Cross-
field in the back of the room, who worked on the X-15, and prob-
ably put in at least 10,000 hours of engineering design for every
hour he flew.

That is typical in this business, and we probably did about the
same thing in the Mercury Program. We had a very strong voice
directly into the engineering system. There were some things we
didn’t like when we came onboard.
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The design was fairly well set, and we were able to influence the
change in those and make them happen. Management listened to
us. We had a lot of changes we proposed that were not adopted to
because somebody in the management chain has to make a man-
agement judgment in many cases.

Seven guys propose a problem to them, and they get seven differ-
ent answers, and somebody has to decide which one we are going to
implement. At the time the Mercury Program was about over, we
had already committed to a lunar landing, and it became obvious
we were going to have to get organized and expand the astronaut
corps, and I had the misfortune at that time of having been
grounded due to a medical problem, so I was elected to take over
the management of the astronaut corps, a job I didn’t particularly
care about, but it was the next best thing. So, then, we had sub-
merged the rest of the corps down one level below the Director, be-
cause they now reported through me to the Center Director.

A few months later than that we brought another group of astro-
nauts onboard, including John Young and Jim MecDivitt to my
right, and then at the same time, it became obvious that the orga-
nization was going to have to expand very, very rapidly and get
much bigger, and we reorganized into a flight crew operations di-
rectorate.

So, my function was then elevated to not only encompass the as-
tronaut corps, but the aircraft operations and everything related to
flightcrew training, the simulators, procedures and crew equip-
ment.

I ran two jobs at that time. I was Chief of the Astronauts, and
also the Director of Flight Crews, but I was still reporting to the
Center Director. Shortly after that, Al Shepard had the misfortune
of getting grounded, which was good fortune for me, because I put
him in charge of the Astronaut Office at that time. From then on
through the early part of the Apollo Program, that is the way we
operated. So, inputs from the flight crews generally went to Alan;
from him, they came to me, and then they went on in to the
system.

We had a system in those days which still exists, I believe, where
the program managers ran a configuration control system. Origi-
nally they were design reviews. Flightcrews participated intimately
in all those. Once the design was fixed, then you had the configura-
tion control system. I always represented the crews on that particu-
lar system. Any inputs coming in came up through channels, and I
am sure there are some changes that people recommend on occa-
sion that didn’t get in that they thought should have, but, as usual,
when you get 50 smart guys, they have got a lot of different ways
of doing things, and you have to nail down one, and say this is the
way we are going to go.

There is another factor at work, and that is that there are a lot
of people in the engineering elements, the subsystems, who would
have a pet idea they weren't able to float up through their element
of the organization, and it was always nice to be able to go and tag
an astronaut somewhere and get him to agree with them, and then
they could come in and say, hey, this is what the astronaut corps
wants to do, which would give them some extra leverage. We had
to be very careful of that. We could only have one astronaut posi-
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tion come in relative to a particular change. But this was a con-
tinuing dialog and an ongoing thing, and I think it worked very
well, and these guys can tell you whether it worked as well as I
thought it did. They may not agree with me. But I think certainly
the astronaut corps in general, and in total, had a voice in all ele-
ments of the design, the development and the operation.

When we got down to the flight readiness review aspects, again, I
was a member of that board. I had the option at any point of
saying hey, I don’t think, this flight is ready to go, and we don't
want to go. It was my job to deliver the crew to the pad for the
flight, and I surely would never have taken one down there if I
thought it was unreasonably safe, recognizing that none of them
are ever safe. That cannot be guaranteed, but it is a qualitative
thing. If I might dwell on that for one second, back in the Mercury
program, when we flew Atlas we had an 80-percent probability of
success, and that was considered acceptable because it was the best
we knew how to do.

You wouldn’t send a shuttle crew down with an 80-percent prob-
ability of succeeding. So that kind of summarizes it. I think I can
take one more step while I have the floor, and that is when I got a
chance to fly in the Apollo-Soyuz I did, and came back into a differ-
ent management role, and that was program management, and I
no longer had direct responsibilities for the flightcrews.

I had responsibility for the program. But again, the crew always
had a direct input to whatever we did, and under no conditions
would I have ever committed a flight either to approach a landing
test or the orbital flight I was responsible for, without having the
crew’s concurrence in it. The crew commanders always had a
strong voice in whatever we did, and I don’t think again, they can
speak for themselves. But when a guy was assigned to a flight he
essentially became commander of his own ship, and he was respon-
sible for keeping that crew tied together and doing the things nec-
essary, and we were all there to help him do that job. What has
changed since 1982 I can’t speak to. I will stop here. Thank you.

Mr. RoE. I thank you, Major.

How about General McDivitt? Your observations, please.

General McDivitt. I am glad I have an opportunity to follow
Deke, because I sort of would like to continue on with the same
train of thought that he had. During the time that I was an astro-
naut, I participated in the program as described by him.

I always felt that I had a route to the top, a very direct route,
didn’t have anybody that would stop it as long as I had a decent
idea. The point that Deke makes about trying to pull together the
ideas of 7, 16, 20, 30, 50, or 100 astronauts, it is a difficult thing to
do. When you have a generic issue that deals with the entire pro-
gram, to be able to speak with force and have respect for the posi-
tion that you take, you have to speak with a single voice.

We always did that, at least I thought we did. As Deke men-
tioned, some of our ideas didn’t get through the filters and some-
times they did, but at least we stood together and we had a unified
astronaut position that went forward.

When 1 got to be a crew commander, those things which were
flight-specific for that flight, I felt were my responsibility. We
talked them over if they were generic, but if they were flight-spe-
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cific, I could deal with the program manager or through Deke, and
I had a way to the program.

Later on, after I stopped flying as an astronaut, I became the
program manager for the Apollo Spacecraft Program. Looking at it
from the other side, I felt that if I needed a position from the crew
for a specific flight, I could always go to the crew commander and
we could discuss that issue.

If I needed a generic program-related issue, I could go to Deke,
and we could work out what the astronauts’ position was as a
whole, and it swung a lot more weight than 50 different voices
coming to me.

I chaired that Configuration Control Board that Deke talked
about for 3 years, and on it I had representatives of the Flight Op-
erations Directorate, the ground crew; I had the flightcrew; had the
program managers that reported to me for the command and serv-
ice module, for the lunar module; I had an associate program man-
ager for safety; I had my systems division chief; and I had a secre-
tary that looked after it; and we had the contractors represented
on the Board, too, one for the command and service module, one
for the lunar module.

At those meetings, we had the official astronaut input. Some-
times I would agree with it, and sometimes I wouldn’t, depending
on how it affected the programmatic issues which I had to deal
with. As Deke said, he was forced into pulling together the various
viewpoints of the astronauts and coming up with a single position
for the Astronaut Office. I was forced into pulling together a single
position for the program considering what was said by the astro-
nauts, what was said by Flight Operations Directors and other
people, and in pulling together that Flight Program position.

I must say, though, while I found in favor of the astronauts
sometimes and against them other times, we never had an issue
with respect to anything that dealt with safety of flght.

Deke knew that—I am sure he knew—that if we had a safety of
flight issue, we would get 