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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:]



329

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.
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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
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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.



337

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.



349

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.



351

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?



358

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.
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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