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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, 

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 A1 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- 
ly, staff engineer; and Arnie Thompson, supervisor of structures 
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 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-Joe Kilminster, A1 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 rozket 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 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 A1 
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 A1 McDonald heads will lead the redesign 
effort. It has already begun to coordinate with NASA and the Na- 
tional Research Council oversight committee. Solving the problems 
in design will be a complicated process. 

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

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

Thank you very much. 
With your permission, Mr. Chairman, I now would like to ask 

Joe Kilminster to present some details of the joint design and the 
prelaunch situation as we experienced it. 

[The prepared statement of Mr. Locke follows:] 
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STATEMENT OF CHARLES S .  LOCKE, 
CHAIRMAN AND CHIEF EXECUTIVE 

OFFICER, MORTON THIOKOL, I N C . ,  
BEFORE THE SCIENCE AND TECHNOLOGY COMMITTEE, 

UNITED STATES HOUSE OF REPRESENTATIVES 
JUNE 1 7 ,  1986 

Good morning, Mr. Chairman, and members of the 

Committee. I am Charles S .  Locke, and I am Chairman and 

Chief Executive Off icer  of Morton Thiokol, Inc.  Seated 

w i t h  me a t  the witness t a b l e  a re  Ed Garrison, President  of 

our Aerospace Group: Joe Kilminster,  Division Vice 

Pres ident ;  and A 1  McDonald, Director of our Sol id  Rocket 

Motor Ver i f ica t ion  Task Force. Also w i t h  u s ,  and seated 

here i n  the f ront  row, a re  Carver Kennedy, Division Vice 

Pres ident ,  Space Booster Programs: Roger Bois joly,  S ta f f  

Engi-neer; and Arnie Thompson, Supervisor of S t ruc ture  

Design. 

We have two prepared statements t o  make and then 

would be happy to  answer your quest ions and those of the  

other Committee members. 

We a t  Morton Thiokol share the anguish t h i s  

country f e e l s  as a r e s u l t  of the  Challenger tragedy. 

Indeed, the accident and lo s s  of the crew have been 

pa r t i cu la r ly  painful  for  each of u s  s ince ,  i n  the  f i n a l  

ana lys i s ,  i t  was our s o l i d  rocket motor t ha t  f a i l e d .  

Nothing we can say or do w i l l  bring back those extraordi-  

nary people whose l i v e s  were l o s t ,  but I pledge tha t  
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Morton Thiokol will do everything in its power to be sure 

that such a tragedy does not happen again. 

W e  congratulate the Presidential C O ~ ~ 6 S ~ O n  on 

an excellent job in reviewing the shuttle accident and 

establishing the framework for a safer space program in 

the future. W e  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 

gratified 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, A1 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. 

W e  want to openly address the criticisms and 

questions surrounding the Challenger accident. We 

recognize that the decision t o  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 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 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. O u r  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 53OP, the lowest previous launch temperature. 

But we all know that NASA questioned Morton 

Thiokol's decision. O u r  engineers could not prove that it 

was unsafe to fly at less than 53'P. 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 
16OF -- we believe our judgment surely would have been 

different. 
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Others here with m e  this morning represent the 

various views expressed that evening, and they can speak 

more fully on this topic. 

Our focus since the 28th o f  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. W e  

reorganized to accomplish these objectives, and quickly 

shifted our efforts away from a production mode. 

One key move we made was to obtain the valuable 

assistance of Ur. 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. W e  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. In the course of 

these changes, we came to believe that A 1  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 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 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 A 1  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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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 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 Rilminster to present some details of the 

joint design and the pre-launch situation as we 

exper i enced it . 
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Mr. ROE. 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 
in structures, preliminary design, and ordnance project engineer- 
ing. 

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 0-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 0-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 0- 
ring, is another area that received significant attention. Morton 
Thiokol began addressing this issue in November 1981. It was at 
that time that erosion was first detected in the postflight seal in- 
spection of the shuttle flight, STS-2, which flew on November 12. 

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

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

We intensified our joint analysis efforts early last year because 
of the erosion and blowby experienced on the January 24, 1985 
flight, STS 51-C. Blowby is when gases pass by the O-ring as the 0- 
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. 
Again, all of our findings were reported 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- 
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 
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 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- 
neerjng positions in Structures, Preliminary Design, and Ordnance Project Engi- 
nee r 1 n g . 
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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 t h e  two topics, let me take a few moments 
to review with y m  the operayion 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 
0-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 0- 
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 
successful 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 0-ring-the sec- 
ondary seal would not have what is called “positive squeeze.” This means that it 
would not be squeezed, or compressed, a t  all. 
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Therefore, a t  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 5 1 4 .  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, a t  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 a t  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 5O0-1OO0F 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- 
ences with solid rocket motor seals was made to NASA headquarters in August of 
last 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. ROE. 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. MCDONALD. 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. ROE. Did you communicate with any of these folks? 
Mr. MCDONALD. 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 0- 
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. ROE. But you recognized that the cold weather created the 
condition? 

Mr. MCDONALD. 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. ROE. But you were aware at that point 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. MCDONALD. 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 0-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 0- 
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. ROE. 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. MCDONALD. 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. ROE. 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. BOISJOLY. 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. ROE. Run that by me once more. 
Mr. BOISJOLY. Our primary concerns were rooted in the launch 1 

year before in 1985, as A1 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. BOISJOLY. 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 0- 
ring seals. We had a case where, on that particular flight, we had 
on the 15-A vehicle, we had an 80-degree arc of black grease be- 
tween the O-rings and the grease was homogenous color and it was 
black, jet black. We had never seen anything like that before. 

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

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

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

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

Now, here is the two bottom lines that we were trying to drive 
home that night from an engineering standpoint. 
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Mr. ROE. 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? 

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

Mr. ROE. The gentleman will proceed. 
Mr. BOISJOLY. 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. ROE. 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. KILMINSTER. 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. ROE. Would you pull the mike closer, it is very important. 
Mr. LOCKE. Neither one of us had knowledge. 
Mr. ROE. Neither you or yourself. 
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Mr. LOCKE. Mr. Garrison. 
Mr. ROE. You were not there. 
Mr. LOCKE. 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 preciself 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. ROE. 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. ROE. 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. 



352 

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. ROE. 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. ROE. 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, I 
don’t remember the number, 12, 14, in the caucus? 

Mr. KILMINSTER. I think there was 12 or 13. 
Mr. ROE. 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 
go 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 say, 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. ROE. 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. 

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

Mr. KILMINSTER. We reopened up the net of the telecon. 
Mr. ROE. OK. 
Mr. KILMINSTER. 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. ROE. And you did. 
Mr. KILMINSTER. And we did. 
Mr. ROE. And the decision was made. 
Mr. KILMINSTER. Yes, Mr. Chairman. 
Mr. ROE. The Chair recognizes the distinguished gentleman from 

New Mexico. 
Mr. BOEHLERT. In one point you make, would you yield just a 

moment? 
Mr. LUJAN. 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. 

And 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. KILMINSTER. 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. LUJAN. I have only 3% minutes left. 
Mr. BOEHLERT. All right. 
Mr. LUJAN. 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. MCDONALD. 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. LUJAN. 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. MCDONALD. Well, I was unaware that they did. I guess 
maybe they do, but I was-- 

Mr. LUJAN. So you were not there. 
Mr. MCDONALD. I was not there. I was sure that they would pass 

that on. 
Mr. LUJAN. 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. LUJAN. 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. KILMINSTER. That is correct. 
Mr. LUJAN. 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. LUJAN. 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, I 
have to say that it was unusual because the whole operation was 
unusual. 

Mr. LUJAN. One final-- 
Mr. ROE. Go ahead. 
Mr. LUJAN. 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 a t  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 a t  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. LUJAN. Yes. 
Mr. LOCKE. And that selection of words was deliberate. 
Mr. LUJAN. 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. LUJAN. Thank you very much. 
Mr. ROE. 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 1882 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. LOCKE. 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. SCHEUER. 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 
somebody? Is this an idle trip just to talk to somebody in Washing- 
ton? 
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Mr. LOCKE. Those remarks were made in connection with the 
conclusion of the Presidential Commission’s report and the conclu- 
sions of all of the investigations. All I was simply trying to say was 
that after all of the investigations are over, we have a very big and 
very complex job to do and we have got to get on with it. 

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

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

Mr. ROE. 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- 

viewing 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 [continuinq]. “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. KILMINSTER. 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. MCDONALD. Well, I 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. VOLKMER. 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, 1985? 

Mr. BOISJOLY. 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 I just felt as Mr. McDonald said, very, 
very frustrated that we were not proceeding ahead in a timely 
fashion. 

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

Mr. BOISJOLY. 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-let 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. BOISJOLY. 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. ROE. 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. BOISJOLY. 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. ROE. “We,” Morton Thiokol? 
Mr. BOISJOLY. 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. ROE. “They” being NASA? 
Mr. BOISJOLY. 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. BOISJOLY. That is correct. 
Mr. ROE. 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. BOISJOLY. That is correct. 
Mr. ROE. If they had authority to do it? 
Mr. BOISJOLY. 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. BOISJOLY. 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. BOISJOLY. 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. BOISJOLY. Yes. 
Mr. VOLKMER. 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. BOISJOLY. 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 
confusion existed throughout the development of the solid rocket 
motor? 

Mr. BOISJOLY. I wasn’t a t  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 
per square inch that the erosion problems even became more great- 
er? 

Mr. BOISJOLY. I guess I don’t understand your question. 
Mr. VOLKMER. Well, you have a pressurized sealing, the jet, the 

Mr. BOISJOLY. The leak check. 
Mr. VOLKMER. Yes; for the leak check. 
Mr. BOISJOLY. 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 lb/in2 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/in2 leak check. So we determined at  
what temperature-excuse me, at what pressure we would blow 
through the putty and we determined that 200 lb/in2 under all cir- 
cumstances of minimum tolerances would blow through the putty. 

test-- 
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So we instigated a double leak check, namely 200 lb/in2 to check 
and make sure the putty did not mask a leaking seal and then 50 
lb/in2 subsequent to that test to actually test the seal. Fifty Ib/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 lb/in2 ensures that the putty is 
not masking a leak, secondly that the 50 Ib/in2 proves the seal is 
indeed going to seal. 

Mr. ROE. 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 0- 
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. HENRY. 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. ROE. 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. ROE. 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 

The gentleman from Michigan. 
Mr. HENRY. Thank you, Mr. Chairman. 

make. 
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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. BOISJOLY. 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. BOISJOLY. 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. HENRY. Thank you, Mr. Chairman. 
Mr. ROE. 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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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. NELSON. 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. MCDONALD. 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 a t  Van- 
denberg, so I went back to see what the steel case motor was certi- 
fied to. 

It was my distinct impression from what went on and what was 
signed off by both the people a t  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. MCDONALD. 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 
hand 1 in g . 

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

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

Mr. ROE. The time of the gentleman has expired. 
The Chair would like to get a clarification for the record, Mr. 

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

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

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

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

Is that a fair engineering comment to make? 
Mr. MCDONALD. That is right, depending on how long you are sit- 

ting there. 
Mr. ROE. It could be a variable depending on if you got bad 

weather coming in on this side and the sun shining on that site. 
So, in effect, you make another point. You say once the craft is 

launched, you have variable temperatures that take place because 
of the level that the flight is at; is that correct? 

Mr. MCDONALD. That is correct. 
Mr. ROE. So we have a whole set of variable temperatures, is the 

point I think that is being developed here. Is that a correct state- 
ment to make? 

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

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

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

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

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

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

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

Mr. NELSON. May I support the Chairman on that point. 
Mr. ROE. Let me get the answer. 
Go ahead. 
Mr. MCDONALD. I agree with you 100 percent. That is exactly-- 
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Mr. ROE. Thank God we are making progress. 
Now, what is the answer? 
Mr. MCDONALD. That is exactly the argument that I had that 

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

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

Mr. ROE. What was the response? 
Mr. MCDONALD. I didn’t get one. I told them I wouldn’t want to 

be the person to stand up in front of a board of inquiry if anything 
happened to this vehicle, and explain why I did that. I didn’t get a 
response. 

Mr. ROE. There was no response. 
Mr. MCDONALD. There was no response. 
Mr. ROE. The Chair recognizes the gentleman from North Caroli- 

MY. NELSON. May I follow your particular point just for a second? 
Mr. ROE. If you get time from Mr. Cobey, I will be delighted. 
Mr. NELSON. May I talk 10 seconds, Mr. Cobey? 
Mr. COBEY. I yield. 
Mr. ROE. The gentleman from Florida. 
Mr. NELSON. The Chairman’s point is well taken, Mr. McDonald, 

of saying there is a range of temperatures and you say, well, what 
happens high in the atmosphere where it is a lot colder-that is 
not the question. 

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

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

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

Mr. NELSON. Is that an  abrogation of the contract? 
Mr. MCDONALD. No, I think it was a matter of what people inter- 

preted what that contract meant. It referred to those other docu- 
ments and as I said it is a bad specification because it doesn’t dis- 
tinguish between operating environments and exposed environ- 
ments the vehicle has to tolerate, but not do anything bad and that 
was the breakdown I think in those specifications. It is hard to in- 
terpret that. 

na, Mr. Cobey. 

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

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

Mr. HENRY. Thank you. 
Mr. COBEY. Mr. Kilminster, in your testimony, you indicate that 

after the July 1985 launch, that you conducted O-ring compression 
and resiliency tests between 50 and 100 degrees to evaluate the- 
and evaluated the environmental exposure of the putty and subse- 
quent O-ring erosion. 

Why did you pick 50 to 100 degrees and why didn’t you test it 
below 50 degrees, the resiliency, any reason? 

Mr. KILMINSTER. I would like to refer that question to Mr. Boisjo- 
1Y. 

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

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

Mr. COBEY. You didn’t have the resources or the time-- 
Mr. BOISJOLY. No, we were trying to specifically get data on a 

flight that had just occurred to try and tie in the statements we 
had made on the flight readiness review for the next vehicle on the 
basis of our judgment and we were trying to get laboratory data to 
back up that judgment which we did. 

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

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

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

The gentleman from-- 
Mr. COBEY. My next question would follow up on what you have 

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

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

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

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

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

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

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

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

Mr. GARRISON. I agree with that. 
Mr. COBEY. And sign off. 
Mr. GARRISON. Secondguessing or make a-- 
Mr. COBEY. Or make a decision, go or no-go. 
Mr. GARRISON. I am sure if the people who made the decision 

and were involved could have anticipated the results of that deci- 
sion, it would have come to us. 

Mr. ROE. The time of the gentleman has expired. 
The Chair recognizes the dist,inguished gentleman from Wiscon- 

sin, Mr. Sensenbrenner. 
Mr. SENSENBRENNER. I have some questions of Mr. Kilminster. 
Were there any minutes taken at the caucus where the decision 

to  launch was made on the night of January 27? 
Mr. KILMINSTER. No, no minutes taken as such. Notes were made 

as we developed the rationale and those notes were used then to  
transcribe into the telefax that I signed and subsequently sent. 

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

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

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

Mr. KILMINSTER. After we had it typed. 
Mr. SENSENBRENNER. Were those typewritten notes essentially 

verbatim of what was taken down in longhand at  this caucus? 
Mr. KILMINSTER. Essentially, yes. 
Mr. SENSENBRENNER. Were there any exceptions? 
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Mr. KILMINSTER. Not that I can recall. 
Mr. BOISJOLY. If I may, I believe I was the only one that took 

some notes in real time after the meeting and I did hand those into 
the Commission and to my knowledge everything that was taken 
was handed into the Commission that reflected something different 
than presented on the telephone conversation that evening. 

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

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

Mr. KILMINSTER. Mr. McDonald did not call in. 
Mr. SENSENBRENNER. He was a participant in the conference and 

recommended that there should not be a launch. Didn’t you get the 
impression that Mr. McDonald was recommending against a 
launch? 

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

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

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

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

What testing are you referring to? 
Mr. KILMINSTER. To the testing done to identify that with ero- 

sion, you could lose 125 thousandths of material and still seal. That 
testing had been done some time earlier. 

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

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

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

Now how did that happen? 
Mr. KILMINSTER. There was testing conducted at 30 degrees in a 

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

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

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

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

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

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

Mr. McDonald, you were at Cape Kennedy? 
Mr. MCDONALD. That is correct. 
Mrs. MEYERS. And you recommended, you said, to whom that the 

launch not be undertaken if it was under 53 degrees? 
Mr. MCDONALD. Well, I had recommended to Mr. Mulloy and Mr. 

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

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

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

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

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

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

Mrs. MEYERS. Where was Mr. Kilminster? 
Mr. MCDONALD. He was in Utah. 
Mrs. MEYERS. So it went from you to Mr. Mulloy to Mr. Kilmin- 

ster and his group in Utah? 
Mr. MCDONALD. I transmitted the temperature data to the people 

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

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

Am I confused? 
Mr. MCDONALD. No, not totally confused. That is correct. I talked 

to Mr. Mulloy. I did not talk to Mr. Kilminster. 
Mrs. MEYERS. All right. 
You said, Mr. Kilminster, I think it was, that you requested an 

off-line caucus. Can you tell us exactly what that means? 
Mr. KILMINSTER. I requested to go off the telecon net by putting 

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

Mrs. MEYERS. Had you ever gone off line before during a launch? 
Mr. KILMINSTER. Well, this was not during the launch. This was 

a separate telecon set up and we typically can go off line, go on 
mute when we are having a teleconference on technical matters or 
whatever. 

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

Mr. KILMINSTER. No. This was unique in that regard. 
Mrs. MEYERS. Mr. McDonald, you recommended against the 

Mr. MCDONALD. That is correct. 
Mrs. MEYERS. Had you ever done that before? 
Mr. MCDONALD. No, I had not. 
Mrs. MEYERS. Prior to January 27, was it ever stated to NASA in 

clear, unambiguous language that the shuttle should not fly until 
that solid rocket motor joint had been redesigned? 

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

Mrs. MEYERS. In the testimony of Mr. Kilminster, it says in July 
1985, we ordered-a detailed presentation on all our experience 
with solid rocket motor seals was made to NASA headquarters in 
August last year; that is, August 1985, by A1 McDonald. 

If you conveyed all of your experiences with solid rocket motor 
seals, was there a recommendation made at that time? 

launch. 



374 

Mr. MCDONALD. I would like to address that since I am the one 
that made that presentation. 

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

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

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

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

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

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

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

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

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

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

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

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

and all flights afterward had the 200 lb/in 

Mr. VOLKMER. Would the gentlelady yield? 
Did Mr. Mulloy tell you that after 51-B there would be a launch 

Mr. MCDONALD. No, he did not. 
Mr. VOLKMER. After 51-B? 
Mr. MCDONALD. No. We addressed each launch any time we had 

an  anomaly on every launch, we had to get up and explain what 
that anomaly was, what we knew about it and why we felt that 
that anomaly was acceptable to fly with if it should occur again 
and what have we done to fix it and that is the way every launch 
was conducted. 

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

Mr. VOLKMER. You were never informed of it? 
Mr. MCDONALD. I was not. 
Mr. VOLKMER. Thank you. 
Mrs. MEYERS. To get back to the meeting in August again, Mr. 

McDonald, did you make a specific recommendation that the shut- 
tle should not fly until that joint was redesigned at  that time? 

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

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

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

Mr. KILMINSTER. Yes, I believe it is. 
Mr. ANDREWS. Was that the standard that was imposed upon you 

by NASA? 
Mr. KILMINSTER. No; I don’t believe so. 
Mr. ANDREWS. Who imposed that kind of burden on Thiokol? 
Mr. KILMINSTER. Well, as a member of the team, our job is to rec- 

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

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

Mr. KILMINSTER. Yes; that is correct. 
Mr. ANDREWS. And Mr. Locke seems to imply that on this launch 

NASA suddenly flipped that burden, that you suddenly found your- 
selves having to show that it was not unsafe to launch; is that cor- 
rect? 

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

Mr. ANDREWS. What did you think? 

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

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

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

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

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

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

Mr. LOCKE. I don’t think there is such a contractual requirement. 
Mr. ANDREWS. Mr. Kilminster, is that your understanding too, 

there is no written policy that exists? 
Mr. KILMINSTER. I don’t believe there is a written policy that 

exists, no, sir. 
Mr. ANDREWS. But it is your testimony this morning that the im- 

positions placed on you by NASA on the fatal launch were no dif- 
ferent than previous launches; your obligation was to show that it 
wasn’t unsafe to fly? 

Mr. KILMINSTER. That is what I believe. 
Mr. ANDREWS. Mr. McDonald, my understanding was exactly I 

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

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

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

Mr. ANDREWS. Even worse, we have the man on the ground at  
Kennedy saying that it was his understanding on all previous mis- 



377 

sions up to this one that the burden was to show that it was safe, 
and that was your understanding, Mr. McDonald, and that is why 
you were so shocked during those conversations. 

Mr. MCDONALD. That is correct. 
Mr. ANDREWS. We have the man who was in the room at Thiokol 

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

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

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

Mr. KILMINSTER. I believe it is the latter. 
Mr. ANDREWS. The negative? 
Mr. KILMINSTER. It is our job to show that it is safe to fly. 
Mr. ANDREWS. It is the positive, then. 
Mr. KILMINSTER. Yes. 
Mr. ANDREWS. You are saying now that you agree with Mr. 

Mr. KILMINSTER. That it is our job to show that it is safe to fly; 
McDonald. 

yes, sir. 
Mr. ROE. But who shifted the burden? 
Mr. KILMINSTER. I think that is a matter of definition. 
Mr. ANDREWS. Mr. Locke stated in his statement and reaffirmed 

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

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

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

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

Do you agree with Mr. Boisjoly’s characterization of this meeting 
and, if so, what caused the change? Does anybody here have the 
answer? 



378 

Mr. ANDREWS. Mr. Boisjoly has been nodding his head. Would 
you confirm that the statement just read by Chairman Roe-- 

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

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

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

Mr. ROE. From NASA? 
Mr. BOISJOLY. Yes. That is where flight readiness reviews are 

held. We are not allowed to use things like “we feel that” or “we 
think that.” We are always challenged and asked to present the 
data base, present the proof, present the information that supports 
the statement that you are making at  the time. 

Mr. ROE. The gentleman from Texas. 
Mr. ANDREWS. I am still confused by Mr. Kilminster. I want to 

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

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

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

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

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

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

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

Mr. ROE. Mr. Garrison. 
Mr. GARRISON. As I mentioned before, I was not involved that 

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

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

Mr. ROE. The gentleman’s time has expired. 
Mr. VOLKMER. I think this is very important. 
Mr. ROE. The chairman agrees. Before this hearing is over, I 

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

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

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

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

The gentleman from Missouri. 
Mr. VOLKMER. Thank you, Mr. Chairman. I am a little concerned 

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

Mr. KILMINSTER. Yes, sir. 
Mr. VOLKMER. How did you come to that after the previous dis- 

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

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

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

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

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

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

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

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

When the Marshall folks on the other end of the line challenged 
a lot of things that were said specifically by me, asked me to quan- 
tify it and I told them I couldn’t quantify it but I had enough data 
to show that we were going away from the direction of goodness, 
and that is the terms I used, and they challenged that at some 
length and wanted quantification over and over again of the terms 
I was using. I just couldn’t. We didn’t have the data necessary to do 
that other than the data that had already been presented. 



381 

Mr. ROE. Isn’t it true that you didn’t have the data because the 
tests were never made below those temperatures? 

Mr. KILMINSTER. Yes. 
Mr. ROE. Is it true on the record from a technical point of view 

you could give them no other answer, there wasn’t any other 
answer because the question should have been we have never 
tested the equipment as a unit, as a vehicle below those tempera- 
tures? 

Mr. KILMINSTER. That is correct. 
Mr. ROE. Was that said, by the way, was that specifically said? 
Mr. KILMINSTER. We specifically talked to the 50-degree data, the 

75-degree data, and the 100-degree data in the resiliency tests. 
Mr. ROE. Because under the plans and specifications there never 

was a test made below that. 
Mr. KILMINSTER. The plans and the specifications and the tem- 

peratures relative to the specifications were not discussed that 
night. We were discussing subscale test data. 

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

Mr. KILMINSTER. That is correct. 
Mr. ROE. Mr. Boehlert. 
Mr. BOEHLERT. I have difficulty in fully understanding all the as- 

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

The commission concluded that the Thiokol management reversed its position and 
recommended the launch of 51-L at the urging of Marshall and contrary to the view 
of its engineers in order to accommodate a major customer. 

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

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

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

Mr. BOEHLERT. Who made those comments? 
Mr. MCDONALD. Mr. Hardy from Marshall made the comment he 

was appalled at the recommendation, and Mr. Mulloy about not 
being able to fly until April. 

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

Mr. MCDONALD. Yes; I did. 
Mr. BOEHLERT. Mr. Kilminster, you must have felt that same 

pressure because you requested to go off line in the teleconference. 
What prompted that request? 

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

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

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

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

Mr. KILMINSTER. The vice president of engineering, Mr. Lund. 
Mr. BOEHLERT. Did Mr. Lund have serious reservations and rec- 

ommend against launch? 
Mr. KILMINSTER. Not during the caucus. 
Mr. BOEHLERT. What prompted Mr. Mason-I am asking you to 

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

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

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

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

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

Mr. MCDONALD. Yes. 
Mr. KILMINSTER. Yes, my opinion is different from Mr. McDonald 

in that regard. 
Mr. BOEHLERT. You said there were 12 people in the caucus? 
Mr. KILMINSTER. Twelve or thirteen, yes. 
Mr. BOEHLERT. Did you go around and count heads or hands, 

have vote, go or no go? 
Mr. KILMINSTER. No. We had a n  open discussion and during the 

course of that  discussion Mr. Boisjoly and Mr. Thompson again re- 
iterated their concerns. We talked about the second seal or the sec- 
ondary O-ring being in the proper position to seal even if the pri- 
mary O-ring was slow in getting across and sealing. We did the cal- 
culation based on the previous coldest launch. 

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

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

Mr. BOEHLERT. And then you went back on line? 
Mr. KILMINSTER. Then I made notes in order to cover the points 

that we had discussed and then we went back on line. 
Mr. BOEHLERT. So Mr. Lund then was on two sides of the issue 

during that conversation; initially he was no, finally he was yes? 
Mr. KILMINSTER. Initially being before the caucus, yes. 
Mr. BOEHLERT. Well, during the caucus. 
Mr. KILMINSTER. No, I think that during the caucus he was lis- 

tening to-- 
Mr. BOEHLERT. Just prior to Mr. Mason saying to him, “Take off 

your engineering hat and put on your management hat,’’ what 
would you say Mr. Lund’s frame of mind was then, go or no go? 

Mr. KILMINSTER. I don’t know. 
Mr. BOEHLERT. Why do you think Mr. Mason said that? 
Mr. KILMINSTER. Because there was a perceived difference of 

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

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

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

Mr. BOEHLERT. All of you were against and eventually said yes? 
Mr. KILMINSTER. I stated prior to the caucus that based on the 

engineering information, that I could not recommend a launch de- 
cision. 

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

Mr. KILMINSTER. Excuse me? 
Mr. BOEHLERT. Was there anyone in the caucus arguing initially 

for the launch as soon as you went off line? In any group dynamic 
situation like that, there are opposing forces and someone takes 
the lead. 

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

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

Mr. KILMINSTER. The managers came to that conclusion. 
Mr. BOEHLERT. All 12 of the people there? 
Mr. KILMINSTER. No, the managers. 
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Mr. BOEHLERT. The four, and did you disagree with what the 
Rogers Commission report says on page 104, and let me repeat 
that. 

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

Mr. KILMINSTER. I don’t agree with fiat finding. 
Mr. WALKER. Will the gentleman yield? 
I want to go back to Mr. McDonald for a minute, because I think 

it ties in. 
Mr. McDonald, you were feeling pressure at the Cape. You have 

testified that a statement of Mr. Mulloy and a Mr. Hardy-both of 
them made statements to that. Were they making statements 
based upon orders that they got from above? 

Mr. MCDONALD. I don’t know what they made their statements 
on. 

Mr. WALKER. Who was responsible for the change of attitude you 
were feeling at the Cape? 

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

Mr. WALKER. So the pressure was from those two people? 
Mr. MCDONALD. That is right. 
Mr. WALKER. Was there anybody else you felt pressure about the 

change? 
Mr. MCDONALD. Mr. Reinartz made a comment that our 53- 

degree recommendation wasn’t consistent with what he thought 
the motors were qualified to, 40 to 90, which was a third person, 
and he was from Marshall and the Cape also. 

Mr. WALKER. Those three people were applying pressure to you? 
Mr. MCDONALD. As far as I was concerned, yes. 
Mr. WALKER. Were any of them involved in applying pressure on 

the people in Utah? 
Mr. MCDONALD. They heard the same comments because we 

were on a network where the comments came over the network. 
Mr. WALKER. So those are the three people that you would iden- 

tify that have changed the evidentiary proof from positive to nega- 
tive? 

Mr. MCDONALD. Yes. In my opinion, yes. 
Mr. BOEHLERT. One last question to follow up. 
Mr. McDonald, you were there and you can tell us-a lot is lost 

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

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

Mr. MCDONALD. It was the louder of those two. 
Mr. ROE. The time of the gentleman has expired. 
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We are going to call on Mr. Lewis from Florida, and then we are 
going to quit for lunch after Mr. Lewis finishes his interrogatories. 

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

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

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

The gentleman from Florida. 
Mr. LEWIS. Thank you, Mr. Chairman. 
I think, gentlemen, that we have heard a lot of discussion this 

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

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

Mr. MCDONALD. Well, I felt that my normal contact was Mr. 
Larry Wear, and he is the manager of the solid rocket motor 
project at the Marshall Space Flight Center. He works for Mr. 
Mulloy. 

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

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

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

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

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

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

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

Mr. MCDONALD. Yes; I told Mr. Mulloy, you know, that I not only 
was surprised he accepted the recommendation because of this 0- 
ring problem and that if I were the launch director, I would cancel 
the launch for three reasons, not just this one, and they wouldn’t 
accept the one, which was bad enough. 

Mr. LEWIS. What were the three reasons? 
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Mr. MCDONALD. The first was the O-ring problem. 
The second reason being that I had just returned from Mr. Ken- 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Mr. ROE. Will the gentleman yield? 
I think the gentleman is developing a very important, I think, 

final point of view, which is, at what level was the decision made, 
and it appears from our earlier testimony from the chairman of 
the board, Mr. Locke, that it never reached-that decision never 
reached that top level of determination, and nor, from what Mr. 
McDonald and Boisjoly are saying, nor did that decision reach the 
top level of NASAs leadership. So, the decision was made some 
place in between. 

I thank the gentleman for yielding. 
Mr. LEWIS. Thank you, Mr. Chairman. 
Mr. Chairman, we are going to have a constraint on time, but I 

would like to go further with Mr. McDonald. 
Was Thiokol polled by the launch director at the T-minus-1 mark 

in preparation for turning the control over for the ground launch 
sequence? 

Mr. MCDONALD. I was not aware that they were. 
Mr. LEWIS. Were you at that time? Still in the control room? 
Mr. MCDONALD. Yes; I was in the firing room No. 2. 
Mr. LEWIS. Was Mulloy there with you at that time? 
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Mr. MCDONALD. No; I don’t believe he was. I didn’t see him. 
Mr. LEWIS. Mr. Chairman, I would like to resume my questioning 

tomorrow morning. 
Mr. ROE. Before we break up, I want to get one point clear for 

the record from Mr. Kilminster or Mr. Garrison. Has there ever 
been an  occasion in your association with the NASA agency where 
you have been required to provide a certified statement in defense 
of a launch such as this particular experience you have had in the 
accident? 

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

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

Mr. KILMINSTER. The whole sequence was unique. 
Mr. ROE. Didn’t you feel that that  was a little surprising? Didn’t 

you feel a little bit funny-why did NASA do that? What is your 
conjecture? 

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

Mr. ROE. Why weren’t you surprised? It had never happened. 
If somebody said to me, hey, you know we have been working 

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

Mr. KILMINSTER. It did not. 
Mr. ROE. You expected them to ask in writing. 
Mr. KILMINSTER. I was not surprised, and again, because of the 

flight readiness review process, we do have a piece of paper there 
that is signed that says it is OK to fly, and if some new issue came 
up, it didn’t surprise me. 

Mr. ROE. Thank you for your testimony this morning. 
The committee will stand in recess until 1:30, when we will re- 

convene and take testimony from the Marshall Space people and 
NASA. 

[Whereupon, at 1240 p.m., the committee recessed, to reconvene 
at 1:30 p.m., this same day.] 

AFTERNOON SESSION 

Mr. ROE. The committee will come to order. 
I want to apologize to our distinguished witnesses today. We had 

four votes in a row. We resume our deliberations from this morn- 
ing when we heard from Morton Thiokol. 

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

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

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

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

Mr. LUJAN. Thank you very much, Mr. Chairman. 
I too am pleased to welcome our witnesses from the Marshall 

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

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

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

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

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

Mr. ROE. I thank the distinguished gentleman from New Mexico. 
Before we proceed, we are going to swear in all the witnesses. If 

all the people who are testifying today would stand and raise their 
right hand. 

[Witnesses sworn.] 
Mr. ROE. This morning’s hearing was very intensive. We are 

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

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

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

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

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

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

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

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

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

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

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

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

Mr. ROE. The Chair recognizes Dr. Lucas. 

STATEMENTS OF DR. WILLIAM LUCAS, DIRECTOR, MARSHALL 
SPACE FLIGHT CENTER, ACCOMPANIED BY J. WAYNE LIWLES, 

RENCE MULLOY, ASSISTANT TO THE DIRECTOR FOR SCIENCE 
AND ENGINEERING; GERALD W. SMITH, MANAGER, SOLID 

DEPUTY DIRECTOR OF SCIENCE AND ENGINEERING; LAW- 

ROCKET BOOSTER PROJECT; STAN REINARTZ, MANAGER, SPE- 
CIAL PROJECTS OFFICE, AND BILL SNEED, ASSISTANT DIREC- 
TOR, POLICY AND REVIEW 
Dr. LUCAS. Thank you, Mr. Chairman. 
Mr. Chairman and distinguished members of the committee, I 

am pleased to represent the dedicated men and women of the Mar- 
shall Space Flight Center in responding to the report of the Rogers 
Commission. 

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

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

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

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

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

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

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

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

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

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

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

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

Thank you, Mr. Chairman. 
Mr. ROE. Thank you, doctor, for your testimony. 
I want to first of all compliment NASA for having taken an  im- 

portant step in already establishing a n  Associate Administrator for 
Safety. I think that is one of the strong recommendations that we 
felt and I think you are to be complimented for moving so fast and 
starting the implementation of the recommendations of the com- 
mittee and the Commission. 

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

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

Let’s show that film for the members of the-- 
Dr. GRAHAM. Mr. Chairman, may I introduce Admiral Richard 

Truly, the Associate Administrator for Space Flight who has just 
come from another hearing. 

Mr. ROE. Welcome. 
I believe this is a video conference, an earlier flight readiness 

review, is that  correct? 
Mr. MULLOY. That is correct. This is an  excerpt from the 51-L 

flight readiness review, I think. 
[Film shown.] 
Mr. ROE. Now what we would like-the debate which has arisen 

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

I am sure-if I get this out of step somebody correct me. 
The second point was that the Thiokol people then had a caucus 

telephonic meeting and discussed the matters of issue involved, and 
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had expressed the point of view that they were concerned about 
launching at a lower temperature and other factors that were in- 
volved. 

Now purportedly the Marshall Space people came back and chal- 
lenged that issue and in effect, reversed the point of view from a 
positive to a negative point of view and in effect tell us why we 
can’t fly. We don’t think your interpretation of the engineering 
technical facts that are before us are correct and therefore you 
members from the Marshall Space Center, including yourself et a1 
purportedly came back and said here is another set of circum- 
stances. We want you to rereview this and then the caucus was 
held and the decision was made after a half-hour review by the 
Thiokol people that were at that conference, 11 or 12 people. 

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

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

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

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

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

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

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

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

That was done on STS-11, 4 1 4 ,  41-G, 51, 51-F, 51-1, 51-5, 61-A, 
and 61 Bravo, where an  incidence of erosion was seen, and in each 
case the contractor judged that that erosion was acceptable. They 
thought the tests and analysis that  they were doing showed that it 
was an acceptable risk. They so recommended to me. I made my 
own judgment on that, and agreed with that recommendation that 
it did indeed represent an acceptable risk, and presented that to 
my management for judgment. 

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

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

Mr. ROE. Did you question that? 
Mr. MULLOY. Yes, sir, in several specific instances. Now, on the 

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

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

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

Mr. ROE. Did you advise your level 2 and level 1 people? 



396 

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

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

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

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

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

Mr. ROE. If the gentleman would yield at that point. 
Mr. MULLOY. Yes, sir. 
Mr. ROE. Before we take the 27th, the record is replete, however, 

for over a period of years-years, not just months-years on the 
continuing recurring problem on the O-rings, continuing, so we go 
back 6 or 7 years on that. I mean Mr.-l977-Mr. Locke had testi- 
fied to the point of view this morning that they as a result of the 
January situation in 1985 ultimately they set up an in-house task 
force, I think it was 40 engineers and people on it going back to the 
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middle of 1985, intensively to review this. So people were aware, 
including the agency, of the severity of this problem. Is that a cor- 
rect commentary? 

Mr. MULLOY. That is a correct commentary. 
Mr. ROE. Will the gentleman proceed? 
Mr. WALKER. Just  one point of information. All this information 

that you had in front of you now getting into January 27, did that 
include the tests run by Morton Thiokol 100 degrees, 75 degrees, 
and 50 degrees, where at 50 degrees they literally had shown 100 
percent chance of failure? 

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

Mr. WALKER. It was available? 
Mr. MULLOY. Yes, sir. 
Mr. WALKER. You did know that tests had been run and showed 

100 percent chances of failure at anything below 50 degrees? 
Mr. MULLOY. The data shows the O-rings will not track the seal- 

ing surface at 75 degrees. 
Mr. WALKER. I understand. But at 50 degrees, there was no seal 

whatsoever and it didn’t take place for 10 minutes and you only 
used the engine for 2 minutes? 

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

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

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

Mr. WALKER. If it doesn’t track, it doesn’t seal, so therefore it 
fails? 

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

Mr. ROE. The gentleman will proceed. 
Mr. NELSON. Mr. Chairman, what is the validity of that data, 

then, because obviously the O-rings are sealing at 75 degrees on the 
SRB’s. May I interject that  question? 

Mr. ROE. The gentleman from Florida. 
Mr. MULLOY. You are asking that of me, sir? 
Mr. NELSON. Yes, sir, that  data taken by itself cannot be interpo- 

lated or extrapolated to determine whether or not an  O-ring will or 
will not seal in a dynamic situation, as was subsequently shown by 
additional tests. 

Mr. ROE. All right, the gentleman will proceed. 
Mr. MULLOY. OK. January-- 
Mr. ROE. January 27, now you are going to say, you are going to 

Mr. MULLOY. Yes, sir. 
Mr. ROE. OK. 

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

Mr. ROE. Was it in writing? 
Mr. MULLOY. No, sir, that  was an  oral request over the communi- 

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

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

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

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

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

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

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

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

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

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

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

Thiokol, meantime, had assembled 11 or 12 people there, which I 
did not know at the time of the teleconference, but subsequent to 
that I had found out that included the senior management at 
Morton Thiokol, and as I say, a t  KSC there was me and A1 McDon- 
ald, Stanley Reinartz, and Jack Buchanan, who heads up the Thio- 
kol launch support service organization down there, so the telecon- 
ference began, and the 11 or 12 charts that  were used are in the 
record, and the Thiokol engineers presented those charts. 

Mr. Boisjoly, I think, presented some of them. I think Mr. Brian 
Russell actually discussed some of them, and Mr. Thompson actual- 
ly discussed some of them, and the upshot of that data, the data 
that were in there, were the one that the gentleman had asked 
about earlier, was the three specific temperatures in there, and 
then the total record of O-ring erosion that I mentioned going back 
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to the STS-10 was also in that briefing, and what the discussion 
really centered around was what was the meaning of those three 
tests, points at 100 and at 7 5  and at 50 degrees, and a lot of the 
discussion centered around if one expects that the cold tempera- 
ture per se will cause the joint-will cause blowby, why did we 
have evidence in the rest of the record where we had blowby at 75 
degrees. 

As a matter of fact, the two worst instances that we had, the two 
things that were the most concern to me occurred at warmer tem- 
peratures, the first one being the erosion and STS-10 and going 
back to STS-2 where it was much worse and then the one where 
we completely eroded a primary O-ring and eroded a secondary 0- 
ring was not related to  that temperature. 

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

Mr. ROE. This was going on with the company in Utah. 
Mr. MULLOY. Yes, and the people in Huntsville. 
Mr. ROE. And that is before they went off the record for the half 

hour. 
Mr. MULLOY. Yes, sir, yes, sir, and rationale developed during the 

course of that conference, and the rationale generally that was de- 
veloped stated that we had to be tolerant of blowby on the primary 
O-ring at  any temperature, and the test data that showed that at 
7 5  degrees it is 2.4 seconds before the O-ring recovers is, could be 
an explanation of why we were having blow-by at 75  degrees, but if 
the concern was as soon as pressure got to the primary O-ring, and 
the joint began to rotate you had blow-by the primary O-ring, that 
jet, that pressure, would immediately get to the secondary O-ring, 
and that pressure on the secondary O-ring test data had shown 
would seal at 30 to 50 pounds per square inch which is down inside 
that 170 millisecond timeframe that Mr. Boisjoly testified to this 
morning, and the conclusion was that, one, the data did not show 
that the primary O-ring would fail due to low temperature, and 
the-but that if you got blowby at the moment of ignition the sec- 
ondary O-ring was in a position to seal, and that was the logic that 
was discussed that was a prolaunch type of logic. 

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

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

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

Do you recall that part of the testimony? 
Mr. MULLOY. Yes, sir. 
Mr. ROE. But then apparently from the discussions that they had 

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

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

Mr. MULLOY. Yes, sir; I believe it is a fair representation. 
Mr. ROE. What would be your response? 
Mr. MULLOY. Of what was said this morning. 
I would say that Mr. Boisjoly was the leader in expressing the 

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

Mr. ROE. He was not there? 
Mr. MULLOY. Yes, sir; he was there, he was at KSC but he was 

listening as we were-- 
Mr. ROE. I am sorry, he didn’t enter into the-- 
Mr. MULLOY. Into the discussion during the first part of the tele- 

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

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

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

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

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

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

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

There was an ambient temperature, let’s see, I have some more 
here, the DM-4 where the O-ring temperature was 40 degrees, the 
ambient temperature was 36 degrees. For the QM-3 where the 0- 
ring temperature was 45 degrees, the ambient temperature was 40 
degrees. 

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

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

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

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

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

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

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

Mr. ROE. We were trying to get across the point of view what the 
temperature was and what was an  acceptable temperature and 
launch of a system. 

Mr. MULLOY. Yes, sir. 
Mr. ROE. That is what we are trying to get across. And then the 

question was asked specifically, had there ever been a launch at 
those low temperatures or had there been any testing at those low 

51-L. 
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temperatures as far as a shuttle launch is concerned? That is 
where we are coming from. 

Mr. MULLOY. Yes, sir. There had been no launch at a tempera- 
ture, let me give you the lowest-- 

Mr. ROE. What was the lowest temperature. It either was or it 
wasn't. Was it not the lowest temperature, you never had experi- 
ence at a lower temperature because you didn't have any lower 
temperature; is that correct? 

Mr. MULLOY. The lowest temperature for a launch prior to 51-L 
is 53 degrees. 

Mr. ROE. What was 51-L? 
Mr. MULLOY. 51-L is 29 degrees. 
Mr. ROE. Therefore for the record and factually before us none of 

us, including you, the committee or Thiokol had ever had any expe- 
rience on launching anything at that low temperature, is that a 
fair statement? 

Mr. ROE. Sir, then the question is do you feel that our testing be- 
tween the 21 degrees and the 52 degrees of the launching of the 51 
launch and the one that was launched the temperature before, did 
we have enough test data, physical test data, not interpretations of 
engineering, not what may have happened or we think so for, one- 
eighth of an  inch or two-tenths of a milligram, did we have enough 
test data to make the magnitude of a decision that was made? 

Mr. MULLOY. In my judgment in hindsight, no, sir. 
Mr. ROE. That is the point. Now nobody is trying to nail anybody 

down here. We understand where this is all coming from. What we 
are trying to do, and some people say, what is this committee pur- 
suing, are we on a witch hunt? We are not. We are going to try and 
come back and make two ultimate decisions. One is the recommen- 
dations to NASA in its overall management program, its communi- 
cations. 

It has obviously got to improve. 
The second point we are going to make is that this committee as 

a Member of the Congress of the United States are going to decide 
what the policies are going to be, and we want to make, what 
would you say, educated recommendations to our fellow colleagues 
as to what happened on the way to the forum, so to speak, and 
what we are going to do. 

Now, we will recess at this point because we have to vote. We 
will start right away with Mr. Lujan as soon as we return. 

[Recess.] 
Mr. ROE. The committee will reconvene. 
We were going to start the questioning of this afternoon with 

Manny Lujan from New Mexico. He is not here, so I will defer to 
the distinguished gentleman from California, Mr. Packard. 

Mr. PACKARD. Thank you, Mr. Chairman. 
Mr. Mulloy, this morning Mr. McDonald testified that on the 

evening before launch, that  he had conveyed the three major con- 
cerns to you. 

Could YOU recount those for the record, what those three major 
concerns"were? 

Mr. MULLOY. Well, sir, the three major concerns that were com- 
municated to me on January 27, was, first, the concerns that engi- 
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neers at Thiokol had expressed about the ability of the O-ring to 
seal at the predicted launch temperatures. 

As I said, Mr. McDonald didn’t enter into that discussion during 
the 2-hour teleconference, and I think I stated that subsequent to 
that, he said while he would agree that there was some question 
about the validity of the recommendation of 50 degrees, he didn’t 
understand how we could operate out of what he thought the 
motor specification was. It was 40 to 90 degrees. 

The second concern expressed was for the ice that was on the 
pad. He understood about those conditions out there. 

And the third was the fact that retrieval ships for the solid 
rocket booster were in an  absolute survival mode, and coming back 
toward the shore at a very low speed and that they would not be in 
a position to recover the solid rocket boosters. 

Mr. PACKARD. And which of those three concerns did you convey 
to those above you? 

Mr. MULLOY. Well, Mr. Roinertz, who is my superior, was in the 
meeting and he also heard those, so he knew about it, and we 
placed a telephone call to Mr. Aldridge that night, because there 
was in the launch criteria-there is a statement relative to recov- 
ery area, and that if there is a possibility that the boosters cannot 
be recovered, that that is an  advisory call. 

It does not say you cannot launch under those circumstances. I 
took that to be my responsibility to advise Mr. Aldridge that we 
would not be in a position possibly, to recover the solid rocket 
boosters, because they would be some 40 miles from the impact 
area. 

Mr. PACKARD. Was the concern for the O-rings discussed? 
Mr. MULLOY. No, sir; it was not. 
Mr. PACKARD. Why not? 
Mr. MULLOY. Well, sir, I testified to this in the Commission. It is 

in the record. I will repeat it here. 
The O-ring and other special elements of a level 3 system were 

considered in the management system to be a delegation to the 
level 3 project manager to make dispositions on those, any prob- 
lems that arose on those. 

Our judgment was that there wasn’t any data that was presented 
that would change the rationale that had been previously estab- 
lished for flying with the evidence of blow-by, and that data would 
indicate that since that was inconclusive, and the fact we had re- 
dundancy at a time when blow-by would occur which is less than 
170 milliseconds, that there was no change in that rationale and, 
therefore, there would not be any requirement to have that ration- 
ale approved by level two or level one. 

That was the judgment. 
Mr. PACKARD. Did you share any of this information with Mr. 

Moore at any time? 
Mr. MULLOY. No, I did not. 
Mr. PACKARD. Previous to launch? 
Mr. MULLOY. No. 
Mr. PACKARD. And why did you require of Mr. Kilminster his 

Mr. MULLOY. Well, sir, we had just had a long 2-hour discussion 
written approval? 

where the data were discussed from a number of sides. 
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He had read a rationale as to why he was making a recommen- 
dation to launch, and I wanted that rationale in writing to be sure 
that it was concise and that I could accept that rationale, other 
than just in an oral transmission. 

Mr. PACKARD. And that rationale was different than what he had 
expressed just the night before. 

Mr. MULLOY. No, sir. 
This whole telecon took place from 8:45 to 11 o’clock on the same 

night, the 27th. There had been-we had cold temperatures on the 
27th, as a matter of fact, well below the, you know-well, 50 de- 
grees. I don’t recall exactly what the temperature was, and there 
wasn’t any concerns expressed at that time. 

Mr. PACKARD. In your judgment, why did Morton Thiokol change 
their position on launch? 

Mr. MULLOY. Well, sir, this is speculation on my part, since I was 
not involved in the caucus, but I have to speculate that upon 
having all of the information discussed in that 2-hour telecon, and 
what the meaning of those data were, and what conclusions you 
could and could not draw from those, that  during that 30-minute 
caucus, that they concluded they were in a go-for launch position. 

Mr. PACKARD. When they conveyed the decision or the recom- 
mendation not to launch, you were involved in the receiving of that 
information? 

Mr. MULLOY. Yes, sir. 
Mr. PACKARD. What was your reaction? 
Mr. MULLOY. My reaction to that was that the recommendation 

not to launch below 53 degrees had not been-the basis for that  
had not been established, and during the course of the discussion, 
several flaws in an  argument that would say that you conclude 
from these data that you cannot launch below 53 degrees, that that 
would be a valid argument. 

Mr. PACKARD. My time is up? 
Mr. ROE. If you have one more question. 
Mr. PACKARD. Mr. Mulloy, you testified to the Commission that 

the context of the Thiokol presentation the night before the launch 
was that primary O-ring with the reduced temperatures and re- 
duced resiliencies may not function as a primary seal, and would 
be relying on the secondary seal, the redundancy. 

Yet, the primary O-ring was changed form a critical l-R, which 
incorporated the redundancy to a critical 1, long before this, the 
launch time. 

How could you accept the rationale of the redundancy and au- 
thorize this launch when, in fact, it was not a critical l-R? 

Mr. MULLOY. Yes, sir. The category of the joint-of the case joint 
was changed from criticality l-R to criticality 1 back in late 1982, 
and approved in level one in March 1983, I believe. 

As Mr. Boisjoly has testified and he said this again this morning, 
at the moment of pressurization, from zero to 170 milliseconds, re- 
dundancy does exist. 

From zero to 170 milliseconds, redundancy does exist. From 170 
to 330 milliseconds, whether or not you have redundancy, is an iffy 
proposition. 
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Above 330 milliseconds, I believe he said, under a worse case 
stack-up of tolerances-either he or Mr. McDonald mentioned this 
this morning-you may not ever have a secondary O-ring. 

The rationale that was developed by-this wasn’t developed by 
me. This was developed by the engineers during the course of this 
discussion, or at least the point was made during the course of this 
discussion-that should you have blowby, the primary O-ring 
which was the concern that was being expressed, that the O-ring 
would be sluggish, because it is cold, that  the grease would be vis- 
cous, that the timing functions in getting that O-ring across its gap 
and in there might be somewhat longer than what it had been at 
warmer temperature. 

The conclusion was that should you have blow-by, during that 
period, that  blowby would seat the secondary O-ring and cause the 
seal. The rationale that was presented in written form was that the 
data did not indicate that the primary O-ring would not function. 

However, should blowby occur at pressurization, the secondary 
would, because you have redundancy from zero to 170 milliseconds. 

Mr. ROE. If the gentleman would yield, that  is assuming, how- 
ever, you were testing within a certain temperature range, because 
you didn’t know it was going to happen in a lower range, you 
stated that yourself. 

Mr. MULLOY. I am sorry-- 
Mr. ROE. You are talking about redundancy, and you are saying 

that at different levels and temperatures and so forth, the redun- 
dancy may exist in certain milliseconds. 

Mr. MULLOY. Yes, sir. 
Mr. ROE. The issue that we discussed earlier is we never had an  

experisnce at those lower temperatures because we never did it 
before. 

Mr. MULLOY. I would like to clarify what I said before the recess. 
Mr. ROE. If you would like to clarify that you meant that is OK, 

but I heard what you said. 
Mr. MULLOY. I wanted to make certain the record was clear. 
Mr. ROE. I want to be clear that the point of view from NASA’s 

point of view, that we are concerned-we are concerned with 14 
launches that have some problems to them. We are concerned with 
that. 

We don’t buy the point of view, do we measure other criticality 
points in degrees? My father taught me something about something 
in my life. It is or it isn’t, we can’t take an  issue in our lexicon, you 
took it from a 1-R position and made it a No. 1 position, 

You didn’t qualify that, there is nothing in the record that quali- 
fies it as half an  1-R or three-quarters of a n  1-R in terms of tem- 
perature. It seems when we are concerned about 700 audit items 
being criticality one category, you say any one of those could be 
disastrous, and therefore, we put them in criticality number one. 

We didn’t say we put them there in number of degrees. We 
either did or we didn’t. 

Mr. PACKARD. Mr. Chairman, before we leave this, one of my pri- 
mary concerns is that with all the signs and with all the indicators 
from launches that the O-rings deteriorated with the lowering of 
temperatures. There should have been tests run, but from all the 
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indications that I have received, the only data that was accumulat- 
ed was from previous launches. 

If we took the attitude that we would use launches to determine 
the data base, then we had a built-in accident at some point or an- 
other. That process builds in an accident that we will only use-we 
have not done any testing, field testing or otherwise, but we simply 
use the data from the previous launches when it comes to  cold 
weather. 

Then it simply is saying we are going to continue to  launch until 
we have an accident, because we used previous launch data as far 
as the effect of cold weather on the O-rings. 

The tables clearly show that at 65 degrees and above, there were 
17 launches without any deterioration of the O-rings, and there 
was not a single launch below 65 that didn’t have O-ring problems, 
not a single one, and that is the only data base we have. 

We have no research data that was done without it being associ- 
ated with a launch, and that means that we would continue to 
launch and flirt with cold weather problems until we had an acci- 
dent and to me that is just terribly alarming, that we had a built 
accident somewhere along the line, it could have been before had 
we had cold weather, but certainly we were going to continue to 
launch using the last data of the cold weather launches to deter- 
mine whether we had problems or not, especially when we had 
signs as long as 9 years before that we had problems with that 
joint. 

Mr. ROE. I appreciate the gentleman’s comment. Do you want to 
respond? 

Mr. MULLOY. I think the first paragraph in chapter 6 of the Pres- 
idential Commission report sums up what the distinguished gentle- 
man has said succinctly, and I take no issue with that. 

I do have, I guess, some different data relative to the tempera- 
tures at which O-ring erosion has occurred. STS-2 was 70 degrees, 
and it was the worst erosion that we had on a primary O-ring. 

Mr. PACKARD. Let me refer you to page 146, and look at the 
charts, because you have made some references to the first chart, 
that you were confused and could draw no conclusions from the 
upper chart, figure number 6, because it showed a variety of ero- 
sions anywhere from 53 degrees up to 75 degrees. 

But the chart below clearly shows that there was no deteriora- 
tion of 17 flights above 65 degrees, and all flights below 65 degrees 
had deterioration, not one single flight that showed no deteriora- 
tion below 65. 

To me, that would be the safety officer’s job to monitor this kind 
of data that would obviously show that below 65, there very well 
may be problems. In every case, there was. 

Now, above 65, the data may be inconsistent, but far more on the 
consistency side that above 65 is safer than below 65, and it would 
be the safety officers determination and monitoring of these that 
would help give some direction to  whether it is a go or no-go, cer- 
tainly below 53 degrees. 

Mr. MULLOY. I think some of our confusion and possibly some- 
thing that led to the decision that we made on the 27th was 
clouded by the fact that we had in the data shown, that we had 
had a full-scale flight motor fired with an O-ring temperature of 40 
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degrees, and the further thing that clouded the issue was that the 
worst erosion that we saw on the nozzle, the case joint and on the 
case joint occurred at temperatures above 70, so it kind of confused 
us as to what the real effects of temperature were. 

Mr. PACKARD. But your tests at 40 degrees did not parallel the 
conditions that these monitorings were done by actual flights. This 
was a static test that may not have the same application as one 
that would be in flight. 

Mr. RITTER. Would the gentleman yield on that point? 
Mr. PACKARD. I would be happy to yield. 
Mr. ROE. The gentleman from Pennsylvania. 
Mr. RIITER. Thank you. 
In talking about temperature effects, you have been focusing on 

the erosion, but as you say, you have a lot of erosion at 72 de- 
grees-maybe erosion was only part of the problem, and maybe not 
the main problem, because the key to an  O-ring seal is compress- 
ibility, the fact that it seals and sits and you can lose material and 
still have seal. 

But if you look at the data on O-ring recovery versus time on 
page 65 of the Presidential Commission’s report, you will see that 
there is just no doubt that  at low temperatures, these O-rings are 
pretty solid. 

I mean, they are losing their compressibility, and that to me is 
even more than the O-ring erosion data. I wish you could comment 
on that. There seems to be no doubt about that  at all. 

Mr. MULLOY. Yes, sir, there is no question that January 27, we 
were familiar with both erosion and blow-by, and there was I be- 
lieve more in judging the acceptability of the risk and in the im- 
pressions that I took from Morton Thiokol, that stated that it was 
an acceptable risk, there was more emphasis on the margin, if you 
will, between the maximum erosion that could occur during the 
course of blow-by, and that there was such a margin against what 
could theoretically occur versus what could be sustained, that they 
still felt it was a safe situation. 

Mr. RITTER. In Mr. Kilminster’s testimony, he doesn’t even men- 
tion O-ring recovery, the solidification of the O-ring at falling tem- 
peratures, he just talks about the erosion, and yet, the data is there 
to show that the compressibility or the flexibility of the O-ring is 
lost, essentially lost at, it looks like about 30 degrees Fahrenheit. 

It becomes less than compressible, or it doesn’t recover. 
Mr. MULLOY. That is correct, sir, in a static situation. 
Mr. RITTER. And it would probably be worse-it would probably 

be far more dangerous in a dynamic situation where other things 
can happen and usually do. 

Mr. MULLOY. Yes, sir. Of course, in fact, in testing that was done 
at low temperatures subsequent to the accident, it was shown that 
an  O-ring will seal far below 50 degrees in a dynamic situation, de- 
pending on the initial gap the O-ring is compressed to. 

Mr. RITTER. It depends on the design at that point, and you were 
working with not necessarily the greatest of designs. 

Mr. MULLOY. Yes, sir. 
Mr. ROE. The Chair recognizes the distinguished gentleman from 

New Mexico, Mr. Lujan. 
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Mr. LUJAN. Thank you, Mr. Chairman. I have looked forward to 
the hearings today, because I am particularly interested in the 
whole management review thing rather than the engineering, all 
of the changes that can be made to the seals and the O-rings and 
all of that. 

It seems like every time something comes up, we run into Mar- 
shall, the way of doing business at Marshall. On the decision to 
launch and the discussions about whether you should, because of 
the temperature, and all of those things, there was a decision made 
and then we hear testimony that it was never passed on higher. 

Aldrich and Moore both said they didn’t know anything about it. 
We then learn that the erosion had happened, was noticed first on 
STS-2, which Admiral Truly was on, and he was very surprised 
during the Commission report to know that there was a problem 
because he hadn’t known until the economic meeting or didn’t 
know at  the time. 

The end of last week, there was some kind of a flap about turn- 
ing tapes over to the Commission that hadn’t been turned over, 
headquarters had to be contacted, and headquarters turned over 
those tapes. 

We then find out in checking why had they not been turned 
over? We were told even the participants didn’t know that they 
had been taped. And it just seems like nobody passes information 
on to anybody else, and that there is a big bottleneck there, and 
that has caused a lot of problems, and one of the things that NASA 
needs to address in order to make it a workable system-I don’t 
want to be casting any aspersions at Marshall, but it seems to me 
like every time something comes up, it is because it was something 
that either Marshall knew and didn’t pass on or didn’t know and 
should have been known-does Marshall operate different than 
other centers in that headquarters doesn’t seem to know what hap- 
pens over there, it just dies there? 

Dr. GRAHAM. Mr. Lujan, if I may start the answer-to that and 
then I will ask Admiral Truly to address the issue of the videotape 
and Dr. Lucas to address the partial communications issue. 

As was testified, communications and management in NASA is a 
NASA-wide issue, and not limited to the Marshall Space Flight 
Center. The discipline for communication, and to make sure that 
information is moving in the appropriate channels and getting to 
the appropriate people is a n  agencywide concern, and has to be ad- 
dressed from the highest levels of the agency. 

A more subtle part of that is recognition of important informa- 
tion whether it is passed through the system. Part of that is the 
responsibility of the person originating the information to make 
sure it is tagged appropriately. But a major part of that lies in the 
most senior management at NASA to make sure that the signifi- 
cance of information is recognized when it is received, and all of 
those issues are key matters that  we must address in our return to 
successful space operations. It is a matter of greatest concern to the 
headquarters as to, first, why information wasn’t better recognized, 
and secondly, how to make sure that in the future, it is better rec- 
ognized for its significance. 

With that, I would like to ask Admiral Truly to address the issue 
of the videotape, and then Dr. Lucas. 
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Admiral TRULY. I am delighted you brought up the issue of the 
videotape, Mr. Lujan, that got some play on the media Friday 
evening. I was very frustrated by that, and personally involved, 
and would like to share what I know about that. I believe an  incor- 
rect perception was given in some of that, and I think I can set a 
little bit of that  straight. As I understand the situation with those 
tapes some years ago, when General Abrahamson was Associate 
Administrator, there were teleconferences held throughout the 
system including Marshall and other places that combined video 
and audio to improve the teleconferencing of meetings. 

When your staff a couple of weeks ago was over at NASA and we 
were providing them with some prebriefing, someone, and I am not 
sure who, mentioned that they had heard that such a videotape 
was possibly available of some of the flight readiness reviews. 
Somebody from the Marshall Space Flight Center was at the meet- 
ing, I was not there, but Jack Lee related this to me this morning. 

And he immediately called back and began asking questions, and 
it turned out that the communications laboratory or the techni- 
cians at the Marshall Space Flight Center had recorded four flight 
readiness reviews, in an  effort to improve the audio and video qual- 
ity because it was a sync problem, and also an  audio quality prob- 
lem in these video conferences. 

It was not a part of the procedure prior to the accident directed 
by level 1, level 2, or level 3. It is true that during the investigation 
that neither the task force nor the Commission knew of the exist- 
ence of these videotapes, and I might add that I am very sorry that 
we didn’t, because earlier on in the investigation, it would have 
been very helpful. Because as the one you saw earlier, whether you 
put a face and a voice to a viewgraph, it makes a big difference as 
to the effect, and I think it would have been helpful to the Mar- 
shall Space Flight Center in that perception. 

Mr. LUJAN. You should not have been frustrated in listening to 
that, because my understanding was that it took going to you in 
order to get them, and the minute you asked for them, you got 
them. 

But the appearance seemed to be apparently at Marshall, there 
was some confusion that we didn’t know that the tapes existed or 
for whatever reason, they weren’t turned over to the Commission. 

Admiral TRULY. That is what frustrated me, because I took the 
trouble that afternoon to write a press announcement that went 
out with the videotapes. Apparently, it was not adequate to explain 
all the detail. 

At any rate, they were discovered. There was about 2Y2 minutes 
on one of them, which you saw, where Mr. Mulloy talked about the 
O-rings, which as I say, I wish we had known earlier. 

I called the Commission within 10 minutes or so of when I heard 
about it. The Marshall Space Flight Center, in coordination with 
us, called a satellite link and transmitted the tape to Washington; 
we made a copy of it and it was over to the Commission the next 
morning. 

So my frustration is in perception, and I can only say in my per- 
sonal experience in the course of the investigation when I tasked 
Marshall, generally through Mr. Jack Lee, who was on the task 
force, and who is a Deputy Center Director. I never once had a 
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single delay beyond the mechanical delays of finding information 
to get to me so that I could send it directly to the Commission. 

Thank you, sir. 
Mr. LUJAN. Thank you. 
Dr. Lucas. 
Dr. LUCAS. I am sorry if Marshall is perceived as not being com- 

municative. This is not our intention or desire, and I don’t think it 
has been our effort. With regard to the tape just described, within 
minutes of its discovery, that was communicated to Admiral 
Truly’s office, and was made available because it was recognized 
how it would be perceived coming up late as it did. 

There would be no motivation for us to not release those tapes, 
because it did make the point that we had communicated our con- 
cerns about the O-rings throughout the system, and throughout the 
flight readiness reviews. 

I think Marshall is the center of attention because we are re- 
sponsible for the main propulsion system of the shuttle, and the 
solid rocket motor is our responsibility. It is true that we have had 
concerns about the O-rings for a long time, but those concerns have 
not been retained, they have been disseminated in various ways, in 
our problem assessment system, they have been disseminated in 
our flight readiness reviews, as was testified. At least some of them 
have been recorded in our flight evaluation reports that are re- 
leased in a few days following every flight. 

So, that has been pretty well disseminated, in my opinion. I 
think it is true that we at Marshall and we throughout the system 
did not fully comprehend the significance of what was being seen 
at that time. It seemed to us that a good rationale existed for con- 
tinuing to fly. 

Never had anyone suggested to me, nor had I deduced based 
upon my own informatior_ that we had a situation that was unsafe. 
I am confident that had any of us concluded that we would have 
been screaming very loudly on that. 

Mr. LUJAN. I know that these time constraints are awful, be- 
cause you don’t get to  pursue a subject very much, but what you 
are telling me, I guess is, you didn’t think that the situation was 
that serious when Thiokol told you that you shouldn’t launch and 
then went back and had them reevaluate it, and then Marshall de- 
cided that-Thiokol decided to change their mind, and Mr. Kilmin- 
ster sent you a wire. 

If that is the case, if you did not perceive it as a serious situa- 
tion, then that explains why you didn’t tell Mr. Aldrich or Mr. 
Moore about it. They testified that they had absolutely no idea that 
that process had gone through, and that the final decision had 
been made to do it; is that correct, because you didn’t perceive it as 
a serious matter? 

Dr. LUCAS. I wasn’t in any of the discussions on that previous 
night. I was informed about the discussions, and I was informed 
that Thiokol had suggested or some members of Thiokol had ex- 
pressed a concern about the effect of the cold temperature on the 
O-rings. 

But then, on the following morning, about 5 a.m. on the morning 
of the 28th, I was told that Thiokol had proposed to launch and 
was shown the flight readiness or flight commitment statement of 
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Mr. Kilminster, and was also informed that our own engineers, 
very competent people in whom I have great confidence, agreed 
with that assessment. Therefore, there was not an  issue as far as I 
was concerned, and for that reason, I didn’t pursue the matter 
beyond that. 

Mr. ROE. Will the gentleman yield? You are saying to the com- 
mittee what seems to be that Thiokol made the recommendation, 
but Thiokol testified this morning, and their first approach was 
from their engineering stand point of view was a no-go, and that 
was when we went off the record and took the half-hour for Thio- 
kol to review additional information that was given to them or pro- 
pounded to them from Mr. Mulloy and his associates, and they took 
that matter under judgment, and then they came back and they re- 
sponded. 

So, are we saying that Thiokol made the recommendation and 
then NASA agreed, or did Thiokol say no-go until NASA said, why 
not, here is where our rationale comes in, and then they were re- 
sponding to NASA’s concern. 

The reason I am thrusting this, we have to dispel the point of 
view, was the decision made because of intimidation? Was the deci- 
sion made on the part of Thiokol because NASA was their biggest 
customer? That is out there. 

When we are done with this one thing, people are going to know, 
every rumor, we are going to get done with it. But the question is 
not clear. That is still not clear to us. 

And then we go to the point, if the gentleman would yield fur- 
ther just to get it into the record, at the beginning of Mr. Mulloy’s 
statement, you said that there were nine cases of O-ring erosion 
and blowby reviewed by levels above me, and you listed the nine 
cases. 

We would like to ask you to list the nine cases again, and then 
tell the committee at what level the O-ring problem was discussed 
and who was at that level. Do you see where I am coming from, Dr. 
Lucas? 

Dr. LUCAS. I do. May I respond by saying that what happened in 
the course of that 2-hour discussion is hearsay information as far 
as I was concerned? What I saw was the next morning after it was 
over, and was presented with the readiness statement. 

Now, when I saw the signature of Mr. Kilminster, who is a re- 
spected engineer and vice president of Thiokol, with whom we have 
been associated for a long time, and whom I have a lot of confi- 
dence in, when he says he is ready to fly and he bases that on tech- 
nical, not management considerations, I am inclined to accept that. 

That is further amplified by the fact that to preclude Thiokol 
from doing what some may be accusing them of doing now, we 
placed an  incentive on them to avoid this very thing. Thiokol has a 
substantial penalty riding upon any flight failure. 

Thiokol has a positive incentive to deliver their hardware to the 
launch site on time, which they had done. To assure we have qual- 
ity of hardware we placed a $10 million penalty for any flight fail- 
ure plus the loss of any positive incentive they had already gained. 
So it is inconceivable that a company would take that kind of risk 
and recommend a launch with which they didn’t agree. 

Mr. LEWIS. Would the gentleman yield? 

64-295 0 - 86 - 1 4  
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Mr. Kilminster this morning stated this is the first time that he 
had to provide this in writing prior to a launch. Doesn’t it seem 
unusual on this particular launch this particular problem had to be 
approved by Thiokol in writing and wouldn’t that cause your hack- 
les to come up a bit? 

Dr. LUCAS. No, sir, because that is standard practice. 
Mr. LEWIS. He said this morning it was the first time he had to 

do this. 
Dr. LUCAS. No, sir, I think he said it a little differently. He said 

at  this juncture. Thiokol always presents a readiness statement for 
launch. When we have our flight readiness reviews, then when we 
have our L minus 1 day review, Thiokol always presents a state- 
ment signed off with Mr. Mulloy in writing that it is ready to 
launch. 

This is the first time that a concern like this had arisen in this 
timeframe, and I believe that is what he referred to as being un- 
usual. It is the first time they had ever done it, because as far as I 
know, this is the first time this ever happened. But it is not unusu- 
al. Mr. Kilminster usually signs a flight readiness statement. 

Mr. LEWIS. When does he usually do this? 
Dr. LUCAS. At the flight readiness review and then I believe that 

is repeated at the L minus 1-day review, which is 1 day before 
launch. 

Mr. LEWIS. And this one was done when? 
Dr. LUCAS. There had been a n  L minus 1-day launch, I believe, 3 

days before that which he had submitted his last statement and 
then we had oral checkups when the launch was stood down day by 
day. This one was done sometime in the evening before the launch 
the following day, some 12 or so hours before the launch, I pre- 
sume. 

Mr. LEWIS. He had previously signed off a flight readiness report 
3 days earlier? 

Dr. LUCAS. Yes, sir. 
Mr. LUJAN. I think he said 2 or 3 weeks ahead of launch date 

was the normal time that he did it, and this was the first time he 
had to do it on that date. 

Dr. LUCAS. Two or three weeks is the flight readiness review. L 
minus one is the launch minus 1 day. 

Mr. LUJAN. That should have raised something in hindsight-my 
God, we could all live a much better life than we do if we had hind- 
sight. The other thing that has to do with this to raise the point 
that it was serious was that Mr. Locke, the chairman and chief ex- 
ecutive of Morton Thiokol this morning said that they had conclud- 
ed that they shouldn’t launch and then he said, our engineers 
could not prove that it was unsafe to fly at less than 53 degrees 
Fahrenheit-a change in the way that we have done business 
before. 

In the past, you had to prove that it is safe first, and now for this 
particular one, it was reversed, the attitude was reversed, prove to 
us that it was not safe. 

Dr. LUCAS. There certainly has been no change in policy to that 
effect. I would never condone such a policy as that. Since Mr. 
Locke said so, it must appear that  way to him. That is not our 
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policy to prove it is not safe to launch. We prove we are safe to 
launch. 

Mr. LUJAN. Well, I hate to be taking up so much time, but did 
you give Mr. Mulloy any instructions-you say you didn’t know 
before that next-let me let that question go by and give others a 
chance. 

Mr. ROE. I would like to get Mr. Mulloy to answer the question, 
would you repeat the nine flights and tell the committee at what 
level the O-ring problem was discussed and who was at that level? 
What I am trying to get at is I read the New York Times article 
about your concern on-they reviewed some of the decision process- 
es and so forth. 

You made that statement in part today, I am in part of the 
system, up in the chain, but I don’t make all the decisions basically 
is what you said. There were other levels involved. 

You mentioned again, you listed the whole nine, and tell the 
committee at what level the O-ring problem was discussed. We 
have been going on this for 7 years and then who was at that meet- 
ing? 

Mr. MULLOY. Yes, sir. I can answer part of your question. 
Let me say I cannot answer everyone who was in the flight readi- 

ness review. I believe there is an  action underway to try to ascer- 
tain that in headquarters, but I cannot testify as to who was at 
each one. I did not bring my record of this with me. I called back, 
and had a man call back, and asked which ones were discussed at 
levels 1 and 2. 

I am reading from what was provided to me. It looks like it fits 
within the erosion. STS-11, 41-C, 41-G, 51-E, Echo, 51-F, Foxtrot, 
51-1, 51-5, 61-A or Alpha, and 61 Bravo. 

Mr. ROE. These were a problem with the O-rings and they were 
discussed at level l? 

Mr. MULLOY. Level 1 and level 2. 
Mr. ROE. Therefore, it is inconceivable that level 1 which is top 

management would not have understood the issue? 
Mr. MULLOY. That is right, and I believe that has been acknowl- 

edged. 
Mr. ROE. The distinguished gentleman from Florida, we took 

away 1% minutes this morning as we concluded and I would give 
that 1 Y2 minutes back. 

Dr. GRAHAM. May I add a comment to that made by Mr. Mulloy? 
Mr. ROE. Yes, sir. 
Dr. GRAHAM. We are, in fact, reviewing the records to see who 

was at  the various flight readiness reviews that occurred when the 
O-ring data was mentioned, and we have not yet been able to pull 
that  together. However, we will take that for a record and provide 
you with what information we have on that. 

[The information follows:] 
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Material requested for the record on page 2 0 4 ,  line 4 7 6 4  by 
Chairman Roe during the June 1 7 ,  1986, hearing. 

There is no requirement to keep attendance at the Flight 
Readiness Reviews (FRR's); consequently, no official record of 
attendee's has been maintained. In some few instances, lists of 
potential attendees are available and are attached. These should 
be considered as "typical" of attendance at the more recent 
FRR's. However, it must be noted that just because an 
individuals name is on the list does not assure that that 
individual was in the room at any specific point in time. 

Typical JSC participation at an FRR would include the Center 
Directors, the NSTS Program Manager, the major organizational 
element directors, the lead flight director, the presenters of 
FRR material and other individuals deemed necessary to support 
the presentations. 
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STS 61-B FRR 
TiTEmm- 

Washington: 

o Head Table: Beggs, W. Williams, More, RWJohn Christopher, Weeks, Lee 
T/Bastedo, WBenson, Winterhalter, Silveira,  
Harrington, Miller, Harkleroad 

' 0  Others: Hamby, Ryan, Dr. Nicogossian 

WSSAT/Max Crisp a t  Ksc 
MoRELOS/Bob Sava (NASA IS941 
SATCQV/John Christopher here at  HQ 
MDAC/Irv Webster Huntington Beach, CA 
Hughes/&rlie Carroll  at  Ec 

at Ksc 

- JSC: 

- MSFC: 

Griffin, G o e t z ,  Aldrich, Kohrs 

Lucas, Lindstrom, Taylor, Dr. Lovingood, Ma-, b b l e y ,  Bridwell 
Bunn, Hardy, Dr. Littles, Kingsbury, Hemitz, Thomas, Lester 
Malloy, Zoller, Nichols, Horton, Thompson 

- KSC: D. Smith, T. U t s n a n ,  B. Sieck 
J. Talone, S. Beddingfield, J. Conway 

MC-MIaXND 

Mr. Davishobert  'Smith, J. Iht ton 

RMX€lDYNE: 
Gerry . f o b o n ,  Paul Dennies, Dick Sdlmrtz ,  Al Hallden 

MIOKOL: Kilmirrster 

PATRICK AFB: Col. Smith, J. Nordbush, Col. Shults 

- GSFC: 

SPACE DMSION 

T. Janoski, R. Banning 

It. Col Larry Combes, Lt. Shipman 

SPACE 0M.LAM) 

General Sawyer, Col Amalone 
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washingtm: 

o Head Table: Graham, Moore, Weeks, Lee 
T/Wd,  VSade, D/Cohm, Haningtm, 
Gunn, Winterhalter, Hi l le r ,  Harkleroad 

o Others: &dY, Dr. Nicogossian 

c u m '  
xnAC/Irv Webster at  Huntington Beach, C4 
RCA I)merican/Bill Palme/Joe Schmrtz a t  JSC 

- JSC: GrFffin, Goetz, Aldrich, Kohrs 

- MSFC: Lucas, Lindstrw, Taylor, Dr. L o v i n g d ,  H a m ,  tbbley, Bridwell 
E m ,  Hardy, Dr. L i t t l e s ,  Kingsbury, Henritz, Thomas, Lester 
Malloy, Zoller, Nichols, Horton, Thoupson 

KSC: D. Smith, T. Utmnan, B. Sieck 
J. ?alone, S. Beddingfield, J. Carnay - 

RIC-XMhTf 

Dr. Petrone, Pe l le r ,  Glazer, Bejunk 

__ - - _ _  - - - WC-MIQKXX) 

Kr. Davis/Robert Smith, J. IXlttm 

RscKmYNE: 

MIODL: Kilminster 

PASRIM AFB: Col. Smith, J. Nordbush, Col. Shults 

- W C :  

SPACE DMSION 

Walt Williems, Geny Johnson, Paul Dermies, Dick sdluartz, Al Hallden 

T. Janoski, R. Banning 

It. Col Imrry COmbes, Lt .  S h i v  

SPm c(M.L9ND 

General S a v e r ,  Col k u a h n e  
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I would also like to mention that there is another system within 
NASA to provide information on flight anomaly which parallels 
that which was transmitted in the flight readiness review and I 
would like to ask either Dr. Lucas or Mr. Mulloy to just mention 
that. 

Mr. MULLOY. The problem assessment system is in place at the 
Marshall Space Flight Center as a tool to assure, it is a tool used 
by our quality and reliability assurance organization, that prob- 
lems that occur in flights and in ground test, in development, or 
qualification motor tests that  would have a bearing on the flight or 
the upcoming flights, that  that is documented and tracked.That 
problem assessment system shows in the case of the O-ring erosion, 
it shows essentially the same information, in many cases identical 
information to what is in the flight readiness reviews. It is the 
basis for continuing to fly given the observations that we’re seeing. 

That information is provided here to NASA headquarters to the 
Chief Engineer’s Office. So that is another route by which the in- 
formation on the O-ring erosion is known to level one. 

Mr. ROE. So what you are basically saying is that Washington 
level knew of part of the problems; is that a fair comment? 

Dr. GRAHAM. There are two pieces to this, one, what was trans- 
mitted and what was understood. I believe what Mr. Mulloy and 
Dr. Lucas are addressing is what was transmitted. I don’t know 
that they are the most appropriate people to express what was un- 
derstood. 

That was a headquarters issue and in some cases a Johnson 
Space Center issue. It is clear the issue was not perceived at the 
seriousness with which it actually affected the system. However, 
the information was transmitted to these agencies. 

Mr. ROE. Where I am coming from-in 1985, the question is 
asked by Chairman Rogers to Mr. Mulloy and he says, and they all 
knew about it at the time of 51-L. Mr. Mulloy responds, yes, sir, 
you will find on the flight readiness review record that-you will 
find in the flight readiness review record that it went all the way 
to the L-1 review. That is on page 85. 

Now, one of the findings or the observations, however, of the 
Commission was, it is disturbing to the Commission that contrary 
to the testimony of the solid rocket booster project manager, the 
seriousness of concern was not conveyed in flight readiness review 
to 51-L and the 51-L flight readiness review was silent. 

Dr. GRAHAM. My point on that was that the seriousness of the 
issue has two aspects. It is the concern of it in the person who 
transmits it and the perception of it in the person receiving it. It 
has to be done in both domains and I think it is in fact unfair to 
focus all the criticism on the Marshall Space Flight Center, in this 
issue. 

They could have transmitted the information in a higher profile 
way, but also as engineers, as managers at headquarters, there was 
certainly a responsibility to perceive the significance of this. So, as 
I said at the outset, I think the problem lies in more than one loca- 
tion. 

Mr. ROE. Look. My job is not to nail down all the problems on 
Marshall Space Flight Center. That would be a fallacy on my part 
and the same way with whether it is the Kennedy Space Center. 
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You make an  extremely important point, it is people’s perceptions. 
If only I had known-that is what we are going through and we 
have to do it for a few days to get it on the deck. 

The fact remains that we can deal with 7 years of knowledge 
that people in NASA knew of the problem. Even Thiokol this 
morning testified that since January they had put 40 engineers 
and people together on a team in January 1985. You now, it is still 
spunky. 

We have to try to get rid of that perception and it seems to me 
that-I guess it was President Truman, God rest his soul, came 
back and said “the buck stops here.” I have to give an  account to 
565,000 people in my district, to people who elected me, as does 
every other member here. 

If we misread a public issue, then we are misreading it and that 
doesn’t make it a crime, but the fact remains do we do something 
in this instance to improve our management? That is where we are 
coming from. 

Dr. GRAHAM. I couldn’t agree more and the buck does not stop at 
Marshall, but goes to headquarters as well in this situation. 

Mr. ROE. The gentleman from Florida. 
Mr. LEWIS. Thank you, Mr. Chairman. 
Dr. Graham, you have pointed out the system is a good system, it 

is just that people didn’t communicate what they were told. 
Dr. Lucas, when Mr. Mulloy came to you at your hotel room on 

the night of the-when Mr. Mulloy came to you at the hotel and to 
your room and said that there were some engineering concerns, 
what was your response and what was generally your discussion 
with him at that time? 

Dr. LUCAS. When that information was conveyed to me, it was 
that some people from Thiokol had expressed a concern about the 
potential effect of the weather on the O-ring, and that they were 
going out to the Kennedy Space Center to engage in a telephone 
conversation, between a few people at Kennedy and a larger 
number of our engineering people at Huntsville and at Wasatch. 

I inquired as to who in Huntsville would be involved in the tele- 
phone conversation and was given the names and I concluded on 
that basis that  the appropriate people were involved in discussing 
the question. Therefore, I said, fine, proceed with it and keep me 
informed as to how the matter is resolved. 

Mr. LEWIS. To your recollection, on any previous launches did 
you have any similar concerns like this with the solid rocket boost- 
ers? 

Dr. LUCAS. I don’t recall an instance with the solid rocket boost- 
er, but it isn’t unusual to discuss concerns about the flight hard- 
ware up until an  hour or two before launch. That goes on over the 
loop and in engineering discussions off line in many launches, and 
I doubt if there have been very many where that didn’t occur. I 
don’t recall this having occurred on the solid rocket booster, howev- 
er. 

Mr. LEWIS. But you were aware that for 9 years, since 1977, 
there was a concern about the possibility of a seal failure or a prob- 
ability of a seal failure and that there was a concern expressed by 
Thiokol this evening. 
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I guess what I am concerned about, the comment was made earli- 
er  today that we have what I would consider some of the best tech- 
nical minds in the business that are concerned about something 
like this, and then they are overridden by managers rather than by 
engineers. 

Dr. LUCAS. If you are referring to the night before the 
launch-- 

Mr. LEWIS. Yes, January 27. 
Dr. LUCAS. Let me go back to the 7 years or whatever the time 

has been. 
Mr. LEWIS. You were supposed to have a referee testify, that 

never came off on this particular field joint. 
Dr. LUCAS. It is true that there have been concerns expressed 

over the years about this joint and there have been modifications 
and improvements made in the joint over the years. I suspect if 
you would tabulate, you would find that the concerns expressed by 
the Marshall Space Flight Center are equal to or greater than the 
concerns expressed by anyone else. 

The engineers who have expressed the concerns have also dili- 
gently tried and thought they had in fact improved the situation to 
the point of making it much better and I am sure they did make it 
much better. 

It turns out that under these circumstances it wasn’t made good 
enough. I wasn’t aware of the overriding, if that  is, in fact, the case 
of Thiokol people, by the managers. 

Mr. LEWIS. I think the record will reflect that from this morn- 
ing’s testimony. 

Dr. LUCAS. I have heard that testimony, and the testimony of the 
engineers since that time, and seen correspondence copied in the 
Roger’s report that concerns me greatly, correspondence that I 
never knew existed, correspondence marked “company confiden- 
tial,” or “private,” or something like that. That never came to my 
attention. Had it done so, I am sure the reaction would have been 
different. 

Mr. LEWIS. Thank you. 
Mr. ROE. The Chair recognizes the distinguished gentleman from 

New Hampshire, Mr. Smith. 
Mr. SMITH. Thank you, Mr. Chairman. 
In listening to the testimony this morning from Morton Thiokol 

and then listening to you gentlemen, it seems to me that in our 
oversight responsibility as a committee of Congress what we should 
be looking at is the term “acceptable risks.” 

We all realize, including the seven people who died realized, that 
there is a great deal of risk involved with flying in space and cer- 
tainly with the rocket, but it seems to me what is unacceptable to 
this member is safety by consensus of the majority and I think es- 
sentially that is what we have here. We had a statement from the 
Thiokol people this morning that their engineers had if not a 
formal poll, at least there was some opposition in the number of 
people who were there, 12 or so in the room. 

First it was indicated that they were opposed to this flight be- 
cause they didn’t feel it was an  acceptable risk based upon the in- 
formation about the O-rings, the temperatures, et cetera. It seems 
to me Mr. Mulloy that when you questioned, their first response to 



427 

the recommendation, which was not to  fly, you essentially, at 
least-1 am not trying to put words in your mouth-you got the 
answer you were looking for, which was it is an acceptable risk in 
your mind that the information based on the data that we had con- 
cerning the O-rings and concerning the temperatures, it was your 
opinion that that is all the information we had. We had not really 
done anything differently, we hadn’t tested and, therefore, what 
you were looking for was specifically that, that this is an accepta- 
ble risk, that I don’t see anything else other than that and I don’t 
really understand why Thiokol would say otherwise, so in a sense- 
I don’t mean to imply that you did it deliberately but I think in a 
sense you did exert pressure on Thiokol on that particular point. 

Would you respond to me on that, please? 
Mr. MULLOY. Yes, sir. I think I would characterize what I was 

doing as what I do when a large group of engineers who analyzed 
some data come to me with those data, with a recommendation. I 
look at the data and test the validity of that recommendation. I 
tend to challenge the conclusions that are being drawn from a 
little bit of data. I tend to challenge what conclusion can one draw 
from three data points on resiliency of O-ring when one of those 
data points say the O-ring won’t seal at 75 degrees and we had tre- 
mendous experience that it did seal at 75 degrees. 

That was the nature of the discussion. I think the testimony of 
the Thiokol people who made the decision was that they did not 
feel any pressure as a result of that, and I heard that in the Presi- 
dential Commission hearings and I heard it again this morning 
from the Thiokol people, that they do not acknowledge that they 
felt pressured. 

Mr. ROE. If the gentleman would yield, I believe they did com- 
ment just the opposite this morning, when Mr. Kilminster was 
talking and Mr. Boisjoly, they did feel, they just had a feeling there 
was pressure on them from NASA. 

Mr. SMITH. If you look in the testimony, your testimony, I am re- 
ferring now to the Rogers commission, pages 95 and 96, it just 
seems to me the bottom of page 95 under Mr. Mulloy, “It has been 
suggested, implied or stated that we directed Thiokol to reconsider 
these data.” Now referring to the information that they provided 
you. “That is not true,” you say. “Thiokol asked for a caucus so 
they could consider the discussions.” 

Then you go over to page 96, bottom of page 96, excuse me, the 
top of page 96, on the right-hand column, when you say: 

At approximately 11 p.m., Eastern Standard Time, Thiokol and NASA teleconfer- 
ence resumed, the Thiokol management stating that they had reassessed the prob- 
lem, that the temperature effects were a concern but the data were admittedly in- 
conclusive. 

I think what you mean there about what is inconclusive is basi- 
cally what had been going on for, now we find out, a number of 
years, in terms of comments about the temperature and the 0- 
rings and this data. The data was out there, we understand that, 
but what I am trying to home in on is: Isn’t it reasonable to 
assume that if you have a bunch of very technical people, a group 
of very technical people, like the engineers at Thiokol, who are ba- 
sically at odds with each other, they are not unanimous, they have 
some strong feelings about this thing, yet nothing new safetywise 
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has come up, to my-is that an acceptable risk in your mind when 
that kind of testimony is out there? 

Is that an acceptable risk? Why wasn’t something done over the 
past 6 years, or was anything done, perhaps, is a better question, 
between you at NASA and Thiokol to correct it? What specifically 
was done? Were there meetings? There was, certainly, and I 
haven’t been here for 6 years. I will defer to my colleagues. I know 
of no testimony that has come before this committee regarding the 
safety or lack thereof of the O-rings, or temperature or any other 
testimony to that effect, and I have sat through a lot of hearings in 
2 years but I don’t know of any. 

Mr. MULLOY. Yes, sir, I will refer again to the first paragraph of 
chapter 6 of the Commission report. I do believe that we, NASA, 
got into a group think situation relative to the seriousness of this 
problem. We saw it and assessed it as an acceptable risk. We saw it 
again. We looked back at how we accepted it before. When we saw 
something different we ran additional testing and analysis, and we 
convinced ourselves that it was an acceptable risk, and on January 
27 that same thought process was in place, and we looked at the 
data and concluded that it was a n  acceptable risk. 

You asked why wasn’t more done. You know, in the 6 years pre- 
vious. I have had that question posed to me many times in the last 
4 months, and I have asked it of myself many times since the 
tragic accident. My answer has been, in hindsight, obviously more 
should have been done. 

The turning, I think we started down a road as well summarized 
in that first paragraph, chapter 6, where we had a design that had 
a design deficiency. When we recognized that it had a design defi- 
ciency, we did not fix it. Then we continued to fly with it, and ra- 
tionalized why it was safe, and eventually concluded and convinced 
ourselves that it was an acceptable risk. That was-when we start- 
ed down that road, we started down the road to eventually having 
the inevitable accident. I believe that. 

Mr. SMITH. My line of questioning is not to put you on the spot. 
My line of questioning is to try to determine for this committee 
what acceptable risk is, how we as a committee can get informa- 
tion that would help us to evaluate that, and I think had you felt 
as some of the Thiokol engineers-I think we are dealing with a 
philosophical difference rather than a technical difference. Philo- 
sophically, there has been a lot of information, technical informa- 
tion, provided about the O-rings and everybody was aware of it. 

But I think had you had the same feeling, technically, that some 
of the Thiokol people had-not all but some-perhaps you would 
have accepted their first recommendation and not gone the other 
way. So I am not trying to pin blame here. That is not my job. 
What I am trying to do here, essentially, is to-for you to give 
some information to us as to how we might oversee what is accept- 
able risk, and how we might correct some of the, you know, man- 
agement communication mistakes, if you will, that have taken 
place over the past, apparently now, 6 years on this particular 
issue. 

Mr. MULLOY. Yes, sir. Well, perhaps I am not sure that I can give 
you the help that you are asking for. I will try and then perhaps 
some of my colleagues can give a better answer than I can in that 
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regard. But in the specific case of the O-ring, the rationale for ac- 
ceptable risk was based on the analysis and test data that showed 
the tolerance to blow-by and erosion, and we convinced ourselves, 
based on that analysis and test data, that we could sustain the 
maximum theoretical erosion and still be in a safe situation. 

That was-now, obviously since the accident we have found out a 
lot more about that joint, things that we did not know before that, 
and you are asking how can we get enough foresight in dealing 
with these type things. It is very unlikely that all 800 Criticality 1 
items will be eliminated on the shuttle system. How can we get 
where we can forecast better, and judge better, what that accepta- 
ble risk is. I don’t know that that helps, but that is the best I can 
give you. 

Mr. SMITH. Just one quick comment, Mr. Chairman, for a final 
comment. If I could give a perception on this thing it would be that 
if I were a Thiokol executive in that particular situation, what has 
happened when the recommendation came forth, at least in their 
minds, was it is nothing new, in the sense that we have said before 
we have got problems with the O-rings. We have had, what was it, 
24 successful launches-correct me if I am wrong; I think it was 24. 

Therefore, what is the cause for alarm? It is easy to look back 
and say, yeah, there is a great cause for alarm now, but I guess 
what I am saying is apparently this was-this had become a n  ac- 
ceptable risk, in our mind, and apparently you convinced Thiokol 
of the fact that there wasn’t anything new regarding these O-rings 
or the temperature or any of this other information that would 
cause you to cancel the flight. 

Is that a fair statement of what went on in the decisionmaking 
process? 

Mr. MULLOY. Yes, sir, that is a fair statement, and I would only 
add that I reached that judgment not just on the 27th but in all 
those years before then, based on the input from these same indi- 
viduals, both at Thiokol and at the Marshall Space Flight Center 
and in review above that. 

Mr. SMITH. Thank you. Thank you, Mr. Chairman. 
Dr. GRAHAM. Mr. Chairman, may I add one more comment either 

now or after you return? 
Mr. ROE. Do it now. 
Dr. GRAHAM. Fine. 
When you ask a very deep question involving any high-technolo- 

gy complex program, which is what is acceptable risk, and how do 
you define it, I don’t believe it has a very short answer. But let me 
give you at least a substantial part of that in short form. 

For something like the shuttle, a purely statistical test, that is 
sample a component, test it, sample it, test it, can never, within 
reason of time and cost, be done to the degree of reliability that 
you need for operating a system like the shuttle, which is one in 
which you want a very, very small probability of failure, driven as 
close to zero as possible. In fact, what has to be done instead is that 
components have to be designed so that they perform in very pre- 
dictable ways. They then have to be tested under a range of envi- 
ronments, and it has to be established that those components per- 
form in the manner appropriate to the design and in the manner 
predicted. 
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Finally, you have to look at the failure modes of the system, and 
see what the liabilities, consequences are, if the component doesn’t 
perform in the manner that has been designed and predicted for it, 
and take that into account in assessing the overall margin and reli- 
ability you have to put into that component. That is in fact the ap- 
proach that is used on space transportation system, and that clear- 
ly broke down at least in the case of the field joints on the solid 
rocket boosters. 

Mr. ROE. The committee will stand recessed while we vote. We 
will return and start again with Mr. Monson from Utah. 

[Recess.] 
Mr. ROE. The committee will reconvene. 
When we recessed to vote, our next colleague to be recognized is 

the distinguished gentleman from Utah, Mr. Monson. 
Mr. MONSON. Thank you, Mr. Chairman. 
With regard to the acceptable risk factor that we were discussing 

before we broke, did temperature elements come into play on that, 
or was it strictly based on erosion and temperature and resiliency I 
guess, or was it strictly based on erosion? 

Dr. GRAHAM. Let me start with that one if I may, and then I will 
pass it to Dr. Lucas and Mr. Mulloy. There was a concern over the 
erosion which had been carried for several years in the observation 
of the flight hardware data, and we have discussed that at some 
length. 

It was known that there was an  erosion and blowby on the 
joints. The potential influence of temperature on that I believe was 
less well understood, and was in fact part of the engineering discus- 
sion that took place on the evening before the launch. 

While the issue of the original view of the Thiokol engineers, 
namely that it was in fact not safe to launch, was questioned, let 
me state that as an  engineering discipline issue, I think it was ap- 
propriate that the NASA personnel, Mr. Mulloy involved in this 
case, did ask for the justification of that  view, to understand why 
that was being made, to review the data, and to establish what the 
basis in previous experience, analysis, in fact was, that caused that. 

Now there is no question that through this process errors in 
judgment and errors in evaluation of data were made. I am certain- 
ly not trying to say anything different than that, but raising the 
question why the recommendation was made in the first instance 
seems to me as an  engineering manager an appropriate question to 
ask at that time. So that in fact not only Thiokol but NASA did 
understand the reason for the recommendation. 

With that, let me ask Dr. Lucas and Mr. Mulloy to respond more 
specifically. 

Dr. LUCAS. I think Mr. Mulloy should respond to the matter of 
the temperature being a consideration. 

Mr. MULLOY. Yes, sir. The temperature data that was presented 
that night was the same data that existed back in July, and was 
discussed as I say on August 19, three test data points, one at 100 
degrees, one at 75 degrees, and one a t  50 degrees, and what the dis- 
cussion centered around was what does that mean in terms of the 
capability to make a seal in that joint. 

Mr. MONSON. My question really was in two parts, though. You 
said that you had derived some acceptable risk standards and tem- 
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perature entered into those decisions up to that point, forgetting 
everything on the night of January 27, prior to that, that tempera- 
ture and resiliency of the O-ring entered into it? 

Mr. MULLOY. No, sir, it had not, as an  overwhelming concern. If 
you look at the total context around August 19, 1985, the total con- 
text of that  briefing that was given here at NASA headquarters, 
you will see that all of the issues and the concerns that were being 
discussed about the ability of a joint seal were concentrated on the 
erosion, the margin that one had against erosion, and the conclu- 
sion being drawn that that was a n  acceptable situation. 

There is no data in that presentation which was a comprehensive 
presentation. Now that lack of any concern being expressed for 
temperature continued right up to the night of January 27. There 
were two seal task force meetings which included the Marshall 
Space Flight Center engineers, where the whole interchange oc- 
curred of what are we going to do about working this problem, and 
temperature was not an  overwhelming or was not a concern that 
was discussed there at all. 

It was again toward primarily bending the putty, finding an al- 
ternate to putty, perhaps going to a larger O-ring and that type 
thing. 

Mr. MONSON. Was erosion anticipated in the design process of 
this joint? 

Mr. MULLOY. I am certain it was not. That predates me from 
when I came onto the SRB Program, but I am certain that a cer- 
tain amount of erosion was not considered in the design process to 
be an  acceptable-- 

Mr. MONSON. But once it was discovered that erosion occurred, 
then a decision was made that you could tolerate a certain amount 
of erosion? 

Mr. MULLOY. Yes, sir, and that was based on analysis and tests 
that was done by Morton Thiokol. 

Mr. MONSON. Now on the night of January 27, a recommenda- 
tion was made not to launch based on some unknown factors, what 
the effects of temperature were primarily as I understand it. Had a 
recommendation against a launch by Morton Thiokol ever been 
made prior to this? 

Mr. MULLOY. No, sir. 
Mr. MONSON. And so without accurate data on what their con- 

cerns were at this time, why was it considered necessary to ask 
them for data that you probably knew they didn’t have because it 
really hadn’t entered into the fact, into the decisionmaking process 
up to that point? 

Mr. MULLOY. Well, sir, I don’t believe that anyone that I heard 
ask for data that we knew that they didn’t have. What was said 
was that the data that we do have certainly do not give you a cor- 
relation between temperature and the fact that  the joint will or 
will not seal. We were all concerned with the risk that we were 
taking in continuing to fly at any temperature, and what the data 
said was that there is a risk at any temperature. 

As I stated, the worst, the nearest thing to a catastrophe we had 
before 51-L was 51-Bravo, where we completely eroded away a pri- 
mary O-ring and eroded the secondary O-ring, and that was at 
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above 70 degrees, 75 degrees I believe, and that is the kind of dis- 
cussion that occurred. 

How can we reach a correlation. We know we have a risk in this 
joint. We are all concerned about the risk in this joint, but how can 
we correlate the probability of failure of the joint to temperature, 
and that was the whole gist of that  2-hour conversation. 

Mr. MONSON. I don’t like to.Monday morning quarterback and I 
apologize for doing it, but it is hard to understand the process that 
occurred that night, when it was a concern over a lack of data, and 
then knowing that that  data didn’t exist because the tests had 
really only gone down to about 50 degrees as I understand it from 
the testimony that I am hearing, and yet it was understood from 
those tests that the lower the temperature got, the more the prob- 
lem developed, despite the fact that  you had had problems at 
higher temperatures on other flights as well. 

It just seems that the evidence was leading that way, and I just 
would hope that we will remember this and make sure that if 
there is any doubt, we don’t try to base things on whether or not 
we can prove that it is unsafe but whether or not there is data to 
support the fact that it is safe, in the future. 

Mr. MULLOY. I certainly agree with that, sir, and that is what I 
thought we were doing on the night of the 27th. 

Mr. MONSON. Thank you, Mr. Chairman. 
Mr. ROE. The Chair recognizes the distinguished gentleman from 

Pennsylvania, Mr. Ritter. 
Mr. RITTER. Thank you, Mr. Chairman. 
I think most of what I wanted to ask has already been asked, but 

I would like to add this comment, and then some questions. 
Neil Armstrong, when he was here kicking off these meetings, 

mentioned how in the early days they figured everything would go 
wrong that could go wrong, and they were very surprised when it 
didn’t, and these days the attitude was everything is supposed to go 
right, and everything should go right, and they are surprised when 
it doesn’t. 

And I think for me that sums up what happened to the whole 
system. 

I think the system was really a victim of its own success. Prob- 
ably the greatest single enemy of the success of 51-L, of this shut- 
tle Challenger mission, was the success of 24 previous flights. That 
the people in the system got in the mode of thinking that they 
could do no wrong, or that  the systems were so good in their inte- 
grated combined state that little things like joints and O-rings and 
things like that simply weren’t that important, and the test, the 
report, the Rogers Commission report, is so loaded with the idea 
that you almost had to prove, and I go to Mr. Lund’s remarks to 
Chairman Rogers, he said “we couldn’t prove absolutely that the 
motor wouldn’t work” and Chairman Rogers said “In other words, 
you honestly believed that you had a duty to prove that it would 
not work” and Mr. Lund said, this is the vice president for engi- 
neering at Morton Thiokol, he said “Well, that is the kind of mode 
we got ourselves into that evening. It seems like we have always 
been in the opposite mode. I should have detected that, but I didn’t. 
But the roles kind of switched.” 
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I think that is a very, very telling comment. Now on a more spe- 
cific note, I would like to call attention to the Thiokol “Letters and 
Memoranda Written After the 0-Ring Concern Escalates.” That is 
the title. I would like to know on page 249, whether anyone at 
NASA, Marshall or elsewhere, had any idea of this kind of memo 
which was circulating at Morton Thiokol. I just read from one 
paragraph. 

It is from Mr. Boisjoly to R.K. Lund, vice president for engineer- 
ing. He says, “If the same scenario should occur in a field joint, 
and it could, then it is a jump ball as to the success or failure of 
the joint because the secondary O-ring cannot respond to the clevis 
opening rate and may not be capable of pressurization.” 

By the way, the secondary O-ring cannot correspond to the previ- 
ous, may not be capable of pressurization, I am not sure that is an  
erosion problem at all. We are really spending a lot of time on ero- 
sion when flexibility and compressibility is maybe the real factor. 
Anyway, “the result” he states, “would be a catastrophe of the 
highest order, loss of human life.” 

Had anyone any wind at all that  this was the kind of concern 
that was in and about Morton Thiokol, and obviously this kind of 
concern is what underlies Morton Thiokol’s reticence the night 
before the launch to go ahead. Was anyone aware of this? 

Dr. GRAHAM. Mr. Ritter, I think I will ask the gentleman from 
Marshall to see if they had any specific knowledge of this. At head- 
quarters I certainly did not, and I notice that the letter has compa- 
ny private, written on both the heading and the end of the letter. 
That type of communication is not normally circulated outside the 
company, although it is not impossible that it might be. 

Dr. Lucas. 
Mr. RIITER. I mean there are such things as leaks, which we are 

kind of familiar with around here. You know, this is the kind of 
thing that is leakable, because it is kind of a life and death matter. 

Dr. GRAHAM. Let me ask the representatives from Marshall if 
they were aware of this letter. 

Dr. LUCAS. I can say unequivocably that I was not aware of such 
a document as this, nor the information contained in it, and I 
would like to ask my other colleagues from Marshall if any of them 
were aware of it. 

Mr. MULLOY. Sir, I was not aware of that  information that is in 
this memorandum, and certainly not aware of the specific memo- 
randum itself. There were monthly meetings face to face, and there 
were week to week telecons that occurred between the people who 
worked this problem or the solid rocket motor program for me, and 
none of those concerns that are in this memo were conveyed to me 
in any manner. 

Dr. GRAHAM. I think another issue that might be raised here is 
why this was in fact a company private as opposed to a piece of 
information that would be transmitted, and I don’t know the 
answer to that. 

Mr. RITTER. Yes, I am a little bit concerned about that, too, in 
that there are certain things that are proprietary, there are certain 
things that you hold close to the vest, but when you deal with life 
and death issues, and you are dealing with a customer who is prob- 
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ably your biggest customer, you would think that this kind of, the 
strength of this argument, would be transferred. 

I am just disturbed that it isn’t. 
Mr. Chairman, I would like to proceed if I may. 
Mr. WALGREN. Would the gentleman yield for one follow-on 

thought. 
Mr. RITTER. Yes, I will. 
Mr. WALGREN. That is as I understand it after the memo that 

the gentleman from Pennsylvania just read, there was a presenta- 
tion made to level 1 of NASA about the O-ring problem, and obvi- 
ously they communicated substantially their reservations in that 
presentation, and the question I would have is not so much what 
happened in the launch of this Challenger, but as I understand it, 
after Morton Thiokol made that original presentation to level 1 
NASA, the Commission found that, and I quote from page 148, 
“The O-ring erosion history presented to level 1 at NASA Head- 
quarters in August 1985 was sufficiently detailed to require correc- 
tive action by or to the next flight.” 

And so the question is not so much why this flight was launched, 
but why did not NASA at the highest of levels, and this is beyond 
Marshall and beyond anybody knowing one thing and not knowing 
another thing, the information was adequate at  the highest levels 
of NASA to suspend the flight in August and September 1985, and 
it wasn’t done, and what is NASA’s response to that? 

Dr. GRAHAM. I will ask Dr. Lucas to address one specific on that, 
but I think the more general answer to the question goes back to 
Mr. Ritter’s observation at  the start of his questioning, and that is 
that in fact there appeared to be what I will call a culture change 
in NASA over a period of several years. During which the success- 
es of the program led to an environment where the determined 
challenge of each issue was somewhat lessened. While I was not 
there at the time, I can certainly tell you from experience in other 
areas that as an activity becomes more successful from an engi- 
neering and a management point of view, it certainly becomes 
more difficult to challenge it, and to raise questions. 

I think this has a great implication for the future of NASA, be- 
cause NASA looks forward to many successes in the future. At the 
same time it must be able to operate in a very intensely concerned 
and intensely skeptical mode while it is going through those suc- 
cesses. 

Mr. RITTER. Right. If the gentleman would yield back, I would ap- 
preciate the quality of the gentleman’s line of questioning, but I 
have been waiting here all day long and we are going to be going 
to vote. I have another part of my question that I would like to 
complete. There is another memo here titled “Activity Report,” 
and that is all, and it is again by Mr. Boisjoly and it doesn’t say 
just company, private, but let me quote. 

It says, I might add, that even NASA perceives that the team is 
being blocked in its engineering efforts to accomplish its tasks. 
NASA is sending an engineering representative to stay with us 
starting October 14. So it is right in that period of time that my 
colleague from Pennsylvania talked about. We feel that this is the 
direct result of their feeling that we, MTI-I am not sure what 
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that means-are not responding quickly enough on the seal prob- 
lem. 

And so there seems to be some fairly extensive-I don’t know 
how extensive, but there seems to be some conflict between the 
progress of the Morton Thiokol team and NASA’s expectations, at 
least according to Mr. Boisjoly, and yet when Morton Thiokol 
comes back and says we are not ready, from our perspective we 
prefer not to launch, it is NASA which overrides or to some extent 
calls the shots on Morton Thiokol. 

Dr. GRAHAM. That was obviously a long and hard engineering 
discussion. I believe NASA stated during that in fact NASA would 
not proceed with the launch or at least the Marshall Space Flight 
Center personnel would not recommend proceeding with the 
launch if in fact Morton Thiokol recommended against it. That is 
not intended to excuse NASA for any responsibility in the situa- 
tion. NASA clearly bears a major responsibility, but nevertheless it 
was not NASA’s intention nor did NASA override Thiokol. They 
may have inadvertently biased the Thiokol answer. 

Mr. RITTER. Mr. Hardy’s comment that he was appalled by Thio- 
kol’s original recommendation, and Mr. Reinartz’ comment we 
won’t be able to launch until April-were you present when Mr. 
Hardy mentioned that he was appalled at the initial recommenda- 
tion of Thiokol? 

Mr. MULLOY. Yes, sir. 
Mr. RITTER. Were you appalled? 
Mr. MULLOY. No, sir, I was surprised at the conclusion drawn 

from the data, and a 2-hour discussion prior to that I think tended 
to establish that that conclusion could not be drawn from the data 
presented. 

Mr. RITTER. What is the meaning of the word “appalled’’ in this 
case? Does it mean that he doesn’t agree with it or he doesn’t like - 
it? 

Mr. MULLOY. No, sir, I can’t speak for what was in Mr. Hardy’s 
mind when he used that term. 

Mr. RIITER. Mr. Hardy is not here today? 
Mr. MULLOY. He is not here today, but I believe that he had the 

same feeling that I did, that  you just can’t reach that conclusion 
from these data. 

Mr. RITTER. The interesting thing was the four people, the four 
management people who eventually made the decision out of the 
group of 12 which was in the caucus-and I don’t have the list of 
their names with me at the moment; it is in this pile here. But as I 
understand it, not one of them was intimately related to the work 
on the seals. 

In other words, the vice president for engineering was not-I 
guess he was the one who had reservations and the other three 
were not related to the seal problem. Were you aware that that is 
how that decision was made, or did you have any idea of the deci- 
sion process that Thiokol went through to change their mind? 

Mr. MULLOY. No, sir, I was not aware at all of that process. As 
has been testified, we were on mute and it was some 30 minutes 
and they came back with a rationale for a recommendation for 
launch. However, after becoming aware through testimony as to 
who was involved with that, Mr. Kilminster is intimately familiar 
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with the problems on the seal, he dealt with that in our flight read- 
iness reviews on a number of occasions. 

Mr. RITTER. But it has been pointed out by people at Thiokol that 
the people wanting to develop the solution to the seal were simply 
not getting cooperation. That kind of bothers me too. Was it 
Morton Thiokol that was not cooperating to put together the kind 
of team solution approach? Was NASA involved in that? We had 
some pretty frustrated engineers testifying this morning that they 
were trying to push this. Here is a memo saying that NASA is 
aware of this and NASA knows that the team is being blocked in 
its engineering efforts to accomplish its task and yet-and yet-- 

Mr. MULLOY. Let me explain. As I have said, I was not aware of 
any of those memos or those weekly activity reports or the fact 
that the reason the work wasn’t getting done was because these en- 
gineers were frustrated by their own management policies. I was 
not aware of that. However, we were trying to get an alternate con- 
figuration that would improve the margin that we could test on 
our qualification motor No. 5 originally scheduled to be fired in No- 
vember. It is a qualification motor for the first Vandenberg launch, 
a filament-wound case motor, but it has the same joint configura- 
tion, the nozzle to case and in the field joints. So around October, I 
got concerned that the results weren’t coming in to allow us to 
reach a conclusion as to what the configuration that we could put 
on that QM-5-- 

Mr. RITTER. Were you expecting those results? 
Mr. MULLOY. Yes, sir, we were. 
Mr. RITTER. And yet those results were not forthcoming? 
Mr. MULLOY. They were not forthcoming. As a result of that, I 

scheduled a meeting-I can’t recall the exact date-in the October- 
November timeframe and told Thiokol I wanted them to come into 
Marshall and tell us how they were coming on arriving at a recom- 
mended configuration for the equipment for the QM-5 firing. 

That meeting did occur, and it became evident that there had 
not been a whole lot of work done, and again in that meeting the 
frustrations of the engineers were not being conveyed. It was just 
simply that the work wasn’t getting done. That briefing was given 
to Mr. Kingsbury and myself and we then provided some emphasis 
to Thiokol that it was very important that  that work get done so 
we c.ould select a configuration for QM-5. 

Mr. RITTER. One last point. 
Mr. ROE. The committee will reconvene. The chair recognizes the 

distinguished gentleman from Pennsylvania, Mr. Walker. 
Mr. WALKER. Thank you, Mr. Chairman. 
One of the conclusions of the Rogers Commission reads: “The 

Commission concluded that the Thiokol management reversed its 
position and recommended the launch of 51-L at the urging of 
Marshall.” 

Dr. Graham, do you agree with that Rogers Commission conten- 
tion? 

Dr. GRAHAM. Mr. Walker, my information on that is derivative, 
basically information I have been told by others who were partici- 
pating in that, so I am going to ask-- 
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Mr. WALKER. I want an  answer from each of the people at the 
table as to whether or not they agree with that finding of the 
Rogers Commission. 

Dr. GRAHAM. I have no independent information to either con- 
firm or deny that particular statement, so I would only be giving 
information based on secondary sources that I have. I have not yet 
found those to be of sufficient specificity that I can give a complete- 
ly conclusive answer. There was certainly a very active discussion. 
Much of it, in my view, during the telecon the evening before, was 
proper engineering and technical probing of the reason the recom- 
mendation was put forward. 

However, it is possible that that went beyond probing and into a 
situation that Thiokol interpreted as being an  attempt to encour- 
cge or otherwise steer them to a specific conclusion. I believe that 
is the view Thiokol stated, and I understand that is their view of 
the situation. 

Mr. WALKER. I am not worried about what Thiokol is stating. 
The Rogers Commission conclusions, in all the various phases, is 
going to be the guidance of where we go from here, and I think 
that this is a fairly important conclusion given where we are after 
testimony today, and I am trying to find out whether NASA man- 
agement, to begin with, agrees with that conclusion of the Rogers 
Commission, and that is that the position was reversed at the 
urging of Marshall. 

Dr. GRAHAM. Once again, I certainly accept the conclusions and 
the recommendations of the Rogers Commission. 

Mr. WALKER. So you do agree with that? 
Dr. GRAHAM. I understand that is their conclusion and accept 

that as their view of the situation. 
Mr. WALKER. What is NASA’s view of the situation? 
Dr. GRAHAM. NASA certainly-- 
Mr. WALKER. What is NASA’s view of the situation? 
Dr. GRAHAM. I am not adding information to the process because 

I don’t have independent information. I am accepting what is being 
told to NASA by the Rogers Commission. 

Mr. WALKER. So you accept the Rogers Commission conclusion 
that the Thiokol management reversed its position at the urging of 
Marshall? 

Dr. GRAHAM. I accept the conclusion that Thiokol reversed their 
position, particularly as they determined it to be, at the urging of 
NASA. I believe that is what was stated there. 

Mr. WALKER. It is the conclusion of the Rogers Commission that 
it took place that way. I am asking whether or not, based upon ev- 
erything you know, whether NASA has also arrived at that conclu- 
sion. 

Dr. GRAHAM. I have not independently arrived at  that conclu- 
sion, but I accept that conclusion of the Rogers Commission. 

Mr. WALKER. Admiral Truly? 
Admiral TRULY. That is the way I was going to answer it. I 

accept the conclusion of the Rogers Commission. The commission 
took all the testimony in closed and open public testimony, came to 
that conclusion and I accept it. And since it resulted in the most 
important part of the Rogers Commission report, which was the 
findings and recommendations, which is what we are using, to 
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move out on to correct the problems, I see no reason for myself to 
go further into it than to accept their findings. 

Mr. WALKER. Dr. Lucas. 
Dr. LUCAS. Based upon my own knowledge, I have no knowledge 

that NASA did influence Thiokol. I was not in the meeting. I have 
talked to all of my people who were, and they do not believe that 
they influenced Thiokol or insisted that Thiokol change their posi- 
tion on the matter. 

Mr. WALKER. So you disagree with the Rogers Commission? 
Dr. LUCAS. No, sir. I don’t have all the information from the 

Rogers Commission and would not be in a position to disagree with 
them. 

Mr. WALKER. If you don’t have it, who does? This is directed at 
Marshall. 

Dr. LUCAS. I believe there are still a few volumes that have not 
yet been released. 

Mr. WALKER. So you are saying that you do accept that conclu- 
sion by the Rogers-- 

Dr. LUCAS. I accept the conclusion. 
Mr. WALKER. Mr. Mulloy. 
Mr. MULLOY. Yes, sir, I think that is a conclusion that the Rogers 

Commission drew from all of the testimony. I have not seen all of 
the testimony. As Dr. Lucas said, there are four volumes yet to be 
released and I don’t know the total basis by which they reached 
their judgment. I was not aware that I was trying on the night of 
the 27th to influence Thiokol to reverse their position. However, 
Thiokol has testified in testimony, that  I have seen some individ- 
uals felt, that is what they perceived, and I think that is the basis 
of the Commission’s judgment and I have no argument with the 
Commission’s judgment. 

Mr. WALKER. So we agree across the table that the commission is 
right, that Thiokol management reversed its position and recom- 
mended the launch of 51-L at the urging of Marshall? We are 
agreed now across the table that that is in fact what took place? 

Dr. GRAHAM. I believe our statement, Mr. Walker, was that we 
accept that  and accept the results derived from that to move for- 
ward. 

Mr. WALKER. If we are accepting that, if we are accepting that 
statement, then I want to know how it is that it happens, who at 
Marshall did that urging? 

Dr. GRAHAM. Well, in the first instance, that  was a report, as I 
understand it, by the commission and of a response of the Thiokol 
Corp. We can certainly describe who was involved in it. 

Mr. WALKER. Excuse me, but the Thiokol Co. is out of this at this 
point. We are dealing with a recommendation and a finding of the 
Rogers Commission. We have taken testimony from you and Thio- 
kol. They have arrived at a conclusion, and we have a conclusion in 
place that that happened. Now we want to find out why it hap- 
pened, how it happened, who did it, is where I am now going. That 
is my next question. 

If we are agreed that that took place, then the real question on 
my mind is who made the decision that allowed-for example, we 
had Mr. McDonald before us today who said that at least three dif- 
ferent people, employees of Marshall he felt put pressure on him. 
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Why was that? Who made the decision that those employees should 
put that kind of pressure on Mr. McDonald? 

Dr. GRAHAM. Mr. Walker, we are certainly not disputing either 
the findings or the recommendations that come from that. Howev- 
er, as has been stated, there are more volumes that we haven’t 
seen, and in addition, this is a perception of the people at Thiokol 
as then determined by the Rogers Commission. I anticipate that 
Thiokol and the Rogers Commission would be better prepared to 
address the specifics of that issue than we would. 

Mr. WALKER. Mr. McDonald said something today, earlier, in 
which he said that he told someone at NASA that if you go ahead 
with this decision, he wouldn’t want to face a board of inquiry 
about it if something had happened to the shuttle. 

Who did he say that to? 
Mr. MULLOY. Sir, he said that to Mr. Reinartz and myself after 

the decision was passed down from Thiokol. He made it in the con- 
text that if he was the launch director, because of the situation 
with the retrieval ships, that he would not launch this vehicle. Al- 
though he agreed that there was some question about the recom- 
mendations for it not to fly below 53 degrees, and then he went on 
to say, “If I was the launch director in making this decision,” I 
don’t believe that is what he said. 

Let me restate. He said, “I would not want to appear before a 
board of inquiry,” and he explained why, that  Y had flown this ve- 
hicle outside of the propellant mean bulk temperature specification 
limits.” 

Mr. WALKER. Now, he said that to people whom he also testified 
were making statements to him indicating that they wanted this 
vehicle to fly. For example, at least somebody said to him, “My 
God, do you want me to wait until April?” 

Mr. MULLOY. Yes, sir. 
Mr. WALKER. What does that mean? 
Mr. MULLOY. I think I said that, and what it meant was that we 

had flown vehicles successfully and that blow-by was independent 
of temperature, as indicated by the data, and that there was no 
correlation with cold temperature. 

Mr. WALKER. But the point is that there is a pattern here. Were 
you feeling pressure from anyone to get that launch underway? 

Mr. MULLOY. No, sir, and I do not-again, I did not know that I 
was applying pressure to anyone else. Mr. McDonald has testified 
that he felt pressured. 

Mr. WALKER. He felt pressure not only from you, but Mr. Rein- 
artz and Mr. Hardy, he said. In other words, everyone that was 
there from Marshall was evidently putting pressure on him toward 
a particular decision, and that was to launch. 

Now, doesn’t that  strike you as odd? That he wasn’t feeling pres- 
sure from one person? He was feeling pressure from all three 
people. Now, can you understand that maybe he thought a decision 
had been made even higher up than each of you? 

This wasn’t isolated according to his testimony earlier today. 
Now, why was that? What was it that was driving each of the 
three of you from Marshall to say to Mr. McDonald that you felt 
that we had to get on and begin flying. 

What was driving you? 
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Mr. MULLOY. Well, sir, I was not aware that I was driven. What I 
was doing as I have testified before was looking at the data that 
was being presented. What Mr. Hardy was doing was looking at 
the data that was being presented. What Mr. Reinartz was doing 
was looking at the data that was being presented. What Morton 
Thiokol engineering management was doing was looking at those 
data. What the engineers at Marshall, if I may finish, sir, what the 
engineers at Marshall were doing was looking at those data and 
trying to correlate the data with the recommendations that was 
being made. 

I don’t think anyone at the Marshall Space Flight Center was de- 
termined to launch that vehicle in an  unsafe condition. 

Mr. WALKER. But, you see, sure it is hindsight on our part, but 
when we go back and look at data that you were looking at, it 
raises questions. Every flight that  had been flows below 65 degrees 
had had erosion. We had the test, and you say that you discounted 
it because at 75 degrees, you had flown and you had not had a 
problem, but the fact is that at 75 degrees, it ultimately did seal, 
but you had 100 percent assurance that at 50 degrees, it didn’t seal 
at all, so that at least that  part of the test was valid. 

You had a group of conclusions, all of which led to a question of 
temperature sensitivity, all of which were ignored, in other words, 
to go ahead and fly, and yet you had testimony earlier today from 
Morton Thiokol that when they went into that meeting, the engi- 
neering meeting, the offline meeting, that no one at that meeting 
started with the premise that you ought to fly, that they ultimately 
went back and got convinced that they ought to fly, but there were 
at least four people even at the end that didn’t think they should 
go, and nobody began the meeting arguing that they should fly. 

Now, somewhere along the line, there was a building pressure to 
do something here that no one was enthusiastic about, at least in 
the initial instance, and I am trying to determine how that took 
place. 

Mr. MULLOY. Sir, I can give you my perception of that. I don’t 
agree that it was a building pressure. I think that there were in- 
sights gained during the course of that 2-hour discussion about the 
data between the engineers at the Marshall Space Flight Center 
and the engineers at Thiokol, and the engineering managers who 
were listening to that discussion. 

I believe there was additional insight gained relative to conclu- 
sions that one could draw from those data. That is my perception 
of what happened. 

Mr. WALKER. Mr. Chairman, the second bells have rung, thank 
you. 

Mr. ROE. Are you finished? 
Mr. WALKER. Yes. 
Mr. ROE. We will again, I regret, have to go back and vote. We 

[Recess.] 
Mr. ROE. The committee will reconvene. 
When we recessed to vote, we were about to call upon our col- 

league, Mr. Walgren from Pennsylvania. 
Mr. WALGREN. Thank you, Mr. Chairman. This whole process of 

trying to sense responsibility is pretty difficult, and we on the one 

will recess for 10 minutes. Mr. Walgren, you are up next. 
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hand don’t want to be blaming somebody unfairly. On the other 
hand, it is very important that NASA as an organization change 
whatever it was that caused this, and I was glad to hear Dr. 
Graham emphasize the point of skepticism and building in some- 
how a much different mindset than might be there. 

On the other hand, it sure is difficult to sense the real pressure 
of responsibility. Perhaps it is there, but it is hard for me to sense 
it, listening to the testimony at  these several hearings. 

Culture is in a sense something that can’t be penetrated. If you 
can blame something on a culture, there is really no way to go 
behind that, and I would urge you as NASA representatives not to 
stop at that point. 

We had a world war that somebody blamed on culture, and there 
was no responsibility. I think somehow that you have to go deeper 
than that. I wish I could encourage you to do it. 

I wanted to ask two avenues that to me seemed to sort of stop in 
the record. One is Thiokol came to NASA and made a complete 
presentation, as I understand it, of their apprehension that the 0- 
rings were going to fail, in late August 1985, and the only pickup 
on that in the report that I see is one memorandum from Mr. 
Kingsbury saying that he is most anxious to be briefed on the 0- 
ring problem, because it does not seem to appear to carry the prior- 
ity which I attach to this situation. 

And then, that is the end of the formal record that I know of. 
The truth of it is that the Commission found that just on that pres- 
entation to NASA at the highest levels in August 1985, that was 
enough to stop all flights. 

Now, is there some reason other than culture that that didn’t 
stop the flights, and if not, can I urge NASA to pursue whatever 
the followup on that O-ring presentation of Thiokol’s was, because 
in the lack of stopping the flights, that is what caused the accident, 
not the temperature on January 27, not the private memo from 
Thiokol, but the lack of NASA’s responsibility, according to the 
Commission, that on that information alone, no further flights 
should have occurred. 

Is there a quick answer to why the Commission’s finding that the 
flight should have stopped in August 1985, and that everyone had 
enough information to stop it, why did not that happen? 

Dr. GRAHAM. Mr. Walgren, let me ask Dr. Lucas to address that, 
but before he does, let me just say one quick thing on the culture 
issue. I come from the private sector. I have been at NASA now 
about a half a year. I think culture in a corporate sense and in an 
agency sense is a very specific quantity which permeates the orga- 
nization, deals with the approach to subjects, deals with whether 
probing questions are asked, whether issues are challenged, wheth- 
er people from the top to bottom are put face to face in dealing 
with issues in the organization. 

I think that is something that is under management control from 
the top of the agency down, and something that is not an ephemer- 
al quantity but something that has to be addressed and controlled, 
and directed by the top management of the organization. 

To me it is a very real quantity. 
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Mr. WALGREN. And I would like to ask if Dr. Lucas could give 
that submission to the record because I don't have enough time 
and I tend to preface things too much. 

[The information follows:] 
Material requested for the record on pages 230, line 5403 and 
250, line 5862, by Mr. Walgren during the June 17, 1986, hearing. 

NASA agreed with the conclusion of the Morton Thiokol briefing of 
August 19, 1985, which concluded that "Analysis of existing data 
indicates it is safe to continue flying the existing design as 
long as all joints are leak checked with a 200 psig stabilization 
pressure, are free of contamination in the seal areas and meet 
O-ring squeeze requirements .' 

Mr. WALGREN. The second avenue that I wanted to direct your 
attention to, and in this I am trying to be constructive in thinking 
myself about what would I think about if I were in those circum- 
stances, there were recommendations that there be a near-term fix, 
as I understand it, made by Thiokol, that shims be placed on every 
flight since August, on the flight after the one that was scheduled 
to go August 22, 1985, the Thiokol people recommend shimming in 
every flight thereafter. 

In the NASA memos it is picked up. I cannot bring it right back, 
but there was a recognition that that would be a good thing to do, 
a near-term fix. 

As I understand it, this rocket was not stacked until November 
1985. I don't understand why a recommendation for a fix as simple 
as my own understanding of shimming would be, would not be in- 
corporated in a flight where the rocket is not put together until 
November 1985, when near-term fixes to a critical problem had 
been recommended with the intensity that recommendations were 
made in this O-ring situation. 

Is there an  answer to why this rocket was not subject to that 
near-term fix? 

Mr. MULLOY. Sir, was that recominendation made in the August 
19 briefing? I am not familiar with the recommendation in that 
timeframe to do additional shimming on the joints. 

Mr. WALGREN. Well, what I a m  basing this on is there was an  
internal Thiokol memorandum which recommended a near-term 
fix involving the shims, and then I thought I remembered that 
being picked up in some of the discussions of NASA people, and I 
gather that would have been before November 1985, when I under- 
stand this rocket was put together. 

Mr. MULLOY. Yes, sir. Of course the joints are shimmed now. 
That was a recommendation that goes back in the pre-1980 time- 
frame for shims and some of the documentation that was provided 
the Commission. 

Mr. WALGREN. I am looking at the August 22 Thiokol memoran- 
dum. 

Mr. MULLOY. Yes, sir. 
Mr. WALGREN. Where they recommend a maximum shim for a 

near-term solution be incorporated for flights following STS-27, 
which is currently at that point scheduled for August 24, and then 
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I am convinced that somebody in NASA at least was very aware of 
the ability to do an improvement by increasing the shipping be- 
cause of the effect that has apparently of increasing the pressure 
and helping you with the erosion problem. 

Mr. MULLOY. Yes, sir. That was discussed in terms of custom 
shimming, but this recommendation that you refer to here did not 
come to NASA. I did not receive any recommendation during that 
timeframe to do custom shimming, and I don't recall that from the 
August 19 briefing at NASA Headquarters as being one of the 
near-term recommended fixes. That was a memo from Arnie 
Thompson to-- 

Mr. WALGREN. I would hope just in conclusion, Mr. Chairman, 
that those in charge of this review within NASA be really looking 
at why there was not better pickup on the August Thiokol report 
on O-ring seals that would-goes right by any of the questions of 
who knew what when. Apparently everything necessary was 
known. There was no pickup. And second, why there was not 
pickup on this recommendation of the near-term fix, which would 
also if acted on reasonably promptly change the circumstances of 
the flight in January, and it would seem from a management 
standpoint you would be able to see how your organization was op- 
erating, and what improvements might be made. 

Thank you, Mr. Chairman. 
Dr. GRAHAM. We will take that for the record, Mr. Walgren, with 

your permission. 
[The information follows:] 

Material requested for the record on page 253, line 5 9 3 4 ,  by 
Mr. Walgren during the June 17, 1986, hearing. 

Changes to flight hardware designs are not made on the basis of 
recommendations contained in internal company memos, even where 
NASA might have a copy of such a memo. Changes require a formal 
proposal by the contractor and a comprehensive evaluation of the 
proposed change by NASA. 

In our knowledge, no one at MSFC was aware of the Thompson memo. 
However, ideas contained in that memo were considered for 
incorporation on a qualification motor (QM-5) which is part of 
the Filament Wound Case (FWC) program. The larger O-ring was 
incorporated, the additional shims were not. In hindsight, it is 
fortunate that additional shims were not incorporated since 
testing after the accident has shown that the conclusions stated 
in Mr. Thompson's memo that increasing squeeze is good have been 
proven to be just the opposite, i.e., too much squeeze is bad. 
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Mr. ROE. The Chair recognizes the gentleman from Missouri, Mr. 
Volkmer. 

Mr. VOLKMER. Mr. Mulloy, in your early testimony you reviewed 
going over the level 1 flight readiness reviews that preceded flight 
51-L. I don’t have the copies of all those, the appendix hasn’t been 
printed yet. 

I look forward to it because what I do find within the Commis- 
sion report is, however, that words like “the condition is accepta- 
ble”, that this is acceptable. Those were the words used in almost 
all of those flight readiness reviews? 

Mr. MULLOY. Yes, sir; risk acceptable or condition is acceptable. 
Mr. VOLKMER. Right. 
Mr. MULLOY. Based on our previous experience. 
Mr. VOLKMER. And if that  is presented to me if I am in higher 

headquarters, somebody presents that to me, again we are looking 
at what you are saying and what I am hearing, and what I hear is, 
well, it is something that you just don’t worry about, it is accepta- 
ble, and that concerns me, because it also concerns me, Mr. 
Mulloy-and Mr. Heard is not here-but if at the time on the tele- 
conference when Thiokol made their first presentation with their 
criteria for not going ahead with the launch, and you and your 
staff and your people there had said OK, we are going to scrub it, 
we will go and look at it tomorrow, do you think Thiokol would 
have turned around and said “No, we are going to go ahead and go 
and have a little conference of our own, a caucus of our own, to 
change their mind.” 

Mr. MULLOY. No, sir; I do not believe they would have done that. 
Mr. VOLKMER. I don’t either, and that is what disturbs me, be- 

cause, gentlemen, in answer to your questions by the gentleman 
from Pennsylvania, you all said that you really didn’t know your- 
self, know whether Marshall turned Thiokol around. It is obvious 
to me that the attitude and what proceeded with Thiokol, and what 
occurred during that teleconference, maybe it wasn’t said directly 
but there is no question in my mind that it is there. 

I think that Marshall has to accept that  responsibility. If you 
gentlemen aren’t going to accept that responsibility, that  gives me 
great concern, great concern for the future for what is going to 
occur. 

Dr. GRAHAM. In fact NASA does accept the responsibility, and 
accepts the Commission recommendations in that regard. I believe 
the distinction that was being made was that, as was testified here 
this morning, or this afternoon rather. As I understand the state- 
ment of the NASA engineers involved in that, it was not their in- 
tention to transmit the signal to Thiokol that they were being in- 
timidated or otherwise asked to make a decision that was contrary 
to their engineering judgment. Rather they were being asked to ex- 
plain the basis for the judgment. 

Nevertheless, it is clear the signal was received the other way. 
That is a very serious problem, and something we have to take 
every effort to guard against occurring in the future, while at the 
same time still being able to understand why recommendations are 
made. 
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Mr. VOLKMER. And to be honest with you, Mr. Mulloy, do you 
now feel that temperature has an impact on the operation and the 
sealing effect of O-rings, lower temperature? 

Mr. MULLOY. Yes, sir; I agree with the Commission’s conclusions 
in that regard relative to the failure investigation. They list a 
number of causes for the failure of that joint, and temperature is 
listed as a contributing factor and I believe that is correct. 

Mr. VOLKMER. What brought you to that conclusion? 
Mr. MULLOY. I think the failure analysis done that showed there 

was a lot about that joint that we didn’t understand going into 
51-L. We didn’t understand the effect of overcompression on O-rings. 

What we worried about prior to 51-L was being assured that we 
did have compression on O-rings. What we found as a result of the 
failure investigation, that overcompression was also a contributing 
cause to the accident, in combination with temperature and other 
factors. 

So, I think we know a lot more about that joint today than we 
did before 51-L. 

Mr. VOLKMER. Why didn’t we know it beforehand? 
Mr. MULLOY. I guess it is difficult for me to answer this way, but 

I was not smart enough to know it beforehand. The people, Morton 
Thiokol and the engineers that we have, had been looking at this 
problem over the last 7 to 8 years. They were looking at the obser- 
vations and making judgments and making recommendations to 
continue flying, based on those data, were not smart enough to rec- 
ommend the additional testing, and the people who reviewed that 
at levels above me were not smart enough to say that we need to 
do more than what we are doing. 

It is tough for me to say that, but I don’t know any other way in 
hindsight. 

Mr. VOLKMER. And the fact that you accepted the data for low 
temperatures for the DM-4 O-ring at 40 degrees, and the QM-3 at 
45 degrees as a model for an SRB for launch purposes-does that 
today give you any qualm? 

Mr. MULLOY. No, sir; it does not. I think that these are flight 
motors that are in a horizontal position. When the motor is put in 
the horizontal position it sags about 8 inches, which puts some 
varying gaps, and so forth, in those joints. When you pressurize the 
motor for the actual firing, you get the real simulation of the dy- 
namics of what is actually happening in the joint versus a test 
where you just have two steel platens and you are measuring the 
resiliency of an O-ring. 

I think a full-scale flight motor test at 40 degrees is a more sig- 
nificant data point than a scale test of resiliency of an O-ring. 

Mr. VOLKMER. But there had been no leak check on those? 
Mr. MULLOY. Yes, sir; they were leak-checked. All static firing 

motors were checked, and that DM-4 is a flight motor fired with 
an ambient temperature of 36 degrees, and an O-ring temperature 
of 40 degrees. 

QM-3 was at an ambient temperature of 40 degrees with an 0- 
ring temperature of 45 degrees. There was another set of data that 
correlated to low temperature that was presented by Thiokol that 
night. That was the full-scale testing on joint segment field joints 
that were done with an O-ring that was 5 mills undersized, and a 

64-295  0 - 86 - 15 
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durometer of 90, the hardness was 90 as opposed to 75, which corre- 
lates to the flight O-ring, which has a room temperature durometer 
of 75. But, that correlates to a 30-degree condition on the motor, so 
there was significant test data that would indicate that at  30 and 
40 degrees, the motor would function. 

Mr. VOLKMER. Why would the Commission-maybe we will have 
to find out something from them. On page 129 of the report, it 
shows in relation to the demonstration motors and the qualifica- 
tion motors, that pressure and nozzle, it is not applicable. 

Mr. MULLOY. STS-4 was lost at sea, sir. 
Mr. VOLKMER. I am not saying STS-4, I am saying all the DM’s 

and all the QM’s. My copy shows that pressure is not applicable, 
nozzle not applicable-- 

Mr. MULLOY. I suspect that that judgment was reached because 
the practice at  Morton Thiokol during that time when the joints 
were assembled. They went in and looked at the configuration of 
putty, and tamped more putty into the joint at that time, and I 
think their judgment was that that invalidated any significance of 
those test data. 

Mr. VOLKMER. In other words, if there is a leak check made then 
they went in and filled the putty holes? 

Mr. MULLOY. That is correct, sir. 
Mr. VOLKMER. You don’t do that on a flight motor? 
Mr. MULLOY. No, sir, we do not. 
Mr. VOLKMER. That is what I am-you know, if I could have a 

little bit, I am very concerned about the, I would say attitude to- 
wards this because as one who has tried to be objective in it all the 
way, I find it-and maybe it is hindsight and not foresight again, 
but the engineers for Thiokol, not management, but the engineers 
that raised the question to begin with, I don’t believe ever changed 
their mind about what happened or what was going to happen or 
the possibility of that happening, and I just think that they raised 
some very valid points that evening that should have been fol- 
lowed. 

Thank you, Mr. Chairman. 
Mr. ROE. I thank the gentleman. 
The Chair recognizes the distinguished gentleman from Florida, 

Mr. Nelson. 
Mr. NELSON. Thank you, Mr. Chairman. 
Dr. Lucas, you have had a long and distinguished career and you 

have thousands of people that have been working for you and your 
predecessors who have rendered invaluable service and will contin- 
ue to render invaluable service, and despite the circumstances, the 
tragic circumstances that bring us together here over the very seri- 
ous mistakes that have been made, I do not want to lose sight of 
the fact of the commendable service that has been rendered from 
the Marshall Space Flight Center over the years, including the 
Apollo and the Shuttle Program. 

Now, what I would like to talk to you about is, particularly Jack 
Lee of the Marshall Space Flight Center, was tasked to do the in- 
vestigation on what went wrong and he told us about a week-and-a- 
half ago down at the Kennedy Space Center, and it was repeated 
last week in hearings, that indeed analysis was to have been done 
down to 31 degrees, that that was a part of the design spec, and we 
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have-we have checked the documents, we have them here, you 
have copies, you know what it is, and as far as I can read English, 
indeed that is what the design specs were. Natural environment 
down to 31 degrees, and for induced environment down to on the 
strut 21 degrees, and on the skin at the joint 25 or 26 degrees. 

Now, when Jack talked to us at  the Kennedy Space Center and 
then again here last week, he said that they had no evidence that 
the analysis had in fact been done despite the fact that the certifi- 
cations or the verification completion notice had been signed before 
STS-1 and also again before STS-5. This morning when representa- 
tives of Morton Thiokol were here, I questioned them as to this, 
and they stated that they don’t read this being a contractual re- 
quirement or in case that word would imply something else, that 
they don’t feel that the design specifications required that kind of 
analysis. 

What I would like to glean from you and/or any of your repre- 
sentatives, including Mr. Lee, Mr. Mulloy, anyone, at  your pleas- 
ure, is if you could share for us what your interpretation of the 
design specs were. 

Dr. LUCAS. Mr. Nelson, I certainly will and then I will ask Mr. 
Mulloy to amplify that somewhat. My understanding of the specifi- 
cation requirements are exactly as you have presented them and 
we interpreted when they were certified as having been met by 
Thiokol, that there was no ambiguity there, that it was 31 degrees, 
21 degrees and 25 or 26 degrees respectively. That is a program 
document. It is imposed upon the contractor for the delivery of that 
element and it was so certified as having met that. 

Mr. Mulloy, you want to talk about the details? 
Mr. MULLOY. Yes. I agree with you, sir, in reading that. It is in- 

credible, I think, that there could be any misinterpretation of it. 
The shuttle program level specification JSC-07700, volume 10, a p  
pendix 1010 does contain the natural environment requirements. It 
shows that requirement clearly for vertical flight for a temperature 
range of 31 degrees Fahrenheit to 99 degrees Fahrenheit. It also 
shows the induced environment that says each element of the shut- 
tle vehicle shall be capable of withstanding induced environments 
imposed during transportation, ground operations, handling and 
flight operations as specified in appendix 1011. 

Then we have taken that and interpreted that into the end item 
specification to which the solid rocket motor is procured. That spec- 
ification is CPW1-33, and that interpretation says under natural 
environment in that specification, that SRM shall withstand the 
natural environment defined in JSC-07700, volume 10, appendix 
1010, which is the 31 degrees for vertical flight. 

The induced environment, it says the SRM shall withstand the 
induced environment thermal or environmental conditions defined 
in the following document: SD-784-SH-0144. This is the thermal 
interfaces design data book. This document is required by appendix 
1011 of JSC-07700, volume 10. 

If one looks at the specification in SD-74-SH-0144, it shows a 
temperature range for the skin of the SRB for prelaunch condition 
of 25 degrees to 120 degrees. It further defines what it means by 
prelaunch condition. It states that the prelaunch-let me read it 
from the document, if I have it. 
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Prelaunch, it states: 
The prelaunch post-fill surface temperature histories are presented herein for the 

hot and cold day environment specified in the space shuttle flight and ground 
system specification JSC-0700 volume 10, appendix 1010. 

The key words there are “post fill.” That means that the exter- 
nal tank has been fueled. That is not a storage condition, that is 
clearly a prelaunch condition, and this environment alludes to that 
prelaunch condition. 

It, further, has data included in that document which is the diur- 
nal cycle or the day-to-day temperature swing that goes with the 
coldest day, so one can then do the analysis that arrives at that 
temperature. You are correct also in stating that Thiokol certified 
that the motor was qualified to that document which requires that, 
and you are also correct in saying that the Government, NASA, 
and all the reviews that were done by NASA, accepted that certifi- 
cation. There were independent reviews done also of that wherein 
that certification was also accepted when in fact there is no basis 
for that certification. 

Mr. NELSON. Is the certification to which you refer the verifica- 
tion completion notice? 

Mr. MULLOY. That is one, sir. It is also the certificate of qualifica- 
tion where both Thiokol asserts that the qualification requirements 
have been met and the Government, NASA in this case, also at- 
tests that the qualification requirements have been met. So there is 
a verification completion notice and then there is a certificate of 
qualification. 

Mr. ROE. Would the gentleman yield? 
Mr. NELSON. I have a key question. 
Mr. ROE. You always have a key question, but he is saying there 

is no basis for certification. Is that what you said? 
Mr. MULLOY. I believe I did say that, and that is in error, sir, 

because the basis for certification is the military specification for 
the O-ring which says that the O-ring is capable of operating from 
minus 30 to 500 degrees. That same military specification goes an 
to say, however, you must do a specific analysis of the particular 
application of that O-ring in the environment that it is to be used 
in for certification. 

Mr. ROE. The gentleman from Florida. 
Mr. NELSON. Mr. Chairman, what do you want to do? We have a 

vote. 
Mr. ROE. Why don’t we vote and return. We have to finish this 

line of questioning and so we will return in 10 minutes, if they ever 
decide to finish it. 

[Recess.] 
Mr. ROE. The committee will reconvene. The distinguished gen- 

tleman from Florida will please proceed. 
Mr. NELSON. Thank you, Mr. Chairman. 
Where we were was we were talking about the question of what 

was the design specification, and the witnesses had just testified 
that they thought that the design specification indeed called for 
the design specification to work for the entire SRM down to 31 de- 
grees and induced temperature in the range of 21 for the strut and 
about 25 or 26 for the skin near the joint. 
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Now, the next question is, since you spoke, Mr. Mulloy, about the 
verification completion and the other documentation that you 
talked about, qualification, do you have any evidence that indeed 
the analysis that you make reference to was required by this 
design specification? Do you have any evidence that in fact that 
analysis was in fact completed by the contractor? 

Mr. MULLOY. No, sir, I do not. Where it showed that the analysis 
is required, was entered, is that the basis for certification in the 
military specification for the O-ring from minus 30 to 500 degrees. 

Mr. NELSON. Now what you are telling me is that the basis that 
the Government signs off on this verification completion is solely 
on the basis of a military specification for the O-ring? 

Mr. MULLOY. Yes, sir, because that is the basis that was present- 
ed by Morton Thiokol as the basis for certification of that require- 
ment. 

Mr. NELSON. But that in reality doesn’t have anything to do with 
the design specification. 

Mr. MULLOY. I agree, sir. 
Mr. NELSON. So in essence, in the case of STS-1 and STS-5, 

where the signoff b the Government occurred, that the-that 
things were verifie B -we were verifying-we the Government, 
NASA was verifying on the basis of an incorrect piece of informa- 
tion as to compliance with the design specification. Do you read it 
that way? 

Mr. MULLOY. Yes, sir, I do. I believe that is not a valid basis for 
certification of that requirement, and I believe the Government 
review of that failed to recognize that. 

Mr. NELSON. On December 8, 1982, when you had signed off the 
one before STS-5, do you have any recollection as to what was the 
information upon which you gave that approval? 

Mr. MULLOY. Yes, I do. I believe that was the certification review 
to look at the difference in the lightweight case. That was a light- 
weight certification to update that, and everything other than the 
changes in the factor of safety due to the lightweight case and 
some other things, which I cannot recall, with similarity to the 
steel case. So my presumption at that time was that the steel case 
had been certified for that environment prior to STS-1, and there 
was nothing that caused me to question that when we did the re- 
certification for the lightweight case. 

Mr. NELSON. But specifically it had a volume 10 verification re- 
quirement, completed one of those, was with regard to the induced 
temperature? 

Mr. MULLOY. Yes, sir, that is correct, and my basis for that was 
by similarity to the steel case and as it turns out, I was referencing 
a nonexistent data base, 

Mr. NELSON. Well, who in the Government would have consid- 
ered the design specification to have been certified by considering 
what you said was the evidence supplied by the contractor, which 
was the military specification on the O-ring? Who would have con- 
sidered that? 

Mr. MULLOY. Sir, that would have been done through the critical 
design, first the preliminary design review process, then the criti- 
cal design review process. What typically is done there is there is a 
traceability back to the level 2 requirements, and you will find in 
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that review where this requirement is specifically-there is a big 
matrix that says requirement certification method, and basis of 
certification. 

You will find that we assemble teams of engineers who look at a 
particular area. One of them would be thermal, one of them would 
be structures, one of them would be propellant liners, insulation, et 
cetera. That team would have looked at  this particular require- 
ment, and made a certification that they were complete, based on 
the certification of the contractor, and then there is a critical 
design review board that is typically chaired by the project manag- 
er, with other senior members, who take a review of what we call 
RID’S, which is review item discrepancies. 

If the teams have identified areas where the testing and analysis 
does not meet the requirements, or where there are design deficien- 
cies in those. So it is a large number of people, and it is a large 
process that culminates in the critical design review. 

Now, in the case of the SRB, I am aware that prior to my time, 
there was then an independent group that was brought in to look 
at  all the verifications of the solid rocket booster, who relooked at 
that total thing. So there is a very large number of people who 
have looked at that and accepted that certification, undoubtedly 
without penetrating it pretty thoroughly. 

Mr. NELSON. Dr. Lucas, let me see if I can summarize this, and 
you tell me if this is an accurate summary. That now, as you un- 
derstand the situation, design vehicle on the SRB’s, with regard to 
this temperature requirement, the lower temperature, be it the en- 
vironment or the induced environment, was not met, and that part 
of the Government’s approval of the specification in the verifica- 
tion completion procedure, of which I have copies of two, STS-1 
and STS-5, was an oversight on the part of the Government that in 
fact the requirement had been met by virtue of being supplied with 
information that the military specifications of the O-ring were suf- 
ficient to meet that requirement. 

Dr. LUCAS. Yes, sir, Mr. Nelson; I believe that is essentially cor- 
rect. I think it should be said that it had not been demonstrated 
that the specifications had been met, and the Government missed 
that, and I don’t know why other than we didn’t penetrate enough. 

Mr. NELSON. OK, so we have tragically in hindsight, as we ex- 
plore this, mistakes by the contractor, of which of course the con- 
tractor still, according to their testimony this morning does not, 
they still don’t acknowledge that this is what the contract said or 
what the design specifications said. 

I will take that up, Mr. Chairman, with them directly, again, and 
I intend that to be my line of questioning in the morning, so if 
Morton would be prepared for that. 

And then second, the mistake in the review process by the Gov- 
ernment as to what in fact was required. Now, we know that is 
what has happened in the past. Now tell us, Dr. Lucas, what is 
happening in the future? 

What are you doing at  Marshall to make sure that mistakes like 
this never happen again, and how is your redesign process proceed- 
ing? 

Dr. LUCAS. Well, clearly, this is a lesson learned, that we must 
not allow to happen again, and I cannot understand how it hap- 
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pened. It is not characteristic of what we have done in the past, 
and we can’t allow it to happen again in the future. 

Sometimes I fear that maybe design engineers become too famil- 
iar with the hardware, and they make assumptions that probably 
shouldn’t be made. We have discussed at Marshall, on occasion, the 
possibility of doing our reviews not with engineers but maybe with 
accountants or auditors, people that are not in a position to make 
any judgment whatever, but simply read down and say yes, you 
know, this is what it calls for, and this is what we have got and 
how do you know that that is what you have got? 

I don’t know whether that is a practical thing or not. We haven’t 
pursued that far enough, but that is the kind of discussions that 
are going on presently at the Marshall Space Flight Center, and I 
am confident in the team at NASA, to make doubly sure that this 
never happens again. 

Dr. GRAHAM. Mr. Nelson, if I could add just a word on that. We 
are conducting the design review for the solid rocket booster, and 
in fact, the redesign effort there, with the Marshall team. But in 
addition to that, augmented by a group of people from both inside 
and primarily outside Marshall working directly with the Marshall 
team. In addition, we have a distinguished group of engineers and 
scientists that have been provided to NASA, reporting to the Ad- 
ministrator, from the National Research Council and the National 
Academy of Engineering, and I believe the National Academy of 
Sciences as well. So we have put in a larger hierarchical structure 
to oversee this particular redesign issue. 

But I think your question is a deeper one, and has to do with 
how we conduct activities on such an unforgiving system as a space 
transportation system necessarily is. That is a problem that we are 
going to give a great deal of attention over the next year to make 
sure that this type of a problem has no more chance of creeping 
into the system anywhere else than we can humanly prevent. 

And Admiral Truly is working on that now in a very determined 
way. Dr. Fletcher and I are working on that. We recognize that as 
one of our highest priority issues. 

Mr. ROE. The Chair recognizes the gentleman from Pennsylva- 
nia, Mr. Walker. 

Mr. WALKER. Thank you, Mr. Chairman, and I will be brief. 
I just want to tie up one loose end from some previous question- 

ing that I did. 
Dr. Lucas, there has been reference before to a meeting that was 

held in our hotel room at the Holiday Inn about an hour and a half 
before the crucial teleconference that we have all been talking 
about took place. 

When Mr. Mulloy and Mr. Reinartz consulted with you at that 
point, did they tell you about Thiokol’s concerns, and did they in 
particular mention that Thiokol’s engineers were recommending 
against launch? 

Dr. LUCAS. No, sir. They did express concern. They came to my 
room and told me that some Thiokol engineers had expressed a 
concern about the effect of weather on the O-rings, and that they 
were proceeding to the Kennedy Space Center to conduct a telecon- 
ference with Thiokol, and with our people back at Marshall. 
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I don’t believe, and, of course, Mr. Mulloy can testify to this him- 
self, I believe Mr. Mulloy had not been in the earlier conversation 
with Thiokol, although Mr. Reinartz was there. I think he was 
learning, along with me, that there was a concern, and I think that 
is the answer to your question. 

Mr. WALKER. OK. Now was there any discussion at  all that took 
place in your room about getting Thiokol to change their mind 
about recommending a launch the next morning? 

Dr. LUCAS. No, sir, not at all. As a matter of fact, I didn’t know 
that Thiokol had a position at  that time. The proposition was 
placed to me that some Thiokol engineers had expressed a concern. 
They had tried to get information on a teleconference that was a 
very poor connection. Many people were at their homes, didn’t 
have a good connection. 

I did not know at that time that Thiokol had a position, if they 
in fact did. 

Mr. WALKER. There is nothing out of that conversation that Mr. 
Mulloy and Mr. Reinartz have interpreted as being an instruction 
to try to get Thiokol to change their minds about this concern they 
had about launch? 

Dr. LUCAS. Not at  all. We have never, I have never, and I am not 
aware of any other official in Government having attempted to 
override a contractor’s objection to a launch. 

Mr. WALKER. Thank you, Mr. Chairman. 
Mr. ROE. I thank the gentleman from Pennsylvania. 
For the record, in the discussion that Mr. Mulloy was giving 

before, in the answer to Mr. Nelson from Florida, speaking of that 
certification process, and you, Dr. Lucas, had expressed your con- 
cern with that, the question that comes to my mind, as I under- 
stand it, there is somewhere between 780 to 800 items in the criti- 
cality list, No. 1. Is there any observation from NASA at this point 
of any of those items having fallen into the same time of ersatz cer- 
tification, as was referred to before, that we are aware of at  this 
point? 

Dr. GRAHAM. Mr. Chairman, as you know, shortly after the Chal- 
Zen er accident, we initiated a program which has since been specif- 
ica k ly recommended by the Presidential Commission, to go back 
and look at all of the criticality 1 and 1-R items. I would like to 
ask Dr. Lucas to address those from the area that Marshall is in- 
volved in, but then ask Admiral Truly to address it on a larger 
scale, since he has the direct line management oversight of all of 
the space transportation system. 

Dr. LUCAS. Yes, Mr. Chairman. The Marshall Space Flight 
Center has already begun working with our contractors to com- 
pletely exhaustively review all of our failure modes and effects 
analysis, our critical items list analysis. This review will be com- 
pleted with the contractors, will be submitted to a senior board at 
Marshall for review, and then, in turn, submitted to a senior, more 
senior program review, so we are going from scratch, as if it had 
not been done before, redoing it, and any criticality items will have 
to be verified, any criticality 1 or 1-R, or whatever, has to be veri- 
fied as if it hadn’t been done before. 

We haven’t found any problems yet. It hasn’t gotten too far, but 
I am not aware of any problems found to date. 
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Admiral TRULY. I would only make two comments, Mr. Chair- 
man. One is this total program review will take probably through 
the rest of this year. We do have almost a 3-month head start in it. 
We have been going about that long. 

The other comment that I would specifically makeis  that this 
review includes not only the design of critical parts or sections, but 
the specific question of certification. We are going back to ground 
zero on each item, and reassessing the logic behind the basis for 
the certification of the entire list, not only for the solid rocket 
motor but throughout the system. 

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

Mr. VOLKMER. Mr. Mulloy, as I understand it, back in July of 
1985, and perhaps prior to that time, in one instance, launch con- 
straint was imposed because of the O-ring, is that correct? 

Mr. MULLOY. Yes, sir, that was after 51 Bravo, when we had ex- 
tensive damage on the primary seal and some erosion on the sec- 
ondary seal on the nozzle to case joints. 

Mr. VOLKMER. And on what authority or basis did you impose 
that launch constraint? 

Mr. MULLOY. OK, sir. That is part of our problem assessment 
system that I had described earlier. That system and how it oper- 
ates, the operating plan for that, is a Marshall document, SE- 
012082TH, dated March 1981. In that procedure, it tells how the 
problem assessment system is to operate, and it assigns specific re- 
sponsibilities to the various elements that operate within that. 

The contractor is obligated to report all problems into that prob- 
lem assessment system, so the contractor made this report on the 
51 Bravo nozzle inspection. 

At the time the contractor makes that input for the procedure, 
he enters in the computer form whether or not that is considered 
to be a launch constraint. When Thiokol submitted this, they sub- 
mitted it as a “none”, under launch constraint it was “none”. 

Given the seriousness of that problem then, the next step of the 
procedure that is specified in that document is followed in describ- 
ing what the responsibilities of the element project manager is. In 
my case I have two subelement project managers, one for the SRM 
and one for the rest of the solid rocket booster to whom I have del- 
egated this responsibility. But it specifically states that the level 3 
project manager makes the final determination of whether or not a 
problem is launch constraint, and he makes a determination of 
changes thereto. 

So when we saw that, we considered that that was something 
that we weren’t going to fly again until we understood it. When it 
went through the review there at the Marshall system, a launch 
constraint for the next flight was assigned. 

After then Thiokol prepared-they did some additional testing to 
expand the rationale and the basis for why they felt we could con- 
tinue to fly. Given that observation, and the previous analysis and 
test had been based on just hot gas impingement to the primary 0- 
ring, and how bad that could be theoretically. Because the limiting 
time that that flow can continue in the time it takes for the pres- 
sure to fill the volume between the putty and the primary O-ring, 
they expanded that analysis, assuming that the primary O-ring 
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wasn’t there, and included the volume between the primary and 
the secondary O-ring. That analysis and then some additional test- 
ing correlated very well with what they had seen on 51 Bravo, so 
they came in with a recommendation that it was OK to continue to 
fly, based on this analysis, and this testing, and the rationale was 
followed, and Mr. McDonald, I think, spoke to this this morning. 

One was that they felt the reason that the primary O-ring had 
never sealed was that the leak check pressure on that particular 
nozzle was inadequate to assure a leak check of the primary 0- 
ring, because it was only at 100 lb/in2. Tests had determined that 
it takes at least 150 lb/in2 if you have a bad primary O-ring, to be 
sure that the putty isn’t masking that primary O-ring leak. So they 
had essentially two pieces of that rationale. 

One was the next vehicle to fly had been leak checked at  200 
pounds per square inch. It had passed that leak check. There was 
no danger of the putty having masked a bad O-ring. Therefore, the 
primary O-ring would seal. 

However, they further stated then if we are wrong, this analysis 
and test shows that the maximum erosion that will occur on the 
secondary O-ring is acceptable, because it is far below the maxi- 
mum erosion that could be tolerated on that O-ring. 

On the basis of that recommendation then, from Morton Thiokol, 
I then judged that that was a reasonable analysis. I accepted their 
recommendation. I then reviewed that in the flight readiness 
review with my boss, the shuttle project office manager at  Mar- 
shall, at that time was Mr. Lindstrom, subsequently Mr. Reinartz. 
That was again written in, reviewed at the center board, and that 
is one of the ones that went all the way up to level 1, because it 
was a new incident, and on the basis of the acceptance of that I 
lifted the launch constraint, and then I lifted it for that flight. 

We wanted to continue to observe it, so we didn’t close it. Be- 
cause it was an unexplained problem, there was no corrective 
action taken. The only thing was that we had a 200 lb/in2 leak 
check instead of 100, and the procedure allows you to close those 
problems and lift launch constraints on the basis of either correc- 
tive action such as a design change or an explanation, as was done 
in this case, that is not expected to occur on the next flight, and 
that was done for every flight including up to 51-L. 

We kept that problem open, because the concern was that the 
original problem was not solved. We were still seeing O-ring ero- 
sion, so I had no intention of closing that problem. 

By the way, this is not at all unusual. During that period, you 
know, that launch constraint was being lifted under this same pro- 
cedure, launch constraints were being lifted on other elements of 
the shuttle system. 

Mr. VOLKMER. Could you give me a list of those other elements of 
the shuttle system, not now but in writing? 

Mr. MULLOY. For the record, yes, sir. 
[The information follows:] 
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Mr. VOLKMER. For the record, I would like to have those. May I 
continue, Mr. Chairman, just for a few minutes? 

Mr. ROE. Yes. 
Mr. VOLKMER. Even though then you continued to see erosion of 

the O-ring, you continued to waive the launch constraint? 
Mr. MULLOY. That is correct, sir, on the basis of the rationale or 

the explanation as to why that was an  acceptable risk that was 
presented to me by Morton Thiokol, reviewed and approved by my 
management. 

Mr. VOLKMER. Is there any reason when this first came up that 
you put it in the problem assessment system rather than the prob- 
lem reporting and corrective action system? 

Mr. MULLOY. Actually, sir, it is the same thing. I think the prob- 
lem reporting and corrective action system is the level 2 system 
that is required by JSC volume 5 in the 07700 series, and as a 
matter of fact this problem report also went to JSC, into the 
PRACA system. 

Mr. VOLKMER. Was JSC informed of the problem? 
Mr. MULLOY. Through the flight readiness review, and through 

the submission of this problem to the problem tracking system at 
JSC. I do not know what distribution was made at JSC when it 
goes down there. The report also goes to the chief engineer’s office 
at headquarters. 

Mr. VOLKMER. It is my understanding that we had some testimo- 
ny earlier from Mr. Aldrich that he wasn’t knowledgeable that 
there was a launch constraint. 

Mr. MULLOY. That is entirely possible, sir. I don’t know what dis- 
tribution was made, and I have testified, that  it wasn’t briefed in 
the level 2 and the level 1. When I went-- 

Mr. VOLKMER. That is right. 
Mr. MULLOY [continuing]. That we have a problem, the concern is 

flight safety, the rationale for continuing to fly is this. That was 
not briefed in the context of this is a launch constraint in the prob- 
lem assessment system, and it is entirely possible that if that 
report, whatever distribution is made of that  report at Houston, 
that  he might not have seen that. 

Mr. VOLKMER. Mr. Graham, do you recognized this as part of the 
problems of communication that needs to be corrected? 

Dr. GRAHAM. Absolutely, Mr. Volkmer. This is a very serious 
problem in communication. On the one hand the system is in place 
which is quite extensive, and based on a great deal of history on 
the subject, and on the other hand we now have a very strong indi- 
cation. I believe without talking to the recipients, nevertheless a 
clear instance of the information not showing up in the right form 
or the right person at the right time, and we have to make sure 
that does not happen again. 

Given the fact that  things can go wrong, we have to make sure 
that there is enough backup in the system, enough capacity, to 
keep this type of problem from growing to a disruptive dimension. 

I believe Admiral Truly has a comment he wanted to make as 
well. 

Admiral TRULY. Yes, I did. I wanted to specifically say that this 
specific point of the system at the Marshall Space Flight Center, 
the computer system at the Marshall Space Flight Center, into 
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which problems are entered and dispositioned and the system at 
the Johnson Space Center, where the same sort of actions are 
taken, it is not at all clear to me that the two systems are compati- 
ble, and I talked to Mr. Aldrich about that this morning, and as- 
sured myself that this, this specific point of the way, not through 
people but through a system that is required to track all the ac- 
tions that go into it and out of it, is addressed in our program man- 
agement review, before we get back to flight. 

Mr. VOLKMER. It is possible, as I understand the whole system 
then, that the launch director would not even know, necessarily, of 
these launch constraints; is that correct? 

Admiral TRULY. As I understand it, and again for the future, I 
don’t see a problem, because we are going to go back to square zero 
and look at both systems. But as I understand it, at the time of 
5 1 4 ,  if the so-called launch constraint was dispositioned as Mr. 
Mulloy mentioned, unless someone read the paper that was distrib- 
uted to level 2 in Houston, or to the chief engineer’s office in Hous- 
ton, it would not have shown up automatically in a single tracking 
system. We are going to assure in the future that it does. Is that a 
fair assessment? 

Mr. MULLOY. Yes, sir, the report also goes to KSC also. Again, I 
don’t know what distribution is made a t  KSC of the report. 

Mr. VOLKMER. At the time of the flight on January 28, the O-ring 
problem was categorized at a criticality 1; is that correct? 

Mr. MULLOY. That is correct. It was categorized as criticality 1 by 
the waiver processed in late 1982 and approved here in March 
1983. 

Mr. VOLKMER. Then I have documents before me that have been 
issued since then, that shows it as criticality lR,  one dated March 
7,1986, and one February 26, 1986. 

Mr. MULLOY. What is the document, sir? 
Mr. VOLKMER. Problem assessment system reports, Marshall 

Space Flight Center. 
Mr. MULLOY. Yes, sir, that is an error in the system. It gets into 

a deeper thing. I don’t know whether we have time to go into it 
here, but let me go back and say that the contractor fills out the 
data that you see on that problem assessment. He makes the initial 
recommendation whether it is or is not a launch constraint. He 
enters the criticality. 

As a matter of fact, in the critical items list that Morton Thiokol 
maintains themselves internally. They are still carrying the joint 
as criticality lR, even though there was a change made back in 
1982 that changed it to a criticality 1. So what you see on that 
report-and anybody reading that report, if they looked at all the 
data and they looked at criticality, they would think that the criti- 
cality of that joint is officially 1R. 

Mr. ROE. Will the gentleman yield? 
Mr. MULLOY. That has been corrected and it now shows it is criti- 

cality I. 
Mr. ROE. Are you saying that Thiokol’s records have now been 

corrected? 
Mr. MULLOY. No, sir, the past report has been corrected. We are 

in process of going back through a complete review of the critical- 
ity items list. 
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Mr. ROE. I know, but you know what is exasperating after setting 
here for 14 hours today, and I have been in the executive branch, if 
I were in charge of this thing and I knew that there is 800 items on 
a criticality list, any one of which could sink the shuttle, and I 
knew that, I would tell them flat out that you have got a mistake, 
get it off there. Do you understand where I am trying to come 
from. How long does it take for NASA to react? Is that Thiokol’s 
problem, or responsibility, or is it NASA’s problem, that one issue 
alone. 

We have already gone through in the last 10 minutes well, that 
was a mistake and we are not going to let that happen again, and 
the certification we certified to and here we sit, and I don’t mean 
to be, I really don’t mean to be crass or unkind or unfair, but it 
sure as hell is exasperating, when we have a whole agency with 
27,000 people, and doesn’t somebody come back and say this is criti- 
cality I? How can you carry the one record and they carry it on 
something else? Is that a stupid question? 

Mr. MULLOY. No, sir, that is a valid observation and it pains me 
very much to tell you what I am telling you, but I am telling it like 
it is. 

Mr. ROE. I appreciate that, and your candor. I have a lot of re- 
spect for you but here we are saying-we came back and in sum- 
mation we said who was responsible, did we test, did we test and 
know the temperature was going to create a problem. In fact you 
said that and so did Mr. Boisjoly, no we did not. We are coming 
back now and saying of the criticality list where the O-rings were 
involved, they were on your list as criticality No. 1 but Thiokol, 
who is redesigning them as a team together has 41 people review- 
ing the issue, are still carrying it on their list as criticality 1R. 

How could that happen? The gentleman from Missouri. 
Mr. VOLKMER. One question is that it appears to me that as you 

progressed through the various shuttle flights and as 51-L came up 
for review and reviewing the approval by Thiokol, it appears to me 
that you were acquiescing and they were acquiescing that there 
was almost 100 percent chance that the primary O-ring was going 
to fail but that the secondary ring would not fail. 

Is that a correct assessment? 
Mr. MULLOY. No, sir, I don’t think I or Thiokol ever considered 

that there was 100 percent chance that the primary O-ring would 
fail. We were showing a large substantial margin against what 
would cause the primary to fail versus what we were observing. 

Mr. VOLKMER. You are asserting that there was very little 
chance then for that primary to fail? 

Mr. MULLOY. Our assessment every time was we did not expect 
the primary O-ring to completely fail, that was even after 51-Bravo 
where we did observe a primary O-ring had completely failed. 

The primary basis for Thiokol’s recommendation and my accept- 
ance of that as an  acceptable risk was that there was a low proba- 
bility of the primary ring failing but the tests indicated that if we 
were wrong, we expected the secondary ring to hold. In retrospect I 
believe that was a step too far. 

Mr. VOLKMER. The findings of the Commission also, you have 
been asked several of these, Mr. Mulloy, it says on page 148 that 
prior to the accident neither NASA nor Thiokol fully understood 
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the mechanism by which the joint sealing action took place. Do you 
agree or disagree with that? 

Mr. MULLOY. I totally agree, sir. 
Mr. ROE. The Chair is going to advise the gentleman from Mis- 

souri he has 1 more minute. 
Mr. VOLKMER. I am just looking for-Admiral Truly, I would ap- 

preciate it if you would furnish me a copy of the list of persons and 
their affiliation that are presently working on the redesign of the 
joint for the SRB. 

Admiral TRULY. Yes, sir, I would be pleased to do that. 
[The information follows:] 
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Material requested for the record on page 292, line 6789, by 
Mr. Volkmer during the June 17, 1986, hearing at which Dr. Lucas 
testified. 

The enclosed represents the full-time employees for the Design 
Team as of June 20, 1986. There are others that are devoting 
partial time to the redesign effort. 

J .  Thomas 
J .  B l a i r  
R ,  Jackson  
J ,  Welzyn 
D.  Brown 
K. Coates 
R .  McIntosh 
J .  P e o p l e s  
J .  Thomas, J r .  
K .  Henson 
C. Nevins 
W .  Cobb 
P. Munafo 

R .  Bell 
F. Douglas ,  I11 
M. G e r r y  
8. E l k i n s  
J. Johnson 
R .  Rodr iguez  
J .  Naldonado 
J .  Funkhouser  

L .  Powers 
R. Cloyd 
D .  Curnmings 
C .  Reid w. w h i t e  
T. B e c h t e l  
D .  Dav i s  
E. C r o s s  
F, Cunningham 
F. Dolan 
D .  Moore 
D, Drinan  
L .  Thompson 

Fa Jankowski  

W e  Ray 

R. C l i n t o n  
R. Higg ins  
J. P a t t e r s o n  
J .  Turne r  
8. Go ldbe rg  
L. Hediger  
S. Caruso  
M. Semmel 
R. N i c h o l s  
W. R ieh l  
W. Coldberg  
F. L e d b e t t e r  
D .  Hill 
L. Je ter  
C .  B ianca  
V. Richard,  J r .  
R. F i s h e r  
D .  Bacchus 
F. Bugg 
0. Moon 
A.  K i r k e n d a l l  
S. Cash 
T .  K c l l e y  
S ,  Lowery 
C .  L y l e s  
J .  Moore 

R. P o r t e r  
T. S t i n s o n  
C .  Swanson 
C .  Mar t in  
L. C r a i g  
F .  B a c h t e l  
D .  Dav i s  
R. McKemie 
W. T r e v h i t t  

J .  MOSS 

G .  
J .  
J I  
R .  
C .  
C .  
J .  
J .  
A .  
B. 
J. 
8.  
N .  
J .  
A .  
P .  
w. 
b, 
S, 
J ,  
E. 
C .  
V.  
D .  
J .  
E, 
K. 
K .  
T .  
C .  
J. 
E. 
M. 
D .  
K. 
V. 

Ross 
Aberg 
Phillips 
Tepool 
V i b b e r t  
Davis 
Ehl 
Ransburg, J r .  
W i l l i a m s  
Tidmore 
Williams 
Henson 
Fama 
bak ley  
Adam 
Black  
Simmons 
McClunry 
K i r k i n d a l l  
Burton 
Donald,  I11 
Robinson 
Blankensh ip  
Hall 
Hamilton 
Howard 
Knowles 
Lune 
Smith 
Thompson 
T u n s t i l l  
Wel l s  
Wales 
H i P R  
Carmack . 
Hughey 
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6 .  Leng 

H.  Gibson 
M .  Brown 
8 ,  Schneider  
A .  B a l u i e k  

M .  Card 
R .  Wingate 
N. Knight 
W .  Green 
D. Smith 
C .  Lach 

W .  Elber 
W .  Elber 
C. Poe 
N .  Cardner 
s. Y0und 
J .  Woolsey 

C .  Look 

J .  Wright 
K .  Mitchell 

N. Kimmel 
R. Landel  

t. Tepe 
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J. 
L, 
K. 
M. 
L. 
A. 
D. 
H. 
R. 
0. 
J. 
J. 
G. 
B. 

Greene 
Davies 
Seller 
Mason 
Zook 
Br l t t o n  
J u s t i c e  
Reed 
R i c e  - 
F e t t e r s  
Franks 
Brooks  
Brooks  
F i nd s e n  

T. Whelche l  
S. Walker 
W. H i l l  
H. Wesch 
S. Hatharu  
8 .  Beck 
J. Micle 
R .  Hohler  
S. S h e r r i c k  

B. Simmons 
F. Laney 
H .  B u s b i n  
C .  C r o s s f i e l d  
H. Eddleman 
#. K i t t r e d g e  
C .  Conwi l l  
M. Henderson 
C .  Johnson  

H .  Dcdman 
J .  Scarpa 
C .  Zyla  
C .  Reynolds 
R. Col l ie  
L. Cla rk  
N. Hurphy 
T. L i n  
P. P o t t e r  
D .  Mayf ic ld  
P. C l e m  
S. F i s c h e r  
R. Baldwin 
J .  A tk i son  

P. 
R. 
M. 
8. 
K. s. 
D. 

J .  
C. 
H. 

Welch 
Barnes  
Adams 
Howard 
Cosby 
Breed ing  
Brown 
Larsen  
Ricks 
Lev ed a% 
M a r t i n  
Smith  
LeMonde 
Garbe r  

K .  McCarley 
T. Henke 
A .  French  
J .  Jimmerson 
M. Huddles ton  
J .  Laux 
J, Greenwel l  
W. Warren 
B. Willls 
J. Fowler 

R .  C u r t i s  
J .  D a n i e l s  
J .  M i l l e r  
8 .  R a l p h  
C .  Wa l l ace  
D. Crider 
C .  Surnson 
R. Brownc 
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of North 

L. Kceton 
W. Mahaffby 
P. Delay 
A .  Singhal 
F. Owen8 

H.  Whitesides 

R. Bender 
W. Crain 

D. Castleman 
M. Long 
J. Verbal 
J. Rinehart 
S .  Harris 

T, Mack 
G. Crose 
8 .  Holman 

M. Gough 
L. Harrigan 

K. McCeffcrty 
C. Hopkins 



L. Sisson 
R .  Warren 
R .  l i g h f o o t  
N. Maurer, J r .  
8 .  K i l g o r e  
F .  Swlsher  
M, Stewarf. 
G. R l s r r ;  J r .  

A .  Johnson 
P .  P i n o l i  
J .  Jentclr 

R .  l u f r i u  
W .  C l l f f o n g ,  J r .  
D. Davis 
C .  Klrch 
E .  Williams 
J .  Stephenson 
J .  Geiger  

R .  Shavers  
'1. Bogart 
R .  Avery 
R .  Abrams 
8 .  Atklnson 
J .  Perdue 
W .  Bin-Sayad 
M .  S a j j a d l  
L. F r a z i a r  
A .  Treece  
M .  Tucker 

A .  Peevy 
R. Scates 
8 .  Cannon 
B .  Bolton 
J .  Morgan 
M. Kennamar 
J .  Cockburn 
J .  Foreman 
D. Spirea  
H. Crosby 

64-295 0 - 86 - 16 



E. Doraey 
8. Kuchek 
L. B a i l e y  
J .  Sucher  
H. Money 
W. HcCreary 
L. B l l b a o  
R .  Resmussen 
N. Rosseau 
I. Adam 
K. Crosson 
B. McDougal 
J .  A u s t i n  
B. B r i n t o n  
R .  Hyer 
J .  DeCarlo 
T. Gregory 
T. Crockfo rd  
D. Smith 
D. Ketner 
M. R i c h a r d s  
N. Eddy 
G. Gorman 
R .  P e r r y  
D .  Dommarch, J r .  
M. Malone 
L. Lyon 
R. McKinatry 
R. Rose 
S. May 
D. Ferney 
K. S p e r r y  
T. Swauger 
G .  Hurst 
G .  B r i n k e r h o f f  
D .  P u l l e y n  
J .  D u r t s c h l  
8. Aubln 
T. Huffman 
L. M c r f t t r i c k  
C. Putnam 
S. Graves 
B. Thompson 
M. Sandor  
S. Kocksiem 
M. I s l o v e c  
V. James 
J .  D e t r l d  
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C .  Kennedy 
6. Dixon 
C. Bacon 
F. Brasfleld 
H. McIntosh 
D. La r sen  
F. C a l l  
B. Tydeck 
S. Marah 
W. MoCreery 
H. Haze l ton  
J. McCluskey 
D .  Cooper 
B. Thompson 
N. HcIntoah 
P. P e t t y  
G. Lemere 
C. Oyler  
J .  Neale  - 
A. Ne i l son  
K .  Speaa 
K. Wollenhaupt  
S. Hicken 
L. Green 
R .  B u t t a r s  
K.  B a i l e y  
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Mr. VOLKMER. I did find it-if I could have that 1 minute now. 
Mr. ROE. You are as good as I am at stretching out that 1 

Mr. VOLKMER. That is all right. 
Mr. ROE. Are you sure? 
Mr. VOLKMER. Yes; in the approval from Mr. Joe Kilminster, Mr. 

Mulloy, it says if the primary does not seat the secondary seal will 
seat and the provisions above that as I read it, give me the proba- 
bility that  the primary ring is not going to seat. That is on page 97 
of the report. 

Mr. MULLOY. Yes, sir. 
The engineering assessment is that cold O-rings will have in- 

creased effective durometer, they will be harder to seat, et cetera. 
Demonstrated seals threshold three times greater. Those are asser- 
tions that the primary O-ring is expected to seat is the way I read 
that. 
I Mr. VOLKMER. You read it a little different than I do. 

Thank you very much. 
Mr. ROE. I want to thank you, Dr. Graham, Admiral Truly, Dr. 

Lucas and Mr. Mulloy for your candor and patience, and I think 
you have added a great deal to our deliberations today. 

Thank you for being with us. We don’t see you being called back 
tomorrow. We will call you if necessary. 

Tomorrow at 9:30 we will call back the witnesses from the Thio- 
kol Corp. to conclude their testimony at 9:30 tomorrow morning. 
Therefore, the committee stands adjourned and we will meet at 
9:30 tomorrow morning. 

[Whereupon, at 7:05 p.m., the committee was adjourned, to recon- 
vene at 9:30 a.m. on Wednesday, June 18, 1986.1 

minute, but go ahead. 
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COMMITTEE ON SCIENCE AND TECHNOMGY, 
HOUSE OF REPRESENTATIVES, 

Washington, DC. 
The committee met, pursuant to adjournment, at 9:30 a.m., in 

room 2318, Rayburn House Office Building, Hon. Robert A. Roe 
(acting chairman of the committee) presiding. 

Mr. ROE. The committee will come to order. 
We want to welcome everyone this morning. 
Today we resume the Science Committee’s hearings investigating 

the shuttle Challenger accident. 
Yesterday we heard from Morton Thiokol and Space Flight 

Center personnel. These two units are key to the O-ring problem 
pointed out by the Rogers Commission Report. 

But this morning’s session we have called back for further ques- 
tioning and review several of the Morton Thiokol witnesses that 
appeared yesterday morning. They include Mr. Edwin Garrison, 
president of the Aerospace Group; Joseph Kilminster; Carver Ken- 
nedy; Allan McDonald; Roger Boisjoly; and Arnold Thompson. I 
think I covered everybody. 

Our purpose in further interrogating more carefully each group 
of witnesses is not only to understand the detailed scenario that led 
up to the moment when the Challenger accident occurred, but 
more importantly, to see these details comprehensively as they 
formed a pattern that led up to the judgment to launch. 

It will be from this larger perspective we as a committee will 
need to make its recommendations for changes in NASA’s func- 
tions and operation that will ensure our space program and our 
Nation against any future accidents or failure. 

We certainly want to thank all of our witnesses for staying over 
and returning this morning. 

Does the distinguished ranking member have any statement to 
make before we-- 

Mr. LUJAN. I do not. 
Mr. ROE. Mr. Lujan from New Mexico. 
Let me for the benefit of the members who are here and others 

who may be interested, if any member has any statement they 
want to submit for the record, without objection, I would ask unan- 
imous consent for that approval. And then the third thing is that 
we plan on concluding hopefully by noontime as far as our wit- 
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nesses are concerned, which is our goal, and then the committee 
will stand adjourned at that point. 

We plan on reconvening a week from Wednesday, and in recon- 
vening a week from Wednesday, our witnesses that day at 9:30 on 
Wednesday next morning will be a broad cross section of the astro- 
naut corps going back to the beginning of the program so that we 
can have a substantive sampling and take advantage of their 
thoughts and ideas, and get advantage of their input and any rec- 
ommendations they may choose to make to the committee at that 
point, plus other questions members will have to ask. That is what 
our plan is. 

And then there is a whole series of additional hearings that will 
be held in more detail, particularly as we get into the issues of 
management, which the members are all concerned about, and im- 
provements in the management program, and then, most impor- 
tantly, from there we will go to the both short- and long-range 
policy recommendations the committee will be making through the 
legislative process. And that is where we are coming from. 

Now, the chairman has two really short questions to ask before- 
oh, I beg your pardon. We asked all of the witnesses if you would 
please rise to be sworn and raise your right hand, all those who 
will be participating today, and then repeat after me, I, giving your 
name, do solemnly swear to tell the truth-- 

[Witnesses sworn.] 
Mr. ROE. We thank you, gentlemen. 

STATEMENTS OF U. EDWIN GARRISON, PRESIDENT, AEROSPACE 
GROUP, MORTON THIOKOL CO.; JOSEPH C. KILMINSTER, VICE 
PRESIDENT; CARVER G. KENNEDY, VICE PRESIDENT, SPACE 
BOOSTER PROGRAM; ALLAN J. McDONALD, DIRECTOR, SRM 
VERIFICATION TASK FORCE; ROGER M. BOISJOLY, STAFF EN- 
GINEER, AND ARNOLD R. THOMPSON, SUPERVISOR, STRUC- 
TURES DESIGN 
Mr. ROE. The first question that I would like to ask, and I am 

going to be brief, mercifully brief this morning, was the-in our in- 
terrogation yesterday afternoon, in reviewing a number of the 
items that we were focusing on in the criticality list, Mr. Mulloy 
made the observation: As far as the O-ring situation was con- 
cerned, we were under the impression it had been put back as criti- 
cality No. 1. He made the observation, as I recall it, that NASA 
has listed it as criticality 1 item, but Thiokol is still carrying it as a 
l-R item. 

Is that correct or incorrect? In other words, we said to them at 
the time we couldn’t possibly understand, with all of the dialog and 
all of the Commission hearings and this committee’s hearings and 
the Senate hearings, that it is such an obvious point to view that, 
why wouldn’t NASA be telling Thiokol, we don’t know why you 
could be carrying it l-R when we declared it to be. That is an im- 
portant point. 

Could someone elucidate? 
Mr. MCDONALD. Yes; at the time of the launch, we were still car- 

rying it as a 1-R-- 
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Mr. ROE. At the time of the launch. He made the point, you are 
carrying it that way now, is that correct? 

Mr. MCDONALD. I don’t believe we are. The paperwork may not 
have changed, but we definitely considered it a 1 right now because 
we are going to fix it anyway. I think it is somewhat academic. 

Mr. ROE. I am trying to get someone to say we are either 1-R or 
we are not. Is it the policy position now, as of this moment, for 
Thiokol to carry the whole O-ring situation as a critical item l ?  

Mr. MCDONALD. Since we are in the redesign effort, the criteria 
for that is it must be a 1-R. We will not accept a design that won’t 
have a 1-R. 

Mr. ROE. You are still missing my point. That is, your ultimate 
goal is a 1-R. Unless I am not asking the question properly-- 

Mr. MCDONALD. If we were to fly the vehicle we have right now, 
it would be a 1. 

Mr. ROE. That is the point I am making. So you consider the ve- 
hicle as it is now a criticality item 1, is that correct? 

Mr. MCDONALD. Yes, I do. 
Mr. ROE. That is the way Thiokol is listing it? 
Mr. MCDONALD. I don’t know if we are listing it that way. 
Mr. ROE. Mr. Garrison, you are president of that company. 

Would you please list it that way this afternoon, right now? 
Mr. GARRISON. Yes. 
Mr. ROE. We are getting into minutia points we shouldn’t be get- 

ting into, but that is the way it ought to be listed, and your goal is 
to go to the criticality 1-R when you are prepared with the new 
design, is that not correct? 

Mr. GARRISON. That is correct. 
Mr. ROE. Let me ask a second question and then I will defer to 

the distinguished gentleman from New Mexico. 
Mr. Kilminster, in the communication you signed after the 

caucus meeting and the determination was made to go and to-ac- 
tually go and fly, is really what it amounted to, there seems to be a 
little bit of a debate and I just haven’t had time this morning to 
look that up in the Presidential documents that were submitted 
and whether it is concluded on that document. There seems to be 
some debate that there was in the orange copy submitted of that 
memoranda you signed, that was submitted to the Commission, but 
purportedly on the bottom there is another warning, which the 
warning reads, and I quote: “Information on this page was pre- 
pared to support an oral presentation and cannot be considered 
complete without the oral discussion.” 

Do you recall that? 
Mr. KILMINSTER. Specifically, I don’t recall that, Mr. Chairman. 

However, I think that was used on a piece of standard form paper 
and that very likely may have been there. 

Mr. ROE. Well, it is there. I am going to develop this further. 
What I am trying to get at, while other members are testifying, I 

am going to look this up as far as the copies of our official docu- 
ments are concerned from the Commission as to whether or not 
that warning was there. Because it would appear to me that when 
you submitted this data or signed this data for NASA, that it 
wasn’t just what was written here, that it warns that the informa- 
tion on this page was prepared, and I am quoting, “to support an 
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oral presentation and cannot be considered complete without the 
oral discussion.” 

Do you follow me? 
Mr. KILMINSTER. Yes, sir. 
Mr. ROE. That leads to the point of view, who in NASA was privy 

to the oral part of the discussion? 
Mr. KILMINSTER. Those people at NASA that were involved in 

the oral discussion were those that were on the telephone confer- 
ence that evening, which included Mr. Mulloy, Mr. Reinartz, at 
KSC, and a large contingent at Marshall Space Flight Center 
which included Mr. Hardy and others. 

Mr. ROE. What I want to ultimately develop is this document 
which you signed which everybody agreed was somewhat out-of- 
the-ordinary situation, was not only the writings alone that were 
involved but also the oral discussions that took place with members 
of NASA who knew of the issue involved or the issues involved. 

Is that a fair commentary? 
Mr. KILMINSTER. That is the intent. 
Mr. ROE. We will develop that further. 
The Chair recognizes the distinguished chairman from New 

Mexico, Mr. Lujan. 
Mr. LUJAN. Thank you, Mr. Chairman. 
I have two questions but I want to move on quickly so everybody 

has an opportunity to answer the question. 
When I asked staff-and probably, Mr. Kilminster, this could be 

directed to you-when I asked staff about the whole issue of criti- 
cality 1 and criticality l-R and all those things originally I said, let 
me take a look at a list of what is there. I was really surprised, 
there was 748 criticality 1 items, 1,600 criticality l-R items, and 
they are all kind of treated equally. 

Just for the SRB alone, this book, that looks like a ream and a 
half of paper to me, so it must be maybe 750 pieces of paper there, 
in addition to the main engine 1 and external tank 1, so let me just 
refer to this one because this is what Morton Thiokol is concerned 
with. 

Is there some way-it seems to me like if you throw 748 items at 
me that are really critical, then I am just going to really kind of 
ignore them because there is so much information there. Either 
that, or I would start with the first page and look at that and 
maybe that is not a very important item. 

In looking over them, for example, I saw where one of the criti- 
cality 1 items, and I marked it over here, is if the external tank, it 
says, erroneous external tank ring safety system and armed device 
1 and 2 caused by electronic circuit failures in the left SRB-what 
I thought that meant, if they failed to separate, then the external 
tank could fall and hit somebody on the head on Earth. That is not 
nearly as important, it would seem to me, as something that would 
make the shuttle blow up. 

Is there some way that an assessment could be made of the possi- 
bilities of an accident, first of all, of an accident happening, and 
secondly, the severity of that happening? 

One of the items that I do a lot of work with in the Congress is 
in the nuclear industry, and they have those scales of probability, 
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the rasmussen, and probabilities and all that sort of thing, but that 
doesn’t seem to exist in the criticality 1 and 1-R items. 

As one of the improvements that we are looking for, is that possi- 
ble in this program, in this area? 

Mr. KILMINSTER. I believe that the criticality assessment pro- 
gram that NASA has is very thorough. The criticality 1 versus 1-R, 
for instance, means that in our case, in the solid rocket motor, the 
basic structure, the steel case itself, is criticality 1. That means 
that if something were to happen to that unit, there is no backup. 

Mr. LUJAN. No; I understand that, and because of limitation of 
time, they’ll ring the bell on me. What I am getting at is couldn’t 
we take those 748 items of criticality 1 and say this one is more 
important and so, therefore, we ought to pay more attention to this 
one? This is the second most important or dangerous one, rather 
than saying, all criticality items are not equal is what, I assume 
that is what- 

Mr. KILMINSTER. There is another system called the failure mode 
and effects analysis system that identifies for each element what 
the criticality is and what could be expected if that element were 
to fail. And some of those 700 that you are talking about, for in- 
stance, could mean if one failed in the failure mode and effects 
analysis, then there is no backup. However, the extent that that  
might affect the vehicle is different, as you suggest. 

Mr. LUJAN. Yes; because in that example of the external tank 
falling and hitting somebody on the head, that is a very remote 
possibility, and if it did happen, you would kill one person instead 
of a whole crew. 

Mr. MCDONALD. I would like to make a comment on that. I 
haven’t read that one, but I don’t think that is what they meant by 
that. Criticality 1 is potentially catastrophic for the shuttle and 
crew, and what can happen, if you don’t separate one of those 
SRBs when it is supposed to separate, you can lose control of the 
vehicle, you sure can t make orbit. Too, you are losing the potential 
of losing the whole works. 

Mr. LUJAN. It seems to me like all items are looked at evenly, 
and somehow we may be able to devise a system where some are 
more important than others, and those could be identified as this is 
the first one you look at, and all the way down the line. Anyway, 
we’ll look further into that, 

Mr. ROE. Right on target. I thank the distinguished gentleman. 
I now recognize the gentleman from New York, Mr. Scheuer. 
Mr. SCHEUER. Thank you very much, Mr. Chairman. 
Mr. Garrison, esterday both Mr. Locke and Dr. Lucas stated 

tract for loss of emission due to failure of the solid rocket motor, 
there was a strong incentive on the part of Thiokol to fix problems 
like the O-ring. What would the financial impact to Thiokol be of 
stopping the shuttle program, let’s say, for a year to reengineer 
some of the systems, to conduct further testing and development? 

Mr. GARRISON. Well, we would have an  impact. I don’t think it 
would be catastrophic to the company, sir. I would have to go back 
and get some data and make some estimates of what the produc- 
tion cost versus the research, added research and development cost 
would be. It would be an  impact if that is your question. 

that  because of t yh e $10 million reduction fee in the Thiokol con- 
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Mr. SCHEUER. Yes; I would appreciate if you would do that, and I 
would ask unanimous consent the record be held open for 1 week 
or 10 days, or whatever it will take you to get that. 

[The information follows:] 



489 

Hearing on Investigation of the Challenger Accident 
June 18, 1986 
House of Representatives 
Committee on Science and Technology 
Washington, D.C. 

Pages 13 and 14: 

MR. SCHEUER 

"Mr. Garrison, yesterday both Mr. Locke and Dr. Lucas stated that 
because of the $10 million reduction fee in the Thiokol contract for 
loss of emission due to failure of the solid rocket motor, there was a 
strong incentive on the part of Thiokol to fix problems like the O-ring. 
What would the financial impact to Thiokol be of stopping the shuttle 
program, let's say, for a year to re-engineer some of the systems, to 
conduct further testing and development? 

MR. GARRISON 

Well, we would have an impact, I don't think it would be 
catastrophic to the company, sir. I would have to go back and get some 
data and make some estimates of what the production cost versus the 
research, added research and development cost would be. It would be an 
impact if that is your question. 

MR. SCHEUER 

Yes, I would appreciate if you would do that, and I would ask 
unanimous consent the record be held open for a week or ten days, or 
whatever it will take you to get that.'' 

INSERT 

Mr. Garrison. Any response I could give to this question would be 
speculative. Short of actually stopping the program it is impossible to 
take into consideration all the unknown factors, things such as length 
of stoppage, engineering manhours required, technical problems 
encountered, etc... Without access to this data base we would be unable 
to provide an accurate response. 
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Mr. SCHEUER. On August 22, 1985, A.R. Thompson, one of your 
Thiokol engineers, wrote a memo indicating immediate short-term 
changes should be made in the joint design to reduce flight risk. 
This memo was ignored. How much money and how much time 
and how much in the way of the flight delay penalties would have 
been involved had you taken the time to do the research and test- 
ing that Thompson recommended at  that time? 

Mr. GARRISON. I am sorry, I really don’t understand your ques- 
tion, Congressman. 

Mr. SCHEUER. A.R. Thompson recommended in August, right 
after that August 19 briefing, you remember that August 19 brief- 
ing we heard so much about a couple days ago? 

Mr. GARRISON. Yes, sir. 
Mr. SCHEUER. Immediately after that briefing, when it was rec- 

ommended that systematic new efforts be undertaken, your A.R. 
Thompson recommended that changes should be made in the joint 
design to reduce the risk. As a result of that, that immediate short- 
term efforts should be made to make changes in that design. It was 
as a result of the briefing just a couple of days before. OK? 

What I am asking you is, in your calculus that led to ignoring, 
brushing aside his recommendations, what did you compute men- 
tally, what did you crank into the computer as the cost of doing 
that, both in the out-of-pocket costs of the research, the cost in 
terms of penalty delays, and the general cost of time lost? How did 
they size all of those costs, direct and indirect costs, of delay penal- 
ties, research, how did you add all of them up, and how did you do 
your calculus that led you to reject, in effect, the August 19 brief- 
ing, the results of that briefing from your own Thiokol engineers 
and the recommendations a couple of days later, the specific recom- 
mendations of A.R. Thompson recommending immediate short- 
term changes in joint design? 

Mr. GARRISON. If I remember, first off, I would like to say that 
the knowledge of Mr. Thompson’s concern didn’t get up to the kind 
of people who make a decision of that type, and I don’t think we 
can do that. I really don’t know how to make an estimate, sir-- 

Mr. MCDONALD. I would like to make a comment on that, if I 
could. 

Mr. SCHEUER. You must have made an estimate. If you could 
have had additional research without cost, without delay, by the 
snap of the fingers, you would have said, “Sure, let’s have this re- 
search,” it would have been there, but it wasn’t without loss of 
time, it wasn’t without investment of money, it wasn’t without 
paying a time penalty. 

So all of those things must have gone into your calculus of 
saying, “NO, we are not going to do the research, in effect, we are 
going to ignore the briefing of August 19.” I want to know the 
thought processes by which you came to the decision not to do the 
research. 

Mr. Chairman. Mr. A.R. Thompson is in the room. I wonder if we 
could ask him tocome to the tabje. 

you sworn in, Mr. Thompson? 
Mr. ROE. Why don’t you join us up here, Mr. Thompson. Were 

Mr. THOMPSON. Yes. 
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Mr. SCHEUER. Maybe I will ask Mr. Thompson. Mr. Thompson, 
who did you make your recommendation to? Who in the chain of 
command at Thiokol, perhaps at Marshall, perhaps at NASA- 
Washington, knew of your concerns, knew of your recommenda- 
tions, and what to your knowledge was done about them, and what 
decisionmaking process took place by which your recommendations 
were turned down? 

Mr. THOMPSON. I wrote the memo to a Mr. Scott Stein that was 
involved in the O-ring team, and several copies of it to several 
people in the organization. Mr. Stein was involved in project engi- 
neering, as well as a member of the O-ring team. 

The purpose of the memo is that I was not content with the pro- 
cedure and how things were going, of course, so I thought we 
needed to do somethin more. I became less and less comfortable 
with flying due to the sg RM-22, where we had the 53-degree motor. 
So I felt we needed to do something to help the resiliency and help 
reduce some of the blow-by. 

Mr. SCHEUER. Who did your memo go to, who in the chain of 
command going up to you were aware of your memo? 

Mr. THOMPSON. Let’s see, I believe the head of the O-ring team 
was Mr. Ketner, and Mr. Boisjoly, and those are some of the ones I 
remember. Mr. Russell (my supervisor), Mr. Jack Kapp, Mr. Ebling, 
Mr. McIntosh, Dr. Salita, and Mr. Ketner. 

Mr. SCHEUER. Do you have any reason to understand why your 
recommendation was turned down, not acted upon? 

Mr. THOMPSON. No, sir, I don’t. But as had been indicated, it did 
need some research to show that those were the correct things to 
do, and the two things, of course, were to increase the shim thick- 
ness to take some of the rattle out of the joint, and to increase the 
O-ring diameter. 

Mr. SCHEUER. Would the research and development of your fixes 
have delayed the delivery of the SRM’s to NASA? 

Mr. THOMPSON. It would have required time to make new shims. 
It probably would have delayed it 1 month or 2, at least for the 
hardware and some of the research work would have been neces- 
sary to document it, which would have taken additional time. 

Mr. SCHEUER. How much of those delays of 1 month or 2 have 
penalized Thiokol? 

Mr. THOMPSON. I am not sure how to answer that, sir. 
Mr. ROE. One more answer from Mr. McDonald and the gentle- 

man’s time has expired. 
Mr. MCDONALD. There were things done. In fact, the recommen- 

dation Mr. Thompson made was implemented as soon as we could 
implement it. The larger O-rings were put into the QM-5 test, 
which was the test we had going into the test bay that very time to 
find out if those were going to work and improve the situation that 
Mr. Thompson thought they would. 

We acted on that immediately. And since the accident, we are 
going back and revisiting that, because-and this is a good example 
of sometimes a short-term solution becomes a long-term problem, is 
that we found that the increased O-ring squeeze that we got by put- 
ting that larger O-ring may not be the direction we want to go. 
Some of our tests said that is part of the problem. 

Mr. SCHEUER. I thank the chairman. 
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Mr. ROE. The chair recognizes the distinguished gentleman from 
Wisconsin, Mr. Sensenbrenner. 

Mr. SENSENBRENNER. Thank you. I would like to follow up on the 
line of questioning I tried to develop yesterday before my time ex- 
pired on what the decisionmaking process was within Thiokol. I 
think one of the things we are concerned about as a committee is 
to make sure that the management processes are such that some- 
thing like this never falls through the cracks again. 

Now, as I understand it, based upon yesterday’s testimony and 
the Rogers Commission report is that Mr. McDonald was at the 
Cape recommending against a launch, Mr. Boisjoly was in Utah 
recommending against a launch. There was a teleconference on 
whether to launch between the NASA officials at the Cape and the 
Morton Thiokol officials in Utah, and then there was a caucus of 
the Morton Thiokol officials, and a recommendation to launch was 
made. 

Who made that recommendation to launch with the caucus? Did 
you, Mr. Kilminster? 

Mr. KILMINSTER. Yes, sir. I was one of four that made that rec- 
ommendation. 

Mr. SENSENBRENNER. Who are the other three? 
Mr. KILMINSTER. The vice president of engineering, Mr. Bob 

Lund; my immediate supervisor, Mr. Cal Wiggins; vice president 
and general manager of the Space Division, and his supervisor, 
senior vice president, Mr. Jerry Mason. 

Mr. SENSENBRENNER. Did all of you agree on that recommenda- 
tion to launch? 

Mr. KILMINSTER. Yes, sir. 
Mr. SENSENBRENNER. You agreed on that recommendation to 

launch contrary to the recommendation of your engineers, Mr. 
McDonald, who was at the Cape, and Mr. Boisjoly, who was at Wa- 
satch-- 

Mr. KILMINSTER. It was not known to us at that point Mr. 
McDonald was opposed to the launch. 

Mr. SENSENBRENNER. The NASA officials did not communicate 
Mr. McDonald’s opposition to launch to you? 

Mr. KILMINSTER. I think that they mentioned that that was dis- 
cussed after the telecon. 

Mr. SENSENBRENNER. Did you ask the NASA officials at the Cape 
if they had talked to Mr. McDonald, and if so, what Mr. McDon- 
ald’s opinions were? 

Mr. KILMINSTER. No, I did not ask that. 
Mr. SENSENBRENNER. Why not? 
Mr. KILMINSTER. I believe that at the end of the summary that 

we gave, after we came out of the caucus, Mr. Stan Reinartz, who 
was at KSC, along with Mr. Mulloy and Mr. McDonald, asked if 
anyone had any further comments or considerations to make rela- 
tive to that recommendation, and none were forthcoming. 

Mr. SENSENBRENNER. Yesterday Mr. Mulloy testified that Mr. 
McDonald did not argue against launch during the telecon and 
that he sat and listened to the Thiokol people and Wasatch present 
its arguments. Mr. Kilminster, you had no conversations with Mr. 
McDonald, who was your representative at the Cape, during the 
telecon? 
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Mr. KILMINSTER. No, sir, not specifically, just on the telecon as 
he was one of the people listening to what was being presented. 

Mr. SENSENBRENNER. Mr. McDonald, was your role in the telecon 
to be seen and not heard or something else? 

Mr. MCDONALD. No; as I had indicated, I had requested the tele- 
con because I felt it was an engineering decision that had to be 
made-I requested engineering-analyzed the situation, came back 
and recommended a temperature we were comfortable to launch 
with. That was done by the engineers. 

The recommendation was done by the vice president of engineer- 
ing. I had no reason to enter that telecon because I agreed with ev- 
erything that was said. 

Mr. SENSENBRENNER. Mr. McDonald, did you have an opportuni- 
ty  to support Mr. Boisjoly during the telecon? 

Mr. MCDONALD. Yes, I did. 
Mr. SENSENBRENNER. Did you? 
Mr. MCDONALD. Yes, I did. I made one comment on the telecon 

relative to the interpretation of the static test data as to whether it 
showed that the O-rings would operate properly at colder tempera- 
tures since the static tests were at cooler temperatures than what 
we had flown at. The comment I made was I don’t feel we can use 
that data because in those tests we recognized that we were put- 
ting blow holes through the putty during assembly and leak check 
operation, as such-it is much more difficult to assemble in a hori- 
zontal position than it is in a vertical. It is harder to keep the 
putty in the right place. We knew that. 

We went in and filled all those holes of putty before we static 
tested. We didn’t do that with the flight motors at the Cape. So I 
made a comment, “I don’t think it is appropriate to use that data.” 

Mr. SENSENBRENNER. Well, now that we have all of this testimo- 
ny on the table, I am trying to find out how all of a sudden, the 
four of you, Mr. Kilminster pulled the rabbit out of the hat and 
recommended the launch, when the evidence pointed in exactly the 
opposite direction. 

Mr. KILMINSTER. I don’t believe all the evidence pointed in exact- 
ly the opposite direction. I believe there was inconclusiveness with 
some of the evidence, and we pointed out that in our rationale, 
that the-some of the launches that have occurred, lower than 75 
degrees, had not exhibited blow-by, whereas we had two, one at  75 
degrees, one at 53 degrees that had exhibited blow-by. So there was 
no correlation there. 

In addition, as I mentioned yesterday, we looked at the margin of 
safety that we had relative to O-ring erosion. 

Mr. SENSENBRENNER. One final question. Once a decision like 
this was made by what I will refer to as the gang of four in Wa- 
satch, was that decision reviewed by anybody further up in the 
Morton Thiokol chain of command, either Mr. Garrison or someone 
else? 

Mr. KILMINSTER. Not to my knowledge. That would have been 
left up to my superiors to carry that forward. 

Mr. SENSENBRENNER. Well, Mr. Chairman, I would just like to 
make the observation, Harry Truman had a sign on his desk saying 
“The buck stops here” in the Oval Office in the White House. Obvi- 
ously, no one at Morton Thiokol had a sign that said “The buck 
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stops here,” and it seems to me that when we are dealing with leg- 
islation to try to prevent this tragedy from happening again, we 
are going to have to be insistent that there be a well-defined chain 
of command, and I think that the testimony that has come from 
Morton Thiokol, as well as from NASA, is that there was no well- 
defined chain of command where the buck stopped, either at  
Morton Thiokol or within NASA. And I think that an accumula- 
tion of those factors resulted in the tragedy. 

Thank you, Mr. Chairman. 
Mr. ROE. I thank the gentleman from Wisconsin. 
The Chair recognizes the gentleman from Florida, Mr. Nelson. 
Mr. NELSON. Thank you, Mr. Chairman. 
What we are trying to do is establish what in fact happened, 

what is the truth. A dispute has arisen between you all, Morton 
Thiokol, and the test of the NASA witnesses from the Marshall 
Space Flight Center as to their statement to us that analysis was 
required under the contract. Under the design specifications for the 
solid rocket motor, analysis, in fact, was required of what the 
motor would operate like in conditions in an environment down to 
31 degrees, and an induced environment on the skin at the joint 
down to 25 degrees and on the strut down to 21 degrees. 

I have reviewed all of these documents, they are clear to me 
that, in fact, that is what it says, and in your testimony yesterday 
you disputed that in fact you had such an understanding from the 
documents. So I questioned at length the people from Marshall yes- 
terday afternoon. 

Now, obviously the report of the Presidential Commission points 
up that all of this tragic mistake in large part has been a commu- 
nication problem, and human beings make mistakes, and there are 
communications problems every day. But the fact is our concern is 
that there still is a communication problem about what the design 
specifications, in fact, require. 

I want to continue now trying to understand what your under- 
standing of these design specs are. Because this item, 31 degrees in 
a flight condition, as stated in here, and down to 21 degrees, which 
is a design spec for the strut, is the very linchpin. Had that testing 
and analysis been done, according to the design specs, it is very 
likely that everyone would have been alerted in the system with 
the red flags waving and the launch never would have occurred. 

So as the senior officer here, Mr. Garrison, let me go back to the 
question. What is your interpretation of these design spec require- 
ments? 

Mr. GARRISON. Congressman Nelson, as I testified yesterday on 
your questions, I went back and reviewed the fact that we had 
taken the specifications and other contractual documentations that 
we had received after award of the contract, we interpreted those 
and put them in a plan for a development verification and qualifi- 
cation program, and that plan was approved by NASA, and we pro- 
ceeded with that, successfully conducted the program. Prior to the 
first launch, there was a very detailed review of the motor design 
and if we had met the specifications requirements. I think that 
there is documentation through the system that says that NASA 
had the same interpretation as we do-did on this item, that we 
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were to operate between 40 and 90 degrees and storage tempera- 
ture was 32 to 100. 

Mr. NELSON. All right. I beg to differ with you, not by my conclu- 
sions, but by the testimony that has been here-- 

Mr. GARRISON. Could we refer to a document I think that indi- 
cates that NASA did have an  interpretation similar to ours? 

Mr. NELSON. Please. And, Mr. Chairman, would you enter it into 
the record as a part of the hearing? 

Mr. ROE. Without objection, so ordered. 
[The information follows:] 
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AESTRACT 

The design requirements es tab l i shed f o r  the  
development of the Space Shut t le  s o l i d  rocke t  motors 
(SRMs) were very  demanding and included three very 
new and unique features: 

F i r s t  s o l i d  p ropu ls ion  system t o  be used f o r  
manned space f l i g h t .  
Largest s o l i d  rocke t  motor t o  be flown. 
F i s t  s o l i d  p ropu ls ion  system designed t o  be 
recovered and reused. 

I t  was these "new" features t h a t  d i c t a t e d  t h a t  
"o ld"  es tab l i shed technology and manufacturing 
approaches be used i n  the development o f  t h i s  unique 
s o l i d  racke t  motor. High r e l i a b i l i t y  was paramount. 
This paper discusses the  evo lu t ion  o f  the  Space 
Shut t le  SRMs from the  o r i g i n a l  design f lown on STS-1 
t o  the new generation SRM c u r r e n t l y  under develop- 
ment. This new generation SRM incorporates a 
g raph i te  epoxy f i lament  wound case (FWC). 

INTRODUCTION 

Technology selected f o r  the  i n i t i a l  design of 
the  Space Shut t le  SRM evolved from the  successful 
Minuteman and Poseidon C-3 booster programs. The 
Stage I Minuteman booster had been opera t iona l  f o r  
eleven years, and the  Poseidon C-3 f o r  f i v e  years a t  
the  t ime the  new SRM development program s t a r t e d  
i n  June 1974. The o r i g i n a l  development program 
included seven s t a t i c  tes ts :  four development 
motors and th ree  q u a l i f i c a t i o n  motors. 

This f i r s t  generation s o l i d  rocke t  motor known 
as the  "Standard SRM" boosted the  Columbia i n t o  
o r b i t  on STS-1 on 12 A p r i l  1981 (Fig. 1) and f lew on 
the  f i r s t  f i v e  Shut t le  f l i g h t s .  The need f o r  more 
payload r e s u l t e d  i n  reducing the  s tee l  case weight 
by 4,000 lbm which increased payload c a p a b i l i t y  by 
700 lbm for STS-6 and STS-7. 

Fur ther  improvement i n  performance was obtained 
i n  the f l i g h t  o f  STS-8 on 30 August 1983; t h i s  
f l i g h t  included the new h igh  performance motor 
(HPM). The HPM provided 3,000 lbm more payload; 
performance was increased w i t h  a change i n  the  
nozzle and i n h i b i t o r  p a t t e r n  on the  p r o p e l l a n t  
g ra in .  This improvement i n  the  basic SRM was 
q u a l i f i e d  w i t h  two s t a t i c  t e s t s  o f  the  HPM p r i o r  t o  
the  f i r s t  f l i g h t .  A  new generation SRM i s  c u r r e n t l y  
under development t o  p rov ide  an a d d i t i o n a l  4,600 Ibm 
payload t o  p o l a r  o r b i t  from the  new A i r  Force Space 

Capyrlghl 0 A I M *  IuUIale of A m w m W  and 
AllmmmW, I%.. IW. All rights d. 

Figure 1. F i r s t  Launch o f  the  Space Shut t le  
Columbia on S T S - 1  (12 A p r i l  1981) 

Shut t le  launch complex a t  Vandenberg A i r  Force Base 
(VAFB) i n  C a l i f o r n i a .  This new SRM incorporates 
f i lament  wound case (FWC) segments made from a 
graph i te  epoxy composite. This new generation 
FWC-SRM i s  indeed a pioneering e f f o r t .  The 146 i n .  
diameter by 26 f t  long graph i te  cy l inders  are the 
l a r g e s t  g raph i te  s t ruc tu res  ever f a b r i c a t e d  and w i l l  
be the f i r s t  g raph i te  rocke t  motor cases t o  be flown 
by the  USA on any s o l i d  rocke t  p ropu ls ion  system. 
The development of the  FWC-SRM includes three s t a t i c  
t e s t s  (two development and one q u a l i f i c a t i o n  motor). 
The f i r s t  FWC-SRM s t a t i c  t e s t  (DM-6) was success- 
f u l l y  conducted a t  the  Wasatch D i v i s i o n  o f  Morton 
Thiokal a t  Brigham City, Utah on 25 October 1984 
(Fig, 2). The second development motor t e s t  (OM-7) 
was success fu l l y  conducted on 9 May 1985 w i t h  a 
f i n a l  o u a l i f i c a t i o n  t e s t  (OM-5) scheduled f o r  
September 1985. 
i n  e a r l y  1986. 

F i r s t  f l i g h t ' i s  siheduled from VAFB 

. .  
. . .  . .  .. . . ,: 

. .  .! , .  

... . . . . ,  

F igure  2. F i r s t  FWC-SRM S t a t i c  Test a t  
Morton Thiokol/Wasatch D i v i s i o n  
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DESIGN EVOLUTION " -  , - 
SPACE SHUTTLE 

SOLID ROCKET MOTOR 
IHIO" mmIuucI YDrnl 

C o n s e r v a t i v e  s t r u c t u r a l  and the rma l  d e s i g n  
f a c t o r s  of  s a f e t y  were i n i t i a l l y  imposed on t h e  SRM 

impac t  and r e c o v e r y  env i ronmen ts  (Tab le  I )  These 
h i g h  s a f e t y  f a c t o r s  a r e  c o n s i s t e n t  w i t h  manned 
f l i g h t  o p e r a t i o n s  Recovery,  r e f u r b i s h m e n t ,  and 
reuse  o f  many SRM components r e s u l t e d  i n  un ique  
des ign  requ i remen ts  t o  w i t h s t a n d  w a t e r  i m p a c t ,  s a l t  
wa te r  c o r r o s i o n ,  numerous r e f u r b i s h m e n t  c y c l e s ,  and 
m u l t i p l e  o p e r a t i o n a l  uses The use of  e s t a b l i s h e d  r p  
m a t e r i a l s  and p roven  d e s i g n  concep ts  and manufac- 
t u n n g  approaches m in im ized  t e c h n i c a l  r i s k  w h i l e  
p r o v i d i n g  schedu le  assurance a t  minimum c o s t  
(Ref 1) The a n a l y t i c a l  d e s i g n  a b l a t i o n  f a c t o r  o f  
2 0 was l a t e r  reduced t o  1 5  based upon a d a t a  base 
e s t a b l i s h e d  f rom f u l l - s c a l e  SRM t e s t  f i r i n g s  

t o  w i t h s t a n d  t h e  t r a n s p o r t a t i o n ,  f l i g h t ,  w a t e r  wm U(I"IUUw7 CA1I1 

* INHIBITOR REMOVED mou CtHTEil 
SlDHlNIS OI I IAND*IDUOT( I . .OI  
IHI"9lnUf ,PACE YODOICITION 

TABLE I 
SRM SAFETY FACTORS AND 

ENVIRONMENTAL REQUIREMENTS F i g u r e  3 SRM C a s t i n g  Segments 

STRUCTURAL SAFETY FACTORS 

PRIOR TO SEPARATION 

9 AFTER SEPARATION 

THERMAL SAFETY FACTORS - ABLATION 

CHAR 

ENVIRONMENTAL REQUIREMENTS 

STORAGE TEMPERATURE 

OPERATING TEMPERATURE - MAX CASE TEMPERATURE WEENTRY] - MAX ACCELERATION LOADING - TRANSPORTATION - FLIGHT 

* WATER IMPACT 

1.4 

1.26 

2.0 

1.25 

32' TO 95OF 

40° TO 90°F 

5OOoF 

+2.6g 

39 

-20ga 

Propellant/Liner/Insulation 

E i g h t y - s i x  p e r c e n t  s o l i d s  p o l y b u t a d i e n e  a c r y l i c  
a c i d  a c r y l o n i t r i l e  t e r p o l y m e r  (PBAN) p r o p e l l a n t  was 
s e l e c t e d  f o r  t h e  SRM based upon e x t e n s i v e  exper ience  
w i t h  t h i s  same b a s i c  p r o p e l l a n t  i n  t h e  Minuteman and 
Pose idon  C-3 b o o s t e r  programs wh ich  p roduced  over 
200 m i l l i o n  pounds o f  t h i s  p r o p e l l a n t .  The S h u t t l e  
SRM f o r m u l a t i o n  (TP-H1148) i s  n e a r l y  i d e n t i c a l  t o  
t h e  p r o p e l l a n t  used i n  t h e  Pose idon  C-3 f i r s t  s tage  
mo to r ;  p r o p e l l a n t  f o r m u l a t i o n  and p r o p e r t i e s  a r e  
shown i n  Tab le  11. Over  70 m i l l i o n  pounds of  t h e  
S h u t t l e  SRM p r o p e l l a n t  (TP-H1148) have been p r o c -  
essed t o  da te .  

Each SRM c o n s i s t s  o f  f o u r  c a s t i n g  segments 
(Re f ,  2 ) ,  i . e . ,  a f o r w a r d  segment, two Cen te r  seg- 
ments and an a f t  segment ( F i g .  3 ) .  The fo rward  
segment c o n t a i n s  an 1 1 - p o i n t  s t a r  g r a i n  c o n f i g u r a -  
t i o n  i n  t h e  headend wh ich  t r a n s i t i o n s  i n t o  a t a p e r e d  
c y l i n d r i c a l  p e r f o r a t e  (CP) g r a i n  d e s i g n  ( F i g .  4 ) .  
The r e m a i n i n g  t h r e e  segments c o n t a i n  s i m p l e  t a p e r e d  
CP g r a i n  des igns ;  t h e  two c e n t e r  segments a r e  

TABLE II 

TP-Hl148 PROPELLANT FORMULATION PROPELLANT MECHANICAL PROPERTIES 

74OF MATERIAL WEIGHT I%) UNIAXIAL PROPERTIES 

MAXIMUM STRESS IPS11 113.0 ] 14.0 STAIN AT MAXIMUM STRESS 1%) 38.9 
HE POLYMER 
ECA N P E  II 

IRON OXIDE TYPE II 0.3 MODULUS OF ELASTICITY IPSll 518 
AP IGROUND - ZOp 
APIUNGROUNDI 1 69.7 

- 

ALUMINUM INONSPHERICAL1 125~1 16.0 STRAIN AT CRACKING 1%1 48.4 

PROPELUNT CHARACTERISTICS 

BURN RATE AT 1.000 p l a  Irbllln.lsec1 
BURN RATE EXPONENT In1 
DENSITY ILBM IN.31 

0.436 
0.35 

0.084 
?&Ek%RE COEFFICIENT OF PRESSURE lIlkll%l°FI 0 11 
CHARACTERISTIC EXHAUST VELOCITY IC'KFT~SECI 5.082 
ADIABATIC FLAME TEMPERATURE l°Fl 8.092 



499 

CENTER SEGMENTS - 65DR ,I,,. '- 318.50!3L0.93 j 

5 2.6 5 5 R 

42.21 50.251 
50.751 

10.159 
I 

AFT SEGMENT DETAIL A 
SEE DETAIL A 

34.5R- 

1 - 3 7 2 . 2 9 1 A  
0.93 
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Figure  5. Thrust-Time Comparison, Standard SRM " 5  HPM 

i d e n t i c a l  and interchangeable.  This g r a i n  design 
r e s u l t s  i n  a vo lumet r ic  load ing  d e n s i t y  o f  80.5% 
w i t h  a p r o p e l l a n t  web f r a c t i o n  o f  57.6%. Maximum 
induced g r a i n  s t r a i n  i s  21.9% a t  t h e  f i n  t o  CP 
t r a n s i t i o n  i n  t h e  bore.  I n h i b i t i n g  i s  used on b o t h  
exposed p r o p e l l a n t  surfaces a t  each segment j o i n t  t o  
achieve the  d e s i r e d  t h r u s t  p r o f i l e  shown i n  F ig .  5. 

An a s b e s t o d s i l i c a  f i l l e d  n i t r i l e  butadiene 
rubber (NBR) i n s u l a t i o n  was se lec ted  f o r  t h e  pr imary  
case i n s u l a t i o n ,  S t ress  r e l i e f  f l a p s  on t h e  end of 
each segment, and f u l l  web p r o p e l l a n t  i n h i b i t o r s  on 
the  forward faces of t h e  p r o p e l l a n t  g r a i n s .  Th is  
same i n s u l a t i o n  was used i n  t h e  Minuteman and 
Poseidon C-3 boosters .  A l a y e r  of carbon f i b e r  
f i l l e d  e thy lene propy lene diamene monomer rubber 

(EPDM) i s  used f o r  added eros ion  r e s i s t a n c e  i n  the  
a f t  dome and under s t r e s s  r e l i e f  f l a p s  o f  the a f t  
segment and b c t h  c e n t e r  segments. Carbon f i b e r  
f i l l e d  EPDM was developed under thP T r i d e n t  I C-4  
program. The i n s u l a t i o n  des ign  f o r  the  HPM i s  shown 
i n  F ig .  6. The S h u t t l e  SRM a l s o  uses thP Poseidon 
C-3 a s b e s t o s - f i l l e d  Carhoxyl  te rmina ted  po lybutad iene 
(CTPB) l i n e r ;  a m o d i f i c a t i o n  o f  t h i s  l i n e r  i s  used 
as an i n h i b i t o r  on e l l  a f t  p r o p e l l a n t  faces. The 
h i g h  performanc? motor (HPM) removed most o f  t h e  
cas tab le  CTPB i n h i b i t o r  on the  a f t  p r o p e l l a n t  face  
o f  bo th  c e n t e r  seuments as shown i n  F io .  7 t o  
p rov ide  an increase- i n  the  i n i t i a l  burnTng'surtace 
t o  p rov ide  h i g h e r  t h r u s t  d u n n g  the  i r i t i a l  p o r t i o n  
of the  Durn (Ref.  3 ) .  
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F i g u r e  7. Center Segment P r o p e l l a n t  I n h i b i t o r  Pa t te rns  

I g n i t i o n  System 

The SUM i g n i t i o n  system i s  mounted i n t e r n a l l y  
i n  t h e  forward c a s t i n g  segment. The i g n i t i o n  system 
shown i n  F i g .  8 c o n s i s t s  o f  t h e  f o l l o w i n g  elements:  

Sa fe ty  and Arming (S&A) Device - A reusab le  ac tu -  
a t i n g  and m o n i t o r i n g  (A&M) assembly and an expend- 
a b l e  b o o s t e r - b a r r i e r  assembly c o n t a i n i n g  a m i x t u r e  
o f  boron potassium n i t r a t e  p e l l e t s  and g ranu les .  
The S&A dev ice  i s  an e lec t ro -mechan ica l  system 
designed t o  p rec lude  i n a d v e r t e n t  i g n i t i o n  and i n s u r e  
p o s i t i v e  i g n i t i o n  when r e q u i r e d  th rough  t h e  use o f  
redundant NASA s tandard  i n i t i a t o r s  ( N S I s ) .  

I g n i t i o n  I n i t i a t o r  - A sma l l ,  m u l t i n o r z l e d  s t e e l  
cased r o c k e t  motor c o n t a i n i n g  1 . 4  l b  o f  f a s t  b u r n i n g  
p r o p e l l a n t  i n  a 3 0 - p o i n t  s t a r  c o n f i g u r a t i o n .  The 

i g n i t e r  i n i t i a t o r  i s  i g n i t e d  by a p y r o t e c h n i c  charge 
i n  the  b o o s t e r - b a r r i e r  assembly. 

!gniter - An i n s u l a t e d  reusab le  D6AC s t e e l  case 
c o n t a i n i n g  137 lbni o f  f a s t  bu rn ing  PBAN p r o p e l l a n t  
i n  a 40 -po in t  s t a r  w a i n  c o n f i s u r a t i o n .  A molded 
s i l i c a  pheno l i c  t h r o a t  i n s e r t  c i n t r o l s  the  p ressu re  
i n  t h e  i g n i t e r  and d i r e c t s  the  i g n i t e r  plume t o  t h e  
main SUM propP1:ant g r a i n .  The pyrogen i g n i t i o n  
system used i n  the  SRM i s  a sca led  b e r s i o n  o f  t h e  
Minuteman i g n i t i o n  system. The i g n i t i o n  system has 
n o t  changed s i n c e  i t s  o r i g i n a l  development. 

Nozzle 

The SRM nozz le  shown i n  F i g .  9 i s  a n  omniaxis 
movable nozz le .  The nozz le  c o n s i s t s  o f  aluminum and 
s t e e l  components i r s u l a t e d  w i t h  carbon c l o t h  
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F i g u r e  9. SRM Bo l t -On  Nozz le  

p h e n o l i c  a b l a t i o n  m a t e r i a l  suppor ted  on g l a s s  c l o t h  
p h e n o l i c  t h r o u g h o u t  t h e  nozz le .  A p p r o x i m a t e l y  20 
p e r c e n t  o f  t h e  n o z z l e  i s  submerged i n s i d e  t h e  a f t  
mo to r  case.  The e x i t  cone c o n t a i n s  two s e c t i o n s  t o  
f a c i l i t a t e  s h i p p i n g  and h a n d l i n g .  The e x i t  cone 
e x t e n s i o n  i s  assembled t o  t h e  n o z z l e  a f t e r  assembly 
o f  t h e  a f t  s k i r t  t o  t h e  s o l i d  r o c k e t  b o o s t e r  ( S R B ) .  
The e x i t  cone e x t e n s i o n  c o n t a i n s  a l i n e a r  shaped 
charge (LSC) wh ich  severs t h e  e x i t  cone a f t e r  SRB 
s e p a r a t i o n  t o  m i n i m i z e  s t r u c t u r a l  l oads  o n  t h e  SRB 
d u r i n g  ware? impac t .  The n o z z l e  c o n t a i n s  a f l e x i b l e  
b e a r i n g  capab le  of  8 deg d e f l e c t i o n  f o r  t h r u s t  
v e c t o r  c o n t r o l  (TVC). The f l e x i b l e  b e a r i n g  c o n s i s t s  
o f  t e n  l a y e r s  o f  DbAC s t e e l  shims sandwiched between 
e l e v e n  n a t u r a l  rubber  pads.  The SRH n o z z l e  w i t h  t h e  
f l e x i b l e  b e a r i n g  i s  a s c a l e d  v e r s i o n  o f  t h e  Poseidon 
C-3 b o o s t e r  n o z z l e .  The SRM n o z z l e  c o n t a i n s  a 
un ique  snubber  d e v i c e  t o  reduce  n o z z l e  damage d u r i n g  
w a t e r  impac t ,  The snubber  d e v i c e ,  p o s i t i o n e d  on t h e  
e x i t  cone s t e e l  s t r u c t u r e .  p e r m i t s  v e c t o r i n g  b u t  
bot toms o u t  o n  t h e  b e a r i n g  a f t  end r i n g  a t  wa te r  
impac t  t o  p r e v e n t  f o r w a r d  m o t i o n  o f  t h e  n o z z l e .  The 

h i g h  pe r fo rmance  moto r  (HPM) uses t h e  same b a s i c  
n o z z l e  b u t  reduced  t h e  t h r o a t  d iamete r  by  0 . 5 7  i n .  
and ex tended  t h e  l e n g t h  o f  t h e  n o z z l e  by  10.46 i n .  
t o  i n c r e a s e  t h e  i n l t i a l  expans ion  r a t i o  f rom 7 . 1 6  t o  
7.72. 

Case 

Case s e c t i o n s  a r e  r o l l  formed f rom DbAC s t e e l  
f o r g i n g s .  t h e  same m a t e r i a l  t h a t  was used i n  Stage I 
Minuteman motoPs. The 146 i n .  d i a m e t e r  mo to r  c a s e  
c o n s i s t s  o f  e l e v e n  w e l d - f r e e  s e c t i o n s ;  t h e  ends o f  
each segment a r e  machined t o  fo rm t a n g  and c l e v i s  
j o i n t s  as s,hown i n  F i g .  1 0 .  Each j o i n t  i s  f a s t e n e d  
w i t h  177 s t e e l  p i n s .  The p i n s  are h e l d  i n  p l a c e  
w i t h  s p r i n g  c l i p s  and a s t e e l  r e t e n t i o n  band a round  
t h e  j o i n t  c i r c u p f e r e n c e .  Each i n s u l a t i o n  j o i n t  
ahead o f  t h e  0 - r i , ng  s e a l s  i s  f i l l e d  w i t h  an asbes tos  
f i l l e d  2in.c c h r m i t e  p u t t y  d u r i n g  assembly f o r  
t he rma l  p r o t e c t i o n  of  t h e  O - r i n g  sea ls .  Each j o i n t  
i s  sea led  a g a i n s t  p r e s s u r e  l e a k s  w i t h  two f l u o r o -  
ca rbon  e las tomer  O- r i ngs  i n s t a l l e d  i n  machined 
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grooves  i n  t h e  c l e v i s .  A l e a k  check p o r t  i s  l o c a t e d  
between t h e  O- r i ngs  t o  check  t h e  redundan t  s e a l s  
d u r i n g  assembly o p e r a t i o n s .  Each case i s  des igned  
f o r  20 uses ;  t h e r e f o r e ,  i n  a d d i t i o n  t o  normal  
s t r e n g t h  c r i t e r i a ,  f r a c t u r e  mechanics and e n v i r o n -  
men ta l  e f f e c t s  were c a r e f u l l y  c o n s i d e r e d  i n  t h e  
d e s i g n  a l o n g  w i t h  n o n d e s t r u c t i v e  t e s t i n g .  Case 
accep tance  c r i t e r i a  i n c l u d e  minimum f r a c t u r e  tough-  
ness a s  w e l l  as normal  t e n s i l e  p r o p e r t i e s  
( T a b l e  111). 

TABLE 111 
D 6 A C  PROPERTIES 

ULTIMATE STRENGTH 195.000 psi 

YIELD STRENGTH 180.000 psi 

FRACTURE TOUGHNESS 90,000 psi Vin. 

The S I X  c y l i n d r i c a l  segments, a t t a c h  segment, 
and two s t i f f e n e r  segments a r e  r o l l  formed f rom r i n g  
r o l l e d  f o r g i n g s .  The r i b s  on t h e  a t t a c h  segment f o r  
a t tachmen t  o f  t h e  SRB t o  t h e  e x t e r n a l  t a n k  (ET) 
a t t a c h  r i n g  and on t h e  s t i f f e n e r  segments f o r  
a t t a c h i n g  s t i f f e n e r  r i n g s  r e q u i r e d  t o  r e s i s t  w a t e r  
impac t  l oads  a r e  i n t e g r a l l y  farmed d u r i n g  case r o l l  
f o r m i n g  and mach in ing  o p e r a t i o n s .  Nominal  case w a l l  
t h i c k n e s s  i s  a p p r o x i m a t e l y  0 . 5  i i i c h .  The f o r w a r d  
case segments have remained unchaiiged b u t  t h e  c e n t e r  
and a f t  segment s e c t i o n s  were reduced  i n  t h i c k n e s s  
and w e i g h t  f o r  t h e  HPM. 

The new f i l a m e n t  wound case (FWC)wi;;ntains 
g r a p h i t e  epoxy c y l i n d r i c a l  s e c t i o n s  D6AC 
s t e e l  end r i n g s  on each r o m p o s i t e  c y l i n d e r .  The 
FWC uses t h e  HPM 06AC s t e e l  end domes and ET a t t a c h  
s e c t i o n .  The r e s u l t i n g  case w e i g h t  i s  reduced  b y  
a p p r o x i m a t e l y  28,000 lbrn. The s t e e l  a t t a c h  r i n g s  
arP a t t a c h e d  t o  t h e  Q r a D h i t e  eDoxv w i t h  a douh le  
s taggered  row o f  S t P e l - p i n s  (132' p<ns p e r  row)  h e l d  
i n  p l a c e  w i t h  K e v l a r  r e t e n t i o n  bands.  The m e t a l  
t o  compos i te  j o i r t  c o n t a i n s  redundan t  and 
v e r i f i a b l e  0 - r i r i g  s e a l s .  The f i e l d  j o i n t  between 
each c a s t i n g  segment i s  s i m i l a r  t o  t h e  HPM as shown 
i n  F i g .  11. S t i f f n e s s  of  t h e  g r a p h i t e  case was o f  
p r i m a r y  concern .  R e s u l t s  f rom t h e  f i r s t  two s t a t i c  
t e s t s  i n d i c a t e  t h e  case behaved as exoec ted :  ave raae  
case sag f o r  t h e  h o r i z o n t a l  s t a t i c  t e i t  was'6.12 j i .  
compared t o  3 . 3 7  i n .  f o r  t h e  H P M .  As n o t e d  i n  Tab le  
: V ,  t h e  DM-6 and OM-7 case g rowth  d a t a  was w e l l  

\ 
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F i g u r e  11 FWC-SUM Case Segments 

TABLE IV 
S R M  STIFFNESS C H A R A C T E R I S T I C  

REQUIREMENT FWC IDM-6lDM-71 
OVERALL AXIAL GROWTH ~ 

AT MEOP 1ln.l 0.60 0.3710.46' 

RADIAL GROWTH AT FORWARD 
SEGMENT AT MEOP 1in.I 0.66 0.6010.56* 

BENDING STIFFNESS IElt. Ib1in.l 10.6 x 106 10.4 x 106 

'SCALED TO MEOP FROM MEASURED DATA AT 935 psi 

below t h e  d e s i g n  requ i remergs .  O v e r a l l  bend ing  
s t i f f n e s s  ( E . t )  o f  1C.4  x 10 l b l i n .  was abou t  70: 
l p s s  t h a n  $ r?d ic ted  and l o w e r  t h a n  t h e  nominal  



requ i remen t  o f  10.6 x 10’ l b / i n .  (66% of s t e e l  case) 
due t o  j o i n t  b e a r i n g  compl iance. The FWC con ta ins  
22 h e l i c a l  l a y e r s  o f  g r a p h i t e  f i l a m e n t  f o r  s t i f f n e s s  
and 19 t o  22 a l t e r n a t i n g  hoop p l i e s  (depending on 
segment l o c a t i o n  due t o  p ressu re  d rop  down t h e  
g r a i n )  f o r  p ressu re  vessel  performance ( F i g .  12).  
N o n s t r u c t u r a l  g r a p h i t e  c l o t h  broadgoods a r e  used on 
t h e  i n t e r n a l  s u r f a c e  f o r  mandrel removal and f o r  
ab rad ing  p r i o r  t o  i n s u l a t i n g .  A d d i t i o n a l  l a y e r s  of 
g r a p h i t e  broadgoods a r e  used i n  t h e  j o i n t  ends t o  
i nc rease  j o i n t  s t r e n g t h  and improve j o i n t  shear 
c a p a b i l i t y .  A hoop wound g lass  overwrap i s  used on 
t h e  j o i n t  ends t o  p r o v i d e  a mach in ing  surface f o r  
end r i n g  at tachment.  The a f t  segment c o n t a i n s  t h r e e  
pos tcu re  wound g r a p h i t e  composi te s t i f f e n e r  r i n g s  t o  
p reven t  c o l l a p s e  o f  t h e  a f t  segment d u r i n g  wa te r  
impact.  

The FWC-SRM a l s o  uses a new svstems tunne l  
f a b r i c a t e d  from a molded po lyu re thane  ioam co re  w i t h  
an aluminum cover.  The systems tunne l  o r  raceway i s  
bonded t o  t h e  FUC and c o n t a i n s  a l l  e l e c t r i c a l  cab les  
and a l i n e a r  shape charge (LSC) f o r  mo to r  d e s t r u c t .  
The new foam c o r e  systems tunne l  i s  200 lbm l i g h t e r  
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than t h e  c u r r e n t  a l l  aluminum systems tunne l  and has 
a much lower aerodynamic p r o f i l e  than t h e  c u r r e n t  
des ign  as shown i n  F i g .  13. The new systems tunne l  
r e q u i r e s  l e s s  c l o s e o u t  of e x t e r n a l  i n s u l a t i o n  a f t e r  
c a b l e  i n s t a l l a t i o n  and w i l l  be used on f u t u r e  HPM’s 
as w e l l  a s  FWC-SRMs. 

M@JR PERFORMANCE 
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The HPM c o n f i g u r a t i o n  i s  shown i n  F ig .  3. 
The HPM i s  146 i n .  i n  diameter,  126 ft lono, con- 
t a i n s  1,110,136 lbm of s o l i d  p r o p e l l a n t  and weighs a 
t o t a l  of 1,255,750 Ibm. Mass DroDer t i es  o f  t he  HPM 
a re  p resen ted  i n  Table V. The nominal a c t i o n - t i m e  
i s  123 sec and t h e  HPM d e l i v e r s  an average t h r u s t  o f  
2.59 x lo6 l b f ;  maximum vacuum t h r u s t  i s  app rox i -  
ma te l y  3.31 x 10‘ l b f .  The mo to r  d e l i v e r s  a vacuum 
s p e c i f i c  impulse of 267.3 sec w i t h  an i n i t i a l  nozz le  
expansion r a t i o  o f  7.72.  Nominal bu rn  r a t e  i s  
0.368 in . / sec  a t  60°F a t  a mo to r  o p e r a t i n g  p ressu re  
o f  625 p s i a .  Maximum expected o p e r a t i n g  p ressu re  
(MEOP) i s  1,016 ps ia .  The b a l l i s t i c  perfoimance o f  
t h e  HPM and FWC-SRM are  b a s i c a l l y  t h e  same; t h e  

TABLE V 
H P M  M A 8 8  PROPERTIES 
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F igu re  12. T y p i c a l  Composite Segment Cons t ruc t i on  

OLD TUNNEL 
CAILEHOLO. 
DOWN STRAS 

LSCASSEMBLY 1 \ 

SYSTEM TUNNEL 
ICOVER REMOVIln 

, 2 RUBBER MOUNTlNG 
PADS 

SRM CASE 
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NEWTUNNEL ~ OLD TUNNEL . COVERTHICKNESS 0.090 IN 0 250 IN 

€AD34 10 50 IN 
* ADHESIVE im CASEI €A919 

4 60 IN 
* WEIGHT 1.099l.n 1.29s LS 
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16 75 IN WOTH IWiCOSi TPSl 
* HEIGHT IWiCORK WSI 2.621N 

NEW TUNNEL 

F i g u r e  13.  Systems Tunnels 
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F i g u r e  14. FWC-SRM Design C o n f i g u r a t i o n  

FWC-SRM has aoorox ima te l v  3.000 lbm ' less o r m e 1  l a n t  
(0.27 o e r c e n t l  ? e s u l t i n i  f rom a s l i o h t l ' v  s m a l l e r  

" I  

i n s i d e  'd iameter and an ];crease i n  i n s u l a t i o n  i n  t h e  
area o f  t he  metal  adap te r  t o  composi te j o i n t .  The 
b a s e l i n e  FWC-SRM des ign  c o n f i g u r a t i o n  i s  shown i n  
F i g .  14. A comparison o f  t h e  p ressu re - t ime  t r a c e s  
o f  t h e  DM-6 and OM-7 FWC-SRMs w i t h  t h e  HPM i s  shown 
i n  F i g .  15 

NDRMILlllD TO l A R G l i  BURN 14\11 = 0 368 !" / * f lD  TEMP = 60'1 PiND P I T S  = 615 0.l. 

F igu re  15. Pressure Y S  Time 

Thrus t  d i f f e r e n t i a l  between the  two SRMs d u r i n g  
o p e r a t i o n  must be m in im ized  t o  reduce v e h i c l e  
c o n t r o l  requirements.  The t h r u s t  d i f f e r e n t i a l  
between t h e  two motors i s  p r i m a r i l y  due t o  v a r i a -  
t i o n s  i n  p r o p e l l a n t  b u r n i n g  r a t e .  The r e p r o d u c i b i l -  
i t y  o f  t he  t h r u s t - t i m e  ti'ace and t h e  p r e d i c t a b i l i t y  
o f  t h e  p r o p e l l a n t  bu rn  r a t e  have combined t o  p r o v i d e  
cons ide rab ly  lower t h r u s t  imbalance l e v e l s  than  
r e q u i r e d  by the  s p e c i f i c a t i o n .  D i f f e r e n c e s  between 
t a r g e t  and a c t u a l  bu rn  r a t e s  have been l e s s  than  2 
percen t  compared t o  a s p e c i f i c a t i o n  requirement of 3 
p e r c e n t .  

Th rus t  t r a c e s  d u r i n g  i g n i t i o n  f o r  26 s t a t i c  and 
f l i g h t  t e s t s  ( b o t h  standard and HPM) a r e  shown i n  
F i g .  16.  The range i n  i g n i t i o n  i n t e r v a l  t imes  ( f rom 
i g n i t i o n  command t o  1,640,000 l b f  sea l e v e l  t h r u s t )  
i s  l e s s  than 0.05 sec compared t o  t h e  requirement o f  
0.170 sec ( f rom 0.170 t o  0 .340  sec). The reproduc- 
i b i l i t y  o f  t h e  t h r u s t - t i m e  t r a c e  d u r i n g  steady s t a t e  
and t a i l o f f  i s  shown i n  F i g .  17. The envelope o f  
t h r u s t  imbalance l e v e l s  f rom 11 matched p a i r s  o f  
SRMs f lown on t he  S h u t t l e  i s  w e l l  below t h e  s p e c i f i -  
c a t i o n  l i m i t s  as shown i n  F i g .  18; t h e  SRMs are  c a s t  
i n  matched p a i r s  t o  m in im ize  t h r u s t  d i f f e r e n t i a l .  
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F igu re  17. Thrust-Time Trace 
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F i gu re  18. Maximum Thrus t  Imbalance 
Envelope f o r  F i r s t  11 STS F l i g h t s  
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A l l  SUM5 have opera ted  w i t h i n  s p e c i f i c a t i o n s  
and a l l  S h u t t l e  f l i g h t s  have been success fu i  t o  
date.  A l l  SRM hardware has performed as expected 
w i t h  t h e  excep t ion  o f  one of t h e  nozz les  on t h e  
f l i g h t  o f  STS-8. T h i s  nozz le  e x h i b i t e d  severe 
e r o s i o n  i n  t h e  nose i n l e t  s e c t i o n  o f  t h e  nozz le  t h a t  
s u b s t a n t i a l l y  reduced t h e  s a f e t y  f a c t o r  o f  t h e  
nozz le  i n  t h i s  area. The anomaly observed on STS-8 
was t r a c e d  t o  a need f o r  t i g h t e r  q u a l i t y  r e q u i r e -  
ments on t h e  carbon c l o t h  pheno l i c  m a t e r i a l  used i n  
t h i s  s e c t i o n  o f  t h e  nozz le .  Th is  problem was c o r -  
r e c t e d  by  r e s t r i c t i n g  t h e  m a t e r i a l  used i n  t h i s  
p o r t i o n  o f  t h e  nozz le  and t i g h t e n i n g  t h e  process 
c o n t r o l s  f o r  manu fac tu r ing  these p a r t s .  

RECOVERY, REFURBISHMENT, ANU PEUSE 

The s o l i d  r o c k e t  motors (SRMs)  a r e  t h e  f i r s t  
and c n l y  reusab le  s o l i d  r o c k e t  motor? eve r  f lown. 
The expended motors a re  parachuted back t o  e a r t h  
( F i g .  19 ) ,  r e t r i e v e d  i n  the  A t l a n t i c  Ocean approx i -  
ma te l y  130 m i l e s  from the  l aunch  s i t e ,  towed back t o  
P o r t  Canaveral ,  r e t u r n e d  t o  the  Wasatch D i v i s i o n  o f  
Morton Th ioko l  i n  Utah on r a i l c a r s ,  r e f u r b i s h e d ,  
reloaded, and r e t u r n e d  t o  the Kennedy Space Center 
(KSC) f o r  another launch. The s t e e l  caFe components 
o f  %he SRMs w i l l  be used 20 t imes. The r u b b e r j s t r e l  
shim f l e x i b l e  b e a r i n g  i n  the  nozz le ,  which p rov ides  
s t e e r i n g  c a p a b i l i t y  f o r  t he  v e h i c l e ,  w i l l  be used 
f a r  10 f l i g h t s  be fo re  the  rubber  i s  removed; new 
rubber  w i l l  t h m  be vu l can ized  t o  t h e  r e f u r b i r h e d  
metal  t o  form a new “ r e c y c l e d ”  f l e x i b l e  
b e a r i n g  which w i l l  be good f o r  ano the r  1 0  f l i g h t s .  
The s t e e l  and aluminum s t r u c t ~ ~ e s  i n  t h e  nozz le  w i l l  
be used f o r  20 f l i g h t s .  The sa fe  and arm (%A) 
dev i ce  and t h e  i g n i t e r  a re  a l s o  r e f u r b i s h e d  and r e -  
c y c l e d  f o r  a t o t a l  o f  20 f l i g h t s .  A l t o g e t h e r ,  t h e r e  
a re  84 metal  p a r t s ,  two S&As, s i x  o p e r a t i o n a l  
p ressu re  t ransducers  (OPTS). and oveP 5,000 p i n s  and 
b o l t s  t h a t  ape recovered and reused on every  SRM 
f l i g h t  s e t  (Ref.  4 ) .  

F i g u r e  19. T y p i c a l  SR8 Reentry P r o f i l e  

Some a t t r i t i o n  of hardware has occu r red  when 
wa te r  impact l oads  have been more severe than ex -  
pected. However, 95 pe rcen t  of t h e  hardware t h a t  
has been recove red  has been accep tab le  f o r  reuse. 
Some SRM hardware has a l r e a d y  f lown f i v e  t imes and 
n e a r l y  a l l  o f  t h e  hardware from the  development and 
q u a l i f i c a t i o n  program has a l s o  been used i n  f l i g h t  
motors.  

Eighteen Space S h u t t l e s  have been boosted 
i n t o  space from Kennedy Space Center u s i n g  36 S o l i d  
p r o p e l l a n t  r o c k e t  mo to rs .  The two SRM boos te rs  
which supp ly  about 04 percen t  of t h e  l aunch  t h r u s t :  

F i g u r e  20. SRB Separa t i on  

F i g u r e  21. SRB w i t h  Three Main Parachutes 

a r e  separated ( F i g .  20) from t h e  Space S h u t t l e  
O r b i t e r  app rox ima te l y  2 m in  a f t e r  launch a t  an 
a l t i t u d e  o f  30 m i l e s .  The motors a r e  parachuted t o  
t h e  sea ( F i g .  2 1 ) ,  r e t r i e v e d  and towed 130 m i l e s  
back t o  P o r t  Canaveral ( F i g .  2 2 ) .  A f t e r  p a r t i a l  
d isassembly,  t he  motors a r e  r e t u r n e d  t o  Morton 
T h i o k o l  i n  Utah on r a i l c a r s  ( F i g .  23) where r e f u r -  
b ishment and r e l o a d i n g  takes p lace .  Being t h e  o n l y  
reusab le  s o l i d  r o c k e t  motors e v e r  f l own ,  t h e i r  
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F i g u r e  22 SRBs B e i n g  Towed Back t o  P o r t  

F i g u r e  23.  SRM Segment on R a i l  Car  

r e c o v e r y  p r o v i d e s  t h e  o p p o r t u n i t y  t o  e v a l u a t e  t h e  
d e s i g n  pe r fo rmance  and, s a f e t y  f a c t o r s  b u i l t  i n t o  
each mo to r ,  t h r o u g h  i n s u l a t i o n  and hardware i nspec -  
t i o n  d u r i n g  r e f u r b i s h m e n t .  

Impac t  v e l o c i t y  o f  t h e  SUM b o o s t e r  i s  a round  55 
m i l e s  p e r  hou r  even w i t h  t h e  t h r e e  l a r g e  pa rachu tes  
a t t a c h e d .  I n i t i a l  f o r c e s  ape e x e r t e d  on t h e  
r e m a i n i n g  n o z z l e  e x i t  Cone and t r a n s m i t t e d  i n t o  t h e  
a f t  case dome. B o o s t e r  a f t  s k i r t s  wh ich  house n o z z l e  
a c t u a t o r s  a l s o  r e c e i v e  h i g h  impac t  l oads .  The most 
dama5ing l o a d i n g  on t h e  case w a l l  comes f rom t h e  
w a t e r  f o r c e d  r a d i a l l y  i nward  as t h e  impac t  c a v i t y  
c o l l a p s e s  on t h e  p a r t i a l l y  submerged case as shown 
i n  F i g .  24;  n e a r l y  3/4 o f  t h e  mo to r  i s  submerged 
be low t h e  w a t e r .  

I 
4 

F i g u r e  24.  Water  Impac t  

The f l o a t i n g  mo to r  i s  t i p p e d  f rom a spa r  mode 
( F i g  25)  t o  t h e  t o w i n g  l o g  mode by  d i s p l a c i n g  
i n t e r n a l  Water  w i t h  compressed a i r  i n t r o d u c e d  
th rough  t h e  n o z z l e  open ing .  Hookup and t o w i n g  
( F i g .  26)  t i m e s  a r e  a f u n c t i o n  o f  t h e  sea s t a t e  and 
have v a r i e d  f rom 1 t o  4 days.  Hardware damage 
appears t o  be i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  sea 
s t a t e  t o  some e x t e n t .  

The t o t a l  SRM hardware m i s s i o n  c y c l e  ( F i g .  27)  
has two b a s i c  l oops  wh ich  i n c l u d e  r e f u r b i s h m e n t .  
Case and i g n i t e r  hardware s t a r t  w i t h  new and used 
s t o r a g e  and p roceed  t h m u g h  p r o o f  t e s t i n g ,  assembly,  
i n s u l a t i o n ,  p r o p e l l a n t  c a s t  and cure, i n s p e c t i o n  and 
f i n a l  assembly f i n i s h i n g .  Mo to r  d e l i v e r y  t o  K S C ,  
s t a c k i n g ,  l aunch  and r e c o v e r y  i s  f o l l o w e d  by  eva lua -  
t i o n .  r e f u r b i s h m e n t ,  i n s p e c t i o n  and p r e s e r v a t i o n .  
Nozz le  hardware f l o w  i s  s i m i l a r  w i t h  f l e x i b l e  
b e a r i n g  f a b r i c a t i o n  and p r o o f  t e s t i n g ,  n o z z l e  s t r u c -  
t u r e  p r o o f  t e s t i n g ,  n o z z l e  assembly,  i n s p e c t i o n  
and f i n a l  mo to r  assembly.  F o l l o w i n g  t h e  r e c o v e r y ,  
n o z z l e  components undergo a per formance e v a l u a t i o n ,  
d i sassemb ly ,  r e f u r b i s h m e n t ,  i n s p e c t i o n  and pi-esepva- 
t i o n .  

,.- - -- 7 9, - w e ,  

F i g u r e  25. SRB i n  Spar  Mode 
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F i g u r e  26.  SRB i n  Log Mode f o r  Towing 

CONCLUSIONS 

As a r e s u l t  o f  success fu l  SRM re fu rb i shmen t ,  
t h e  goal  o f  low c o s t  Space S h u t t l e  m iss ions  i s  
enhanced, Hardware reuse  goa ls  o f  a t  l e a s t  19 can 
be c o n f i d e n t l y  p r o j e c t e d  due t o  t h e  b u i l d i n g  base of 
a v a i l a b l e  data.  SRM hardware con t inues  t o  b u i l d  up 
mi leage  by con t inued  t r a v e l  on wate r ,  r a i l ,  r oad  and 
th rough  space. 

The new genera t i on  FWC-SRM has a requ i remen t  
f o r  recove ry  and reuse o f  a l l  me ta l  p a r t s .  The 
c u r r e n t  FWC-SRM development program w i l l  a l s o  
e v a l u a t e  t h e  p o t e n t i a l  reuse o f  t h e  g r a p h i t e  compos- 
i t e  c y l i n d e r  s e c t i o n s .  Graph i te  c y l i n d e r s  f rom t h e  
f i r s t  two s t a t i c  t e s t s  (DM-6 and DM-7) and a s h o r t  
l e n g t h  s t r u c t u r a l  t e s t  a r t i c l e  (STA-2) a r e  c u r r e n t l y  
b e i n g  eva lua ted  t o  e s t a b l i s h  p o t e n t i a l  reuse capa- 
b i l i t y .  Data ob ta ined  t o  d a t e  i n d i c a t e  t h a t  t h e  
g r a p h i t e  c y l i n d e r s  may be reusab le .  Recovery o f  t h e  
f i r s t  f l i g h t  s e t  o f  FWC hardware t o  be f l o w n  from 
VAFB e a r l y  n e x t  yea r  w i l l  be used t o  e s t a b l i s h  
r e f l i g h t  c a p a b i l i t y  of t h e  g r a p h i t e  c y l i n d e r s .  

The Space S h u t t l e  SRMs evo lved  from t h e  most 
mature s o l i d  r o c k e t  technology i n  t h e  i n d u s t r y  t o  
t h e  l a t e s t  advancement i n  t h e  s t a t e - o f - t h e - a r t  f o r  
s o l i d  r o c k e t  motor cases, The SRMs have ma in ta ined  
a reco rd  o f  100 pe rcen t  r e l i a b i l i t y  i n  a l l  SRM 
s t a t i c  t e s t s  and f l i g h t s  o f  t h e  Space S h u t t l e  t o  
date,  Fu tu re  f l i g h t s  w i l l  con t i nue  t o  use the  HPM 
f o r  most launches w i t h  t h e  FWC-SRM t o  p r o v i d e  
a d d i t i o n a l  pay load  c a p a b i l i t y  where needed. it i s  
expected t h a t  t h e  SRMs w i l l  con t i nue  t h e i r  f l aw less  
performance i n  b o t h  HPM and FWC-SRM c o n f i g u r a t i o n s  
i n  t h e  f u t u r e  (Ref.  5). 

STORAQE - NEW 

PRESERVE 
PROOF TEST \ J E W  

FABRICATE 

HARDWARE STORAGE 

F i g u r e  27. SRM Hardware M i s s i o n  Cyc le  

1. 

2 .  

3. 

4 .  

5. 
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Mr. MCDONALD. I would like to review the documentation, any 
element of the shuttle goes through a preliminary design review, it 
goes through a critical design review, it goes through a design cer- 
tification review which NASA is the principal participator, as well 
as the element subcontractor, and they also bring in outside people 
to make sure that that element is qualified to the specifications it 
is supposed to be. 

One of those final ones, prior to the first launch, occurred in 
April 1980, is this document called “Space Shuttle Verification Cer- 
tification Propulsion Committee.’’ It was headed up by General 
Morgan and also the chief engineer at NASA headquarters at that 
time, Walt Williams, and their findings, their findings were, as in 
comparing everything that was done, ready for qualification. And 
the things they had concern was-one of their concerns was that 
we had no test at the temperature extremes of 40 to 90 degrees 
Fahrenheit. 

Mr. NELSON. May I have a copy of that  document right now? 
Mr. MCDONALD. You certainly can. 
Mr. GARRISON. Read the other part. 
Mr. MCDONALD. Let me read to you first, and I will give this to 

you, and this was their findings. It says, “The SRM verification 
program does not include any full-scale firings nor any instrument- 

’ ed storage tests at environmental extremes. Extremes include 
short-term horizontal storage conditions at Utah or in shipment, 
long-term storage at 32 degrees Fahrenheit to 100 degrees Fahren- 
heit or firing at 40 degrees Fahrenheit and 90 degrees Fahrenheit.” 

Mr. NELSON. Was that specifically a document that modified the 
design requirements, as stated in the initial space shuttle flight 
and ground systems specification? 

Mr. MCDONALD. No, it was a document that was written based on 
the data that was available to determine whether we met the speci- 
fications as they interpreted them also. 

Mr. NELSON. It was written by whom? 
Mr. MCDONALD. It was written by General Morgan and by Mr. 

Walt Williams, the chief engineer at NASA headquarters. 
Mr. ROE. The document will become part of the record. 
Let me clarify a point for the record at this point before I call on 

the distinguished gentleman from California, to get this into the 
record at this point. 

In the observations of the Thiokol leadership and in view of that  
document that you have just read, is it perceived at all you would 
just go ahead blindly? Everything you did in the design approach 
had to be approved by NASA, is that correct or not correct? 

Mr. GARRISON. Well, everything certainly had to be approved, 
yes, sir. 

Mr. ROE. The question has arisen on the design specification re- 
quirements, and, in effect, what is being said, did Thiokol’or did 
Thiokol not meet its design specifications? 

Mr. GARRISON. In our opinion, and with our interpretations, we 
met the requirements. 

Mr. ROE. All right. I am simply saying for the record, it would 
seem to me, you are not just picking up a bowl of soup and present- 
ing it-there are thousands of parts and thousands of engineering 
decisions to be made. And I assume there was some process that 
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was followed with NASA as you progressed along, because NASA 
was the ultimate one to determine whether you were meeting your 
contract requirements or not. And if you weren’t, they should have 
stopped you. Is that the proper understanding? 

Mr. GARRISON. Yes, sir, that is correct. 
Mr. ROE. That is all I want to say. 
The gentleman from California. 
Mr. PACKARD. Thank you, Mr. Chairman. 
In your telecon, was temperature that night ever discussed? 
Mr. KILMINSTER. You are talking of the telecon of January 27? 
Mr. PACKARD. January 27. 
Mr. KILMINSTER. Yes, it was. 
Mr. PACKARD. What was the nature of that discussion? 
Mr. KILMINSTER. Earlier in the day, when we were told the over- 

night temperatures could be low, we were told initially they could 
be as low as 18 degrees overnight temperatures. Later on, that was 
modified, and I believe the last calculation we made, even while 
the telecon was initially going on, was based on 23 degrees over- 
night low temperatures. We took those low temperature conditions 
as a function of time as when they would occur or when they were 
predicted to occur over that  nighttime period, and then we predict- 
ed from that what the temperatures of the O-rings could get down 
to. It was on that basis we predicted that the temperatures of the 
O-rings would be around 29 degrees, and that was discussed during 
the course of the telephone conversation. 

Also discussed, and I believe it is included in the charts that 
were used for that discussion, were temperatures of other motors 
that had been tested at various temperatures. 

Mr. PACKARD. That was considered to be the ambient air temper- 
ature? 

Mr. KILMINSTER. No, sir, that was the calculated temperature of 
the O-ring given some ambient temperature condition, and that 
ambient temperature condition over time. 

Mr. PACKARD. And it was at that time your engineers, with that 
information, felt that  it was inadvisable to fly? 

Mr. KILMINSTER. Yes, sir. 
Mr. PACKARD. And what circumstances and what data changed 

that decision? 
- 

Mr. KILMINSTER. We also had some information, as I had men- 
tioned yesterday, where some resiliency tests were ‘done, and those 
resiliency tests were laboratory tests that were conducted at 50 de- 
grees, 75 degrees, and 100 degrees. 

In addition, we had sub-scale tests that were conducted using the 
same pressurize rate that we would predict for the motor on these 
sub-scale vessels with full-scale full diameter O-rings, but at a 
smaller diameter, circumference diameter, and in the same gap or 
grove geometry that we would use in the full scale. 

Those tests were conducted, 2 at 75 degrees and 2 at 30 degrees. 
This was done with an  argon gas so we could sniff with a very sen- 
sitive instrument to see if there was any blow-by past the O-ring 
when we conducted that pressurization test. Those indicated that 
there was not any blowby. 

Mr. PACKARD. And that was the extent of any tests that were 
below 40 degrees or even 53 degrees, is that correct? 

64-295 0 - 86 - 17 
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Mr. KILMINSTER. No, sir. There was also some static tests tem- 
peratures, and I believe that night our calculation showed they 
were, one of them was at 47 degrees, again calculated O-ring tem- 
peratures, and another one at 48 degrees calculated O-ring tem- 
peratures. 

Mr. PACKARD. Of course, there is a lot of difference between 47 
degrees and 29 degrees. 

Mr. KILMINSTER. Yes. 
Mr. PACKARD. Were there ever any-or did you use previous 

flight experience as it relates to temperature to determine the ef- 
fectiveness of the O-ring joint? Were those figures calculated and 
tabulated on an ongoing basis, previous flights? 

Mr. KILMINSTER. I believe we understood that night, and I can’t 
remember if they were shown on the charts or not, that  there were 
a number of flights between 75 degrees and 53 degrees, which ex- 
hibited no blowby. 

Mr. PACKARD. But nothing below 53? 
Mr. KILMINSTER. Nothing below 53 for flight motors. 
Mr. PACKARD. You have some of your new design people or the 

redesign people here today, is that correct? 
Mr. KILMINSTER. Yes, sir. 
Mr. PACKARD. I would be interested in knowing what kind of 

progress and what direction the redesign is going at the present 
time. 

Mr. KILMINSTER. I defer that  question to Mr. McDonald. 
Mr. MCDONALD. I am head of the redesign task force, and we are 

in the process of looking at various concepts. We have been estab- 
lishing criteria for those concepts, and those concepts are to make 
sure that we have full redundancy in any sealing concept for the 
full duration of the flight. We are going to eliminate, as best we 
can, any kind of rotation one could ever get out of a joint like that, 
and we are looking at different seal concepts, as well as different 
types of devices to protect those seals, and it is not because we 
don’t have a lot of concepts, we have more than we can deal with 
right now. We have got to narrow those down, but we are doing 
that very carefully. 

Mr. PACKARD. We are looking primarily again at the existing 0- 
ring type of redesign? 

Mr. MCDONALD. We are looking at some O-ring design and some 
that do not have any O-rings. We are looking at different types of 
sealing concepts, as well as O-ring concepts. 

Mr. PACKARD. Thank you, Mr. Chairman. 
Mr. ROE. For clarification of the record, Mr. Garrison, would you 

advise the committee, we are speaking of the redesign team-is 
that the word we are using? What do you call it, your redesign 
team? 

Mr. MCDONALD. Yes. 
Mr. ROE. Is that a Thiokol redesign team? 
Mr. GARRISON. Yes, sir. That is an  organizational element title 

and the program management organization of our Space Division. 
Mr. ROE. When did the team begin, for the record? 
Mr. GARRISON. The team-- 
Mr. ROE. August? 
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Mr. GARRISON. At the time Mr. Dorsey came on board and reor- 

Mr. ROE. When, August? Just  recently? 
Mr. GARRISON. March. 
Mr. ROE. In March of this year? 
Mr. GARRISON. Yes. 
Mr. ROE. Has this all been discussed, NASA knows what you are 

Mr. GARRISON. Absolutely. 
Mr. ROE. Are there NASA people on the team? 
Mr. GARRISON. This is an  internal organization, sir. It has been 

coordinated with NASA, they are fully aware of what we are doing. 
They are fully aware of the people we have assigned. We are not 
trying to say that this is the total design task force for the system. 
This is Thiokol’s organization that is spending full time in support- 
ing this activity. 

Mr. ROE. Where did the idea of a team come from, from Thiokol 
or from NASA or a joint meeting between Thiokol, NASA, or 
what? 

Mr. GARRISON. This is an  internal Thiokol organizational title, 
sir. And it was to give our program management people, specifical- 
ly Mr. McDonald, the assets to manage that program. 

Mr. ROE. I understand the technical difference, I understand 
what you are talking about. What I am trying to get is where is the 
origin from? Is it sanctioned by NASA, is it now an  accepted fact 
that there is a Thiokol redesign team that is approved by NASA? 

Mr. GARRISON. Yes; I believe so. 
Mr. ROE. Have you got a contractual agreement to that 

effect-- 
Mr. GARRISON. Well, we have-- 
Mr. ROE [continuing]. In your ongoing contract for redesign? 
Mr. GARRISON. We have technical direction from NASA, yes, sir. 
Mr. ROE. So it is a sanctioned operation by NASA who is agree- 

Mr. GARRISON. Absolutely. Completely covered by our contract. 
Mr. ROE. The gentleman from Texas, Mr. Andrews. 
Mr. ANDREWS. I would like to go back to my line of questioning 

yesterday. Mr. Roe asked you yesterday morning who was in 
charge of that critical meeting in which the fretful decision to 
launch was made. I didn’t appreciate your answer. I didn’t know, I 
understood your answer. You were in charge of that meeting, were 
you not, sir? 

Mr. KILMINSTER. The senior man that was at that meeting was 
Mr. Mason, the senior vice president of Wasatch operations. 

Mr. ANDREWS. He was the person who oversaw the discussion in 
the meeting and drew the conclusions together, and not yourself? 

Mr. KILMINSTER. That is correct. 
Mr. ANDREWS. Yesterday I read to you a statement that  was 

made by Mr. Locke, his written statement, in which he said: 
“NASA questioned Morton Thiokol’s decision. Our engineers could 
not prove that it was unsafe to fly at less than 53 degrees Fahren- 
heit.” 

Mr. McDonald has testified, and this statement testifies, that 
what had happened was that NASA changed the burden of proof 

ganized the division. 

doing? 

ing Thiokol is doing the study into redesign? 
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on Thiokol and suddenly rather than trying to prove it was safe to 
launch, you were put under the burden of showing that it was 
unsafe to launch. 

You disagreed with that statement yesterday. Is that correct, sir? 
Mr. KILMINSTER. Yes; basically, I did not see any significant dif- 

ference in the way that we were asked to review the technical data 
and draw conclusions from technical data that we are asked almost 
on a weekly basis when we have other technical discussions with 
Marshall Space Flight Center. When we present data one way or 
the other, they, rightfully so, scrutinize that data, penetrate that 
data and ask us on what basis we are making our judgments. And I 
saw that operation as being a typical type thing that we had done 
in the past. 

Mr. ANDREWS. And that troubles me greatly. Because that leads 
me to think that this kind of decisionmaking may happen again in 
the future. I assume that we don’t want to write such strict con- 
tracts between NASA and their contractors that  would restrict 
common sense and inhibit judgment. But what do we do when the 
judgment is flawed and the common sense is put aside, as hap- 
pened in the case of that meeting? 

And my question to Thiokol and to you is: Do we need, as a 
matter of policy, to have tighter burdens of proof written into the 
contracts with the contractors, where you know full well what your 
responsibilities are when you make that decision to recommend a 
launch or not to launch? 

Mr. KILMINSTER. I would believe that type of thing would be rela- 
tively difficult to write in as a matter of mechanics type operation. 
I have no further comment, I guess. 

Mr. ANDREWS. How do we avoid the failure of common sense and 
good judgment that occurred in your instance? 

Mr. KILMINSTER. I don’t believe there was a failure of common 
sense in this instance. I believe that we had different people look- 
ing at the same data and drawing somewhat different conclusions. 

Mr. ANDREWS. Let’s go into that in a little more detail. I would 
like, if we could, there is a critical memo that was the final deci- 
sion to launch that was sent to NASA, and if we could project that 
on the wall for a second, it might be a little bit easier to talk about. 
And I would like to ask Mr. McDonald if he would, if we can see 
this, to go down this memo and first, Mr. McDonald, tell us what is 
critical about this memo, what is this memo? 

Mr. MCDONALD. That was the final memo that came of the fax as 
a result of the caucus at Wasatch, and it basically delineates the 
points that were made when Mr. Kilminster came back on the line 
recommending to proceed on with the launch, even though we had 
some concerns. 

Mr. ANDREWS. So when Mr. Kilminster tells this committee that 
his common sense was sound that day and his judgment was appro- 
priate, this memo reflects that common sense and judgment. This 
is the basis for Thiokol’s decision that is reflected in this written 
document. 

Mr. MCDONALD. That is the way I understand it, yes. 
Mr. ANDREWS. Would you please go down the memo, and let’s 

talk about the specifics of this extremely important document for 
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this committee, and give us your thoughts first why each of these 
is significant, what they mean to us. 

Mr. MCDONALD. Well, the first bullet says “Calculation shows 
SRM 25 O-rings will be 20 degrees colder than SRM 15 O-rings.” 
Now the SRM 15 was from the previous flight 1 year before that on 
STSdlC. And that is bad, because they are recognized to be much 
colder, which everyone recognized was going in the wrong direc- 
tion. 

Mr. ANDREWS. If this is one of the things, when you saw this 
memo you were shocked, were you not, to see this in writing? 

Mr. MCDONALD. Yes; I was. I was a bit surprised because there 
were so many things on here. In fact, more things that were bad 
than there were good. 

Mr. ANDREWS. Mr. Chairman, my time is up. I have heard the 
bell. 

Mr. ROE. That is all right. I think it is a critical issue, and the 
members will indulge us, in addition to that, the point I raised this 
morning, if the gentleman from Texas will yield, I will give addi- 
tional time, that is a duplication of the memorandums that ap- 
peared in the Commission report on page 97. That is how it is 
printed in the report. 

However, in the original document, there is a section on the 
bottom that I mentioned this morning, as I understand it from in- 
formation we received, that has a codicil under where it says; 
“Morton Thiokol, Inc., Wasatch Division,” there is another part of 
the writing that has a warning, and it reads as follows, and I quote, 
warning reads: “Information on this page was prepared to support 
an  oral presentation and cannot be considered complete without 
the oral discussion”. 

One more time, for the record, information on this page was pre- 
pared to support an  oral presentation and cannot be considered 
without the oral discussion, and that is what I was attempting to 
develop early this morning, and relate that  to this memorandum. 
There is an  oral discussion related here. That is what the warning 
of the codicil says according to the official record. 

Mr. MCDONALD. Let me explain why that is there. This is a form. 
The form is a piece of paper that  we use to put oral presentations 
together for the customer. 

Mr. ROE. I understand. 
Mr. MCDONALD. We make bullets on there and when we give an  

oral presentation, there is obviously a lot more said than what is 
exactly on that piece of paper. It was just typed on that piece of 
paper. It has no more significance than that. 

Mr. ROE. If the gentleman would yield, it may be typed on there. 
I am beginning to wonder why anything is typed. It seems to me- 
weren’t there oral discussions that related to the issue? 

We just got done saying you spent a half hour caucusing or an  
hour caucusing. What I am trying to get at, and I think the key to 
this issue, is whether or not Thiokol unilaterally made this deci- 
sion, or was it made in concert and discussion with NASA officials. 
That is No. 1. 

The second point of the question is, if that  is so, at what level 
was that decision made, or those series of decisions made, and 
quote, one, did, No. 1, people in NASA top management know of 
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the decision. And equally as important, did No. 1 people in Thiokol 
know of the decision. Do you see where I am coming from? 

Mr. MCDONALD. I will defer the latter part of that question to 
Mr. Garrison, but this piece of paper is like a logo; it’s a letterhead 
piece of paper where that information relative to the oral presenta- 
tion is part of the paper. It was not typed on there after the infor- 
mation was. It was already on the piece of paper. 

Mr. ROE. But the gentleman seems to be thinking I am having 
difficulty in understanding that. I am not. I understand exactly. 
What I am trying to develop all through the testimony we had 
people say: “Oh, we left that out,” or “That didn’t matter,” or 
“This was a mistake.” We have heard that for days now. You know 
someplace along the line you signed a document, Mr. Kilminster 
signed a document. Does the oral relationship and discussion have 
anything to do with it? That is the question he is asking. How did 
you arrive at the decision? 

Mr. GARRISON. I don’t believe that that  statement on the bottom 
of the paper insinuates in any way that the document doesn’t 
mean what it says. That was a decision that our management 
people made and transmitted to NASA as a result of the lengthy 
telephone conversations they had all afternoon. 

Mr. ROE. There is a difference of interpretation, and I think you 
or Mr. Kilminster have said it. It depends upon, you know, the 
eyes-truth is in the eye of the beholder. I think I thought I heard 
what you said. The biggest mistake we can make in life in the art 
of communications is if the other person understood what we said. 
In your own group of people here, Mr. Kilminster said that he did 
not feel that was a change of policy, I did not feel that  was pres- 
sure, and so forth. 

But Mr. McDonald and Mr. Boisjoly testified to the point of view 
they do feel it was pressure. They didn’t agree with Mr. Kilmin- 
ster. It is either correct or is not correct; isn’t that what you testi- 
fied to? So therefore we have a difference of opinion in the Thiokol 
chain of command, if I may make that point. Is that reasonable? 

Mr. GARRISON. Yes, sir. 
Mr. ROE. Now, NASA comes back, and says: Look, we didn’t 

think we were pressuring at all. We just were following the proc- 
ess. This is what we always do. 

Now, there is something not coming together there. Do you un- 
derstand where we are trying to come from? 

Mr. GARRISON. I think that what you stated is true, that  some 
people-- 

Mr. ROE. Was Thiokol under pressure by NASA to make a deci- 
sion regardless of the problems involved to launch? Or did Thiokol 
unilaterally make that decision? That is what is before us on this 
memorandum right now. 

Mr. GARRISON. Mr. Chairman, I would like to summarize what I 
think the position is, and when I saw what I think it is, because we 
do have a difference of opinion between our people on how they felt 
during that telephone conversation on pressure. We also have obvi- 
ously a difference of opinion between two groups on technical judg- 
ment, and that is a fact. 

I don’t know how to get around that. The four people that made 
the decision felt that they had adequate, adequate technical justifi- 



515 

cation to make the decision. We had other people that felt just as 
strongly that they did not. Those are the facts. 

Mr. ROE. I thank the gentleman. We will now recess for 10 min- 
utes to go and vote and return, and we will take up with Mr. An- 
drews when we return. 

[Recess.] 
Mr. ROE. The committee will reconvene. 
When we recessed to go and vote, we were having some questions 

being asked by the gentleman from Texas, Mr. Andrews. The chair 
recognizes the gentleman from Texas, Mr. Andrews. 

Mr. ANDREWS. Thank you, Mr. Chairman. 
Mr. McDonald, tell us, if you would, please, the significance in 

your mind of this memo that is reflected on the wall that is found 
on page 97 of the Presidential commission report. 

Mr. MCDONALD. Well, I guess the significance in my mind was 
that Mr. Kilminster tried to incorporate all of the information that 
he knew, that he was aware of at that time, relative to the issue of 
cold temperatures on the capability of the O-ring seals, both posi- 
tive and negative, and he summarized all that  there. 

Mr. ANDREWS. All right. When Mr. Kilminster stated earlier that 
he used good common sense and good judgment, that  is what is re- 
flected in this memo, is it not? 

Mr. MCDONALD. Well, you will have to ask Mr. Kilminster that. 
Mr. ANDREWS. I believe he stated that that is his judgment. Now, 

if you would, please go down these very, very important conclu- 
sions that Thiokol drew, and tell the committee what is significant 
about each one. 

Mr. MCDONALD. Well, as I had indicated, the first one shows it is 
much colder, which is a bad thing. Everybody knew that that was 
our concern. Everybody was concerned about what effect that 
might have, because it was going to be colder, outside of our experi- 
ence base. 

Mr. ANDREWS. Were you surprised to see that in this memo? 
Mr. MCDONALD. Oh, absolutely not. That was a known factor for 

everybody. That was the reason we had the whole meeting in the 
first place, because it was outside of our experience base; our 
lowest experience base prior to this was on STS-51C, which was 
our set of SRM-15 motors that is referenced here, and this is a 
much colder condition. That was what drove the whole meeting. 

Mr. ANDREWS. And weren’t you surprised to see that the conclu- 
sion to launch was made in spite of this notation? 

Mr. MCDONALD. Well, I was surprised to see the conclusion the 
launch was made in that. I wasn’t surprised to see it on this par- 
ticular piece of paper, because Mr. Kilminster was trying to put 
down all the information that they knew, both good and bad. 

Mr. ANDREWS. The second one is the temperature data section. 
Tell us what is significant about that. 

Mr. MCDONALD. Well, the temperature data is not conclusive on 
predicting primary O-ring blowby. Now, generally when we have 
information that is not conclusive, it has to be interpreted as nega- 
tive; if you don’t understand it or it can’t support a position, then 
that is bad. 
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Mr. ANDREWS. And so good common sense or good judgment 
would be to recommend not to launch, when you have inconclusive 
information on something as critical as this temperature measure? 

Mr. MCDONALD. Well, that is right. It is a negative thing, and 
then we go to the engineering assessment, and recognizing that by 
getting colder those O-rings are going to be harder, there durome- 
ter increases, which is not good. We mention that those harder 0- 
rings are going to take longer to seat, and that was kind of the 
issue that Roger Boisjoly had made earlier with the concern with 
the timing function, the time it takes for this whole sealing oper- 
ation to occur while you may be getting some erosion on the 0- 
ring. 

And the sub to that is that more gas may pass primary O-ring 
before the primary seal seats, relative to the worse condition we 
had seen a year earlier, and that is a very negative statement that 
says that it is liable to be worse than what we had seen, even 
though a year earlier it certainly didn’t fail. 

Mr. ANDREWS. And in spite of that information that is reflected 
in the memo, Mr. Kilminster’s common sense told him that it was 
OK to launch that morning? 

Mr. MCDONALD. Well, he was weighing this information relative 
to the rest of the information on this chart also to make that deci- 
sion. In all fairness, you must go through the whole thing. At that 
point you will notice there are some comments that are made on 
the positive side of why they feel it will still work. The one about 
demonstrated seating threshold is three times greater than the 
thirty-eight one-thousandths erosion that was experienced on that 
previous coldest launch 1 year earlier is a positive statement that 
we can obviously tolerate much more erosion without losing the 
seal than we had seen prior to that. 

The next statement says that the primary seal does not seat. The 
secondary seal will seat. 

Now, that is a matter of judgment in my opinion, because the 
point that Mr. Boisjoly was making is that, yes, if you conclude 
that all of this whole phenomena occurs in the first 170 millisec- 
onds before the metal parts have a chance to deflect and rotate, 
that is a fairly good chance that indeed will happen. 

But if the cold temperature affects the O-rings themselves, and 
the grease and the capability extruded in the gap that Mr. Boisjoly, 
the point he made, and he made beyond that time regime, and 
then because the resiliency of the secondary O-ring is the same as 
the primary, they both have the same problem, it may not come 
out fast enough to catch up with the metal parts and it won’t seal. 

Mr. RITTER. Will the gentleman from Texas yield on that? 
Mr. ANDREWS. I will be glad to yield. 
Mr. RITTER. It states here if the primary seal does not seat, the 

secondary seal will seat, and you say that is certainly a matter of 
judgment and I would agree. Now, the primary O-ring seal has a 
critical 1 rating. That means it does not have a redundancy built 
into it, which means that in fact you should seriously doubt, given 
the criticality 1-R rating, you would seriously doubt, from the 
rating system, that the backup seal would work, wouldn’t you? 

Mr. MCDONALD. Well, let me comment on that. I think-and I 
heard most of Mr. Boisjoly’s testimony yesterday, and I think he 
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did an  excellent job in explaining how we looked at that situation. 
The criticality 1-R was changed to a 1 when people recognized that 
if we took some of the hardware that our engineering drawings al- 
lowed us to build, and took the worst tolerances with the clevis 
opened as much as it possibly could, and the tang being as thin as 
it possibly could, and the O-ring being as thin as it possibly could 
be, that we were in a condition where if you believed the informa- 
tion that Marshall had obtained off of a structural test article on 
how much that opening between the tang and the clevis sealing 
surface happened during pressurization, you could end up with a 
condition where you had no squeeze on that secondary O-ring. 

Now, when that was recognized, there were two things that were 
brought to bear at Thiokol. One was that we decided that we are 
not going to allow any hardware to ever go in the field that had all 
of those worse tolerances stack up. We were going to measure each 
of them individually and only mate hardware that was not in that 
kind of a condition, and we had to present at every flight readiness 
review what those measurements are and what O-ring squeeze that 
we had maintained, so there was none of it in the field. 

Mr. RITTER. If you will yield back to me for a moment, doesn’t 
the criticality of 1 characterization imply a single point failure, 
and that is it, and that is the nature of criticality 1, and that you 
are trying to justify why you guys went ahead and did this, but you 
violated in a sense your own performance rating system? 

Mr. MCDONALD. Well, it does imply that is what a critical 1 is, if 
the hardware is in that kind of a condition, and the reason it was 
changed is because the engineering paper allowed you to have 
hardware in that condition, and in order to make sure that it never 
happens, you have to treat it as a criticality 1. Now, in this particu- 
lar instance, and subsequent to that change in criticality 1-R to 1, 
we watched all that hardware. 

The second thing was the reason Thiokol never changed their pa- 
perwork from a l-R to a l-and we did not-was that, one, we 
didn’t agree with the conclusion that the clevis opened that much 
in the first place. We ran our own tests, and said that it didn’t 
open near as much as what the Marshall data indicated, and we 
ran ours in a vertical condition rather than a horizontal that they 
ran theirs in. The horizontal was the worst condition but the motor 
doesn’t fly that way. 

More recently, as a result of the referee tests, they were started 
because of this disagreement between ourselves and Marshall con- 
firmed that we were right, that it didn’t open that much, and as a 
result if you forgot about resiliency in the cold temperature, which 
up until recently we weren’t aware of that problem, but when the 
criticality 1R was changed to one or temperature wasn’t an issue, 
our hardware and our analysis and the data that we received re- 
cently said it was indeed redundant, and it stayed that way. 

Now it is just because of this temperature problem and the resil- 
iency of the O-ring that we found out in this past year has now 
made it so it is only a criticality 1. 

Mr. ANDREWS. But the point is-if I could regain my time for one 
more question-the truth is, Mr. McDonald, you and Mr. Boisjoly, 
in looking at this memo that reflected that discussion, know full 
well that the things are listed on here, any one of those could be 
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ample reason to decide not to launch, as an  abundance of precau- 
tion. That is correct, Mr. Boisjoly, isn’t that right? 

Mr. BOISJOLY. Yes, I agree to that. 
Mr. ANDREWS. And in spite of that, we have Mr. Kilminster sit- 

ting there today testifying before this committee that he used good 
common sense, good judgment, and in spite of this memo and the 
stark conclusions that were drawn from the memo, and the facts 
that we know happened, he still says that Thiokol at that meeting, 
those engineers and the management people, used good common 
sense, and I am frankly just appalled by that, and as we as a com- 
mittee try to go about designing better public policy, we need some 
harder answers than that, Mr. Kilminster. We have got to avoid 
the kind of bad discretion and the bad judgment that Thiokol used 
in that very, very critical meeting. 

Mr. KILMINSTER. Based on today’s state of knowledge, that cer- 
tainly is the case. What I was trying to relate to you was the state 
of knowledge that we had that evening, and this information was 
reviewed with the vice president of engineering as well as the 
other two managers there, and that was our consensus, not just 
mine alone. 

Mr. ANDREWS. Thank you, Mr. Chairman. 
Mr. ROE. The time of the gentleman has expired. Put the lights 

on, please. 
I think for an  even balance of the issue, in view of the fact that 

we have been going round and round and round and round, and 
properly so, to get to the bottom of the issue, we can’t lose sight of 
a very important fundamental fact. Even if what was said today is 
correct-and I have no reason to doubt it-there is a difference of 
opinion between Mr. McDonald, Mr. Boisjoly and Mr Kilminster, 
there is no problem with that, But the final buck stopped at NASA, 
either that or Thiokol was running the system. That is something 
that we can’t lose sight of in our evenhanded deliberations. 

The gentleman from New Jersey, Mr. Torricelli, is recognized. 
Mr. TORRICELLI. Thank you, Mr. Chairman. 
Mr. Ritter, as a man of science, addressed this question from his 

own background. Let me briefly, Mr. Kilminster, do it, address this 
question from my own background as a lawyer. You find yourself 
in an  interesting position, as one who invariably in the future 
could be involved in a civil litigation or worse. 

As I understand your testimony this morning, before this com- 
mittee, and I assume in the legal process that may follow, you are 
going to suggest to a court, as you suggest to this committee, that 
you were engaged in a conversation and a decision to launch a $4 
billion vehicle with seven lives aboard, and although one of your 
engineers was on the site and on the phone, never really ques- 
tioned his contrary judgment. You did so without real working 
knowledge of the conditions at the site, and having never tested 
adequately the equipment that you had sold to NASA, as I under- 
stand the circumstances that were then prevalent at the site. 

I am not so much, Mr. Kilminster, asking you for a response as I 
am that I have seen the makings of negligence cases before, but 
rarely one that was so strong. You are going to find yourself in a 
unique position, if you and your corporation are going to claim that 
negligence has not been committed in this case. 
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I invite your response, though it is certainly not required. 
Mr. Garrison, is the policy of your company to sell equipment to 

the U.S. Government, certify it having met standards that have 
been set forth in the bidding process, having never adequately 
tested them to the limits of those specifications? And could that not 
be said to be the case with any other equipment that you have sold 
the U.S. Government, or shall we assume that this is a unique ex- 
ception, and that everything else that you have sold to the govern- 
ment has in fact been tested to the limits of its specifications? 

Mr. GARRISON. I believe, Mr. Congressman, that I explained earli- 
er that I do not believe we did that. I think that-I will repeat 
again, we interpreted the specifications. We submitted our plans, 
which were agreed to, and approved, and I feel that we complied 
with the contract. 

I think you have to understand-and there may be some miscon- 
ception in this room-that we take a contract and go away and do 
our thing and deliver a product, and that is not true, because ev- 
erything we do is under scrutiny and approval of NASA. 

Mr. TORRICELLI. I think Mr Roe has made that point, and I think 
it was a contribution to our discussions today, because for whatever 
failures took place in the corporation, the fact is that they were 
done under the nose of NASA and in fact with their approval. It is, 
however, difficult for a lay person listening to this discussion today 
to come to the same conclusion-having now read the specifica- 
tions, and heard of your testing process-come to the conclusion 
that in fact the item was tested to the limits of its specifications- 
difficult to accept. 

Mr. GARRISON. We believe we did that. 
Mr. TORRICELLI. Let me suggest to you then, you today, sitting 

there, would suggest that NASA flew these motors at 31 degrees? 
Mr. GARRISON. Absolutely not. 
Mr. TORRICELLI. But you tested them to 31 degrees? 
Mr. GARRISON. I think the record shows what the qualification 

program was. 
Mr. TORRICELLI. Again, I don’t come to this as a scientist. I come 

to this as a layman. 
Mr. GARRISON. Our specification says the operating limit of the 

rocket motor is 40 degrees to 90 degrees, sir. 
Mr. TORRICELLI. And that is, you felt, the limit of your obliga- 

tions to NASA, that it be operational at 40 degrees? 
Mr. GARRISON. No, I was just commenting on what specification 

requirements are. I thought you were referring to that. 
Mr. TORRICELLI. I see; but your view is that the limits of your re- 

sponsibility to NASA, that it be operational at  40 degrees? 
Mr. GARRISON. I believe that was the requirement of our con- 

tract. 
Mr. TORRICELLI. Yes, would you fly this shuttle today at 40 de- 

grees? 
Mr. GARRISON. I would not fly at all until we have gone through 

a redesign of the joint. 
Mr. TORRICELLI. But yet you are telling me that you adequately, 

as required under the contract, tested at 40 degrees. You have done 
no tests since. You had those tests, but you now conclude that that 
was not the proper conclusion? 



520 

Mr. GARRISON. My statement was that I feel very strongly that 

Mr. TORRICELLI. I think the point is sufficiently made. 
Mr. Chairman, may I have a moment-- 
Mr. ROE. Proceed. 
Mr. TORRICELLI. Immediately after the accident, there was an  op- 

portunity to speak with Secretary Weinberger, and there was a 
natural concern if this was a problem of the solid rocket motors on 
the boosters, there being some similarity to the technology with 
military rockets, was the United States unprepared to defend itself 
in freezing temperatures. 

He assured me of the fact that  they had tested their equipment 
to minus 60 below. They had no problems with the joints, no prob- 
lems with their solid rocket motors. I didn’t find any of your reac- 
tions to that, how it is that other manufacturers with similar tech- 
nology seem to have encountered none of these difficulties, and are 
operating with complete assurance of their technology. What are 
the profound differences that that  same technology was not able to 
be incorporated in the shuttle from the outset? 

Mr. GARRISON. I believe, basically, we all use the same technolo- 
gy. I can’t address your question, because I am not familiar with 
all the requirements in the performance. 

Mr. MCDONALD. I think I can address that, since I was the chair- 
man of the solid rocket technical committee for the American Insti- 
tute of Aeronautics and Astronautics. First of all, Mr. Weinberger 
doesn’t have anything in his arsenal that  he launches that has 
joints in it. The only other system there is the Titan, and it is a 
space launch system. It is not a tactical weapon, so it is very 
unique. 

Mr. TORRICELLI. So in military systems there are no joints? 
Mr. MCDONALD. There is no field joint in any military system. 

There are joints, but not field joints. 
Mr. TORRICELLI. Because they separate at the joint? 
Mr. MCDONALD. No, no. We have joints in every rocket motor we 

build. We have to attach things like igniters and nozzles. There are 
different types of joints and they do not deflect like this one be- 
cause they are not as big and they are not as long. This was unique 
to this type of an  application, because you have a tremendous 
structure here. 

Mr. TORRICELLI. Thank you, Mr. McDonald. That is helpful. 
Mr. Garrison, finally, in the redesign team, at the moment that 

is looking at the joints and solid rocket motors, are there represent- 
atives of other companies? In other words, is the best and the 
brightest of America being involved in this redesign process, or 
have you returned this challenge to the same team that brought us 
the original designs? 

Mr. GARRISON. It is my understanding that NASA is incorporat- 
ing the inputs of everyone that they feel qualified to do so, and so 
are we. We have gone out and we do have a number of consultants 
assisting us in the various areas. 

Mr. TORRICELLI. So we can be assured that everyone who has 
ever been involved in this technology in America, no matter who 
they work for or who they represent, the best of their knowledge 
will be made available for a quick and adequate solution? 

we met all the contractual requirements. 
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Mr. GARRISON. I can’t guarantee you that everyone will be. We 
are going to the experts that we feel familiar and comfortable with 
in all areas and getting other opinions, and I believe that NASA is 
also doing the same thing. 

Mr. TORRICELLI. Thank you Thank you, MF. Chairman. 
Mr. ROE. The chair recognizes the gentleman from Pennsylvania, 

Mr. Ritter. 
Mr. RITTER. Thank you, Mr. Chairman. 
I can’t help but agree with my colleague from Texas, Mr. An- 

drews. When I look at the chart form the memo, the followup to 
the telephone conference on page 97, I can’t help but think that 
most of the very hard and fast comments that are made there actu- 
ally opt against launch. I mean, if you add them up, they opt, you 
know, the bad versus the good, the bad are much more predomi- 
nant. They weigh heavier individually than the good. 

I mean, if you just look at that, it is hard to hit that  bottom line, 
which says, “MTI recommends launch.” Does anybody want to 
comment on that? 

Mr. MCDONALD. I think Mr. Kilminster has to comment on that, 
but I think in all fairness to him, one has to look at all of the fac- 
tors on there, that he obviously thought the ones on the bottom, 
which in numbers weren’t the most, were more important than the 
ones on top, and that happens many times. You go down and buy a 
suit-- 

Mr. RITTER. If you will yield back for a second, the ones on top 
are much harder and firmer. The ones on the bottom are like wish- 
ful thinking, almost. They are at best conjecture. They are at best 
seeking to push the issue of what-- 

They are trying to prove something. The ones on top, it is cold, 
there is no doubt about it. There is no doubt about what happens to 
the O-rings under those conditions. 

You know there is no doubt about the more gas may pass the 0- 
ring, but the other ones, the bottom ones, we already discussed a 
little bit about Criticality 1 and the fact that that  characterization 
implies no redundancy. I mean the other ones are reaching, and I 
guess I have trouble, I just have trouble assuming that up to a 
launch decision. 

Mr. GARRISON. Let me comment. Mr. Ritter, I don’ think there is 
any doubt that our top technical people, our top management/tech- 
nical people, because they are technical people also, made an  error 
in judgment. That error was also, or the technical position that 
they had was agreed to by our customer, and that is not an  excuse. 
That is a statement which I am really trying to portray that they 
weren’t the only ones that misinterpreted the data and drew wrong 
conclusions. 

We have other people, both here and maybe at NASA, that did 
not agree with those decisions, so I don’t think we are trying to 
defend, I don’t think Mr. Kilminster is trying to defend the posi- 
tion today that the decision was a correct one. 

Mr. RIWER. Obviously the position was not a correct one. The 
world knows that all too well. But I mean, from the teleconference, 
from the written summary of the teleconference, you almost have 
to conclude not to launch. Anyway, I would like to get on to an- 
other perhaps more fruitful line of questioning. 
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Mr. McDonald, we have heard a great deal about your opposition 
to the launch. Did you actively argue against the launch during the 
time of the telephone conference? 

Mr. MCDONALD. No, I didn’t. That two-hour telephone confer- 
ence, as I mentioned, was a conference that was being conducted by 
our engineering people on the teleconference, which made the ulti- 
mate recommendation not to launch below 53 degrees Fahrenheit. I 
totally agreed with that. I had no reason to enter that conversa- 
tion. 

Mr. RITTER. But then the off-line telephone conference, did you 
actively campaign against a launch at that time? 

Mr. MCDONALD. Yes, I did. I had a long conversation during that 
off-line, with Mr. Mulloy and Mr. Reinartz, concerning a couple 
factors. One was I told them I don’t know why we just don’t delay 
this thing until tomorrow afternoon, because based on what I had 
heard from the weather report, that  they were projecting tempera- 
tures something like 48 to 50 degrees in the afternoon. I knew 
when I came down to the Cape for that  launch that the initial 
launch time was in the late afternoon, it was like 3:45 in the after- 
noon, and they told me that they had looked at that, but there was 
some problem with one of the abort landing sites. I believe it was 
Dakar. It was either weather or visibility in the late afternoon, and 
so they couldn’t do that. 

I also had a long conversation with them about the interpreta- 
tion of the qualification of the motor between 40 to 90 degrees, 
which they, Mr. Reinartz had raised earlier that  our 53-degree rec- 
ommendation didn’t seem to be compatible with that, and I told 
him he is right, it isn’t. 

I wasn’t in the original development qualification program. I had 
been involved, however, in the design certification review as the 
chairman of our team for the filament wound case solid rocket 
motor that we were getting prepared to certify for flight out of 
Vandenberg Air Force Base, and in that process I went back and 
looked at some of the documentation that was prepared for certify- 
ing for the first flight of the steel case, and even though it was my 
impression that it was to be qualified from 40 to 90, I don’t recall 
seeing anything that we had done, where we had static tested 0- 
ring seals in the condition they should be at those temperatures. 
Therefore, you know, I would even be concerned with that, and 
that was the kind of conversation I was having with them at the 
time. 

Mr. RITTER. But didn’t you during the course of this caucus men- 
tion to Mr. Kilminster that he consider a point that the secondary 
O-ring is in the proper position to seal, if blow by of the primary 0- 
ring occurred, and doesn’t that act in support of what they were 
saying? Were you wearing two hats at that time? 

Mr. MCDONALD. No. They interpreted it that  way and it was a 
point that  I had made at the end of the teleconference when the 
decision was made to caucus to reconsider, and at that point I men- 
tioned-in fact, Mr. Hardy had made the comment earlier-that if 
we are going to make a recommendation that is anything other 
than 53 degrees, I think a n  important consideration is to look at 
the secondary seal as well, because the cold temperature is bad for 
both seals. 
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Mr. RITTER. You are essential1 saying, according to Mr. Hardy’s 

there was pretty good redundancy, that in a sense you supported 
the idea that the secondary O-ring would seal; is that correct? 

Mr. MCDONALD. No, I didn’t support the idea. I supported the 
comment that I made that is an important consideration that we 
look at. If we are going to recommend some other temperature 
other than 53 degrees, I said that at the time, I still feel that is 
true, because it was very clear that the recommendation that we 
had made of 53 degrees was totally on our experience base from 
flights, and if we are going to go outside that experience base, we 
need to understand, to run some calculations as to how the seating 
is going to be affected at lower temperatures. 

We must consider both seals, because if we conclude that the 
cold temperatures are not going to affect anything in the first 170 
milliseconds, so that we don’t get out of that  regime that Mr. Bois- 
joly was talking about, it is probably all right to go colder. But if it 
does affect that  timing and that first 170 milliseconds and goes 
beyond that, that is when the secondary seal, we can’t count on it. 
We can count on the first 170 milliseconds. 

Mr. RITTER. When Mr. Kilminster announced the decision to 
launch, I guess Mr. Reinartz asked, “Are there any further com- 
ments? Did you have any further comments, Mr. Boisjoly? Did you 
have any further comments, I mean, did anyone at that point seek 
to turn the situation around. 

Mr. BOISJOLY. Both Arnie Thompson and I might add that we 
were the only ones in the room that continued to vigorously oppose 
the launch during the caucus. We reiterated and reviewed all the 
data that we had presented, and continued to try to convince the 
four management people not to change the decision. Once that de- 
cision had been made by them on the basis of our input, I would 
say it was over, so people keep alluding to the fact that, you know, 
why didn’t we say something after the managers had come on the 
loop and made that decision on that launch. 

I firmly believe, as I so stated in testimony previously, that once 
we as engineers fight our hearts out to present the information 
that we believe supports a particular position is given, then we are 
out of it. We cannot then act as management in the company to get 
in-- 

Mr. RITTER. I accept that. 
Mr. BOISJOLY. With management. So that is why the comments 

were made. 
Mr. ROE. The gentleman’s time-- 
Mr. RITTER. If the gentleman would allow me just an  additional 2 

minutes. 
Mr. McDonald, with your high-level position, though, you are in 

the management loop, and not just in a technical sense. When Mr. 
Reinartz said, “Are there any further comments?” how come you 
didn’t jump up and down and say no? 

Mr. MCDONALD. Well, I had made some notes of what Joe had 
explained over the network as to what our rationale was to launch, 
and had jotted those down because this 5-minute caucus that was 
going to be a 5-minute caucus turned into a half hour. I had no 
reason to believe that that  half-hour wasn’t done in running some 

testimony on page 99 during t iI e Presidential Commission, that 
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calculations to determine whether we could indeed launch at  a 
colder temperature outside our experience, and it wasn’t until it 
got to the bottom line where there wasn’t a particular temperature 
recommended, you just had to proceed to launch, it kind of took me 
by surprise. 

I also, as I had testified, I was convinced that it was the pressure 
from NASA that caused the whole caucus in the first place. I knew 
that, and I knew that Mr. Mulloy had challenged our recommenda- 
tions, and indeed, he challenges everything but it has always been 
on the other side when we try to say it is OK to do something he 
says, “I don’t think you can convince me.” 

Now all of a sudden we had this list of three reasons why we said 
it ought to go ahead and launch, with a lot of things on there that 
were reasons not to. He didn’t challenge those like he should have, 
I thought, so I knew at that point in time that if I was going to 
have any impact on this thing, I was going to have to deal with Mr. 
Mulloy and Mr. Reinartz, because I felt that my management, if I 
talked to them, would say, Well, have you talked to Mr. Mulloy 
and Mr. Reinartz about that? 

And that telephone conversation, at the end it was very short. 
Joe went through, read those. He was told to put that in writing 
and sign it, and I had commented to Mr. Mulloy at that time, be- 
cause I thought I would have to sign it, as I was the man at the 
Cape, that I wouldn’t sign it, it would have to come from the plant. 
That was done. Mr. Reinartz says, “Any more comments?” And 
they accepted it all, and that was the end of that conversation. 

It was after that that I, you know, I just couldn’t live with that 
and told him I didn’t see the rationale that was presented that con- 
vinced me that it was all right to proceed, and I don’t understand 
how NASA can accept that  recommendation. 

Mr. RITTER. So you did protest to Reinartz? 
Mr. MCDONALD. Oh, I did, very, very vigorously, but they were 

not on the network. That was after everybody went off of the net- 
work. I protested for some time to both Mr. Reinartz and Mr. 
Mulloy . 

Mr. RITTER. One last question for Mr. Boisjoly. Your memo of 
July 31, where you talk about inattention to the subject at hand, 
you say in this company private memo, “The result would be a ca- 
tastrophe of the highest order, loss of human life.” You close the 
memo-this is to V.P. Engineering, Mr. Lund. You then say, “It is 
my honest and very real fear that if we do not take immediate 
action to dedicate a team to solve the problem with the field joint 
having the No. 1 priority, that we stand in jeopardy of losing a 
flight along with all the launch-pad facilities.” 

What kind of response did you get? That is a pretty hairy docu- 
ment. It is a pretty emotional document. What kind of response did 
you get? You would think that it would elicit quite a substantial 
response, because of its strength of message. 

Mr. BOISJOLY. I didn’t get any personal response, but there was a 
memo written by Mr. Lund to Mr. Larry Sayer, director of engi- 
neering at that time, engineering design, on August 20, and basi- 
cally it was an answer to that memo that set up a test team to go 
forward and solve this problem. But as far as any immediate inter- 
play or verbal interplay, there was none with me. 
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Mr. ROE. The time of the gentleman from Pennsylvania has ex- 
pired. The chair recognizes the distinguished gentleman from Cali- 
fornia, Mr. Mineta. 

Mr. MINETA. Thank you very much, Mr. Chairman. 
First, I would like to ask about this document that was cast on 

the screen. Is that essentially what was on-that is the telegram of 
January 27? 

Mr. KILMINSTER. No, sir. Previously we had discussed I think 
something on the order of 11 or 12 pages of data, and then after we 
went off line on the caucus, then this, the one that was on the 
screen, is what was transmitted. 

Mr. MINETA. And that was requested of you by NASA to affirm 
concurrence with going ahead with the launch on January 28? 

Mr. KILMINSTER. That is correct. 
Mr. MINETA. Had you ever been requested by NASA to submit in 

writing any kind of a document like that in the past? 
Mr. KILMINSTER. As a matter of the normal flight readiness 

review process, we typically do sign a document that says that the 
unit, those units are ready to be used on the subsequent flight. 
That is typically done in the readiness review process approximate- 
ly 2 to 3 weeks before a launch, and was done in this case, and 
then that same document is used up through L minus 1, launch 
day minus one review, and if anything comes up in that interim 
time, then that has to be worked in real time to resolve any issues. 

Mr. MINETA. And if there are any issues that come up after this 
L minus 1, is there anything again to reconfirm what you had pre- 
viously sent in the form of message or a telegram? 

Mr. KILMINSTER. This was a unique situation relative to some- 
thing coming up after the L minus 1, and we had no previous expe- 
rience in that regard. 

Mr. MINETA. And the fact that they had requested that of you, 
did you consider that to be atypical? 

Mr. KILMINSTER. Well, the whole routine of having a discussion 
this late before launch was unusual. However, I was not greatly 
surprised when I was asked to submit a signature on this page. 

Mr. MINETA. Let me ask about how long do you think it will take 
to redesign and get ready for tests and to qualify that joint in the 
O-ring area? 

Mr. GARRISON. At the present time we are conducting a series of 
analysis studies and tests to identify a joint that we feel will be 
safe and serve the purpose and go forward with. Until we have an 
opportunity to select those specific design parameters, and until we 
have an opportunity to understand fully the Presidential Commis- 
sion’s recommendations in this area, I don’t believe that we can 
make an accurate projection of that at this time. 

Mr. MINETA. And you feel you have the inhouse expertise and 
the capabilities to go ahead and redesign that area? 

Mr. GARRISON. Yes, sir. 
Mr. MINETA. If you feel you are prepared and qualified now, then 

why could you not have completed this redesign over the past 
years, since this isn’t something that just cropped up; this is some- 
thing that was, I guess I might say, so obvious that the O-rings 
were faulty and that erosion was occurring persistently, why do 
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you feel you are able to do it now, and couldn’t do it before the 
accident? 

Mr. GARRISON. I believe that at this point in time we have some 
more data than we had prior to the accident. 

In our failure analysis, as an  example, we have done a great 
amount of testing to understand the joint. That data is available. 

I think, initially, all of the technical experts that were involved 
in the design of the case and the motor felt that the joint was ade- 
quate. 

Mr. MINETA. You have-you had noticed everybody has been on 
notice on this thing for quite a while, and I am not-what is it 
about the current data that you have now that gives you the assur- 
ances that you can go ahead and redesign or that you are even 
more aware or that  you are aware of the problems as compared to, 
let’s say, 1984, just using that as a figure? 

Mr. GARRISON. I would like to have Mr. McDonald answer that, 
who has that support for us. 

Mr. MCDONALD. Mr. Garrison is right, we not only have much 
more data, but I listened to discussion yesterday from people from 
Marshall Space Flight Center, and Mr. Mulloy explaining why we 
felt that it was safe to fly prior to 51-L, and I have to agree with 
his assessments. 

Prior to that time we had seen this erosion on the O-rings. That 
was evident. And when I came on the program in March of 1984, 
one of the things I initiated and was done by Thiokol was to get a 
better understanding of how this happens and to model that math- 
ematically. 

Dr. Mark Salita did an  excellent job in modeling the erosion, and 
he developed that model based on a series of subscale tests that he 
conducted and then analyzed all the data from the flight motors 
and was able to predict the kind of erosion we were observing 
within plus or minus 12 percent. 

We then took an  O-ring and shaved it and kept shaving it and 
removing material until it would fail at three times the pressure 
we would ever operate at for a margin, and we found that we could 
shave up to about 155/1000 out of the 280/1000 O-ring before it 
would fail. 

Mr. MINETA. That was roughly when you did that? 
Mr. MCDONALD. We did that in about mid-1984. 
And then, subsequent to that, we took some hot firing tests 

where we focused a jet of gas on it to eat up the O-ring while the 
motor is igniting, much more like we see in the full-scale shuttle 
motor, except it was smaller scale. 

The O-ring size is exactly the same. And we found out that we 
could erode the 125/1000 of that  O-ring and we also maintain a 
good adequate seal. 

In fact, we sealed it up to 150/1000 of it removed in one case, but 
between 145/1000 and 160/1000 sometimes it didn’t. 

So, it was in that same range that it would not seal that we 
found in our cold test at three times the pressure. So, on that data 
we had calculated, it was much like the insulation we have in the 
rocket motor. 

It is a criticality one. The insulation of the whole rocket motor is 
exposed to the fire inside the motor for the full 120 seconds. And if 
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we are wrong in how that material behaves, it will burn through 
the case and it causes a catastrophic failure. 

We calculate how much margin of safety or what the safety 
factor is on that insulator and that insulator in most cases has a 
factor of safety of two. 

We calculated how much safety factor we had on the O-ring, and 
it was over two, because the duration at which the O-ring gets this 
erosion is during the first 600 milliseconds when the motor is pres- 
surizing. 

So, we felt that we had as good margin on erosion of the O-ring 
as we had on the insulator at that time. 

Now, some people say, yes, but look, you are talking about milli- 
seconds here, and if you are off, it is a big deal, and it is. 

But you must consider the complexity of the shuttle system. 
When we ignite the two solid rocket boosters, if one of those boost- 
ers doesn’t thoroughly ignite exactly the way the other one does 
within a couple hundred milliseconds, it will turn the whole vehi- 
cle over. You have a catastrophic event. 

So, you are dealing with those kinds of engineering judgments 
and analyses. And it was our conclusion that it was safe to fly, 
even though we had that kind of erosion, as long as we kept it 
within what we had been able to predict, what we had shown took 
to fail it, that we had a good margin and we understood it. 

That was our experience base. 
Mr. MINETA. We had a blowby on STC, was it 51-C? 
Mr. MCDONALD. That is correct. And I would like it addressed. 
Mr. MINETA. That was when? 
Mr. MCDONALD. That was in January of 1985. So, up until that  

time we had never seen this phenomena of blowby. 
Mr. MINETA. What did you do then? 
Mr. MCDONALD. What we did at that time was to try to analyze 

that situation to understand why we saw that, what was different 
about 51-C over the previous flights before that when we didn’t see 
it. 

And we went to the flight readiness review for the next flight, 
which we were required to every time explain any anomaly, what 
we understood about it, and why it is safe to fly the next flight. 

The conclusion we drew at that time is the only thing that we 
could conclude caused that blowby, was that that particular flight 
was preceded by the three coldest days in Florida history, and it 
was cold. 

Now, we didn’t expect to see the three coldest days in Florida 
history every time we went and flew, so the conclusion was on the 
very next flight it certainly won’t be the coldest 3 days in Florida 
history again, and therefore, the next flight should be acceptable 
because it shouldn’t see this type of behavior. 

Mr. MINETA. So, that was when you first, then, became aware 
that the temperature played a role in erosion? 

Mr. MCDONALD. That is correct. That is the first time and that is 
when Mr. Boisjoly and Mr. Thompson and people started running 
some tests to confirm whether our suspicions was that the cold 
temperature may have affected that sealing capability in the 0- 
ring. 
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Mr. MINETA. Had you gone back to any flight readiness review 
prior to the one just immediate to the one that was being launched 
in taking a look at those anomalies? 

Mr. MCDONALD. Oh, yes; we continuously did that. 
Mr. MINETA. As I understand it, the procedure was to just look at 

the immediate preceding one and not look at a series of flight read- 
iness reviews in order to see, what I would call, a trend line? 

Mr. MCDONALD. No; we continuously kept track of all of those, 
but our immediate concern was, are we seeing things that we have 
never seen before, and are they outside of what we have seen 
before, because if they are, they are clearly different and we must 
explain why they are different. 

Mr. MINETA. Finally, then, did you ever get to the point of 
saying, yes, we have to change it, in terms of that 53-degree crite- 
ria? 

Mr. MCDONALD. Well, yes, we got to the point in July, as a result 
of the problem we had with the nozzle seal, the conclusion we need 
to make some changes in those joints. 

Mr. MINETA. And that was when-- 
Mr. MCDONALD. That was in July 1985. 
Mr. MINETA. Thank you very much. 
Mr. ROE. The time of the gentleman has expired. 
The Chair recognizes the distinguished gentleman from Pennsyl- 

vania, Mr. Walgren. 
Mr. WALGREN. Thank you, Mr. Chairman. 
Going back to the questions about design specifications and how 

the system was asked for at 31 degrees and then accepted at 40 de- 
grees, my impression of the document that you gentlemen pre- 
pared, asserting the acceptability of 40 degrees, that document was 
written as you presented the motor, as I understand it. Is that 
right? 

You were substantially through the process of designing the 
motor and this was the acceptance at that point. Is that correct? 

Mr. MCDONALD. Correct. 
Mr. WALGREN. My question, then, is where did that 40 degree 

number come from? It appears that NASA agreed to the 40 degree 
number or a group of people agreed to the 40 degree number, but it 
is, at that point, coming out of thin air. 

Is there any tracking of that number? Where did it originate? 
Mr. MCDONALD. The 40 dePree number? v ~~~ ~~ 

Mr. WALGREN. Yes. 
Mr. MCDONALD. The number came from the specifications that 

we were supplied for the solid rocket motor to operate over a pro- 
pellant mean bulk temperature of 40 to 90 degrees Fahrenheit. 

It was in our specifications. 
Mr. WALGREN. That was the original specification, is that cor- 

rect? 
Mr. MCDONALD. It is the same one we have now. 
Mr. WALGREN. Is that the same specification as the 31 degrees? 
Mr. MCDONALD. No; the specification as to 31 is a JSC, Johnson 

Space Center specification, that is referenced in our specification, I 
think volume 07700, referenced some vehicle specifications that are 
part of ours. 
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And you go to that document and it comes up with a 31 to 99. It 
says that the elements of the shuttle must withstand 31 to 99 de- 
grees. 

It doesn’t say they have to operate under those temperatures; it 
has to withstand it. 

And we have a lot of environments that we have to withstand, 
and we have certain environments we have to operate under. 

We have to withstand coming across a blizzard in Wyoming, also, 
where it is even colder, but we don’t operate under those condi- 
tions. 

We have to withstand storage over a wider temperature range 
we operate over. We have to withstand sitting on the launch pad 
for some undetermined period of time under some environments, 
and we have to withstand any influence from other parts of the 
system and that is where I think the confusion came in, probably, 
earlier on how people interpreted that on what the motor actually 
operated under and what it had to withstand. 

And those documents, in my opinion, make it very clear. It says 
“withstand,” and that was probably where the misinterpretation 
came from. 

Mr. WALGREN. And there is no design specification saying it 
shall operate at 31 degrees? 

Mr. MCDONALD. I couldn’t find one. 
Mr. WALGREN. And the temperature at  launch was what, again, 

was-- 
Mr. MCDONALD. Well, I believe the ambient temperature was 36 

or something at  the time 51-L was launched. 
Mr. WALGREN. So, we were launching below the design specifica- 

tion at that point. 
Mr. MCDONALD. Well, in my opinion, from what we had quali- 

fied, or everybody thought we had qualified, the motor for, we 
were. 

That was my argument with Mr. Mulloy and Mr. Reinartz after 
the teleconferences, why I didn’t understand why they could accept 
the recommendation, because it was my interpretation that the 
recommendation was outside of what everybody thought the motor 
was qualified to. 

Mr. WALGREN. And they did not assert that it was qualified to 
operate at that range. They simply fell back on arguments that, 
look, the seal didn’t seal at 75 degrees or there are circumstances, 
doesn’t seal at  75 degrees, so why should we worry about it. 

Is that essentially it? 
Mr. MCDONALD. Mr. Mulloy showed how essentially ambiguous 

that specification was, because yes, he understands there is 40 to 90 
degrees, but that the propellant mean bulk temperature-and that 
is what it refers to, which, in his mind, says it can be exposed to 
much colder temperature than that-as long as the propellant 
mean bulk temperature is within those limits. 

And I told him at the time I thought that was asanine, because 
the propellant in that motor is so large and such a massive insula- 
tor that I could expose it to 100 degrees below zero for several 
hours and only change the propellant mean bulk temperature by a 
few degrees, and I know the spec didn’t really mean us to do that. 

That was a comment I made to him that night. 
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Mr. WALGREN. So, there never was a specific operating tempera- 
ture that you received. 

You received a withstanding temperature of 31 degrees and you 
received a propellant mean bulk temperature of 40 degrees. 

Mr. MCDONALD. That is correct, and that is why I said yesterday 
it is a lousy spec. It didn’t get any better overnight. It is still a 
lousy spec, because it doesn’t specifically say that. 

Mr. WALGREN. Thank you, Mr. Chairman. 
Mr. ROE. The Chair recognizes the gentleman from Missouri, Mr. 

Volkmer. 
Mr. VOLKMER. Thank you. 
Mr. Boisjoly, what happened between the flight readiness review 

on the 51-1 and the January 27 telecon before, in other words, the 
first one, that persuaded you that the Launch Commit Criteria 
should be changed to 53 degrees, in the past it had been 31 de- 
grees? 

Mr. BOISJOLY. The teleconference of the 27th, is that what you 
are referring to? 

Mr. VOLKMER. Yes; what persuaded you at that time to say you 
shouldn’t launch between 53 degrees temperature? 

Mr. BOISJOLY. Because the previous year 1985 January, that  was 
the predicted O-ring temperature in that environment. We had 
blowby but we had characterized that the erosion part of that 
blowby was less than we had experienced before, and we would 
have been operating within our experience base. 

Mr. VOLKMER. It was based on that and all the flights inbetween 
had been above 53 degrees? 

Mr. BOISJOLY. That is correct, yes. It was not uncharacteristic at 
all to operate within one’s experience base. 

Mr. VOLKMER. But in all of the memorandums, et cetera, that 
had occurred before-inbetween the time, January 1985 and Janu- 
ary 1986, you don’t specifically say that, you basically say low tem- 
peratures-we need to look at this joint problem and do something 
about it. 

Mr. BOISJOLY. That is right, and I so testified or submitted writ- 
ten testimony to the Commission to the effect that  we had just ex- 
perienced the three coldest days in Florida history the year before. 
And that would be analogous to a 100-year storm from a rainstorm 
or something like that. It was nobody’s expectation we would ever 
experience any cold weather to that degree before we had a chance 
to fix it again, so that basically is why it wasn’t pursued any fur- 
ther than that from my personal standpoint. 

Mr. VOLKMER. In other words, you saw no need at that time then 
to try to change the criteria in March, April, May, June on 
through? 

Mr. BOISJOLY. That is correct. 
Mr. VOLKMER. Because of that, you didn’t expect to experience it 

again anyway? 
Mr. BOISJOLY. That is correct. 
Mr. VOLKMER. OK. 
Now, yesterday we had the testimony, and the Commission 

report bears reference to it too, that  the Reinartz, when you fin- 
ished up the second telecon, the one that Morton Thiokol had given 
approval and you were back in Utah, did you hear Reinartz say or 
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anyone else have any further comments or anybody disagree with 
the recommendation? 

Mr. BOISJOLY. Yes. 
Mr. VOLKMER. And you said nothing. 
Mr. BOISJOLY. That is correct. 
Mr. VOLKMER. Can you tell me why? 
Mr. BOISJOLY. Yes; we had-Arnie and I, Arnie Thompson and I 

had fought vigorously against the launch and were two of the 
prime movers in preparing the charts that gave the information, 
technical information against launch. The first decision was made 
not to launch below our experience base and we were quite pleased 
with that. When we went off the line and caucused-one of the 
first statements that was made is that we have to make a manage- 
ment decision by management people. And we continued very 
strongly to oppose that. And we argued as vigorously as we could 
argue, and when you look up into people’s eyes you know you have 
gone about as far as you can go. 

And so both Mr. Thompson and I just plain frankly backed off. 
You had to be there and you had to see the looks and feel the expe- 
rience that it didn’t really make any difference what further you 
were going to say, you were just not going to be heard. 

Mr. VOLKMER. Did you get that  same impression from the Mar- 
shall people that were in the telecon, Mulloy and Reinartz and 
them? 

Mr. BOISJOLY. I was unable to look into their eyes-- 
Mr. VOLKMER. For the tone of their voice. 
Mr. BOISJOLY. The tone of their voice as I so stated, I felt that 

there was pressure, and I felt that  the tone of the meeting had 
changed. And I think I stated that before; that we were always put 
in a position and quite frankly in many respects nitpicked to prove 
that every little thing that we had was in proper order and had the 
proper engineering rationale and data to back it up in order to fly. 

And in this instance we were being challenged in the opposite di- 
rection. So that is why I didn’t speak up, it was a management de- 
cision at that point in time, and I had nothing more to say. 

Mr. VOLKMER. Thank you very much. 
And as far as you know, Mr. Kilminster, did anyone at Wasatch 

inform anyone other than the Marshall people in the telecon, 
either level I or 11, of any of these concerns? 

Mr. KILMINSTER. No, sir, I had no advisability of that  from Wa- 
satch. 

Mr. VOLKMER. Did you at any time have any contact with either 
Houston or headquarters? 

Mr. KILMINSTER. As far as this night was concerned? 
Mr. VOLKMER. Yes. 
Mr. KILMINSTER. No, sir. 
Mr. VOLKMER. All right. The last question I would like to ask you 

is, well maybe it won’t be the last one if I have time, but it is very 
important to me. We have seen a considerable number of tests 
since the accident on the 28th, and these tests have brought about 
some eye opening to some people. We heard testimony of that  yes- 
terday. My question to the people at Marshall was, and the same 
question I think applies to you, since you developed this motor, is 



532 

why weren’t those tests done before the accident rather than only 
afterwards? 

Mr. KILMINSTER. I think as we have discussed we had an ongoing 
activity, a fairly concerted activity starting with August 1985 to ad- 
dress these matters. However, as we conducted the program and as 
these anomalies would become known to us, specific analytical 
techniques and specific tests were conducted in order to insure that 
we would have a safe flight condition. 

And that started relatively early in the program where we tight- 
ened up tolerances on the nozzle, excuse me, on the field joint. We 
increased O-ring sizes, we initiated the use of shims in order to 
compensate for the rotation that was going on there. 

Later on, when we did detect the erosion condition, we conducted 
analytical calculations to identify what limiting parameters there 
were there and what is the maximum extent of erosion we would 
expect to see, and found that it was well within the data that we 
had generated by tests that  the O-ring could withstand and still 
seal. 

As we were marching along, we were meeting these things head 
on on an  individual basis in order to insure ourselves that it was 
safe to proceed. At the same time, having O-ring erosion was not a 
desirable circumstance, and we had activity going on in order to 
pursue that and try to eliminate it altogether. 

And as we discussed yesterday, the putty is the prime actor there 
of keeping the hot gases away from the O-rings, so much of our ini- 
tial work had to do with lay up, cleaning of the joint in order to 
insure that we had the proper putty configuration in there. 

Mr. VOLKMER. I don’t believe you answered my question; were 
you going to conduct the tests if we hadn’t had the experience with 
51-L and we have had a fight with the-would you have done the 
same tests we had done since the flight? Let me put it that  way. 

Mr. KILMINSTER. I guess I can’t answer that specifically. We had 
identified a long lead procurement of steel bullets in order to ac- 
commodate a joint redesign. We had identified some tests that 
would be conducted to further evaluate the blowby. But as far as 
some of the dynamic testing that was conducted subsequent to the 
accident, I don’t know if that  would have been done or not. 

Mr. ROE. The time of the gentleman has expired. 
The Chair recognizes the distinguished gentleman from Idaho, 

Mr. Stallings. 
Mr. STALLINGS. Thank you, Mr. Chairman. 
Before I raise several questions this morning, I would like to ex- 

press my appreciation to Morton Thiokol officials for their coopera- 
tion during the Presidential Commission investigation. Morton 
Thiokol as well as the other witnesses who have appeared before 
this committee I believe deserve acknowledgment for their efforts. 

The Rogers Report was critical of the decisionmaking process 
and the lack of safety concern. While I recognize many serious mis- 
takes have been made, I think it is important the record show 
what the history has been of Thiokol’s past performance. 

Mr. Garrison, your company has been the sole source of the solid 
rocket booster for the space shuttle for some time. How long have 
you been working on that contract? 

Mr. GARRISON. I believe we received that contract in 1974. 
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Mr. STALLINGS. How would you characterize your performance on 
that contract? 

Mr. GARRISON. I think the methods that we measure by has been 
very good. We have been in an  underrun position from a cost 
standpoint, including the development contract and production; 
since we have been in production, we reduced the price of our de- 
livered units by a significant amount, as much as 20 percent, I be- 
lieve, based on the first unit and the last one delivered. 

And of course we had planned to make some additional capital 
investments that would drive that cost down even more. I believe 
we met all of our schedule requirements, and in our opinion we 
have met all of the specification requirements, so we are proud of 
our performance on this contract up until that time. 

Mr. STALLINGS. Have there been any incentive awards on the 
contract? 

Mr. GARRISON. Yes; we have done very well on the incentive 
awards. We have gotten very high ratings in the award system, 
yes. 

Mr. STALLINGS. Do you feel that your company will make some 
modifications, will change some policy as a result of this incident 
and these events? 

Mr. GARRISON. Well, we are in the process of completely looking 
at our systems, our people, our organization from top to bottom, 
and this has called for a complete reassessment. We are in the 
process of doing that and we will do it. It is my intent that this- 
an  event like this with the confusion, confusion may be a bad word, 
I would say the judgment of various people will be criticalized at a 
higher management level and dealt with there. 

Mr. STALLINGS. Thank you very much, Mr. Chairman. 
Mr. ROE. I thank the gentleman. 
The Chairman recognizes the distinguished gentleman from Flor- 

ida, Mr. Nelson. 
Mr. NELSON. Thank you, Mr. Chairman. 
Mr. Chairman, I think it is important here to again underscore- 

Mr. Chairman, I think it is important to underscore the point that 
you brought out earlier, which is that there has been a communica- 
tion problem. That the communication problem has been on both 
ends of the line of the communication; that it includes NASA as 
well as we look back into the flight-look back into the facts, as 
well as the contractor. 

And so I want to explore again in-to the degree of misunder- 
standing that occurred to find out how this decisionmaking process 
was flawed such that the motor had never been tested to the ex- 
tremes of temperature that it should have been. 

Now, earlier in the testimony, I notice NASA testified to this 
yesterday, it was stated, and I would like your response to it Mr. 
Garrison, it was stated that they signed off on the verification cer- 
tification before STS-1 and STS-5. Because they had been told by 
Thiokol that sure, the ambient temperature and the induced tem- 
perature on the solid rocket motor had been met because the mili- 
tary specification of the O-ring was that it would go down to minus 
30 degrees and up to plus 500 degrees Fahrenheit. 

Did in fact that communication go from Thiokol to NASA? Mr. 
Garrison. 
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Mr. GARRISON. I am not familiar, obviously. I was not in the de- 
tails. I will ask Mr. McDonald or Mr. Kilminster, whoever may 
have that knowledge. 

Mr. NELSON. Mr. Kilminster. 
Mr. KILMINSTER. My understanding of the analytical work that 

was done, and, by the way, I think we need to be sure to clarify 
that that qualification can be accomplished not only by testing but 
also by analysis, also by similarity, that  type of thing. 

Mr. NELSON. That is correct, the design spec, by the way, re- 
quired both for ambient temperature and for induced temperature 
to be by analysis. That is what is contained within these docu- 
ments. 

All right. Go ahead, please. 
Mr. KILMINSTER. As I mentioned yesterday, in researching this, I 

think you will find that the fracture critical items, which includes 
the steel in the case, the steel parts of the ignition system and 
some of the steel parts of the nozzle, were qualified by analysis on 
a fracture mechanics basis at 20 degrees. 

Mr. NELSON. All right. That is prefatory. Now let’s get to my 
question. 

Do you want me to repeat the question? 
Mr: KILMINSTER. Please. 
Mr. NELSON. Did Thiokol relay to NASA that these temperature 

analyses had in fact been met because you were using an O-ring 
which had already been certified to the military specifications 
which was down to minus 30, and up to plus 500 degrees Fahren- 
heit. 

Mr. KILMINSTER. I can’t comment specifically that there is a 
piece of paper in the system that says that. 

Mr. NELSON. Well, that  is what NASA said yesterday. Is there 
anybody in your organization that can answer that question? 

Mr. GARRISON. Not here. 
Mr. NELSON. Well, let me ask you this: Is, in fact, that O-ring- 

does it have a military spec from minus 30 to minus 500. 
Mr. KILMINSTER. Yes, it does. It is a procurement spec. 
Mr. NELSON. So it is conceivable that what NASA said yesterday 

is accurate, that someone said, well, we have completed the certifi- 
cation because that is what the military spec says. 

Mr. KILMINSTER. That is conceivable. 
Mr. NELSON. Okay. 
Well, now, as we examine this, we realize that that wasn’t cor- 

rect, because this contract required more. Now let me get to that, 
because you all dispute the reading of this design specification. 

This morning you gave this document dated April 1960, and of 
which you are citing, as, Mr. McDonald, you apparently all along 
have thought, that  the temperature specs were 40 to 90. It is fairly 
clear to me from reading these documents that we are talking 
about two different things. We are talking about 40 to 90 degrees is 
the propellant bulk mean temperature, which is the temperature of 
that solid rocket propellant, which changes very slowly over the 
course of time. 

As a matter of fact, some of your testimony to the Commission 
said you could have minus 100 degrees outside, and the propellant 
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temperature is only going to change a few degrees over a long 
period of time. That is one indication. That is one criteria. 

It seems to me that these design specs also clearly state that 
there is another requirement regarding temperature, and that is 
from the ambient air temperature otherwise defined as natural en- 
vironment under this document volume 10, and also another defini- 
tion of induced environment, and they go on through the various 
appendices to determine and to define what each of those are in 
terms of degrees. 

You still maintain that that is a part of the design specs that you 
all did not understand? 

Mr. Garrison. 
Mr. GARRISON. First off I would like to say that we didn’t dispute 

your reading of the document. 
Mr. NELSON. No, I understand. I a m  trying to get inside your 

head. 
Mr. GARRISON. We have an  interpretation problem, and I would 

like to reiterate again that this interpretation was basically made 
12 years ago. 

It has followed, and I believe everyone has been in agreement 
with our interpretation that has been involved in the program, so 
there was no reason for us to think until this time that it was in- 
correct, so I believe that we are talking about an  interpretation, 
and I frankly don’t know how we resolve that at this point. 

Our interpretation, as I stated to you, based on the people that I 
talked to and our people were involved, as we stated, and I can’t 
change that. It might be wrong. It was made 12 years ago, and I 
said we have been operating and everyone has been concurring 
that that was the correct interpretation. 

Mr. NELSON. You know what we are trying to do here, as the 
modus operandi as set by the Chairman is trying to get the truth, 
and I understand you are trying to give the truth, and that is what 
we are trying to find out. 

The fact is NASA came up and said they messed up, and you are 
saying you didn’t mess up. You are saying you might have messed 
up, and we are just trying to find out what was the degree of your 
thinking. 

I have already said prefatory to my comments, you know, you 
are not entirely at fault. I mean, there is a lot of blame to go 
around here. 

Mr. GARRISON. Congressman Nelson, I think you will have to 
admit that  it would be unusual for us to go say sometime after we 
had made our interpretation that we believe you are wrong in your 
interpretation. They wrote the spec. 

I think Mr. McDonald has expressed his opinion that he thinks 
the spec is confusing, and open to misinterpretation, and that may 
be our problem, but we honestly thought we were meeting the 
intent of the specs, and we thought that  for 12 years. 

Mr. NELSON. Mr. Chairman, I have one more question. 
I could not help but reminisce, as we have heard this whole con- 

versation, and we have heard these temperatures, 40 to 90, and we 
have heard many times the reference to 53 degrees, and Mr. 
McDonald’s concern about not launching below 53 degrees, because 
in fact that was the coldest temperature of any previous launch, 
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and he knew that there had been severe O-ring degradation on 
that launch, so my question is, which I couldn’t help but reminisce, 
STS-GlC, that finally launched on January the 12th, we were 
scrubbed four times, and during several of those scrubs, the tem- 
peratures were less than 53 degrees, and so my question is, did any 
of these same concerns with the temperature come up in discus- 
sions during the final checks before those attempted launches? 

Mr. MCDONALD. I am not aware that they had, Congressman. I 
don’t know. I wasn’t at that  launch, but I don’t recall that that  
came up. 

Someone would have to relay what the temperatures were ex- 
pected during the time period before and after, because if you will 
recall, the 53 degrees on the previous coldest one, when it actually 
launched it was actually 60 some degrees, I believe, the ambient 
temperature, and that 53 degrees is an  O-ring temperature that is 
calculated from that, and you have to know what the temperature 
history is to arrive at what the O-ring is. 

Mr. NELSON. Mr. Chairman, I will just conclude with that. I 
thank you. 

The temperature was on or about in the low 40 degrees on De- 
cember the 19th, during the first scrub of STS-81C, in the low ~O’S, 
the ambient air temperature. 

Thank you, Mr. Chairman. 
Mr. ROE. The Chair recognizes the gentleman from California, 

Mr. Packard. 
Mr. PACKARD. Thank you. 
Mr. Chairman, I would like to pursue that a little bit further. I 

think, Mr. McDonald, you expressed that for this launch we experi- 
enced the 3 coldest days in, what, the history of Florida, at that  
time? 

Mr. MCDONALD. That was what was reported to us on the Janu- 
ary 1985 launch, that is correct. 

Mr. PACKARD. What was the temperature on this flight 51-L that 
was scrubbed three times-- 

Mr. MCDONALD. That is correct. 
Mr. PACKARD. What was the temperature on the 22d when it was 

first scrubbed? 
Mr. MCDONALD. The 22d? I don’t know what it was then. I was 

down at the scrub the day before. 
Mr. PACKARD. What was it the day before on the 27? 
Mr. MCDONALD. During the launch window from 0938 to 1238 it 

ranged between 48 and 57 degrees. 
Mr. PACKARD. So, it was below the 53 at least part of that launch 

window. 
Mr. MCDONALD. That is correct. 
Mr. PACKARD. Was temperature discussed then? 
Mr. MCDONALD. No, it was not. 
Mr. PACKARD. On any of the 3 scrubbed days? 
Mr. MCDONALD. Nowhere was it, no. 
Mr. PACKARD. And the temperature dropped in one 24-hour 

period from 48 as a low down to below 29, possibly even down to 16. 
Mr. MCDONALD. Down to 22. They were predicting 18, and that 

was what caused the great alarm. You know, that doesn’t happen 
very often in Florida. 
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Mr. PACKARD. Why, in your judgment, wasn’t weather-when it 
had gone down on the windows before or on the scrub days before 
on 61-C, was it, and also in the previous scrubbed days of this 
launch where it was below the 53 level, where there was not data 
to justify flying, and where there was a policy that we wouldn’t fly 
below those certain thresholds-why wasn’t the weather discussed 
on those scrub days? 

Mr. MCDONALD. I don’t-I can’t answer that. I think that is an 
excellent point, and again, it is part of that communication prob- 
lem. 

I think that is an excellent point. I don’t recall that anyone 
brought up the weather, what predicted temperatures were, be- 
cause it was too much like we normally fly with, and I think that 
is an excellent point. 

Mr. PACKARD. The erosion problems of the O-ring was known for 
several years before, and there was some data on that, and you 
were monitoring that. 

The O-ring resiliency was not-there was no data or research 
done on that until June 1985, is that correct? 

Mr. MCDONALD. I believe that was the time period, wasn’t it, 
Roger? 

About February or March, he said, we started that. 
Mr. PACKARD. You started. June 3d is referred to in the Presi- 

dent’s Commission as having some results from your research as 
far as the resiliency under cold weather of the O-rings. 

In your testimony, Mr. Kilminster, I believe you said that, “As 
launch was scheduled,”-this is the night before, on the night of 
the 27--“As launch was scheduled for early the next day, our engi- 
neers immediately commenced evaluating the available data.” 

This is in reference to the cold weather and how it would affect 
the O-rings. You had had some data before. Why did you wait until 
the night before you began to even consider the whole question of 
O-ring resiliency and O-ring problem under cold weather condi- 
tions? 

Mr. KILMINSTER. This was in response to a specific request that 
came from NASA earlier in the day, after they scrubbed on the 
27th, around noon eastern time, I believe, and the prediction that 
they had at that time that there was going to be a significant drop 
in overnight temperatures. 

Mr. PACKARD. And what did your review-immediate evaluation 
of the data-what did it show? 

Mr. KILMINSTER. Well, there was a couple of areas of concern. 
No. 1 was, would we be concerned about this propellant mean 

bulk temperature condition? So, analysis and quick evaluation was 
done there and said, no, that under the circumstances that we 
would not have any problem with propellant mean bulk tempera- 
ture. 

There was some assessment made of if it gets that low, if there is 
some gradient, some temperature gradient going from the case wall 
into the insulation and propellant, would that be a concern. 

That was looked at and judged by engineering not to be a con- 
cern, and so the only one that was identified as being of concern 
was the joint issue. 
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Mr. PACKARD. Were you relying wholly on NASA’s evaluation 
and judgment as to whether to overlook the cold weather and the 
O-ring? 

Mr. KILMINSTER. No, sir. That was our engineering people who 
were conducting that assessment on all three of those items. 

Mr. PACKARD. One last question, one that I dealt with with the 
people yesterday afternoon. 

On page 146 of the Commission’s report, it shows where there 
was, or that you were monitoring, the flights that-well, all flights 
were monitored in terms of O-ring degradation, and it showed no 
successful flights below 65-degree weather, no successful flights 
that had no O-ring damage done, 17 flights above the 65-degree 
level with no O-ring damage, but all flights had damage that was 
below that level. 

Were you using this information on an ongoing basis to evaluate 
the effects of O-ring and cold weather? 

Mr. KILMINSTER. I believe the task force, in conducting their ac- 
tivities, were looking for any correlation, correlations having to do 
with +he shape of the segments as they were put together. 

And I can’t say specifically, but I think they were looking at tem- 
perature based on what we had learned on the earlier January 
issue. 

But perhaps Mr. Boisjoly could answer that in more detail. 
Mr. BOISJOLY. We had asked for that data as part of the team 

members and were in the process of gathering that data, and we 
had not yet received it. 

Mr. PACKARD. So, Thiokol did not have access or did not use at 
least the information from previous flights in respect to the joint. 

Mr. BOISJOLY. We did with respect to the joint on erosion, but 
with respect to specific launch temperatures on specific vehicles, 
we didn’t have that specific data at that time. 

Mr. PACKARD. It is easy, perhaps, after the fact, but do you be- 
lieve that there was a general malaise on the question of tempera- 
ture and its effect upon the O-ring joint up until the accident? 

Do you think that this was a general disregard or a feeling that 
it was not as critical of an area, the temperature effect on the 0- 
rings? 

Mr. BOISJOLY. No. 
Mr. PACKARD. Not as critical. 
Mr. BOISJOLY. No, not a t  all, because I think my memos indicate 

just the opposite to that. I was extremely concerned about that. 
Mr. MCDONALD. I would like to comment on that information, be- 

cause one of the gauges that we had used from the start-I think 
Mr, Mulloy testified to that yesterday, and he also challenged us to 
why we could continue flying-was the first time we ever observed 
erosion on a field joint O-ring was in the second flight STS-2, at 70 
degrees Fahrenheit, and it was the worst and still was the worst 
erosion we had ever seen on launch. 

So, you have got to take that data in some context. 
Mr. PACKARD. I understand that. 
However, erosion, I think, is not necessarily resiliency. I am not 

persuaded that it was the erosion problem that created the leak 
here as much as it was failure of the O-ring to seal, which could 
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have been erosion, but was probably more likely a lack of resilien- 
cy to seal off the gap. 

Mr. MCDONALD. I don’t disagree with that. I am just saying they 
thought thermal stress, as observations on O-rings, as a function of 
temperature. You have to put that in perspective. 

Mr. PACKARD. Thank you. 
Mr. ROE. I thank the gentleman from California. 
We are just about a t  a conclusion here this morning. There are a 

series of questions that the committee has prepared that we will be 
submitting to you in writing that we would like you to respond to, 
and some of them have really to do with-they are specific. 

Some are technical in nature. I am thinking about the joint rota- 
tion aggravated by switching to lightweight steel. 

I know that is something that is being worked on, the cases, and 
those sorts of things, but I think it would be invaluable to get that  
on the record in writing, and if you would be kind enough to re- 
spond to that we would appreciate it, to round out the record. 

The gentleman from Florida. 
Mr. NELSON. Thank you, Mr. Chairman. 
Just one clarification, if you could help us here, Mr. McDonald. 
On page 142 of the report, discussing the closure issue, it states: 

“On December 6, 1985, Thiokol’s Brian Russell wrote A1 McDonald 
requesting closure of the solid rocket motor O-ring erosion critical 
problems. He gave 17 reasons for the closure, including test results, 
future test plans, and the work to date of Thiokol’s task force. Four 
days later, December 10, 1985, McDonald wrote a memo to NASA’s 
Mr. Ware, asking for closure of the O-ring problem.” 

Can you share with us why you did that? 
Mr. MCDONALD. I would be glad to do that, sir. 
The reason that Mr. Russell had originally addressed the memo 

to me on that subject was that he had received a telephone call 
from his counterpart at the Marshall Space Flight Center, Mr. Jim 
Thomas, who had apparently come out of a meeting or been given 
some direction by the director of science and engineering at the 
Marshall Space Flight Center, Mr. Jim Kingsbury, that he was 
very upset in the problem assessment system and this problem 
review board of this continuing long list of anomalies that were re- 
ported, and the list keeps getting longer and things weren’t taken 
off, and some of them were getting relatively old, some of them 
back literally, years, and that list certainly had far too many prob- 
lems that were over 6 months old, and we need to get that list 
down, and we must close some of those actions out. 

In fact, he informed me that Mr. Wear, who is the one I usually 
communicated with, the manager of the solid rocket motor project, 
would probably be sending me a memo to that effect here shortly, 
which it did come, and that we need to get those off of those lists, 
and he put together a memo on what his position was as to why we 
ought to be able to remove the O-ring problems from that list, be- 
cause we were tracking them on another system, in fact, weekly, 
not monthly anymore. 

We had a task force that had a meeting, a teleconference, every 
week with the people at Marshall discussing what we were doing, 
trying to solve the issues. 
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And if you read the memo that I wrote, it says that we are going 
to continue that, and it is not an  indication we solve the problem. 

In fact, just the opposite. It is going to be some time before we 
can solve that problem, so if somebody wants to get this list down, 
they might as well take them off, because we are doing it in, I 
think, a more productive manner that is more visible, and there- 
fore, let’s take them off, and that is what I did it for. 

Mr. NELSON. Did you raise the issue of the temperature questions 
at that point in your memo? 

Mr. MCDONALD. No, I did not, sir. 
Mr. NELSON. This was just your memo in response to their 17 

reasons stating that they wanted to close out any further discus- 
sion of the O-ring problem. 

Mr. MCDONALD. Right. There wasn’t anything, I don’t believe, on 
temperature there, no. 

Mr. ROE. The time of the gentleman has expired. 
The committee will stand adjourned. We are going to reconvene 

in 1 week Wednesday. 
I want to thank the representatives from Thiokol for their up 

front, straightforward answers in response to the committee’s ques- 
tions. 

As I mentioned, we will have some in depth other technical ques- 
tions which we think will be helpful to the committee and we will 
submit those to you in writing. 

We want to thank you very much. 
The committee stands adjourned. 
[Whereupon, at 12:25 p.m., the subcommittee adjourned subject 

to the call of the Chair.] 



INVESTIGATION OF THE CHALLENGER 
ACCIDENT 
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WEDNESDAY, JUNE 25, 1986 

HOUSE OF REPRESENTATIVES, 
COMMITTEE ON SCIENCE AND TECHNOLOGY, 

Washington, DC. 
The committee met, pursuant to call, a t  9:30 a.m., in room 2318, 

Rayburn House Office Building, Hon. Robert A. Roe (acting chair- 
man of the committee) presiding. 

Mr. ROE. The committee will come to order. 
This morning we commence our third week in the series of hear- 

ings that the Science and Technology Committee is holding to in- 
vestigate the space shuttle Challenger accident. Equally as impor- 
tant to where we will go from here in the overall national space 
program. 

In following the overall plan for our inquiry, we heard first from 
Chairman Rogers of the Presidential Commission on the Space 
Shuttle Accident. The Commission, under the guidance of its distin- 
guished Chairman, had conducted a detailed investigation of the 
shuttle’s hardware and technology failures, and also a thorough 
analysis of the management decisions associated with the launch. 
Chairman Rogers presented the excellent report that grew out of 
the Commission’s work. 

Our second group of witnesses was headed by Dr. James Fletcher 
and was comprised of various other NASA officials involved in the 
general governance of the agency, as well as those specifically in 
charge of the Space Transportation System. 

Third, we heard personnel from Morton Thiokol Co., the design- 
er/manufacturer of the solid rocket booster’s motor joint. The 
Rogers’ Commission identified the faulty operation of this joint as 
the prime cause for the shuttle’s failure on January 28. 

On the same day, we heard from personnel at NASA’s Marshall 
Space Flight Center. Since the Marshall Center has safety over- 
sight responsibility for the SRB program, the committee considered 
it important to juxtapose the appearance of the Morton Thiokol 
and the Marshall Center witnesses. 

Today we will be hearing from NASA’s astronauts. These are in- 
dividuals who are, or have been, the most direct participants in 
America’s manned space flight programs. Their intense training 
encompasses knowledge of a vehicle’s hardware and its specific 
function, knowledge of and experience with the special characteris- 

(541) 

64-295 0 - 86 - 1 8  



542 

tics of the space environment through simulation, and most impor- 
tantly, inflight intimacy with space travel. 

They are an  extremely unique group of individuals who have 
been selected for excellence in judgment and expertise. We call on 
them today to provide us not only with their perspective of a mis- 
sion’s planning and execution, but also with their view of both the 
weaknesses and strengths in NASA’s current program and oper- 
ation. 

This morning we will hear from Maj. Donald Slayton, Gen. 
James McDivitt, Capt. John Young, Col. Henry Hartsfield, and 
Comdr. Robert Gibson. 

In this afternoon’s session, Gen. Thomas Stafford will join us in a 
continuation of the proceedings. 

Our ultimate goal in examining the causes of the shuttle acci- 
dent is to strengthen the Nation’s space program so that we can 
safely and steadfastly continue our pursuit of the dual objectives of 
space exploration and space development. 

Gentlemen, I welcome you. I know that you can help us in our 
task. 

We will begin after the remarks of Mr. Lujan, the distinguished 
Representative from New Mexico, and the Science Committee’s 
ranking Republican member. 

Mr. LUJAN. Thank you very much, Mr. Chairman. 
I, too, would like to extend a warm welcome to today’s panel of 

witnesses. There are few people in the world better qualified to 
talk about space fljght than the astronauts who appear before us 
today for this hearing. 

Mr. Chairman, it has been almost 6 months since the tragic 
Challenger accident. During that time in attempting to find the 
causes and the cures we have had a lot of criticism. So much so we 
tend to forget we have a great space program. 

I happen to believe it is the best in the world. To illustrate my 
point, I might bore the committee with a little story that evolved 
sometime ago. 

My granddaughter was talking about flying saucers. I told her 
that in southern New Mexico there had been sightings of space 
ships. We read about those all the time. I had been told they were 
expecting another sighting on a particular day. So I went down 
into the area hoping that I could see one. 

It didn’t come, so I stayed another day hoping to catch sight of 
one. One did finally come and I saw it. I saw it land. I might tell 
you, Mr. Chairman, this is a true story. 

She asked me if I saw any creatures, and I said yes. She asked 
me if they were little green men, and I said no. 

I then explained to her that the creatures were just like her and 
me. Their names were Jack Lousma and Gordon Fullerton, as a 
matter of fact. 

The point of the story is I did see a spaceship land and it came 
from the United States, the only nation in the world to possess a 
machine that will carry us into space and return just like a regular 
airplane does. 

Mr. Chairman, it is a dangerous operation. I have been told 2,700 
things, criticality 1, and 1R can go wrong. I marvel every time I see 
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a shuttle land, usually within feet and within seconds of NASA’s 
predictions when it left Kennedy several days before. 

Our job is not to  find fault for fault’s sake only, but to learn from 
this experience, this Challenger experience so we can take correc- 
tive action. I am particularly grateful that members of the astro- 
naut corps have agreed to share their wisdom of the years in the 
space program with us. 

There are few whose knowledge of the program is deeper and 
command of issues broader than members of this astronaut corps. I 
look forward to hearing a frank assessment of the strengths and 
weaknesses of our space program today and when we are through 
here, I hope we can get on with the business of rebuilding our 
space program. 

We really can’t afford to wait much longer for major policy deci- 
sions to be made. The longer we wait, the harder and surely the 
more expensive it gets. 

Thank you very much, Mr. Chairman. 
Mr. ROE. I thank the distinguished gentleman. 
We have two housekeeping matters to take up first. 
Without objection, television broadcast, radio broadcast, still pho- 

tography of the coverage will be permitted this week on the hear- 
ings held on the Roger’s report, and there is no objection, and so 
forth. 

The second matter is I move the proposed membership of the Sci- 
ence Policy Task Force that has been placed before the members be 
approved for 6 months commencing July 1, 1986. 

Someone second that motion? 
The gentleman from Pennsylvania second that motion. 
All in favor, signify by saying aye. 
Contrary? 
So carried. 
I want to thank you for taking your time to be with us as a dis- 

tinguished panel and just for the members, just to reiterate, and 
for yourselves, we are on a tripart program here really. Some 
people had said and recently there were some news reports that 
were issued, an editorial or two, if the Rogers Commission did their 
work as they did, and did a good job, why should it be necessary 
that the Congress, namely the Science and Technology Committee 
of the House and our counterpart in the Senate, why should we be 
in effect holding additional hearings? 

I kind of was surprised at that in a way because I didn’t consider 
the issue to be concluded on the basis of the Rogers Commission 
report, nor has this committee, by the way, or the Congress. I think 
that is No. 1. 

No. 2, the Rogers Commission made it very clear that the initial 
responsibility as given to them by the President in his directive 
was based upon the point of view of what happened technologically 
in effect, why was there an accident, what happened. Of course, we 
have been pursuing that and I am sure there will be questions and 
dialog relating to that tragic issue today from your point of view. 

But second, in that tripart program, we want to look into the 
management structure as to really what has happened to NASA 
and not NASA bashing. That is not our purpose here at all. 
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We want to be able to take quantum steps forward to improve 
the situation so we can go back into space as quickly as possible, 
but safety is, of course, you know, No. 1. 

So the second issue that we are devoting our issue to which you 
begin to bridge that gap now, as I see it-Manny and I talked 
about that earlier-is to start to look to what you see the role that 
the astronaut corps should play in the overall program. 

There are some vast differences in those who participated in ear- 
lier manned flights as to what we see the institution beginning to 
develop into. 

Then, of course, our third function, when we finish these phases 
of our hearings, will be to get into the long and short range policy 
issues, what does America and what does the Congress do and what 
do the people do, what do you do as far as the short range space 
program is concerned, getting back out there and what our goals 
will be in a major point of view for the long range issues. So that is 
where we are coming from. That is what these issues are about. 

Now, having said that, I want to formally welcome you to our 
committee, and I guess Maj. Deke Slayton has been designated for 
us to call upon to make the first initial observations. 

Does anyone have a formal statement? That is where I am 
coming from. Suppose we recognize now Major Slayton. 

STATEMENTS OF MAJ. DONALD “DEKE” K. SLAYTON, USAF (RET.); 
BRIG. GEN. JAMES A. McDIVITT, USAF (RET.); CAPT. JOHN W. 
YOUNG, USN (RET.); COL. HENRY W. HARTSFIELD, JR., USAF 
(RET.); AND COMDR. ROBERT L. GIBSON, USN; LT. GEN. THOMAS 
STAFFORD 
Major SLAYTON. Thank you for the opportunity to visit with you. 

I do not have a prepared statement. I didn’t get notification in time 
to do that. I gathered from your letter, however, that one of your 
primary interests was in how the astronaut corps interfaces with 
the rest of the management team. 

I guess being one of the more mature guys here at the table, I 
can probably relate back to how we started and where we ended up 
in the shuttle program initially. 

I can’t speak to what has happened since then. You have people 
here who are more talented than me that can speak to that. But at 
the time we came into the Mercury Program, there were seven of 
us flight crew, and one of the first things we did was to break up 
into technical areas of expertise. Each guy took a major technical 
area of the program to follow and to make technical inputs into. 
We all reported directly at that time to the Center Director, Bob 
Gilruth, and of course, we were a very small, tight organization at 
that time. 

The precedence for that had been set by guys like Scotty Cross- 
field in the back of the room, who worked on the X-15, and prob- 
ably put in at least 10,000 hours of engineering design for every 
hour he flew. 

That is typical in this business, and we probably did about the 
same thing in the Mercury Program. We had a very strong voice 
directly into the engineering system. There were some things we 
didn’t like when we came onboard. 
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The design was fairly well set, and we were able to influence the 
change in those and make them happen. Management listened to 
us. We had a lot of changes we proposed that were not adopted to 
because somebody in the management chain has to make a man- 
agement judgment in many cases. 

Seven guys propose a problem to them, and they get seven differ- 
ent answers, and somebody has to  decide which one we are going to 
implement. At the time the Mercury Program was about over, we 
had already committed to a lunar landing, and it became obvious 
we were going to have to get organized and expand the astronaut 
corps, and I had the misfortune at that time of having been 
grounded due to a medical problem, so I was elected to take over 
the management of the astronaut corps, a job I didn’t particularly 
care about, but it was the next best thing. So, then, we had sub- 
merged the rest of the corps down one level below the Director, be- 
cause they now reported through me to the Center Director. 

A few months later than that we brought another group of astro- 
nauts onboard, including John Young and Jim McDivitt to my 
right, and then at the same time, it became obvious that the orga- 
nization was going to have to expand very, very rapidly and get 
much bigger, and we reorganized into a flight crew operations di- 
rectorate. 

So, my function was then elevated to not only encompass the as- 
tronaut corps, but the aircraft operations and everything related to 
flightcrew training, the simulators, procedures and crew equip- 
ment. 

I ran two jobs at that time. I was Chief of the Astronauts, and 
also the Director of Flight Crews, but I was still reporting to the 
Center Director. Shortly after that, A1 Shepard had the misfortune 
of getting grounded, which was good fortune for me, because I put 
him in charge of the Astronaut Office at  that time. From then on 
through the early part of the Apollo Program, that is the way we 
operated. So, inputs from the flight crews generally went to Alan; 
from him, they came to me, and then they went on in to the 
system. 

We had a system in those days which still exists, I believe, where 
the program managers ran a configuration control system. Origi- 
nally they were design reviews. Flightcrews participated intimately 
in all those. Once the design was fixed, then you had the configura- 
tion control system. I always represented the crews on that particu- 
lar system. Any inputs coming in came up through channels, and I 
am sure there are some changes that people recommend on occa- 
sion that didn’t get in that they thought should have, but, as usual, 
when you get 50 smart guys, they have got a lot of different ways 
of doing things, and you have to nail down one, and say this is the 
way we are going to go. 

There is another factor at work, and that is that there are a lot 
of people in the engineering elements, the subsystems, who would 
have a pet idea they weren’t able to float up through their element 
of the organization, and it was always nice to be able to go and tag 
an astronaut somewhere and get him to agree with them, and then 
they could come in and say, hey, this is what the astronaut corps 
wants to do, which would give them some extra leverage. We had 
to be very careful of that. We could only have one astronaut posi- 
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tion come in relative to a particular change. But this was a con- 
tinuing dialog and an  ongoing thing, and I think it worked very 
well, and these guys can tell you whether it worked as well as I 
thought it did. They may not agree with me. But I think certainly 
the astronaut corps in general, and in total, had a voice in all ele- 
ments of the design, the development and the operation. 

When we got down to the flight readiness review aspects, again, I 
was a member of that  board. I had the option at any point of 
saying hey, I don’t think, this flight is ready to go, and we don’t 
want to go. It was my job to deliver the crew to the pad for the 
flight, and I surely would never have taken one down there if I 
thought it was unreasonably safe, recognizing that none of them 
are ever safe. That cannot be guaranteed, but it is a qualitative 
thing. If I might dwell on that for one second, back in the Mercury 
program, when we flew Atlas we had an  80-percent probability of 
success, and that was considered acceptable because it was the best 
we knew how to do. 

You wouldn’t send a shuttle crew down with an  80-percent prob- 
ability of succeeding. So that kind of summarizes it. I think I can 
take one more step while I have the floor, and that is when I got a 
chance to fly in the Apollo-Soyuz I did, and came back into a differ- 
ent management role, and that was program management, and I 
no longer had direct responsibilities for the flightcrews. 

I had responsibility for the program. But again, the crew always 
had a direct input to whatever we did, and under no conditions 
would I have ever committed a flight either to approach a landing 
test or the orbital flight I was responsible for, without having the 
crew’s concurrence in it. The crew commanders always had a 
strong voice in whatever we did, and I don’t think again, they can 
speak for themselves. But when a guy was assigned to a flight he 
essentially became commander of his own ship, and he was respon- 
sible for keeping that crew tied together and doing the things nec- 
essary, and we were all there to help him do that job. What has 
changed since 1982 I can’t speak to. I will stop here. Thank you. 

Mr. ROE. I thank you, Major. 
How about General McDivitt? Your observations, please. 
General MCDIVITT. I a m  glad I have an  opportunity to follow 

Deke, because I sort of would like to continue on with the same 
train of thought that he had. During the time that I was an  astro- 
naut, I participated in the program as described by him. 

I always felt that  I had a route to the top, a very direct route, 
didn’t have anybody that would stop it as long as I had a decent 
idea. The point that Deke makes about trying to pull together the 
ideas of 7, 16, 20, 30, 50, or 100 astronauts, it is a difficult thing to 
do. When you have a generic issue that deals with the entire pro- 
gram, to be able to speak with force and have respect for the posi- 
tion that you take, you have to speak with a single voice. 

We always did that, at least I thought we did. As Deke men- 
tioned, some of our ideas didn’t get through the filters and some- 
times they did, but at least we stood together and we had a unified 
astronaut position that went forward. 

When I got to be a crew commander, those things which were 
flight-specific for that flight, I felt were my responsibility. We 
talked them over if they were generic, but if they were flight-spe- 
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cific, I could deal with the program manager or through Deke, and 
I had a way to the program. 

Later on, after I stopped flying as an  astronaut, I became the 
program manager for the Apollo Spacecraft Program. Looking at it 
from the other side, I felt that if I needed a position from the crew 
for a specific flight, I could always go to the crew commander and 
we could discuss that issue. 

If I needed a generic program-related issue, I could go to Deke, 
and we could work out what the astronauts’ position was as a 
whole, and it swung a lot more weight than 50 different voices 
coming to me. 

I chaired that Configuration Control Board that Deke talked 
about for 3 years, and on it I had representatives of the Flight Op- 
erations Directorate, the ground crew; I had the flightcrew; had the 
program managers that reported to me for the command and serv- 
ice module, for the lunar module; I had a n  associate program man- 
ager for safety; I had my systems division chief; and I had a secre- 
tary that looked after it; and we had the contractors represented 
on the Board, too, one for the command and service module, one 
for the lunar module. 

At those meetings, we had the official astronaut input. Some- 
times I would agree with it, and sometimes I wouldn’t, depending 
on how it affected the programmatic issues which I had to deal 
with. As Deke said, he was forced into pulling together the various 
viewpoints of the astronauts and coming up with a single position 
for the Astronaut Office. I was forced into pulling together a single 
position for the program considering what was said by the astro- 
nauts, what was said by Flight Operations Directors and other 
people, and in pulling together that Flight Program position. 

I must say, though, while I found in favor of the astronauts 
sometimes and against them other times, we never had an  issue 
with respect to anything that dealt with safety of flght. 

Deke knew that-I am sure he knew-that if we had a safety of 
flight issue, we would get it resolved very quickly. We never flew 
with open issues on the spacecraft, and we had a method through 
that Configuration Control Board of dealing with all the issues that 
came up in the program. 

So, I found there was a role for the astronauts in the Astronaut 
Office in bringing their ideas up, into, and through a formal man- 
agement structure to the program manager. I found that being on 
the program side of it, I had to have that single point of contact 
where I knew what the astronaut position, was. 

As Deke mentioned, there were a lot of guys who had pet ideas 
that tried to get the endorsement of an  astronaut, so it could be the 
astronaut position. But unless it came out of the Astronaut Office 
and through Deke, it wasn’t the astronaut position. 

So we had a very rigid, formal process that we went through, 
and there weren’t any loose ends about who was really represent- 
ing this position. I knew who it was. 

Thank you. 
Mr. ROE. Thank you, General. 
How about Captain Young? 
Captain YOUNG. It is a great honor for us to be here today to 

talk about this. We have a little different situation now. We have 
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about 88 active astronauts, and they are scattered throughout the 
agency right now across all lines. 

In management, there is Dick Truly, up here in Washington in 
the Office of Space Flight. Serving with him right now is Captain 
Crippen, trying to decide how to organize the management struc- 
ture of the Space Shuttle Program. 

We have in Houston, Charlie Boland who is the Deputy Techni- 
cal Assistant to the Director of the Johnson Space Center. In the 
program office working for Arnie Aldrich’s level 2 board, we have 
Brian O’Connor, Technical Assistant for Operations, and we have 
about seven or eight others directly involved in the management 
scheme. 

But we do get together just the same as everybody did in the old 
days and discuss things over Monday morning meetings, and decide 
what our positions are going to be with respect to various projects 
and then we go through our chain of command, through the Direc- 
tor of Flight Operations, through the Director of the Space Oper- 
ations Directorate, to the Director of the Johnson Space Center, 
and come up with issues. 

I think there is probably one difference of what we used to do in 
the old days and what we did prior to the 51-L accident. That is 
because people started, I believe, and some of the agency believe 
the space shuttle was operational in the sense that you really 
didn’t have to think as much about issues involving safety as we 
really should have thought about it. 

Some of this was self-generated on our part. We are taking steps 
to correct that right now. We have crews participating at the Ken- 
nedy Space Center and our technical panels reviewing paperwork 
and preparedness. We have crews participating in the design of the 
solid rocket booster redesign at the Marshall Space Flight Center. 
Commander Gibson is leading that group and he has Mark Brown 
working for him, Mr. Mark Brown, and also Dave Leestma working 
with the main engine people over at Marshall. 

So we have people all over the agency that are working now 
helping us to correct the 51-L accident. We agree with the conclu- 
sions of the Commission in their entirety because, as you know, 
and the recommendations, all data that analysis was made from 
was provided for by the National Aeronautics and Space Adminis- 
tration, so it is kind of easy for us to agree with those recommenda- 
tions. 

And we support them wholeheartedly. The Astronaut Office 
right now is participating in the best way that we can to return 
this agency and the space shuttle to safe operating conditions. We 
think that what we are doing is the best that we can do in every 
way for this country to make the shuttle get back to safe operating 
status as soon as possible. 

Thank you. 
Mr. ROE. Thank you, Captain. 
How about Colonel Hartsfield? 
Colonel HARTSFIELD. Mr. Chairman, I can only echo what John 

has said. In respect to how we handle issues in the office, I have 
always said if you ask 12 astronauts, you will get 13 opinions on a 
subject. 
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But we do raise a lot of issues that we certainly don’t agree on. 
But we have after our Monday morning taking up-and we do 
taking up every Monday morning, which was the custom when I 
arrived at the office, and the way Mr. Slayton ran the office when I 
came there. We discuss the problems that have arisen over the last 
week and everything that is going on, so we all have a common 
starting ground at least from that week, but from time to time we 
raise issues that are not agreed upon. 

So we have little specialties we call issue meetings and we get 
everybody together and discuss the issues and hear all sides of it 
and come out of there with a consensus opinion that becomes the 
position for the astronaut office. We have done that as long as I 
have been there and that is the position that we try to take for- 
ward then to the control boards and the other elements of the orga- 
nization that handle these issues. 

Now, again, I would agree with John, I fully support the Com- 
mission’s report. I think what they have recommended is the right 
thing to do. We have people spread out, as John said, working on 
different aspects of this retrospection period we are going through, 
looking at all facets of the program, the maintenance, the critical 
items list, and our flight rules and one message that I think we are 
trying to carry to all these people is the idea of safety. Safety has 
to be the key and what we are trying to do is build an  attitude. 
Safety is an  attitude and it is an  attitude that we are trying to en- 
gender throughout the Agency. 

I am reminded of a story that Ken Mattingly used to tell when 
he was getting ready to fly on Apollo 16. He went out to the pad 
and was climbing around the Saturn 5 out there and went into an  
inner area and there was a workman back there with a wrench, 
and Ken spoke to him and asked him how he was doing. He said, 
doing fine. And he told Ken, “I don’t know how this complex ma- 
chine works and I don’t know too much about your job, except I 
admire you, but I will tell you one thing, it is not going to fail be- 
cause of me.” Now, that is the attitude I think that we have to get 
through this Agency. 

Mr. ROE. Commander Gibson. 
Commander GIBSON. Thank you, Mr. Chairman. 
Let me add my sentiments to Captain Young’s. We certainly do 

concur with the Commission findings and we support the recom- 
mendations and we are going to do everything that we can to im- 
plement all of those and come back from that accident. 

I can probably speak about the working relationship within 
NASA from the new guy’s standpoint perhaps, being from one of 
the later astronaut groups in 1978. We found during all of the test- 
ing and the support that  we did leading up to the first flights of 
the shuttle, that the working troops within NASA, the working 
level people, were very ready and willing to take our recommenda- 
tions to improve the testing and to facilitate getting the thing in 
the air. 

As General McDivitt said, later on as a crew commander I was 
able to find that the system was very responsive to any inputs that 
came from the crew commander as such and I guess maybe in the 
past we have had-perhaps our problems have come from where 
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we didn’t have total agreement, maybe, between the crew view- 
point and some of the viewpoints within NASA. 

The tires and brakes are probably a good example and my fellow 
crewmember, Congressman Nelson, I am sure, will remember us 
discussing the brakes at great length. I think that the primary dis- 
agreement there came from, in our area, where we felt the brakes 
were a safety item and that other people thought that the brakes 
were more of a reuseability issue. So we didn’t always have total 
agreement on where our safety problems were, where our reusabi- 
lity problems were, but for the most part, I think we are working 
within the NASA organization and we are well received and, as I 
say, we are working to come back. 

[The prepared statement of Commander Gibson follows:] 
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Statement of 

Robert L. Gibson 
Henry W .  Hartsfield, Jr. 

John W. Young 

National Aeronautics and Space Administration 

before the 
Committee on Science and Technology 

United States House of Representatives 

Mr. Charirman and Distinguished Members of the Committee: 

responding to thc Presidential Commission on the Space Shuttle Challenger 
Accident with respect to those recommendations which directly concern 
astronauts. 
technically complex subject. 
without reservation and intend to do our best to insure that these 
recommendations get implemented. 
Commission reached its conclusions was provided by NASA; therefore, it is 
easy to agree with the recommendations. 
sincerely believe, are aimed at helping NASA do a better and safer job in the 
future. 

working across the Agency. 
Washington assisting Admiral Truly. 
Special Assistant to the Director of the Johnson Space Center, and Bryan 
O'Connor is Assistant Manager for Operations in Arnie Aldrich's Level I 1  
Program Office. 
and Technical Assistant for the Flight Crew Operations Directorate at the 
Johnson Space Center. We have three astronauts working with the Marshall 
Space Flight Center folks on the solid rocket booster redesign and the other 
vital performance systems - the Space Shuttle main engines. 
leads our team, and he has Mark Brown working with him; Dave Leestma is 
working with the Marshall Space Flight Center main engine people. 
tell you about solid rocket booster redesign progress. 

At the Kennedy Space Center, the Cape Crusader astronauts, led by 
astronaut Bo Bobko, are participating on the eight technical teams which are 
reviewing paperwork and preparedness. 

the Astronaut Office Space Shuttle Safety Officer. 
astronauts working for him on the Orbiter and its payloads. 
participating in Space Shuttle safety reviews on a near daily basis and can 
tell you what is happening in the world of Space Shuttle safety. 

It i s  an honor to be here to tell you how the Astronaut Office is 

First, we believe the Commission did an outstanding job with a 
We support a1 1 the Commission recommendations 

As you know, the data on which the 

All these recommendations, we 

With respect to the use of astronauts in management, we have astronauts 
As you know, Captain Robert Crippen is now in 

In Houston, we have Charlie Bolden as 

Astronauts Dan Brandenstein and Jim Wetherbee are the Deputy 

Hoot Gibson here 

Hoot can 

With respect to other Commission recommendations, Henry Hartsfield is 
He has several other 

He is 
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We concur with the Commission recommendations on landing safety, launch 
abort and crew escape, flight rate and maintenance safeguards, because NASA's 
success will be judged by our success in those arenas. 

With respect to safety and improved communications. we fully support the 
Commission's recommendations. 
system that consciously eliminates the avoidable risks. As we have seen, 
some risks are self-induced when we try to attain very high flight rates, 
simultaneously reduce operating costs, and try- to fly unsafe payloads. As 
51-L showed us, after 24 flights, the Space Shuttle, as wonderful as it is, 
is still an inherently hazardous research and developmental vehicle. Since 
we now have three Orbiters, it is logical for all of us to be realistic about 
what we can do safely and operate these national resource vehicles 
conservatively. 

independent of the sometimes safety opposing other NASA functional and 
Program responsibilities, will be essential. This safety organization will 
help us find safety problems and correct them early to prevent another Space 
Shuttle accident. In the nuts and bolts of this matter, because o f  the type 
of work that we do every day, every branch, every division and every 
directorate throughout the Agency should have safety educated and oriented 
individuals with the ability to report directly through safety people to the 
Administrator of NASA. It is also clear from what we have seen recently that 
safety people have the need to be able to talk directly to each other because 
many safety problems are common. 
be very helpful in preventing another Space Shuttle accident. 

recommendations o f  the Presidential Commission on the Space Shuttle 
Challenger Accident. Everything and anything that we can do to carry out the 
recommendations, we are doing. We believe when the Presidential Commissions' 
recommendations are implemented, that we will be doing the very best that we 
can for the country to return the Space Shuttle to safe operating status. 

It is essential for NASA to have a management 

As the Commission recommends, therefore, we think a safety agency, 

It is clear that open communications will 

In summary, the Astronaut Office is very supportive of the 
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Mr. ROE. Fine. We thank you for your initial presentation. 
What we are going to do, as part of our job now, we will have to 

recess for 10 minutes while we go and vote and then we will contin- 
ue from there. 

[Recess.] 
Mr. ROE. The committee will reconvene. 
Before the recess, we had the opportunity to have an  overview 

from our distinguished witnesses of their observations of the space 
program in part, and also their basic feelings and some of the ideas 
they expressed as far as the overall relationship between the astro- 
naut corps and into the Agency. 

There are a couple of questions I would like to ask at this point, 
and perhaps make an  observation. We have deliberately-I want to 
thank you, by the way, for joining with us-we deliverately select- 
ed particular people to participate in these hearings, because what 
we are trying to, amongst other things, what we are trying to 
achieve is what role does the corps literally play, and what your 
own perception is of that  role as far as the decisionmaking process 
is concerned within the whole space program? 

I have observed the program when Major Slayton testified, as a 
pioneer in the field, and getting to Commander Gibson and Com- 
mander Young, who are currently active, there seems to be a feel- 
ing you portrayed to me-maybe it is only dialog-I don’t think 
so-that you felt there was a relationship, an  immediate relation- 
ship so that if something concerns you, you could express that right 
to the leadership immediately, and it was translated immediately. 

Then the question we have to ask when we get to Commander 
Gibson and Captain Young particularly at that point, is do you feel 
that dynamic exists? Somebody made the point of view that safety 
was really a state of mind. I think you made that point, General. 

So, I think that is important. Let’s ask the first question of your 
observations. Do you feel the same dynamics between the corps, 
who are literally the commanders, and people who fly and are re- 
sponsible-and I think you made that point, Major, if you didn’t 
think you should fly, you didn’t fly, and that decision was made by 
the commanders of the flight, not by somebody else in the NASA 
system or industry or whatever. 

That is the issue we would like to kind of mature a little bit. Do 
you feel, first of all, Major Slayton, your observations, do you feel 
from what you see that that prevails, and then let’s switch over to 
Commander Gibson or Captain Young. 

Major SLAYTON. Well, I think John and Hoot can probably ad- 
dress that a little better than I can. The only observation I would 
make, not being in the system anymore and trying to determine 
what is changed originally, is I think maybe the corps has sub- 
merged another level or two down in the hierarchy from what it 
used to be. 

My observation is any time you start putting layering between 
groups, you start building new problems, you build communications 
problems, and you just don’t have the direct access. 

So where we used to be able to talk directly to the Center Direc- 
tor about things and even to the NASA Administrator, if they are 
going to stay within channels-and being good, disciplined Govern- 
ment guys, I am sure they most of the time do-they have to go 
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through about three or four different people to get to that same 
level. 

And that would be my opinion of what may be different. I think 
anything you can do to clear out the channels and get direct com- 
munication running not only between the astronaut corps but 
every place else in the system, because I observed from this report 
that that is not a problem unique to the astronaut corps. That was 
another problem in some of the other centers, and to me that is 
one that has got to get fixed throughout the agency. 

Mr. ROE. Commander Gibson. 
Commander GIBSON. I would amplify what Mr. Slayton said. We 

are definitely moved down to a level a bit below where we used to 
be. Our comments and concerns can still, of course, be made known 
to Captain Young, and he carries them forward, but again, he is 
reporting through another chain that we weren’t reporting through 
before, and it seems like each time perhaps that we report through 
a different level, it gets filtered just a little bit. So, I would agree 
with what Mr. Slayton said. 

Mr. ROE. Let me hear from Captain Young. 
Captain YOUNG. There was talk prior to the 51-L accident, since 

the space shuttle has become operational, that everybody was talk- 
ing about that we were going to do away with things like flight 
readiness reviews, we were going to do away with the crew report- 
ing of their mission. 

In fact, we had done away with it, several crews did not report 
up the chain of command, to report what they did on their mis- 
sions. 

Mr. ROE. Two things, Captain. Pull that  microphone closer, and 
when you say they did not report, who told them? How did that 
happen? Was it just a change of direction? That is important. 

Captain YOUNG. Everyone at NASA, and it was across, nation- 
wide, started the business, operational much like an  airliner, which 
it certainly is not, which we certainly have always held the opinion 
that it is not an  airliner, and can never be an  airliner, an  agency 
which had people started thinking of it as an  airliner, which, as 
the 51-L accident points out, and some of the things in the Com- 
mission report, it is not an  airliner. You start treating it like an  
airliner and start treating your astronauts like airline pilots down 
in the airline system, that is how we did things before the accident, 
in quite a few areas, and therefore, operational or safety issues 
from the crews were not a matter of concern to management, and I 
can certainly understand that, except that the 51-L accident points 
out that was probably not the way we ought to do, and we are 
going to take steps, and we are taking steps to ensure that that at- 
titude gets corrected agencywide. 

We do have to worry more about the safety of the machinery, 
and the safety of operational decisionmaking. There is a place in 
the structure that people speak of these days called risk manage- 
ment. 

I think our position, since we have three orbiters left, we need to 
take the position throughout the Agency that we are going to oper- 
ate in a safe and conservative manner every time we fly the space 
shuttle. In other words, we won’t take chances similar to some that 
we took in 1985 with the weather, for example, or we won’t take 
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chances with the lighting situations, and we won’t overstress our 
ability to do things with our machine that has placards on it, for 
example, a crosswinds placard. We wouldn’t want to exceed any of 
those because simulations show us that that wouldn’t be a very 
good idea. We are going to change the direction of the Agency, and 
we are going to have to do the right thing. 

Mr. ROE. General. 
General MCDIVITT. Let me put on my program manager’s hat, 

and take off my astronaut hat. I would feel uneasy as a program 
manager if I didn’t have direct access to the views of the astro- 
nauts. I feel from an  organizational, functional standpoint, that 
there is a requirement to know and have ready for flight, the crew, 
the ground system, and the launch equipment, the equipment that 
flies, both the launcher and the spacecraft. 

I noticed recently when I was reading parts of the Commission’s 
report, that the Astronaut Office now reports into something called 
Operations, or something like that, it does indeed remove it from 
the position that it had been before. 

If I were the program manager, I would look at that function as 
two different functions, the ground system where the flight control- 
lers are, and the flying system where the astronauts are. It would 
be getting filtered before it got to me as a program manager, and I 
wouldn’t like that, not from an  astronaut standpoint, but from a 
program management standpoint. You don’t have access to the 
data in a timely fashion, and get the relatively unfiltered percep- 
tion of how these problems are seen by those two distinctly differ- 
ent organizations, and I would rather have that come to me and let 
me make the decision on it, instead of having somebody in front of 
me, filtering and then bringing to me the filtered version of it. So 
as a program manager, I wouldn’t like to see the organization the 
way it is structured today. 

I also note that in looking at the Johnson Space Center organiza- 
tion, that from an  organizational standpoint, a block diagram 
standpoint, the engineering development directorate is at the same 
level as this Operations Director, whatever it is called, and down 
below that are these other two things. I don’t see it that way. I see 
engineering, ground control and flight operations up in space, all 
at the same level, and they are not like that. So just from an  orga- 
nizational chart, it doesn’t look very well and won’t do a good job, 
and from a program management standpoint, I would feel I wasn’t 
getting all the information I needed. 

Mr. ROE. Colonel Hartsfield. 
Colonel HARTSFIELD. Since I have been at Johnson Space Center, 

we have had two major reorganizations, and in each of those, the 
astronaut office was pushed to a deeper level. We still manage to 
get our inputs in, but as Mr. Gibson said, it was filtered. We were 
not speaking organizationally, with the same voice that we had had 
in the early seventies. As far as how the commander got treated in 
this thing, I would like to give my viewpoint on that. 

I have flown three times, the last two times as a commander, 
and I will have to say, leading up to the flight, the responsibility to 
pull that flight together, and work a lot of the problems did belong 
to me as the commander, and my viewpoints, I think, were listened 
to, and the preparations of the flight. 
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In fact, I remember an  incident before the launch of 41-D, that 
we had a problem with the spacecraft that was brought to me the 
night before we were supposed to launch, and I was told that there 
was, they discovered just that day or very recently a possible single 
failure point that could cause some problems with separation of the 
SRB, and it would require software patch to get around it, and I 
was asked, you know, low probability, we had flown 11 previous 
flights that way, but how did I feel about it? 

Did we want to launch with that problem or not, and after dis- 
cussing it a little bit, I said, I think we ought to fix it, it is a one- 
day slip, we ought not to take the chance. We delayed a day and 
fixed the software up then. 

In my mind, that is the way the system should work. There were 
other inputs to that decision, and upper management had to make 
that decision, so I am not sure we could put it in the vein that the 
crew said, don’t go and we didn’t. In this particular case, it seemed 
like the crew opinion of this problem was honored, and that is, I 
think, that I would like to see that in these types of situations that 
the viewpoint of the crew certainly carry a lot of weight with the 
management. 

Mr. ROE. Well, I think we have come 360 degrees on that area, 
and that leads to the question: Here we have Major Slayton 
making the point of view in his earlier experience as a pioneer in 
this field, that his concern as a crew commander, as a member of 
the crew was listened to, and I believe, and I don’t want to misrep- 
resent, I think I heard you say that if you decided as the command- 
er that they would not fly, they would not fly. 

Is that a correct interpretation of what you said? I think so. Here 
we have a scenario where we have been flying, somebody else made 
the point that the rationale has to be portrayed that astronauts 
and commanders of shuttle flights are not operating as airline 
pilots by any stretch of the imagination. OK. 

And I think you made that point very eloquently. Now, we come 
back with this scenario where we have a number of flights flying, 
and we have a situation that arises and I am not going into depth 
as to technology, where a decision has to be made, and there is a 
meeting that is held, and, supposed to be for a half-hour, lasted for 
an  hour, where a decision was made to fly or not to fly, and I don’t 
recall in any part of that  testimony, maybe my colleagues would 
know one way or the other, I don’t recall, in the testimony that 
you were consulted, where the corps was involved, now, Major 
Slayton says he had at his level at that point in the evolution of 
the programming, he had the right to say yay or nay, and here we 
have a group of people, fire corps people, the people from Marshall 
got together and they made the decision to fly or not to fly. 

Was the astronaut office, was the astronaut corps consulted on 
that decision? Or has the management program become so institu- 
tionalized that we were considered to be airline pilots and there- 
fore, we would be involved and have the right to make the decision 
yay or nay, we shall or shall not fly. 

That is a legitimate question, we ought to try to answer. 
Captain YOUNG. I don’t want to take away from airline pilots, be- 

cause they have a hard job as it is. 
Mr. ROE. Nor do I, because I use them all the time. 
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Captain YOUNG. But in this particular instance, with respect to 
the cold temperatures on the solid rocket motor seals, there were 
no astronauts involved in that conversation, nor any people from 
mission operations or the astronaut office, to my knowledge, in- 
volved in that conversation. 

There are times when you get in close to launch, that the system 
that says whether you are going to fly or not to fly, can be repre- 
sented by astronauts. We don’t have it done that way right now. 
There could be astronauts going to every meeting involved in those 
kinds of decisions. 

Mr. ROE. And why not? 
Captain YOUNG. If you are operational, getting down close to 

launch, the things that the astronaut should be worried about are 
those things that he or she can do something about, for example, it 
was done on 51-L. 

Dick Scobey had a problem knowing that the hatch was closed on 
51-L and stopped the launch to fix the hatch on one of the scrubs 
before the 51-L flight launched, and so he was directly involved in 
that, and that is the kind of operational thing that the crew com- 
mander has to be worried about when you get ready to fly. 

There were no astronauts represented on the solid rocket motor 
seal problem, and in fact, I am not sure of the way that the system 
got that kind of information, that if they had been represented in 
that manner, that it would have made any difference to the pro- 
gram. 

We have heard in flight reviews, and I have sat in there myself, 
serious concerns which we didn’t know were serious concerns, that 
people talk about, things like the solid rocket motor nozzle, which 
also has seal problems. The consequences of those seal problems 
not working would be just as serious as the 51-L accident, and 
when people present these things in a manner that they don’t 
appear serious to you, everybody in the room says, let’s go fly. 

Mr. ROE. What I want to develop for the record, and not to lead 
your answer, the question is, here is a situation, you all spoke of 
safety in your initial presentations, which is the premier issue we 
are concerned about. 

You brought up factors, 80 percent safe, and we talk about 800 
criticality items involved, any one of which could create a catastro- 
phe. 

It seems to me to be a little extraordinary, and maybe I am 
wrong, because here it has been known for 6 or 7 years that there 
has been a problem with the O-rings in that particular area, and it 
seems to me, did the current astronaut corps, were they advised, 
were they aware of the seriousness of-I think there was 12 or 14 
flights where they had problems which they were able to ascertain 
afterward, with the O-ring seals, so forth, did the corps know that 
at all? 

Captain YOUNG. No, sir, when we looked at the solid rocket 
motor for the first mission, STS-1, Bob Crippen and I went up to 
Thiokol, and we were briefed that there was no such thing, we 
weren’t briefed that anybody knew anything about joint rotation. 
They explained to us you didn’t even need the seals, because when 
the case expanded, it would seal against the metal to metal, you 
would have a metal to metal seal, and you could take the seals out 
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and didn’t need either one of them, and there was some people 
complaining about having to put two seals in. 

When we first heard about this, we said that we would look at  
the solid rocket motor qualification firing, and if they didn’t have 
any trouble, we figured we were home free, where the solid rocket 
motor had a close reliability. It made a lot of sense. We had two 
seals in these factory joints, and the astronaut office had no knowl- 
edge of solid rocket motor seal programs from then on, nor even 
considered them, and neither did anybody in the mission oper- 
ations at the Johnson Space Center or any other directorate at  the 
Johnson Space Center, had any idea of the O-ring seal problems, to 
my knowledge. 

Mr. SCHEUER. Would the chairman yield? 
The Rogers Commission recommended that either the flag com- 

mander or a representative of the flight commander sit in on the 
flight readiness review which takes place 2 weeks before launch, 
and I assume all of you have endorsed in general the recommenda- 
tions of the Rogers Commission? 

Captain YOUNG. Yes, sir, and we sit in on the flight readiness re- 
views. 

Mr. SCHEUER. You had two emergency meetings within like 14 
hours of launch, one the night before with the Thiokol people, the 
problem of the subfreezing temperatures, and the problem of the 
seal. 

Then, within an hour of scheduled flight time, before that, you 
had another meeting with the Rockwell people on the problem of 
the ice, and these were two almost emergency types of meetings, 
where the safety engineers had the most urgent concerns about the 
safety of the flight. 

Don’t you think we might extend the recommendations of the 
Rogers Commission, not only to include the flight commander in on 
the more or less routine flight readiness review, which took place 2 
weeks before flight, but also include them in on any emergency 
meetings that might have taken place within 12 or 24 hours within 
the flight, and in the case of the second meeting with Rockwell 
within an hour of the flight? 

Captain YOUNG. We could certainly put people in those kinds of 
meetings. I am not sure they have the technical expertise to really 
be able to say go or not go. We had a problem of our own on the 
flight, you know. The egress path we found out later was covered 
with ice, and from a crew standpoint, I don’t think you would have 
wanted to launch where you can’t, you know, where your path to 
the slot was covered with ice, you would not launch from that 
standpoint. 

We could have made that input, but for crews to say whether a 
solid rocket motor seal is safe to fly or not safe to fly or whether 
the engine turbine blade is safe or not, you got to have engineering 
expertise to do that, and our people are trained to fly spaceships 
and they are trained very well, and they can work thousands of 
procedures with things they can do something about. But as far as 
technical expertise, to say go or no go on a technical issue of per- 
formance, you could have a gut feeling that it wouldn’t be a good 
thing to do, you sure could have that and express those feelings at 
a meeting, but-- 
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Mr. ROE. What I am trying to develop, we have a broad base 
from the beginning of the program now to the ongoing dynamics of 
the program. One of the issues we are talking about is what hap- 
pened in management. 

You folks as astronauts are going to fly this experimental craft. 
It is not an  airplane, as you said yourself, and there are seven lives 
that are involved, and some of those people have got to at least 
have the feeling, I would assume, when they get into that space- 
craft, that it is going to fly to the best of their knowledge. 

Let me finish. What Major Slayton says is there was a dynamic 
that existed in the initial part of the program, and people were 
saying, should we fly or shouldn’t we fly? The question is, should 
the astronaut corps be more into the upfront decisionmaking end 
of the situation? 

Should you have the right to abort a flight? You are constantly, 
according to the chart in the Commission report, you are getting 
further and further pushed away from the decisionmaking, they 
are treating you like pilots. 

I don’t say that unkindly. All I am trying to get at is if you knew 
there was a problem with those O-rings, seven years, half of the 
flights that were flown that had a problem, would you have al- 
lowed that to fly that day? 

Could you have done anything, as opposed to could you have said 
no way, we are not going to fly? Could you have done it? 

Captain YOUNG. The rest of the agency, if they had been aware 
of this problem, we wouldn’t have flown. We would have fixed it. If 
other people responsible in the management structure had the feel- 
ing this was a serious problem, we wouldn’t have gone. We have to 
believe that, because there, on the orbiter, there are 1,500 critical- 
ity 1 items on the orbiter alone, on STS-1, those items are still 
there, and if the management system can’t make sure those things 
are ready to fly, we can never fly again. If you have an  astronaut 
saying every step of the way, don’t fly because of this, that  or this, 
where they have no expertise, it would be troublesome. 

Mr. ROE. The Chair recognizes the gentleman from New Mexico. 
Mr. LUJAN. Thank you very much, Mr. Chairman. 
Welcome, all of you, to the committee. Captain Young, one of the 

things that is interesting that you said was that we now have 
people from the astronaut corps in different areas, Gibson looking 
at the engines, and Bob Crippen up here, and so on. 

That is during the time when we are down that nobody is flying. 
Do you think, as one of the changes we ought to make, is to have 
astronauts in all of the different areas looking into them, and if so, 
what problems does that create with active astronauts when we are 
flying? 

I guess maybe basically, you think that we ought to keep that up, 
having astronauts all over the place to look at things? 

Captain YOUNG. While you are not flying, it is easy to do. It 
keeps people involved in interesting areas. Before we stopped 
flying, we had 11 or 12 flight crews, and were going to name three 
or four flight crews, a total of probably 70 people, 70 different 
people would be assigned to flight crews with an  astronaut corps of, 
say, 90, and in that case, it is very difficult to assign everybody to 
an  area unless you want people to work two jobs, and we have 
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some very good people in the astronaut office and many can work 
two jobs, but it is difficult when you are on a flight crew to work 
more than a flight crew job. 

Mr. LUJAN. What we are saying is an effort ought to be made to 
have somebody from the astronaut corps involved in the different 
phases of it. 

Captain YOUNG. Well, they are. We have the Deputy of Flight- 
crew Operations as an  astronaut, and he goes to the flight readi- 
ness reviews and participates in the program requirements change 
control boards, but it is not to the level of detail that this group is 
agency-wide right now, and once you get back to flying, you prob- 
ably wouldn’t want to cover that, you are in more of a design proc- 
ess right now than in a flight process, and once you get back to 
operating a space shuttle, you wouldn’t want people scattered all 
over the place. 

Mr. LUJAN. What about graduating some guys into those desk 
positions, couldn’t you do some of that, maybe? 

Captain YOUNG. We could do that. Yes, sir, it is very hard to 
keep people around when they are not flying. 

Mr. LUJAN. Yes, I can imagine. Let me follow up on your now- 
famous memo. Did you feel kind of looked down upon or antago- 
nism, or anything, after that memo? How was it received, do you 
think? 

Captain YOUNG. Well, Congressman, that  was an  internal memo, 
not scheduled for release. I was really trying to get people to think, 
which is the purpose of all the memos that I have ever written, but 
it was a result of going to meetings and findings that this attitude 
toward safety, since the accident, it looked like to me that a lot of 
people had watched this thing on the television and had not appre- 
ciated the effect it was going to have on the National Aeronautics 
and Space Administration. And the way we do business, and we 
had not changed our attitude about the way we operate in one 
little bit, so I wrote that memo, and it is like anything else, when 
you do that, I got a lot of letters from people all over the country 
that thought it was “atta boy,” and a lot of letters from people who 
offered to take my job, because they wanted to fly the shuttle. And 
they told me what I could do with that memo. 

Mr. LUJAN. What I was thinking of more than the general pub- 
lic’s reaction, the encouragement or disencouragement that some- 
one in the astronaut corps may have from NASA itself for bringing 
up problems like that? 

Did you feel like NASA was saying to you, you ought to keep 
your mouth shut if you feel that way, or thanks a lot for bringing 
out these points? 

Captain YOUNG. No, NASA doesn’t care. I don’t think you write 
memos until you have exhausted all your other avenues, and I ran 
out of rope pretty fast many times, so that is what the problem is. 

A month after the accident when people aren’t turning things 
around, as serious as a matter as that was, something should have 
been done, and part of it was because the whole agency didn’t have 
anybody, they were all busy investigating the accident, trying to 
get things squared away. 

Mr. LUJAN. You had voiced these concerns before? 
Captain YOUNG. Oh, yes, sir. 
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Mr. LUJAN. Same concerns. One final thing, you indicated that 
astronauts do attend the flight readiness review meetings that are 
held, along with those teleconferences that are being taped, and all 
of that. 

Is the astronaut office plugged into that or not? 
Captain YOUNG. On the L minus 1 briefing, the teleconference, 

we listen to it. The program manager always comes over to sit with 
the astronauts after the L minus 1 briefing for a couple of hours, 
and any inputs that anybody hears on the L minus 1, they discuss 
with the program manager. 

Mr. LUJAN. Do you feel more comfortable-well, Kathy Sullivan 
said she wouldn’t fly again for a long time. That is part of the 
press reports. Do you feel the same way? 

Captain YOUNG. If we fix these design problems, I would fly 
again. I am scheduled to fly on space telescope. 

Mr. LUJAN. You are talking about just the solid rocket booster 
seal? 

Captain YOUNG. I think there are several other issues. The pro- 
gram manager mentioned the last time he was here, maybe a 
couple hundred that they are looking at, some of which are rather 
serious, design issues that we have an  opportunity to take from a 
criticality 1 status and put in some other status, I would feel more 
comfortable about flying. 

Mr. LUJAN. How many? 
Captain YOUNG. I don’t have them. Dick Truly can get the exact 

number. 
Mr. LUJAN. I know there are 700 and some. But of the ones that 

have to be resolved, the joint, the brakes, the landing, those are the 
things that you are talking about? 

Captain YOUNG. Yes, sir, and maybe a couple more besides. 
Mr. LUJAN. One final question. I am concerned, and one of the 

things that you touched on, having guys all over the system look- 
ing at things like that, do you think we ought to perhaps start a 
new class type of astronaut with this kind of technical expertise 
that whose premier responsibility it is to, for example, if Com- 
mander Gibson wants to continue flying, and somebody to be over 
there looking at the engines, that either he doesn’t fly as much, 
every once in a while as a prize, let him go up or something like 
that, but their primary responsibility is not flying, and more look- 
ing at the astronaut corps concerns, do you think that might be ad- 
vantageous? 

Captain YOUNG. Well, I think having astronauts to do that kind 
of work, and fly on occasion is a very expensive way to do astro- 
nauts. You can get real good engineers to do the same thing, a 
heck of a lot cheaper, and make just as good inputs. 

NASA has a gracious plenty of those kinds of people around who 
are really responsible. In the main, you like to keep astronauts 
around to fly spaceships because that is their talent, and that is 
what they want to do, and it is very difficult to keep an  active 
person like Hoot Gibson to be on the solid rocket motor booster, 
isn’t that true, Hoot? 

Mr. LUJAN. I can understand that, the reason he is in the astro- 
naut corps is so he can fly. 

Captain YOUNG. Yes, sir. 



562 

Mr. LUJAN. One short question. 
You say people do attend the FRR’s, and are involved in the tele- 

conference, all of that sort of thing. Do you happen to know if the 
teleconference for 51-L was taped or not? 

Captain YOUNG. No, sir, I would have no way to know that. 
Mr. LUJAN. OK. Thank you, Mr. Chairman. 
Mr. ROE. The Chair recognizes our distinguished chairman, Mr. 

Fuqua from Florida. 
The CHAIRMAN. I apologize for not being able to be here. I am 

shuttling between two meetings, but in follow-up to the questions 
that have been asked, I would like to ask Jim McDivitt and Deke 
Slayton, you have been there, and you are not directly involved, 
how would you implement better communication between the as- 
tronaut office and the launch procedures and so forth, that has 
been recommended by the Rogers Commission, and as John Young 
pointed out, if I interpret what he says right is not good utilization 
of all the astronauts to have them run around and review all the 
safety procedures. 

How would you two propose that that problem be addressed? I 
think very strongly myself that there should be closer involvement 
by the astronaut office in the review. I had questions on the last 
reorganization at Houston about that very problem, but how would 
you two propose that it be done? 

Major SLAYTON. I would propose that they didn’t operate too bad 
the way we started, have a flight crew operations director report- 
ing directly to the center director, and the chief of that office was a 
senior astronaut, and that worked very well. We had an  under- 
standing within our organization down the line. An appropriate 
point, though, that John brought up, no matter how you do this, if 
you don’t have the communication in the rest of the system relat- 
ing to it, you can’t make any better decisions than anybody else 
can. 

The CHAIRMAN. In the most recent case, you would not have had 
that information? 

Major SLAYTON. Exactly. It appears to be so. Equally important, 
try to get a little better communication between the astronaut 
corps and their management, you have to go back and look at the 
rest of NASA and the other centers, because it appears to me that 
is where the big problem lies in this particular incident, that the 
communication did not exist at the working level up through the 
chain of command, level 2 and level 1, because if those gentlemen 
had known on 28 July, or January, what they know today, they 
wouldn’t have made the decision they made. 

None of us would have, so there was a big lack of communica- 
tion. 

The CHAIRMAN. Jim. 
General MCDIVITT. I think I would recommend that the flight 

crew operations directorate be moved up to report to the center di- 
rector as well as the flight operations director. I think both of those 
organizations are very key to flying, and having them go through 
another layer of management before they get to the Center Direc- 
tor creates a filter which is not necessary or desirable for either 
one of them. I think it also gets them on the same level as the engi- 
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neering organizations within the manned spacecraft center, and 
gives them better access to the program. 

The CHAIRMAN. How about interfacing with the Associate Ad- 
ministrator for Space Transportation, in this case today it would be 
Admiral Truly? 

General MCDIVITT. It has to be done within the rigid framework 
NASA has. You have to be careful about going out of the chains 
and their normal institutional route is through the center director. 

The programmatic group is through its program manager in 
Houston, the level two thing in Houston, and up to commander, or 
Admiral Truly. 

There should be a caution about putting too much responsibility 
on astronauts, when they don’t have the time to do it. Like the 
flight crew commander is very busy prior to flight and does not 
have time to spend a lot of his time involved in reviewing engineer- 
ing decisions that have already been made by very professional 
people, and his concern is how am I going to remember all those 
things that I have to do to launch abort and all the other things, so 
I would caution you about burdening him. 

There is a need for adequate representation of the astronaut 
office in those meetings. I don’t know whether that exists today. 
From what John said, it sounds like it does. I would be cautious 
about overloading him with things which he can’t handle. The 
other thing is, you’ve got to be careful that you don’t put the astro- 
nauts in situations where they have less information available to 
them than the people who are already making the decisions. Quite 
frankly, when I was a crew commander, I had to rely on the people 
within flight crew operations directorate to represent me and the 
program office people to make the decisions that were far beyond 
the technical capabilities of my crew or the people in flight crew 
operations. 

If it was a very detailed problem with respect to some small 
rocket engine, we needed rocket engineers, not generalists. I would 
be careful about getting people in positions where they are not ade- 
quately briefed or did not have the technical expertise. 

It would appear to the rest of the organization that the responsi- 
bility now falls on the astronauts to make these decisions, and they 
look to them to make the decisions, where they should be making 
the decisions themselves. So I would advocate a ver rigid struc- 
ture, make sure there is an X on everybody’s head w c o makes the 
decisions. If you don’t have any communications or adequate com- 
munications, and people don’t appreciate the seriousness of the 
problems through the organization, nobody can make a good deci- 
sion. 

Major SLAYTON. One philosophical point that needs to be brought 
out here that has not been so far and that is that the crew com- 
manders and astronauts in general view things a little bit different 
than everybody else does to begin with, and you have to recognize 
that and be a little bit cautious. 

In general, a crew commander if given a choice is willing to take 
more risk than is management. That has been the case in the past, 
and he is more likely to give you a “go,” and you need somebody at 
a higher level that is willing to, on his behalf, willing to take the 
bull by the horns and have the guts to say “no go” on behalf of the 
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crew. We did have that before. That is a caution I would note here, 
because a crew commander, and we can understand it very easily, 
does not want to be put in the position of being the only guy that 
says, “hey, I don’t want to go.” 

The CHAIRMAN. Did you have a comment, Hank? 
Colonel HARTSFIELD. Yes, sir. I wanted to say that I feel that it is 

just like in our own Government, the buck stops a t  the White 
House or the Congress perhaps, but somewhere, but certainly 
above the level of the rest of us. I think that the decision to go or 
no go” rightfully belongs with the upper management, and not, 

my personal opinion, not with the crew. The crew input should be 
felt very strong. I make an  analogy. For example, in flight safety in 
the military, if you have a bad accident happen, material failure or 
something on the airplane, it is not the safety officer that  grounds 
the airplane, it is the commander that does that, and he gets his 
advice from the safety side of the house, so I feel what we need to 
do is emphasize attention to operations and flight safety and that is 
what the astronauts can provide, is this overview of what flight of- 
ficer is really ail about and how to fly it, and then let the upper 
management take that viewpoint into account. 

The CHAIRMAN. Well, that  was a followup question I wanted to 
ask John Young. 

John, you have written several memos, and in the course of your 
responsibility as chief of the Astronaut Office. Where do those 
memos go, and are they read, acted on? 

Captain YOUNG. Pretty much all over the place. They go to our 
technical assistant in the Program Office, to my boss in Flight Op- 
erations Directorate, and places and each issue gets dealt with. I 
am not complaining about them not being dealt with. 

The CHAIRMAN. No. The question I am asking is, does it get to 
the proper people, up to the Center Director, does it get-what 
level of management do they get to? 

Captain YOUNG. I am pretty sure it does, because I sent one to 
the Technical Assistant to the Center Director so I am pretty sure 
he gets to see them if they think they are worthwhile looking at. 

The CHAIRMAN. Who makes that decision, whether they are 
worthwhile looking at? 

Captain YOUNG. That is a question-- 
The CHAIRMAN. If you write them, you think it is important. 
Captain YOUNG. What we think is important to get the issues on 

paper so that people can look at them and think about them, that 
is important. There may be another way to do it. I just think, you 
can call them on the telephone and tell them the same thing, but 
folks tend to forget, being very busy and worrying about a million 
details. 

The CHAIRMAN. But I guess what I am asking is, is it getting to 
the proper officials in the chain of command that can take appro- 
priate action? 

Captain YOUNG. I have seen some pretty pithy replies, so I imag- 
ine they are; yes, sir. 

The CHAIRMAN. Whether or not they agree with you or not is not 
necessarily the point. The point is, the fact that it was called to 
their attention, then they ought to make a judgment decision about 
it. 

I (  



565 

Captain YOUNG. Yes, sir. Many of these things, as I say on the 
memos that got written following the accident that were released, 
that were internal, every one of those things either has a design 
number or is being talked about in mission rule reviews or being 
considered in the critical items list discussions or has a place in the 
program that is being looked at, and we are in all of those. 

The CHAIRMAN. I was talking about ones you had written before, 
in the process of the operations. 

If they had gone to the proper places, and received the proper 
considerations, not that everybody agrees or disagrees, but the fact 
that at least it was called to their attention? 

Captain YOUNG. Congressman, before the accident I think the at- 
titude of the agency was totally different in terms of being able to 
support the flight rate, in terms of being able to fly the payloads 
regularly, in terms of being able to turn things around, and I think 
part of the problem was we were starting to exceed all our re- 
sources. 

We didn’t have the ability to do all the things that we wanted to 
do and were trying to do. We wrote several items on those things 
such as spare parts, flight rates and people working too hard at the 
Cape, and things like that, and nobody was listening much because 
you know that NASA is a “can do” outfit. It can do anything it 
puts its mind to, and we were trying to do all those things, and I 
think people were thinking about them, but they didn’t know any 
way to solve all those problems simultaneously. Now, we have a 
chance to solve them and I think that is what we are going to do 
and we are going to have to do it because you just can’t fly ma- 
chines without the spare parts and if you are working people 12 on 
and 12 off for months at a time, that is not a very safe way to oper- 
ate and if your simulators don’t hold up, you know, if you can’t 
train more than 10 or 12 crews a year, it is hard to fly more than 
10 or 12 flights a year, so we have to worry about those kinds of 
problems. 

The Astronaut Office is a very strange group, because it does op- 
erate across all levels of, both management, and particularly down 
in the working levels. We have people out in the field running tests 
with hands-on technicians that do the job at the Cape and people 
in simulations at the Ames Research Center, and people working 
in the Shuttle Avionics Integration Laboratory checking out flight 
software, two shifts a day, 5, 7 days a week and people working in 
mission operations on flight rules all the time so we hear things 
from the working level people and maybe that is one of the reasons 
why we are always so-we are trying to get the word from those 
working people through the chain, maybe by passing a few steps or 
two so we can help the program. 

That is the purpose of that kind of information transfer, but I 
think that the whole agency needs an internal communications 
system that does not count on the astronaut relaying the words be- 
cause we had nobody on solid rocket motors, for example, and the 
people we got on engines, when somebody tells you something 
about a space shuttle main engine, they have got to be a whole lot 
smarter than the average pilot or astronaut before you can make a 
sensible answer out of those things. 

Mr. ROE. The gentleman from New York, Mr. Scheuer. 
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YsMr. SCHEUER. Thank you, Mr. Chairman. 
I want to follow up on this concept that I hear developing, that 

the answer lies to the problem that this awful accident, lies in 
better communications in the agency and not really in the involve- 
ment of the astronauts because they don’t have the time or the 
technical expertise to handle the information. 

First, let me say that from the information we got and the infor- 
mation that is in the Rogers’ report, this information, the problems 
of the O-ring, the seal, the putty, was well known to all levels of 
NASA, and in that August briefing-well, let me quote from the 
NASA-from the Rogers report on page 148. Item 5. “The O-ring 
erosion history presented to level 1 at NASA headquarters in 
August 1985 was sufficiently detailed to require corrective action 
prior to the next flight.” 

They recommended elsewhere in the report a sustained level, an 
accelerated level of research and development into that problem. 
Now at that meeting, you had Michael Weeks, Deputy Associate 
Administrator the Deputy, and Jesse Moore, Associate Administra- 
tor for Space Flight, he participated in that meeting, and testified 
at  the end of that meeting he briefed Jesse Moore, so there was in- 
formation about that problem at all levels. 

The problem was not just NASA headquarters not having the 
basic information. Let me rehearse those two emergency meetings, 
the night before the launch and the morning of the launch. The 
night before the launch with Morton Thiokol and the morning of 
the launch, minutes before the launch with Rockwell. 

The safety engineers testified to us, before us, Mr. McDonald and 
Mr. Boisjoly-very terrific, impressive guys-they begged and 
pleaded with management, with NASA to defer this flight. They 
expressed to us what was clear outrage at  the flip that had taken 
place in the burden of proof, whereas before, if they raised a signif- 
icant question about safety, the flight was aborted. Now, they were 
told by Thiokol that they had to prove beyond a reasonable doubt 
that the flight was unsafe. They were bursting with frustration, 
and there was a lot of rage there and up here. I was a Greek and 
classics major in college, and by no means an expert in aeronauti- 
cal engineering, but I was frustrated beyond belief and my col- 
leagues were, too. 

Don’t you think that if a representative of the astronauts had sat 
in on these two emergency meetings, the night before launch, and 
an hour before launch, and had heard the deep, almost desperate 
concerns of those safety engineers, and it was not a technical 
matter, a flip in the burden of proof that was there since the seal 
in the O-ring, the sub-freezing temperature, the ice the morning of 
the launch were life-threatening conditions, it seems to me that 
you gentlemen had a thousand times the expertise that we have 
and you would have needed to perceive that something was rotten 
in Denmark, and that this launch should not go ahead. 

I am at a loss to understand how you can say that you didn’t 
have the time or the expertise to sit in on these two meetings, and 
that it wouldn’t have made a difference. Of course, they were not 
invited; but my chairman says, of course, you were not invited, but 
we are talking about making the institutional changes in the 
system whereby you would have a representative at the 2-week 
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meeting before that, the routine flight review meeting, and at any 
subsequent emergency meetings affecting safety. 

These were clearly emergency meetings the night before, the 
hour before, and for the life of me, I can’t understand why you 
wouldn’t urgently want to have the flight crew represented at 
emergency meetings of that kind. 

It was not a problem of information going all the way up the line 
at  NASA to headquarters uin Washington, the record is perfectly 
clear on that. 

Captain YOUNG. Well, that is certainly an interesting aspect to 
look at the thing for, Congressman. I think we could have astro- 
nauts at those kinds of meetings if they promise not to  sleep nights 
and work all day, you can do such a thing. Those kinds of meetings 
go on at  NASA before launch every hour of the day and night. We 
can put an astronaut in there, but what I believe is if the program 
manager had been in and heard those issues, that we would prob- 
ably not have flown either. 

Mr. SCHEUER. Excuse me, Captain Young, with due respect, and I 
have the utmost respect and admiration for all five of you. As a 
matter of fact, when the Members went to the last rollcall vote, we 
didn’t talk about anything else other than what magnificent, supe- 
rior Americans the five of you are, and we were busting out with 
pride about you, it is perfectly clear on this point that top manage- 
ment did have all this information, and these are hard questions, 
and there is no point in our trying to dodge the issue. 

These were very flawed decisions by people who had all the nec- 
essary information and they simply made the wrong decisions. We 
are trying to look at how we can change the institutional structure 
of the decisionmaking to obviate the risk of that again. 

It happened pitifully, tragically, and we don’t want it to happen 
again. We want the Space Program to go ahead and to be first in 
space. 

We don’t want any tragedy of this kind to happen again, and 
wasting tragic lives, delaying the program for years. 

Captain YOUNG. If an engine man comes up and says that engine 
is ready to fly and the turbine blades are a little cracked but we 
have run tests and we can show with a cracked turbine blades the 
engine pumps are not going to come apart and we have got to fly. 
Would an astronaut say no, you are not going to fly until you 
change the turbines, for example? 

Mr. SCHEUER. If there is a significant opinion from safety engi- 
neers that this is not a safe vehicle to fly in, you certainly would 
have found that out. The safety engineers would have been unani- 
mous in telling you, this flight was not safe at this time with the 
subfreezing temperature, with the ice on the launch, and with the 
problems of the O-ring, this was not a safe vehicle. 

They were ultimately frustrated because they couldn’t prove it 
beyond a reasonable doubt. They were enraged that they had to 
meet that new test suddenly thrust upon them by the Marshall 
leadership, by their own corporate headquarters that had been 
under pressure from Marshall headquarters, but don’t you think if 
you had heard those safety engineers it would have concentrated 
your mind on the questions about the safety of that flight? 
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Colonel HARTSFIELD. I think it is very clear what the Commission 
has pointed out, that we have a flawed communication process 
there. 

Mr. SCHEUER. No; I beg to differ with you. 
The Commission makes it perfectly clear that NASA level 1 

headquarters in August 1985 was sufficiently detailed. The history 
presented to the NASA level 1 headquarters in August 1985 was 
sufficiently detailed to require corrective action prior to the next 
flight. 

The communications flaw, if there was one, was perhaps not in- 
volving the astronauts in vital decisions affecting their safety when 
if they had been there and heard from the safety engineers who 
were desperately concerned, they may well have made the decision 
not to fly, but you can’t get around the fact that  top-the top 
Washington headquarters of NASA, and Marshall, the Marshall/ 
NASA officials had been briefed in detail about these problems in 
August? 

Colonel HARTSFIELD. If you allow me, sir, the level 2 program 
manager, Mr. Aldrich, had no knowledge of these discussions going 
on and neither did anybody at JSC that was working with the 
problem. 

Now, it is clear from the Commission’s report that they are rec- 
ommending things we certainly support 100 percent. We need to 
reorganize our management structure to not allow this to happen 
again and we need the safety. As I read the report, there were nei- 
ther any NASA safety SR&QA people at these meetings and I 
think that is bad. 

We have got to set in a type of system in which we have people 
that are directly concerned with operational and flight safety, and 
that these people are present at any time there are these kinds of 
discussions going on where there is a potential safety factor, but 
they have to also be attuned to the problem as it develops down in 
the bowels of the organization and that is what was missing. 

Mr. SCHEUER. A safety ombudsman who would be tracking the 
progress of the flight all the way along the line, an  independent 
inspector, general type of person. Yes, that was a recommendation. 

While we are at it, are there any important questions which you 
felt that  the Rogers’ report did not address itself to sufficiently or 
adequately? Are there any other questions beyond the scope of the 
Rogers’ Commission perhaps that you think our country ought to 
address and that this committee ought to address as part of its con- 
tinuing oversight function over space flights? 

Is there anything you think we ought to focus on and zero in on 
that has not been addressed before by the Roger’s Commission? 

General MCDIVITT. I have not completely read the Roger’s Com- 
mission report, but I think we have established a great history in 
space flight and done a lot of things. 

I think that we are at a plateau right now that I have seen 
happen a couple of other times during the course of my experience 
at NASA, when we had the fire in 1967, and when the service 
module blew up on Apollo 13 on the way to the Moon. 

In both of those cases we figured out what was wrong, fixed it 
and got on with the program. I don’t know whether that is in the 
Rogers’ report or not, I hope it is, but I would certainly recommend 
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we get on with it. We’ve got a lot of things left to do out there and 
for this country to be without a Space Program, both manned and 
unmanned, is ridiculous and we’ve to fix what we have got and get 
going. 

Mr. SCHEUER. I couldn’t agree with you more, in fact, this panel 
across party lines is unanimous, that we want to get ahead and be 
first in space again. We have a much more complicated problem 
than technology. This failure did not come from a failure of tech- 
nology. It came from a flaw in the decisionmaking process, flawed 
judgment, flawed communications, flawed decisionmaking, and 
that is a lot tougher to address and we are determined to get to the 
bottom of it and if there is any question that was not addressed by 
the Rogers Commission that you think we ought to be looking at, 
please let us know sometime in the course of this morning’s hear- 
ing. 

Mr. ROE. The Chair recognizes-- 
Mr. SCHEUER. Can we hear from Major Slayton? 
Major SLAYTON. As I understood what the Rogers Commission 

said, they addressed this particular problem and things that are re- 
lated to it, and I think it needs to be made clear that there may be 
a whole lot of other things sitting out there that the Rogers’ Com- 
mission did not look at and that needs to be looked at. If you are 
asking what needs to be done outside the Rogers Commission, a 
whole lot of things need to be done. 

Mr. SCHEUER. Maybe you could submit a memo. 
Major SLAYTON. 800 items on the critical list that need to all get 

reviewed and I suspect they are. 
Mr. ROE. From a congressional point of view, we understand that 

thoroughly. 
Again, I mentioned, the purpose of these hearings is not just to 

review exactly what happened with the O-rings from a technologi- 
cal point of view, but we are looking at the whole structure, be- 
cause before the people or Congress can provide the funding, we 
got to know where we are going in a safe manner. 

You as professionals in this field, if you have any further 
thoughts you want to express, you think things ought to be looked 
at that has not been addressed, it would be helpful if we knew that, 
on the whole process. 

The Chair recognizes Mr. Volkmer. 
Mr. VOLKMER. Thank you for being here, to the whole panel. 
John, I was very interested in your comment that prior to 51-L, 

that you had in one of your memos pointed out the problems with 
the training and the flights, the parts problem, time schedules to 
meet the flights? 

Captain YOUNG. Yes, sir. We are dealing directly, on terms of 
spare parts, we are doing a high turnover, and I talked to some 
Rockwell people in a confidential memorandum of one of theirs 
that said there was no way they could meet more than 12 flights a 
year with the spare parts that we had without doing excessive can- 
nibalization. 

What that meant to me was that we were being unrealistic about 
that, I saw the parts people at Kennedy Space Center, and they 
said come back in 6 months, which they were taking a lot of steps 
to turn that around. They have a system that can pick spare parts 
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out of the box. Yet the next time we couldn’t find an unloader 
valve, there were three in the plant somewhere, but we took it off 
the vehicle to fix it. Spare parts was a problem. Crew training was 
a problem. 

For 1986, we saw that we are going to need 220 hours a week in 
the month of October to train flightcrews. I was very interested in 
that because that is when our space telescope mission was going to 
fly. The people who were supporting the program said they would 
only be able to furnish 160 hours a week, and at that time we were 
not coming even close to doing that and it was difficult for me to 
see how we were going to get from A to B, particularly since we 
just switched contracts there in Houston, changed contracts from 
22 contractors to one, and many of the people who were associated 
with old contracts, many of the key operational people, people who 
were interested in getting the job done didn’t come across when we 
changed that contract, so that was a very serious problem, as far as 
we were concerned, to  get the flight-crews trained. 

You never want to sacrifice on-crew training, and we never have 
in any program I have been associated with because those people 
have a lot to do in space flight, and of course, I am sure the first 
time we ever had a crew-caused operational incident, the first 
person they will sack is the Chief of the Astronaut Office, but who 
cares about that? 

That is not the purpose of crew training. It is to do the job right, 
in space, a job that needs to be done for the good of the country. 

Mr. VOLKMER. What reaction did you get as a result of those 
memos? 

Captain YOUNG. They said it was too bad we couldn’t get the 
time, but we are going to fly the missions anyhow, and we just had 
to cannibalize because that was the only way to get the spare parts 
to support the vehicles, so it is a can do attitude, and we are going 
right down the road with the ability to do everything and we are 
not able to recognize what I call sort of grey limitations. 

If the limitations are not black and white, the system keeps right 
on trucking. 

Mr. VOLKMER. Attitudinal, wouldn’t you say? 
Captain YOUNG. Yes, sir, and somewhat an ability to recognize 

limitations, especially limitations. 
Mr. VOLKMER. Assume we would within another 2 years have a 

third simulator. Where does that put us as far as crew training, 
number of flights a year? 

Captain YOUNG. It depends on what kind of mission you are 
training for. If they are all about the same, you would probably 
support 12 to 15 flights a year in terms of crew training, that is 
what I think. 

I could tell you 20 flights a year, but they are making assump- 
tions about how rapidly you can turn people around, assumptions 
that we are unable to make at this time because we found that you 
can’t fly people right as often as we thought we were going to be 
able to do. 

Mr. VOLKMER. Is that an assumption also based on vis-a-vis ge- 
neric flights? 

Captain YOUNG. Yes, sir, pretty much. 
Mr. VOLKMER. No payload changes? 
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Captain YOUNG. Not many payload changes close to launch. 
Mr. VOLKMER. All right. The other thing that concerned me, and 

I thought I heard you right, and I wanted to check it with you to 
see, earlier in your conversation, I believe it was with the chair- 
man, you mentioned that there were some proposals that were to  
take place that you had been informed of prior to 51-L, and doing 
away with the FRR’s, and what else? Is that correct? 

Captain YOUNG, That is all hearsay, a proposal to do away with 
the flight readiness reviews because we are getting so operational. 
When you get operational you start flying this thing in a hurry. 
One flight a month, if you are going to have flight readiness re- 
views you will have a staff of thousands of people preparing for 
flight readiness reviews. Thousands of hours of engineering work 
go into preparing for a flight readiness review. 

Mr. VOLKMER. Does that give you any concern, if they were done 
away with? 

Captain YOUNG. It would, except if you are operational, and 
doing your job right, the program manager is on top of all these 
issues so in theory you wouldn’t need a flight readiness review, if 
he knows everything that is going to happen, and he is on top of 
this engine problem or that RCS problem, the flight readiness 
review in an operational system, ideally you wouldn’t need to do 
one. You can see where they are coming from with that idea. 

Mr. VOLKMER. But that means also that the astronaut crews are 
just going to have to-if that goes-are going to rely completely on 
other people as to the safety of the vehicle? 

Captain YOUNG. Absolutely. And astronaut crews do rely on 
other people. 

Mr. VOLKMER. I agree, but you would have to do it completely. 
Captain YOUNG. You would rely on the system functioning the 

way it is supposed to work. And we have done that traditionally 
from day one. Nobody can rely even when they are flying that 
Atlas that the Atlas was put together right. They just couldn’t do 
it. You have to rely on a lot of good people doing good work. The 
Space Shuttle Program work is incredibly laborious attention to 
detail in every face to every phase of the operation. That made the 
Mercury work, it is the only thing that made Apollo work and it is 
the only thing that will make the Space Shuttle Program work. We 
want to get back to that or it is not worth the effort, because we 
won’t be successful at it. 

Mr. VOLKMER. That is the way I want to get too. You have to 
stick to detail. 

Captain YOUNG. Yes sir. 
Mr. VOLKMER. It is also what I consider again attitudinal, be- 

cause as I review the Commission’s report on the FRR’s on the 0- 
rings and on the seal problem, that I find in there an attitude that 
constantly that you as astronauts, and management even at one 
level, didn’t think it was much of a risk because it kept coming 
back whether it was acceptable. That is when it was presented that 
this was an acceptable thing. Is that correct? 

Captain YOUNG. Yes sir. It was presented as acceptable in the 
51-E flight readiness review that Captain Crippen attended. The 
way it was discussed, it wasn’t discussed in a serious manner. It 
was not discussed as a serious problem, yes sir. It is hard when you 
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have communications if people are not going to make the issue se- 
rious, you know darn well the crew is going to fly. Because that is 
what the crews always want to do. They want to be ready to fly. 

You shouldn’t have to ask the crew commander within a week of 
launch if he should be going or not going because if that guy is not 
going we need to get somebody who is. 

Mr. VOLKMER. One last question I want to ask you about and 
that goes back to some of the Commission’s recommendations also 
that it should go-I guess the way I see it anyway-anybody that is 
going to be flying in the shuttle and that is the question of weather 
at Kennedy, and the changability and being able to land there at 
Kennedy. Can we ever come down to where by the time that you 
are NDR that you know it is going to be safe to land at Kennedy, 
there is not going to be a squall down there or winds aren’t going 
to be crosswinds, a timeframe? 

With the pleasant weather information that we have-let me ask 
you this. Do you as an individual, as an astronaut, do you feel com- 
fortable with those conditions? 

Captain YOUNG. Well, having to participate as a weather pilot 
down at the cape for many years and knowing the limitations of 
the space shuttle in terms of tile damage-and getting struck by 
lightening and it is a somewhat serious limitations-in crosswind 
capability and knowing the variability of short term weather pre- 
dictions and not just at the cape, but if you go look at the southern 
United States right now, in the summertime, the ability to predict 
when a thunderstorm is going to build up and be raining in the 
morning or in the afternoon-you can take statistical weather and 
it shows you that in June, July, and August timeframe, at the Ken- 
nedy Space Center, you would probably have a 35-percent probabil- 
ity of not being able to launch in the afternoon over a 30-year time- 
frame, for example. But every now and then it is going to be the 
same way in the morning. 

So you would be better off launching in the morning at the cape. 
But the ability to predict when a thunderstorm is going to form up 
is a very tough proposition. The ability to predict when a crosswind 
is going to exceed certain limits that you really placard it to as the 
short term is a tough proposition. 

People say we are going to be able to do short term weather pre- 
dictions, but it is tough. We have had flights in the shuttle trainer 
airplane where we have taken-I took Mr. Walt Williams out to 
give him a flight and there was a little old bitty thunderstorm 13 
miles off the end of the runway at Kennedy. I said well, we will 
just go around and do a lot of flying here and show you how this 
thing works and 30 minutes later there were thunderstorms all 
over the place, and we couldn’t land at either end of the runway. 
That is an unusual situation but it just shows the dynamic variabil- 
ity of the situation. The weather people said it was not going to be 
a serious matter. 

So you think twice about wanting to land your space shuttle and 
take a chance, because you deorbit, you give a go, no go for de-orbit 
at about an hour and a half prior to touchdown and once you deor- 
bit you are committed to that runway. So I think it would be trou- 
blesome with our limitations on both the tiles and crosswind limits 
and our current brake problems, which we are trying to fix, to 
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always say that you could land at the cape because I think weather 
predicting is a tough problem. It is not impossible, but it is just 
tough. 

Mr. ROE. The time of the gentleman has expired. 
The Chair recognizes the distinguished gentleman from Florida, 

Mr. Nelson. 
Mr. NELSON. Thank you, Mr. Chairman. 
Mr. Chairman, we are fortunate we have representatives from 

the Mercury and Gemini days here, from Apollo, we have in addi- 
tion an  STS-1 commander and we have the commander of the last 
successful mission of the space shuttle. 

I want to direct my first question to Commander Gibson. When 
we were scrubbed on December 19, if I recall, the weather was 
somewhere around 41 degrees on that particular day. Do you have 
any recollection, either at the time or since, that there was any 
consideration going on among management or any of the contrac- 
tors, about the question of the desirability of launching on Decem- 
ber 19, in 41 degree weather? 

Commander GIBSON. No sir, I don’t recall any discussion at all 
along those lines regarding the temperature. I don’t honestly re- 
member exactly what the temperature was because at that point it 
really wasn’t looked upon as an  issue. So the answer would be no, I 
didn’t hear it discussed at all. 

Mr. NELSON. Captain Young, you were shaking your head. 
Captain YOUNG. No sir. I hadn’t heard a thing about it. I didn’t 

know it was that cold that day either. That is really-- 
Mr. NELSON. Do you have any idea why, then, the temperature 

became an  issue on the 51-L flight? It was obviously colder. It was 
38 degrees at supposed launch time that particular time, although 
it had been a lot colder the night before. Do you have any idea, any 
information that you can share with us as to why, in the hours 
before the launch, temperature had become such a major concern 
there and not on the previous flights? 

Commander GIBSON. Captain Young might be a little bit better 
able to shed some light on the 51-L, but I think in our case, it 
wasn’t really discussed because we weren’t approaching freezing. I 
think probably the freezing point and a lot of systems we have on 
the launch pad and the support facilities there on the pad were 
perhaps the big issue that tripped us to say what are the issues we 
ought to look at for a freezing temperature launch? Like I say, 
maybe Captain Young could amplify on the 51-L. 

Mr. NELSON. You might want to check this out and see what you 
think. When 61-C finally launched on January 12 the temperature 
was somewhere up in the low fifties, if I recall. And they found in 
fact, there had been erosion on the O-rings. If I recall, it was some- 
thing like four one-thousandths of an  inch. That might have then 
triggered people to start saying January, why is it that it just 
eroded on this flight in January and previous to January 1985? 
And then they started thinking, was there a correlation between 
January, the temperature, and that might have led to the conver- 
sations before 51-L among the engineers. You all don’t have any 
specific knowledge of any of that? 

Commander GIBSON. No sir. 

64-295 0 - 86 - 19 
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Just to add, apparently that day that they said we did have ero- 
sion, and as you mentioned, Mr. Congressman, we did have erosion 
in one of our aft joints and I believe we did have some erosion in 
both of our nozzle joints. We had that four one-thousandths of an 
inch erosion and that was known prior to 51-L but that  did not 
trigger any conversation to relate 51-C to that, which is the flight 
the previous January. 

Mr. NELSON. In the Presidential Commission report there is a 
chart on page 169 entitled “Simulation Training,” of which it goes 
through for all of the several previous flights to 51-L. The day 
before launch date that the shuttle simulator training began, in 
comparison to what was considered to be the norm, of which the 
simulator training would begin, which would be 77 days prior to 
launch. I notice that your flight had the least amount of days. You 
started on minus 50 as compared to the previous flight, 51-B, 
indeed H-77, 51-A, looks like about 63. 51-5 was about 85 days 
prior to launch in which they got into the simulator. 

Can you share with us what was your feeling a t  the time and 
now that you reflect back upon the adequacies of the preparation 
for your crew, since you only had 50 days before launch to get into 
that simulator? 

Commander GIBSON. Well, Mr. Congressman, as you know, that 
is a problem that we are continually fighting and it is key to the 
release data of the specific flight training load that we are going to 
get. 

We had a rather fortunate situation with 61-C in that the type 
of things that we were doing, the satellite deployments and I 
should probably also add that even at the 50 days prior to launch 
we hadn’t really finalized our payload yet-which is another whole 
separate problem. But the particular payloads that we were carry- 
ing and the particular satellites that  we were carrying, allowed us 
to utilize other people’s training loads and so we weren’t in as bad 
a situation as this graph would depict, just beginning 50 days prior. 
We were able to accomplish a lot of our training just because we 
were plain lucky in this particular case, using other people’s train- 
ing loads. 

Mr. NELSON. Have you seen a crunch in the crew training in 
those simulators? 

Commander GIBSON. Yes sir, very definitely. And I think there is 
another chart in the Rogers Commission report that  depicts that 
and it, of course, at the time the crew training load in the final 2 
or 3 weeks prior to launch-and I am sure you remember it very 
well-but the crew time expands up to around 60 and 70 hours per 
week, because a lot of the things that we are trying to finalize and 
baseline early, just don’t happen. They don’t happen until the final 
2 to 3 weeks leading up to launch. As a result, a lot of briefings 
and a lot of training get pushed into those final 2 to 3 weeks. 

Colonel HARTSFIELD. In fact, I might add, if I may, sir-- 
Mr. NELSON. Please. 
Colonel HARTSFIELD. At about the time of 51-L I had just put on 

the training hat for the office and was looking at how these train- 
ing loads were going to be delivered. We were already seeing prob- 
lems-either not reflected truly in that chart that shows when 
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they get the loads-for a couple of flights downstream, like 61-H, 
which at that time was supposed to come in in June. 

We have in our training catalog a certain number of hours that 
are set aside to be done with the final flight load and flight specific 
software, and we had seen a point where if we did all that training 
after delivery of the load, based on projected data, the crew would 
have to train in one case 31 hours a week in the simulator, in an- 
other case 33 for the other flight. This was ridiculous. No crew can 
do that. 

So for the first time, the training folks were wrestling with the 
idea, with this problem, that maybe for the first time we were 
going to have to say we can’t launch because we don’t have the 
crew training. 

Mr. NELSON. John, did you want to add anything about that? 
Captain YOUNG. It would certainly have been a new first because 

we never slipped crew training except for one time, to my knowl- 
edge, and that was a struggle. 

Mr. NELSON. Jim. 
One of the problems that takes place at a flight readiness review 

in L minus one debriefing is to find out if everything is ready to go. 
As a program manager we always had to have a report on whether 
the crew was ready to go, too. It was a vital part of the mission and 
they had to come up on line just as the spacecraft and all the other 
systems had to do. 

Earlier, Deke mentioned that the astronaut office had to some- 
times rein in the crews because they were more eager to go than 
maybe they should have been. I think it does put a burden on the 
head of the flight crew operations director to stand there and say is 
the crew really trained or not? As far as I know, it had never been 
a factor in any of the launches but I guess maybe it did at one 
time. So it is important that there is a spokesman for the crew. He 
is up there on top in a management position. He has access to all 
the other people and he can speak for them. 

Mr. NELSON. Deke. 
Major SLAYTON. Well, we had some similar problems earlier in 

the Gemini Program and we did slip Gemini 5 weeks for crew 
training. We were told by people in headquarters you can’t do that 
but we did it anyway because we weren’t going to go until we were 
ready. We also discussed in Apollo 11 we had the option of going on 
schedule or slipping a month, and we were very marginal on crew 
training then and we were on the verge of slipping that 1 month, 
but we got to the final couple days and decided to press on. I think 
those are the only cases I know of where we have gotten that tight 
on crew training. 

Mr. NELSON. In your opinion, has there been a modus operandi 
within NASA that has excluded former astronauts or active astro- 
nauts from the management structure? Let’s don’t talk about it 
right now, because that was addressed in the Rogers Commission 
report and obviously Dick Truly is in now as very much a part of 
high management. Has there been some modus operandi within 
NASA that has excluded or has been a bias against putting astro- 
nauts into the management structure? 

Jim. 
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General MCDIVITT. Mr. Congressman, as you know, I was the 
Apollo Spacecraft Program manager for 3 years and I didn’t find 
any bias. I must say, though, during the time I was an  astronaut, I 
spent a lot of time doing things in the program office that didn’t 
have anything to do with astronauting, like doing contract reviews 
and spending a lot of time with little bits and pieces of the pro- 
gram that really didn’t have anything to do with flying a space- 
craft. 

But I was welcome and had all the authority I needed, and all 
the support I needed when I got into that role and I am really 
pleased to see Dick Truly in that position or a management posi- 
tion now. I found that my astronaut background was a tremendous 
help to me, especially in the type of program that Apollo was 
where we were limited on the number of minutes or hours we had 
to make a decision when the spacecraft was flying. 

As you know, when you are in route between here and the Moon 
and the Moon back to here, you can’t stop, and when you start on 
down at the Moon, you can’t stop either. The only time you have a 
chance to stop and rest is around the Earth and around the Moon. 

So we were pressed into making a lot of decisions a lot quicker 
than we would like to make them and I found that the experience I 
had was a lot of help to me. But I didn’t find any basic philosophi- 
cal problem with me being in that position. 

Mr. NELSON. Deke, did you ever see that bias in the agency? 
Major SLAYTON. No, sir. I did not. I was in the management in 

the crew side up through the Skylab Program in Apollo and then 
subsequent to that I went into the program management. I man- 
aged the approach and landing test on the Shuttle and then was 
the orbital flight test manager on the first two flights. 

So I had no problem at all. My role was a little bit different than 
Jim’s. He was responsible for all the hardware and my boss was 
the hardware manager and I was the operations manager, so it was 
a little bit different role. But we certainly had no problem at all 
with any level of management supporting us and communicating 
with them. 

Mr. NELSON. Let me ask you, Hoot, on your flight, you started 
using the nose wheel steering which would indicate that there 
would be less stress on the brakes because you are not using the 
brakes to steer. And you did not give a great deal of pressure on 
the brakes and yet I understand that there was significant damage 
to the brakes on your flight. 

Commander GIBSON. Yes, sir. That is true. We had nearly a 
repeat from data that the engineers were telling us. We nearly had 
a repeat of the 51-K incident which was the landing in April of 
1985 in Cape Canaveral that  blew a tire. 

Of course, this particular case, Mr. Congressman, is a perplexing 
one because they liked the deceleration profile. As you mentioned, 
we did not use an  excessive amount of brake pressure. 

We used essentially the exact braking profile that they were 
looking for and yet we sustained some stator damage in those 
brakes. We also had the nose gear steering available to us that I 
did utilize a little bit during the landing roll out that 51-D did not 
have. And in his case, this was Colonel Coe, had to use his brakes 
for steering also which put an  additional load on it. 
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So we were more fortunate than him. We should have had a 
whole lot more margin over brake damage and we, in fact, did not. 

Captain YOUNG. That gives you an indication of what kind of 
braking problems we have got to solve and we are doing that by 
improving the stators on the brake. But I would like to say Hoot 
did brake perfectly, just exactly the way they said was the best pro- 
cedure for putting on the brakes on an airplane and it turned out 
that we ended up with brake damage at 36 million foot pounds per 
brake where a guarantee on the brakes is supposed to be 55 million - 
foot pounds. 

So we still have a problem here and it is in work to solve it. We 
are going for thickerstators and in a couple of years, new brakes. 

Mr. NELSON. One of the other recommendations of the Commis- 
sion is, quote, “make all efforts to provide a crew escape system for 
use during control gliding flight.” 

I assume that what that means is that if you got into a situation 
where you lost two engines after you dropped the SRB’s, and you 
knew that you didn’t have much chance of trying to ditch, that you 
would try to get into some controlled gliding mode so that the crew 
could bail out. Please give us the value of your experience as to 
whether or not that is possible as we look to the future of flight 
safety and launch abort and crew escape. 

Colonel HARTSFIELD. Well, I firmly believe that we need such a 
system and I .am convinced that it is not that difficult to provide. 
To try to provide a means to protect the crew throughout the flight 
envelope, I think, is unreasonable and I am not sure it is achieva- 
ble totally. 

As has been said many, many times, a certain amount of risk 
you have to accept. I do feel very strongly, in fact, I am convinced 
that this vehicle will not ditch worth a darn. I think it is going to 
tear up when it hits the water and you are going to lose the crew. 

There are contingencies that we look at and we are trying for 
contingency aborts in case we lose more than one main engine 
during power flight that could force us into the water. I think we 
should pursue and are pursuing-we have got a group looking at it 
right now-a way to allow the crew to bail out in gliding flight or 
even be extracted. 

There are some extraction systems like the Yankee systems that 
look very attractive at this point. 

Mr. NELSON. What is that, Hank? 
Colonel HARTSFIELD. It is a type of system that uses a tractor 

rocket to pull the crew person right out of the vehicle. 
Mr. NELSON. To clear them from the tail or from the wings? 
Colonel HARTSFIELD. Tail or the wings. One of the problems we 

are having to fight is how to miss the wing and the OHMSPOD if 
you could just jump out of the hatch. You can’t run out of the top 
because you run into the vertical tail bent on the OHMSPOD. Bail 
out is a problem, but with the extraction system it looks like we 
may get around this. 

We have a group that is looking at that now and, of course, in 
the office we are very hopeful we are going to come up with a 
system that will cover this area of our envelope. I think it is worth 
pursuing. 

Mr. NELSON. Thank you. 
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Thank you, Mr. Chairman. 
Mr. ROE. The Chair recognizes the distinguished gentleman from 

Texas, Mr. Andrews. 
Mr. ANDREWS. Thank you, Mr. Chairman. 
I would like to just follow up briefly on what Bill was touching 

on and that is the escape system. I would like just to get your over- 
all view first about if you could pinpoint a few things that you 
think need to be changed right away in terms of a reasonable 
escape system, what would it be? 

Hank, what are your thoughts about that? What is the most 
emergent thing that needs to be dealt with? 

Colonel HARTSFIELD. Well, as I just said, I feel that  we should 
pursue this bail out system and, as I say, a group is very active. 
Steve Nagel from our office is working on that group and heading 
it up, the part that is concerned with the bail out itself. 

Some of the preliminary results look very promising. I think that 
we have got the kind of expertise in this country around different 
contracts that could give us a lot of help in that area and I think 
we could come up with a system that is not all that expensive that 
we could retrofit into the orbiter and give us some confidence khat 
if we had some of these bad things happen to us, that we can at 
least save the crew. 

And, as I say, I think we have got to wait and see what this 
group comes up with, but they are working on a tight schedule. I 
think within a month or so they are supposed to report back to Mr. 
Aldrich. 

Mr. ANDREWS. Do I understand that it is your feeling that it is 
not realistic to assume that the crew or the vehicle would survive 
impact on the water under circumstances-- 

Colonel HARTSFIELD. I feel very strongly that the vehicle won’t 
survive. I think it is going to brake up if it lands on any unpre- 
pared surface. 

Captain YOUNG. It hits down about 200 knots and the Navy and 
the Air Force have no reported survivals of ditches that occurred 
at over 140 knots. So when you talk about kinetic energy, that is 
one-half MV squared, and as velocity goes up, things really start 
coming apart. 

In order to get heavy weights into orbit, we had to design the 
system so it really doesn’t have a high G cockpit like you provided 
for fighters or attack aircraft and it has a very low design for crash 
loads in both the payload bay and the forward nose part. 

So those things theoretically will come apart when you hit the 
water because they are very low crash loads provided them. So 
even if everything did come out right and the crew was still alive 
in the cabin, I think the probability is the payload would be right 
up there in the cabin with them. 

Mr. ANDREWS. Right. 
Commander GIBSON. Mr. Congressman, if I can add to that, I 

think if you asked around within the astronaut office and asked 
what the general feeling was about a ditching, which is after a con- 
tingency abort, two or three engines out, I think you would find 
the general feeling is that  we are not going to survive a ditching. 

Mr. ANDREWS. You all don’t take those life raft training exer- 
cises too seriously then, I gather? 
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Commander GIBSON. No, sir. I have to confess we really don’t. 
Your question as to what the most immediate thing is, I think is, 
was hit right on the head by the Presidential Commission. I think 
their recommendation that said we ought to develop as quickly as 
we could a means to escape from a controllable sub-sonic orbiter, I 
think is the most immediate thing, so we have some recourse in 
the event of two engines out over ditching. 

Mr. ANDREWS. Deke. 
Major SLAYTON. I was going to comment there were some studies 

done-in fact, tests were run down at Langley Field in their water 
tank of shuttles ditching capacity. It ditches very nicely as a model. 
The dynamics of it are beautiful. 

But as John said, the structural loads are fantastic and the prob- 
ability is it is going to break up. That was the conclusion in that 
time frame. 

to that? 
Mr. LUJAN. Will the gentleman yield with one question in regard 

We are talking about a n  escape opportunity, but just for a very 
short period of time; isn’t that  correct? Because the first 2 minutes 
everybody agrees nothing could be done. And once you get into 
orbit-well, if you parachute out, you can’t get down anyway. 

So for how long a period are we talking about that you could use 
that escape hatch? 

Colonel HARTSFIELD. Well, the oxygenators, again, that is loose in 
these engines, you could lose the engines late in the launch before 
you make orbit such that you don’t have enough velocity to get to 
orbit and you are coming down in the Atlantic near the coast of 
Africa. For example, there would be a case where, this type of con- 
tingency abort we are going into the water, but with this kind of 
system we would have a chance of getting out of it. So in some re- 
spects if you look at it, it does cover quite a bit of the launch trajec- 
tory. 

Mr. LUJAN. I am sorry. I don’t want to take a lot of time, but 
how long can you glide subsonic, would you say? 

Colonel HARTSFIELD. Well, as you now, it is not a very good 
glider, but-- 

Mr. LUJAN. There is a long ways to fall, too. 
Colonel HARTSFIELD. The context we have looked at preliminarily 

is there is plenty of time to get the people out in glider flight. 
If you consider that you have got to start getting them out say 

around 20,25,000 feet, there is time to get everybody out before the 
orbiter strikes the water, get them out by 5,000 feet. 

Mr. ANDREWS. Just  to follow up, does that suggest that we would 
have to limit the number of payload specialists that we could have 
onboard? Can we have an  ejection system that works, gives you 
that window of time that you need to get everybody out and still 
carry as many specialists onboard as we do now? 

Colonel HARTSFIELD. That is part of the study that Steve Nagel is 
looking at and certainly it may turn out that we have a limit on 
crew size. But we are at this point-we have not reached that 
limit. We are looking at systems that can get a number of people 
out. 



580 

Mr. ANDREWS. Do you think it is reasonable to have seven? Could 
you speculate on whether or not you could do it with seven at this 
point? 

Colonel HARTSFIELD. I would rather not. I think I would rather 
let this group come to their own conclusions. 

Commander GIBSON. I think, Mr. Congressman, we are looking at 
kind of a two-part problem. The first one is let’s address the, can 
we escape from gliding under control and then beyond that is there 
anything that we could develop that has capabilities that  would 
help us further during the ASEAN phase. When we start to say 
what can we do with the particular escape systems, they say what 
are your particular requirements? Do you want Mach 4, Mach 6 ,  
Mach 10, and what altitude do you want to be protected against 
immediately for the rocket motor at the re-entry heating, so I 
think we probably are approaching this from two phases. One 
being the gliding, jumping out of it and there you could conceivably 
accommodate seven people. Ejection seats, I don’t know exactly 
how we do that with seven people. But I think perhaps as we go far 
they are down the line we may be able to find some way of doing 
that and I think we may be able to find some larger envelope we 
can handle other than just gliding flight. 

Mr. ANDREWS. Thank you. 
Thank you, Mr. Chairman. 
Mr. ROE. The Chair recognizes the distinguished gentleman from 

New Jersey, Mr. Torricelli. 
Mr. TORRICELLI. Thank you, Mr. Chairman. 
Let me suggest that I believe our five witnesses today have made 

a real contribution, in that they have suggested to us something we 
should have realized all along, and that is that no new structure 
within NASA is going to be sufficient, and consultations among 
NASA officials will never be enough, and what simply must be 
achieved is real trust, and that is, of those who are going to own, 
operate, fly, believe and need the shuttle, they are going to have to 
have t rust  in the judgments of those who are making decisions. 

But I think one of the contributions that you helped us under- 
stand, in addition to the needs to have trust in NASA management 
and the technical people who work for them, is that so many of 
these issues are so incredibly complex, is that no crew could ever 
be assembled that would know all the engineering requirements of 
the shuttle, that they would be in a proper position to exercise 
vetoes or independent judgments about whether or not the shuttle 
should fly. 

I have received some of those-I have reached some of those con- 
clusions myself from comments that were made today, and I felt 
they were real contributions. 

Let me say, in addition, as much as I was impressed by those 
comments, during the course of the Rogers Commission’s delibera- 
tions, some comments were made, not surprisingly never attributed 
to different crews of the shuttle, suggesting that some of the civil- 
ians who had flown, including Members of Congress, teachers, pro- 
spective journalists, scientists, did not make noteworthy contribu- 
tions to the flights. 

Comments were made to some annoyance of their contribution 
and presence on the flight. Let me suggest this to you as members 
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of the astronaut corps. The shuttle belongs to the American people, 
and we all have different objectives for it, and not all even involves 
science. 

There are reasons for having journalists, writers, poets, scientists 
on board the shuttle that may not be appreciated by the astronauts 
or some in NASA, but they are appreciated by many of the Ameri- 
can people, and they are very real, and I only say that because as 
much as I think the astronauts made a real contribution to the de- 
liberations of the commission and to this committee, I think it is 
worth reminding yourselves of those things as those things go for- 
ward, and we all have different objectives. 

Let me ask Deke something, we were in the Soviet Union togeth- 
er, and it is ironic now to note, and we stood watching the latest 
achievements of the Soviets with their space program, and with 
more than a little pride noted that our technology was superior, 
and while they were impressed by what they were doing, we really 
considered that we were not at all in the same league. 

Well, that which we then saw as prospective science is now 
flying and ours which we marveled as being a real achievement is 
not, and ours is not. You have now seen NASA go through several 
generations of talent and of personnel. 

Is the talent what is was? Do we have the same confidence in the 
best and the brightest of the American population, not just flying, 
design, leadership, not just at the top levels, but at mid-levels, 
should this committee be equally concerned about the talent we 
have in NASA as we are with the engineering that is being provid- 
ed for NASA, as you have seen it evolve over these last number of 
years? 

Major SLAYTON. That is a very good question, and I am not sure I 
am qualified to answer it. My opinion is, speaking of flight crews, 
probably the later groups, as we have gone along, have been more 
qualified than those of us who started. 

We have gotten a higher level of excellence as we proceed on in 
this space program, because people have set being a n  astronaut as 
a goal at a very early age, and they have trained for it, and they 
are very competent to do that job. 

Mr. TORRICELLI. What has come before this committee, judgments 
we share, is that people who are in these management positions 
have to be able to make judgments on extremely complex technical 
issues, and they may not be from their own fields of study. 

No one in management could have been involved in all of these 
fields of study, and yet have to reach those judgments. 

That is true now, and it was true before. Do we have personnel 
as best as possible in management positions indeed as good as they 
were when you were flying to reach those judgments? 

Major SLAYTON. That was a point I was getting to, I think not 
only the astronaut corps, but in the rest of NASA, the same thing 
has happened. The younger engineers who come in to do the engi- 
neering jobs are more competent today then the people that started 
in the program. 

Maybe the one thing that might be lacking, if you want to go the 
top level, is that in the early days, we had some guys evolve out of 
the military; and they had a different level of discipline, maybe in- 
volving people today that are more technically oriented and not as 
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capable of dealing with operational problems, but the technical 
competence in the agency is equal to what it was before and maybe 
even better . 

What we are dealing with here is really a communications issue, 
and a management issue, but certainly not a technical competence 
issue. Some of that is understandable, I think, when you look at 
relationships between the centers and how the organization is 
structured; and you could say it could be restructured so you don’t 
have intercenter jealousies interfering with the communications 
channel. 

A lead center concept where level 2 is viewed by the other cen- 
ters as being another center instead of having its headquarters’ 
level is one reference I would make. 

A lot of it in the management attitude; but again, my opinion is, 
you can make any organization work if you got the right people, 
and if you don’t have the right people, I don’t care how you orga- 
nize it, it will not work, so you still end up dealing with individ- 
uals. 

Mr. TORRICELLI. That is part of the point I had hoped to come out 
here. We are seeking the perfect system, the right arrangements of 
boxes, and personnel judgments, and in fact, no system will operate 
properly without the right people and indeed with the right people, 
even a badly flawed system will operate sufficiently. 

Major SLAYTON. Precisely. 
Mr. TORRICELLI. Let say finally, Mr. Chairman, having now ac- 

knowledged that I think a real contribution has been made here in 
the understanding that this will not be fixed by putting in new 
levels of management or bureaucracy, but rather by having trust 
among the component parts of NASA, there is one other thing that 
I think we can do, too, and that is-rather what you can do, too. 

That is, the need to have the shuttle fly again, that  there not be 
a national obsession in transforming the shuttle into a flying baby 
carriage. We will never achieve perfection and absolute safety. 

Only you have the credibility to say that to the American people, 
and I think Mr. Cripeen may have said it best for us, and that is, if 
astronauts had this power in the past to stop launches, they would 
have taken risks that management would not. 

The American people need to understand that. We are on the 
cutting edge of science. We are pushing the limits of technology. It 
will always be inherently dangerous. We need to know that, and 
need to understand there are risks to be taken, or America will 
never fly again, and only you can say it, or we are dismantling 
NASA now, and will do that too far and in understanding the 
risks, we are going to become obsessed with them. 

I hope that is a contribution you continue to make as a group. 
Thank you, Mr. Chairman. 
Mr. ROE. I thank the gentleman. 
I am going to recess until 1:30. We would appreciate it if you 

could all come back and meet with us at 1:30. We will do that, and 
we will have Mr. Lewis from Florida who will lead off at that 
point. 

Following Mr. Torricelli’s comments, I think it is important to 
get on the record and think about this, if you will, there seems to 
be an  accelerated exodus of the astronauts leaving the system, and 
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we want to talk a little bit about that, and the general morale as 
you would see it within the corps itself. 

We also want to talk about the pay level; in other words, have 
we backed up against the problem that the people who are partici- 
pating both at management level, and in the astronaut corps, that  
the pay scales are forcing people to leave the system, so think 
about that, and we will start with those problems when we come 
back. 

The committee will stand in recess until 1:30. 
[Whereupon, at 12:15 p.m., the subcommittee recessed, to recon- 

vene at 1:30 p.m., the same day.] 

AFTERNOON SESSION 

Mr. ROE. The committee will reconvene. 
When we broke up for lunch, we were talking about really per- 

sonnel matters, and I believe Mr. Torricelli had started that part of 
the discussion, and then we got to the point view as to what, there 
seems to be an  extensive exodus from what we can understand be- 
ginning to take place on the astronauts leaving the agency. 

That is one item. What is  the morale of the agency at this 
moment, or are there more astronauts that will be leaving that you 
are aware of, and what should be done about it? Anybody want to 
start that off! What is your observation now? 

I have a document that was under date of December 18, 1985, 
that came to Congressman Frank Wolf, in a response to our col- 
league, Frank Wolf, from John F. Murphy, vis-a-vis the personnel 
situations that they were observing in NASA. 

I would like to add this document, by the way, to the hearings at 
this point. If there is no objection, so ordered. 

[The information follows:] 
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C:MKK:jmb:C17382f 

Honorable Frank R. Wolfe 
House of Representatives 
Washington, DC 20515 

Dear Mr. Wolfe: 

This letter responds t o  your October 30, 1985, correspondence in 
which you requested information about recruiting and retaining 
top quality individuals f o r  federal service. The situation at 
NASA is highlighted below. We will respond t o  the issues you 
raised i n  the order in which they vere presented. 

Caliber of Recruits: 

Using grade point average (GPA) as a measure, the caliber of 
scientist and engineer "freshouts" (GS 7-9) that NASA has hired 
over t h e  last three years has remained constant with a n  average 
GPA of 3.2 on a 4.0 scale. However, NASA management is concerned 
about the ability t o  attract graduates from this country's most 
prestigious universities. 

W e  have conducted some analysis of NASA hires from schools 
identified a s  top ranking as listed i n  the May 1980 issue of 
'Engineering Education" (Enclosure A). A s  you w i l l  see, the 
number of freshouts w e  have been able t o  recruit from the top ten 
engineering schools has dropped from 11 percent in Fiscal Year 
(FY) 1983 t o  only 6 percent in F Y  1985. Out of our 524 freshout 
hires in F Y  1985, one student was hired from the Massachusetts 
Institute o f  Technology, none from Cal Tech, two from UCLA 
(Berkeley), and three from Stanford. In F Y  1985, only 23 percent 
of our freshout hires came from the top 36 engineering schools on 
the list. In comparison, w e  hired 2 8  percent from this s'ame 
group of schools in F Y  1983 while Rewlett-Packard hired 4 0  
percent from these schools. 

I n  summary, although w e  have n o  real evidence of a decrease in 
the quality of our hires, there is a growing general perception 
that quality may be declining. Due t o  the technical and complex 
nature o f  our mission, it is a concern which w e  share w i t h  you. 

T h e  C s l f b e r of People NASA Is Losfng and Why They Are Leaving: 

Between F Y  1983 and F Y  1985, NASA scientist and engineer losses 
f o r  reasons other than retirement increased from 2 9 4  t o  361 
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employees (Enclosure B). Most of our separations occurred at the 
GS-13 grade level and above and represent the 106s of fully 
trained, experienced personnel. Of the 361 losses, nearly 25 
percent indicated their resignation was due to a higher paying 
position. It is our perception that a greater number actually 
leave to accept higher paying positions but do not indicate that 
as the specific reason. We also believe that some personnel who 
retire also do so to accept higher paying positions, but we have 
no specific data on the numbers involved. 

Recruiting Programs on Campus and the Success of NASA's Efforts: 

Our eight field centers do on-campus college interviewing at more 
than 150 schools. However, planned campus visits are sometimes 
cancelled due to either a lack of student interest or a lack of 
NASA travel money. 

Our private industry competitors often send numerous 
representatives to campuses prior to their interview dates in 
order t o  host various activities. They place full-color ads in 
campus newspapers and placement manuals and advertise through 
other on-campus media. Their financial resources allow them to 
do the type of marketing necessary to attract students to their 
interviewing schedules. Once the students are interviewed, our 
competitors have the resources to invite students to tour their 
facilities. Their salary offers often average between 
$3,000-$5,000 greater than NASA's. 

Budgetary limits simply do not permit NASA to compete well i'n the 
open marketplace. Our field centers have no specified .- 
recruitment budgets, except those designed to cover travel 
expenses. There 1s no specific money for recruitment 
advertising. recruitment brochures, pre-recruitment on-campus 
programs or lectures, workshops, receptions, faculty luncheons or 
other activities to highlight NASA programs. Despite our best 
efforts, more than 4 0  percent of our employment offers to 
freshouts were declined in PY 1985. At our Aaes Research Center 
in California, for instance, 55 percent of the offers were 
declined. 

These declination rates, however, do not capture the magnitude of 
the problem since they reflect only those who turn down a formal 
enploymeat offer. Far more students simply indicate that they 
are no longer interested in being considered once they compare 



our salary offers with those offered to them by private industry. 
Although we have been unable to quantify the exact number, we 
firmly believe that only by adding the "no longer interested" 
responses to the 40 percent declination rate can one begin to 
realize the serious nature of the problem. 

Difficulty in Filling Vacancies at NASA: 

All of our field installations experience time delays in filling 
position vacancies. The major reasons for such delays are our 
high rate of declinations due to low starting salaries and the 
shortage of candidates in the job market. The following examples 
illustrate ~ o m e  of the delays. 

Ames Research Center: 

This past year the Ames Research Center (Ames), Moffett Field, 
California, experienced an increased emphasis on computer 
development and applications. Due to hiring difficulties, this 
need has largely gone unfilled. For example, ten senior-level 
computer related electronics engineering vacancies attracted only 
nine eligible candidates. This response occurred despite 
extraordinary recruiting efforts, including newspaper advertising 
and tech-fair participation. Of these nine candidates, three 
received offers. Two refused the salaries offered, although one 
eventually accepted an advance-in-hire rate comparable to a 
private company's offer. This inability t o  attract high quality 
candidates. despite extensive recruitment efforts, is attributed 
to the high demand for computer/engineering expertise, a sho'rtage 
of high quality candidates, the high cost of living in the . 
Silicon Valley (where Ames is located), and an inadequate 
government salary and benefits package. 

The competition for engineers and those with computer skills at 
all levels is extremely keen in the Silicon Valley area. A local 
paper there stated that there were more than 900 major and small 
high-technology firms within commuting distance of Ames. Daily, 
there i s  an array of aggressive advertisements from private 
industry competitors in the 'San Jose Mercury News.' As a n  
example, the Lockheed Missiles and Space Company (located 
adjacent t o  Ames) recruits extensively due to an increase in 
defense contracts. Reportedly, they hired almost 1,000 ne w  
college graduates last year. Their offer of $37.000 to a 
Stanford graduate with a Master's degree in electronics 
engineering was substantially higher than Ames' offer of $25,980. 
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At the Dryden Plight Rerearch Facility, an element of Ames, 
recruitment for entry-level enaineera has been difficult due to 
the 85,00@-Qln,OnO ralary gap that exirta between private 
indurtry and the Federal Government, erpecially in that area of 
the country. The demand for qualified engineera in the Southern 
California area i a  high, especially with the increaae i n  defenae 
rpending. This area  i r  noted for a predominance of large 
aircraft manufacturers (i.e., Rockvell, Boeing, McDonnell-Douglas, 
and others). NASA ir unable to compete with the ralariea and 
benefita offered by thcae firms. 

National Space Technology Laboratorier: 

Three coaputer/engineering poeitiona at our National Space 
Technology Laboratorier in Mirriraippi were advertised in 
November 1984. One of these poritionr was filled in April 1985, 
and the other tvo positions vere filled in Hay 1985. Even thouRh 
there positions w e r e  advertised locally and nationally, it took 
five t o  mix months to fill them. 

Kennedy Space Center: 

At the Kennedy Space Center in Florida, recruitment for one 
entry-level engineering position van initiated i n  December 1984. 
Approximately 20 candidates uere interviewed, and three indicated 
r o m e  interert in this poaition. Offcra were extended t o  a11 
three candidate.; however, a11 three declined. Two of the 
declinations were due to the low aalary being offered, and 
recruitment action for thin position vas  eventually cancelled, 
A8 a reault, an agency rtaffing need van not met. 

In January 19R4. recruitment for eight elcctronicr engineering 
poritionr v a n  initiated. A a  of May 1985, four of theae positions 
remained unfilled. Uore than 30 offerr were made during that 
16-month period, and better than one-half of the candidates 
declined due to ralary. At Kennedy, a s  well an other centers, 
the bulk of the mirrion related vork is performed by contractor 
cmployeea who vork ride-by-ride with NASA rmployeer. Therefore, 
candidates for employment with AASA often decline NASA offera 
becaure they can mtill work vith the rpace program at the ramc 
location for a rignificantly higher contractor ralary. 

In cloning, we murt q r y  that NASA rharer your concern for the 
well being of our Nation'. program#, and we velcome your rupport 
t o  remedy there difficultier, rrpecially the difficultier that 
would impede A A S A ' r  progrerr toward accomplirhing it# unique 
mirrion. B o p e f o l l ~ ,  the information and perceptioar we have 
rhrred in thin letter will be useful to you. 



Should you or your staff wish t o  discuss this matter farther, 
please contact MS. Christine Rodgers, Chief, Staffing and 
Employee Relations Policy, at NASA Headquarters. She may be 
reached by telephone at 453-2597. 

Please let us know when we may be of further assistance to you. 

John F. Murphy 
Assistant Administrator 

for Legislative Affairs 

Enclosures 



1. 

2 .  

3 .  

4 .  

5 .  

6 .  

7 .  

8 .  

9 .  

1 0 .  

MIT 

U. of Ca. B e r k e l e y  

Stanford 

Harvard 

Illinois, Urbana 

Michigan 

Cal Tech 

Ohio' State 

Purdue 

Columbia 

Totals 

589 

Attachment A 

ENGINEERING SCHOOLS 

TOP TEN 

NASA 
HIRES 
FY ' 8 3  

6 

3 

4 

0 

9 

6 

0 

1 5  

11 

0 

54 

- 

*ll% 

NASA 
HIRES 
FY ' 8 4  

5 

4 

4 

0 

4 

4 

1 

4 

7 

0 

3 3  

- 

all% 

NASA 
HIRES 
FY ' 8 5  

1 

2 

3 

0 

5 

8 

0 

11 

3 

0 

3 3  

- 

HP 
8 3  

20  

65 

49 

1 2  

23 

1 9  

4 

8 

30 

4 

234 

- 

- 

234 &6% m = 2 0 %  

School rankings appearee in article "A Rational Method for 
Ranking Engineering Programs" Enqineering Educations, May 1980. 



11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

590 

ENGINEERING SCHOOLS 

U. Of PA 

Carnegie Mellon 

Wisconsin 

Princeton 

Texas 

Cornell 

Northwestern 

Yale 

Case Western Reserve 

Iowa St. 

Totals 

2ND TEN 

NASA 
HIRES 
FY '83 

0 

2 

5 

0 

0 

0 

1 

0 

8 

2 

20 

- 

NASA 
HIRES 
FY ' 8 4  

1 

0 

0 

0 

2 

0 

0 

0 

3 

0 

6 

- 

NASA 
HIRES 
FY '85 

1 

1 

2 

0 

13 

0 

3 

1 

6 

1 

28 

- 

HP 
83 

9 

8 

26 

6 

10 

16 

9 

3 

5 

19 

111 

A 

- 

& = 5 %  1 s 9 %  



59 1 

ENGINEERING SCHOOLS 

3RD TIER (16 SCHOOLS) 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

36. 

Minnesota 

Ill. Inst. Tech 

Georgia Tech 

Lehigh 

Pittsburgh 

Texas A&M 

Washington 

VPI 

Wash. U. (St. Louis) 

Stevens Inst. Tech 

Florida 

U. of So. Cal. 

RPI 

UCLA 

Utah 

Oklahoma State 

Totals 

NASA 

FY '83 

8 

1 

18 

0 

4 

8 

2 

1 4  

0 

0 

4 

2 

6 

1 

0 

0 

68 

n I w s  

- 

*ll% 

NASA NASA 

FY ' 84 FY '85 

1 3 

0 0 

14 15 

0 0 

0 3 

9 13 

0 0 

3 16 

0 0 

0 0 

2 5 

0 0 

2 5 

0 0 

0 0 

1 0 

31 61 

n I w s  n I w s  -- 

- - 
. .  

+ll# 

HP 
83 

12 

2 

11 

2 

1 

13 

23 

8 

6 

1 

5 

. I  9 

7 

15 

8 

7 

130 

- 

- 

130 
&l2% 1 m  



592 

OVERALL % FROM TOP 36 ENGINEERING SCHOOLS 
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Mr. ROE. He says, however, NASA management is concerned 
about the ability to attract graduates from this county’s most pres- 
tigious universities, the number of fresh-outs we have been able to 
recruit from the top 10 engineering schools has dropped from 11 
percent in fiscal year 1983 and only 6 percent in 1985. 

It further says, although we have no real evidence of decrease in 
the quality of our hires, there is a growing general perception that 
qualit may be declining. 

NAJA scientists and engineering losses, for reasons other than 
retirement, increased from 294 to 361. He goes on and says, that 
where private industry is involved, their salary often averages be- 
tween $3,000 to $5,000 greater than NASA’s, and so forth. 

He goes on to say that these declination rates, however, do not 
capture the magnitude of the problem since they reflect only those 
who turn down a formal employment offer. 

Far more students indicate that they are no longer interested, so 
that came from the NASA folks, and that is their observations. I 
want to know what your observations are, if you want to tackle 
that. 

Captain Young. 
Captain YOUNG. We don’t hire very young people to be astro- 

nauts. They require engineering degrees and scientific degrees, and 
the best qualified usually have doctor’s degrees. 

I don’t think that the NASA has ever had any trouble getting 
the best people for the kind of work that we do in the Astronaut 
Office into the program. 

A lot of people come in to be selected as astronauts and have an 
idea that we are doing something different besides engineering 
work, design work, flying work and minding payloads and some 
things that are not quite as glamorous as they see in the movies, 
like “The Right Stuff,” but we don’t have any problem whatsoever 
recruiting, and any time you want to recruit, you could get the best 
people out of the military services, out of the civilian service, and 
the kind of people that want to be astronauts, and do the kind of 
work that we do, are available, and they put in for the program 
every time we pick them. 

We have an agreement with the military services on a case-by- 
case basis, that some people would probably want to be back to the 
military service to finish out their tours. In other words, before 
they retire, they would probably want to make general or admiral, 
and the way we are right now at the National Aeronautics and 
Space Administration, it would be very difficult to do that, because 
it is not a line-type organization, in research and development, so 
that is where that stands. 

We expect to lose some more people, and we also expect that 
some of the more senior military people will retire and go into pri- 
vate service with companies. 

Mr. ROE. You don’t see this to be a problem at this point? 
Captain YOUNG. No, I think it is to be expected, though, during 

the stand-down period, young people and very senior people who 
are not going to fly will go, will go into some other line of work, 
particularly military people, and this is because the military people 
who go to work directly for the Federal Government, at any rea- 
sonable pay rate between the comparison of the pay they could get 
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on the outside, and the pay they could make working for the Gov- 
ernment will take a significant financial hit over what they could 
make, even if they could stay at the military service and work at 
NASA. 

Mr. ROE. Should there be some other kind of added incentives in 
pay to keep the astronauts longer? 

Captain YOUNG. If you want senior military people, like Dick 
Truly, an  admiral, if you want senior military people to be in man- 
agement positions, to be associated with NASA, because of the way 
the pay structure is, and I am just hypothesizing a solution to the 
problem, would be to provide a certain number of general or admi- 
ral billets and fill them with senior management astronauts. 

That way, you could get them to stay and work for the National 
Aeronautics and Space Administration, and participate as senior 
management officials. That is the only way I could think of to do 
it. 

It would probably take some incredible new law or something 
like that, which would be very troublesome, but that is the only 
way I see sort of legally to incentivize senior military people to 
stay and work at NASA as managers, because of the financial 
burden that they would take, if they can’t stay in the military, 
they have to retire at a certain point in their military careers. 

Mr. NELSON. Could I ask you to ask the opinion of General McDi- 
vitt? He is one of the few that, with his association with NASA, 
was promoted to a general officer, and just what John is saying has 
been a problem. 

That is why Dick Truly, in part, left the active astronaut corps, 
because by going back in the military, he had a chance to take a 
command, get promoted to general officer status. Now, we have the 
benefit of him as an admiral, admirable admiral, as a matter of 
fact, coming back to NASA, but that  is why he left the active astro- 
naut corps. 

Mr. ROE. Do you want to comment on that, General? 
General MCDIVITT. Yes, Mr. Chairman, I would. I would like to 

go back to when I first became an  astronaut. I think Deke might 
have participated in this meeting with Congressman Teague when 
he was a subcommittee chairman for the Space Flight Subcommit- 
tee for this committee, and asked us at that time what we thought 
about the pay for astronauts. 

The conclusion was for those people in the military, we ought to 
keep it at the same pay as the military. There may be a lot of guys 
on my left who don’t like that idea, but the thought was, if you 
were a military officer, the things that you were doing as an  astro- 
naut were somewhat different but not totally different than all the 
other people in the military, and if you wanted to have a military 
career, you could progress through the ranks at the same pay as all 
the other people who took risks. 

This is a risky job, was for me, being an  astronaut, and there are 
a lot of people in the military who take tremendous risks, too, so 
we didn’t feel that it was worth a disruption in the normal military 
structure to take, and pay special attention to astronauts. 

So I served as an  astronaut, and I think I made about-I was a 
captain when I started, I made about $9,500 a year when I started. 
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I rose through the ranks of-I think lieutenant colonel, in the 
Astronaut Office. When I transferred over to Program Manage- 
ment, I went into a slot which didn’t have an equivalent star rank 
associated with it, but there had been a lunar module program gen- 
eral who was an Air Force general, probably equivalent to a major 
general slot, and General Phillips had been a three-star general, so 
it was about a two-star slot if you wanted to slot it against a mili- 
tary equivalent. 

I started there, I think, as a colonel, and I subsequently got pro- 
moted in that job to brigadier general. I went into that job because 
I wanted to get into management, and I had that opportunity, and 
it looked to me like the best aerospace management job that was 
going to happen this century, so I took it. 

I didn’t take it because of the pay, and the interesting thing was 
that being the program manager, I probably had-I didn’t have 
any other military people at the time working in the program 
office, but I probably had about 75 of my top level people who 
worked for me making more money than 1 did. 

I had the opportunity to retire, resign, whatever, and I had the 
opportunity after I retired to take a job with NASA in one of the 
excepted positions. I am not sure what they call them, but there 
are positions within the civil service part of the Government where 
you can collect your military retirement and also get civil service 
Pay * 

I had that opportunity, but I had elected at the time to do some- 
thing else. I had sort of set out a career path for myself, which in- 
cluded flying until I decided it was time to quit, and when you are 
flying, there are probably three ways to  leave the profession. 

One is to get killed. One is to flunk your physical, and the other 
one is to  quit at the time that you think it is appropriate to quit, so 
I see astronauts leaving is not necessarily a bad sign, but probably 
a good sign. 

At some time, they have to do that, and it is better to control 
your own destiny at the time you would like to leave as to flunking 
your physical. I had a career plan, and I was going to fly until 
sometime undefined, and move into program management and 
then leave the military service and do something else, which is 
what I did, but I found that management job to be quite rewarding. 

I was accepted earlier as an astronaut, also as a military officer, 
and I found no friction whatsoever. I had good support from the 
Air Force at the time. I am really pleased to see Admiral Truly 
come back and jump into a job like that, because it is important 
that the knowledge that they pick up grunting around as an astro- 
naut and moving up through the ranks can be put to good use in 
management, and I would encourage that this be done. 

But there is no way that a person in management can be a surro- 
gate for the Astronaut Office, or representing the Astronaut Office. 
The only one guy who can do that is the guy who is running it, and 
when they jump into management, they have to go into manage- 
ment and do the management job that is expected. 

Mr. ROE. Any further comments on these issues? 
General MCDIVITT. Deke, do you want to add anything about 

that meeting we had 20, 30 years ago? 
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Major SLAYTON. We were looking at  the concept of whether there 
shouldn’t be a pay supplemental for the people in astronaut jobs 
and the relationship between the civil and the military. I think the 
right decision was made. 

There are guys in the military that certainly take an  equal risk 
with this, and there shouldn’t be any discrimination, so nobody 
ever went into this business to make money. If they wanted to 
make money, they go do something else, and it is because it is a 
challenge, and you go do it. 

Commander GIBSON. I will agree with what General McDivitt 
and Mr. Slayton said. Any of the guys who are doing what we are 
doing now is not because of the money involved, but because it is 
something we love to do, and I agree with General McDivitt, I 
think that we as military members of the Navy or the Air Force, 
as a commander or colonel or lieutenant colonel, are doing a haz- 
ardous job, but perhaps no more hazardous than what other mem- 
bers of the military are doing, and I think we should stay exactly 
where we are. 

Mr. ROE. Captain Young. 
Captain YOUNG. Don’t misunderstand me. I don’t think it is a 

pay situation. What I am saying is, one of the recommendations 
was to use astronauts in senior management positions more often, 
and if we are going to do that, the senior military people, before 
they can stay with NASA, the way the system is now, most of them 
will have to retire, and take a big pay cut at a time when they are 
trying to put their kids through college. 

I think that would be very difficult for them to do, but if they 
wanted to get into management positions, they can no longer do 
that as a colonel or captain in their respective military service. 

They are going to have to terminate their service with the Gov- 
ernment or they are going back to their service like Dick Truly did 
to get into a senior management position, and that is what he did. 

I don’t think anybody is in the Astronaut Office for the pay asso- 
ciated with the job, or any time, as we have said many times, any 
time somebody doesn’t want to be a n  astronaut, they are better to 
go out the door. 

That is better for the Government and certainly much better for 
the whole space program. 

Mr. ROE. The gentleman from Florida, Mr. Lewis. 
Mr. LEWIS. Thank you, Mr. Chairman. I am a little bit confused. 

Right now, there are certain members of the astronaut corps who 
are career-blocked, as long as they stay in the corps. In other 
words, I believe the Navy, you can only go as high as captain? 

Captain YOUNG. Yes, sir, that is correct. That will be true, in the 
Air Force, you will be up to colonel, and then if you went into man- 
agement at NASA, you might get promoted, but it would be very 
unusual. 

Mr. LEWIS. Do you think this restriction should be eliminated, so 
that you can-true, you are not taking any more greater risks than 
other people in the military, but you shouldn’t be penalized for 
being an  astronaut, which essentially you are, if you stay on the 
list to become an  admiral or BG, you have to stay a captain for, 
say, 4 or 5 years, if you remained in the corps? 
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Captain YOUNG. The way things are now in the services, for 
people to advance in their service, the procedure is right now for 
them to return to their parent service to do that kind of advance- 
ment. 

I am not saying that is wrong, but that is the situation. If you 
want to have astronauts as senior managers who are military 
people, some look at that kind of a system, ought to be looked at  a 
little more, because when you put people in senior management po- 
sitions, both their rank as a civil service person and their rank as a 
military person ought to be commensurate with their job responsi- 
bility. 

Mr. LEWIS. I see. 
Colonel HARTSFIELD. I think that is what was said about the limi- 

tations in the office. You can’t be a pilot astronaut and be a gener- 
al, the job doesn’t call for it. To make flag rank in my mind, you 
have to have the responsibilities that are commensurate with the 
rank, so to be promoted and stay with NASA, I think you have got 
to be given a management job which is not in the Astronaut Office 
itself. 

Mr. LEWIS. I would like to explore a little bit about the safety 
systems. I recognize it is an accepted fact that during the first 2 
minutes of the flight, that it  has been written off, nothing can be 
done. I also realize that there is a great difficulty in terminating 
the thrust of the rockets, that has to be done instantaneously, at  
the same time or else you torque and tear up the vehicle. But we 
did have an escape hatch, I believe it was in the Apollo Program 
and in the Mercury Program, is there some way we could be look- 
ing at a similar type of system so you could blow the crew cabin 
loose from the entire shuttle with an escape tower and then dump 
the tower, and deploy a shoot or something like that, or is this so 
cost-prohibitive we forget about it? 

Captain YOUNG. One of the design concepts that is being looked 
at right now; but the present thoughts are that that is extremely 
expensive and extremely complicated and would be a complete re- 
design of whole space shuttle, and it just doesn’t seem like a thing 
you can do if you ever want to fly the space shuttle before the 
1 9 9 0 ’ ~ ~  plus it costs you a whole lot in payload, and there are other 
ways, maybe even in first stage to achieve the same thing with an 
awful lot less, with an awful lot less change to the vehicle. 

We are looking at techniques right now that use software on 
board that will allow you to lose one or two or three engines early 
on possibly, and make it back to the landing site. 

It is some pretty sophisticated automatic programming, but since 
it is a flying machine, some of those things seem possible, and 
those things, coupled with escape systems. Technology in escape 
systems, has come a long way in the last 15 years. It is absolutely 
remarkable what has been going on in this country, and maybe 
some of those things will help us solve some of that problem in the 
first 2 minutes, as opposed to complete redesign of the whole piece 
of machinery. 

Mr. LEWIS. As we have done in the past, isn’t there a possibility 
that we could be looking at designs as we go and put them in the 
shuttle 2 or 3 years from now, or even a year or two from now? 
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I don’t mean to freeze our schedule, until we would have a safe 
sort of system, I know we like to be safe constantly, but we know 
there is a calculated risk, and it is going to be there, but we could 
look at that down the pike. 

Captain YOUNG. Congressman, you are absolutely right, and we 
could give you the information that is being briefed to some of our 
senior management this week, and with some of these designs that 
people are looking at, it will be a quite comprehensive, thorough 
review, and we have just started on it, and some of these ideas are 
really unusual and have a lot of thought behind them. 

We would like for you to see them, but the complicated details of 
an  escape system that tears up the whole orbiter, I don’t remember 
just how that was put together and worked. We sure would be glad 
to brief you all on that later on. 

Mr. LEWIS. That would be nice to have that. Let me ask you also, 
as we start flying once again, and as we progress, how far are we 
from making a night landing with instruments in the shuttle? How 
far away are we? 

There is always going to be that possibility that we might have 
sufficient areas socked in, and you may not be able to come out of 
orbit to come to some of the auxiliaries, so how far away are we 
from making an  instrument landing with the shuttle? 

Commander GIBSON. You may recall we have made several night 
landings. 

Mr. LEWIS. I understand. That was instrument timed, as well, 
but that  doesn’t happen anymore. 

Commander GIBSON. We feel we are a fair ways away from an  
automatic landing or a landing under zero-zero weather conditions, 
a fair ways away from that kind of a capability, because of a lot of 
the dispersions and things that we see built into the vehicle’s per- 
formance, it being able to do a n  automatic landing. We originally 
have done an  automatic approach down to around 200 feet, and in 
general, we have not been as happy with the development and the 
progress in that particular area, in a number of areas, one of them 
being the crew’s ability to monitor what is going on and intervene 
if something is not right. We don’t have the correct displace to be 
able to watch what is going on and know when it is time for us to 
take over and not let the thing progress any farther, and we have 
significant dispersions, and the vehicle lands short of the runway, 
all of this comes from simulation. The vehicle many times will land 
short of the runway and other times half way down the runway. 
Automatic landing, we don’t really feel that that  is the wave of the 
future for the shuttle. I think we can possibly work on the weather 
minimums and work on crew training and reliability within the 
machine and better our averages at getting back, but we don’t feel 
really that automatic landing is the way to go. 

Mr. LEWIS. I see. 
What kind of limitations do you feel should be placed on civilian 

flying, if any, when the shuttle starts flying again? 
You touched on this earlier this morning, but I would like a little 

bit more clarification. 
Captain Young or Colonel Hartsfield or someone? 
Colonel HARTSFIELD. I am a civilian, and I am all for it. 
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I think there are some very positive aspects of flying. I will offer 
my personal opinion about this. 

There are some career people not on the vehicle, specialists in 
payloads, the space labmissions. We are taking up a specially 
trained scientist to operate the experiments in the spacelab; and as 
I recall, Mr. Charley Walker of McDonnel-Douglas who made his 
first flight with me on 41-D, and his presence on board was called 
for because he had a complicated device to run and only he had the 
expertise to run it. 

And in these cases, in my mind, it is very much justified to put 
these type people on board where they have a very strong crew 
function. There are other reasons that are at  the pleasure of the 
administration to fly people and some of these programs I applaud. 

I can see some good benefits coming out, like the teacher in 
space, the journalist in space, and these programs are very well 
laid out and competition to make it fair to everybody. And there 
are some other areas that I personally have reservations about, but 
it is agency policy, so I am a little reluctant to speak about-but in 
the area of commercial payload specialists-that, to me, is some- 
thing that I personally don’t approve of, but there is some good to 
be gained from it, perhaps. 

In all of these cases, I think from the crew standpoint we need to  
integrate the crew early enough, and this is for all across the 
board, and by that I mean we need to get these people into the 
crew training cycle early enough, that we can get to know them 
and understand how they think and operate. And they can learn 
how we operate to build a crew, and after all, it is a team effort to 
fly one of these vehicles. 

In the past, the way the program has been run with last minute 
switching around, payload specialists, in my opinion, that was not 
the way to operate. We were not given enough time to integrate 
those people fully into the crew, at least to my satisfaction, so in 
that light I do have some reservations about the program and the 
way it has worked in the past. 

In some respects, since this was still, in my mind, not an oper- 
ational vehicle in the traditional sense, still very much a R&D ve- 
hicle, that we may have been a little premature in bringing people 
on board, but that is a judgment call. You have to decide where 
along the line that it is appropriate to carry extra people. 

Mr. LEWIS. I see. I think you have answered my questions hon- 
estly. I share the opinion with you. I just feel that there is a scien- 
tific need for civilian-type persons to go up in the shuttle for-at 
this point in time, or even in the past, that was the way to go. 

I had another question. 
Mr. ROE. I would now recognize the distinguished gentleman 

from California, Mr. Brown. 
Mr. BROWN. Thank you, Mr. Chairman. 
I have just one question, but with your indulgence I have a brief 

extraneous statement beforehand. 
I have not been very diligent about attending these meetings 

with the full committee and I apologize for that. 
It was not due to a lack of interest. It has been due to the-- 
Mr. ROE. George, pull your mike closer, please. 
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Mr. BROWN. It has been due to the demands of other committees, 
that I have certain responsibilities, too, and I have also a very high 
respect for the capability of the leadership of the other members of 
the committee who are here. 

With that brief apology, gentlemen, may I ask just one question. 
This morning, I was chairing another subcommittee at which a 
former NASA official appeared who had been responsible years ago 
for quality improvement in the agency. 

He was speaking in the broader context of the decline of empha- 
sis on quality improvement through the American economy, but he 
pointed out that this had occurred in NASA also. 

I would like to ask you to comment as to whether, in your obser- 
vations, there has been a declining attention to the need to contin- 
ually focus on quality improvement, and if that has been the case, 
are we taking adequate steps to remedy that situation in any of the 
actions recommended as a result of the Commission report? 

I don’t know who is the best one of you to answer that. 
Commander GIBSON. We had perhaps an  example of that on Cap- 

tain Young’s second shuttle flight which was the night flight of the 
shuttle and I guess it was not any intent to reduce the quality, but 
perhaps the level of the testing that we do with the shuttle also 
has changed a bit from what we did in Apollo. Apparently, during 
Apollo we tested every little subassembly, down to the little chips 
within the computers. 

On Captain Young’s flight, STS-9, they had a computer failure 
that was caused by a little ball within a part that  wasn’t tested by 
itself. 

We went to testing assemblies as one large unit. In other words, 
we test the computer but not necessarily that little chip, so each 
little individual item down within the inner workings of the shut- 
tle doesn’t get tested to quite the degree and extent that they were 
years ago during Apollo, and in some instances, perhaps, that gives 
us a little bit less overall reliability than we might have had in the 
past. 

But it was-I guess, it was a cost-saving measure that was done 
for the shuttle because of the financial constraints on development. 

Mr. BROWN. I suspect a lot of what happened was due to a cost 
saving, and in hindsight we can see that it was a little bit short- 
sighted but quality improvement is a very broad concept and it re- 
quires the participation at every level of management, every level 
of operation. 

It is a real commitment to making sure that you are constantly 
seeking ways to improve on the operation, and this is the aspect 
that bothers me about NASA, as well as about the American indus- 
try as a whole, that we are losing out because of a failure to focus 
on ways in which we can continue to improve in our quality con- 
trol processes. 

And if we have to shake up the whole organization in order to 
change the culture a little bit to focus on this, we probably ought 
to do it. 

NASA is a critical organization in terms of the need for quality 
improvement at all times. 

Colonel HARTSFIELD. Congressman Brown, some of that has taken 
place now. I know some people I am working closely with right 
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now in our office are very much involved in looking at our Life 
Cycle and Reliability Program, and Mr. Aldrich has directed all 
these things to come together. 

For example, some of the original parts that went into the shut- 
tle were designed for the 10-year lifetime, and the 10 years is 
coming up next year. Some of these things like tanks were built in 
1977, so we are reaching the point where we are going to have to 
look at a lot of these things and extend the lifetime. And we are 
trying to pull together-the agency is, I know-a better organized 
Life Cycle Quality Assurance Improvement Program that I am not 
sure really existed like it should have in the past, but the focus is 
on that, acd I feel very confident personally that we are going to 
do the right thing by that. 

Mr. BROWN. We are going to have to find some ways to measure 
this. We use the term “quality control, quality assurance, quality 
improvement”. 

You can’t differentiate this from safety. It is the lack of adequate 
assurances as to quality that caused the safety programs, so the 
two are tightly tied together and we are going to have to take the 
necessary steps to change that situation. 

Colonel HARTSFIELD. I don’t think you would get an argument 
from any of us on that. We very much support that. 

Mr. BROWN. Thank you. I have no further questions. 
Mr. ROE. I thank the gentleman from California. 
General Stafford has joined us, and we want to welcome you to 

our panel. We have had some excellent observations and responses 
from all of the witnesses. 

We might want to take you at this point, if you have any initial 
thoughts you might want to express to the committee, and we will 
go on from there. 

General Stafford. 
General STAFFORD. It is an honor to be here today with my fellow 

colleagues and I regret I do not have a prepared statement since 
the call came in late last week, and I have been in the middle of a 
very hostile takeover attempt. 

I am defending a corporation, and I arrived about 15 minutes ago 
in Washington, but I have a series of observations on the Commis- 
sion’s report. 

The Commission did a very credible job under very difficult cir- 
cumstances and all of them should be lauded for their performance 
in there. 

In the letter transmittal from Chairman Rogers to President 
Reagan, it outlines a basic fundamental fact, “space flight”, or “the 
Commission recognizes that space flight has a risk associated with 
it that can not be totally eliminated.” 

That is true of the past, present, or the future. 
I will go into some highlights under the recommendation one, 

the design, it states that it is a faulty design in that seal and 
having reviewed it, I agree with that. 

There are similarities, whether you look at the joints in a solid 
rocket motor or electrical system or a hydraulic system-the weak- 
est points are always the connections and what can therefor be 
done to eliminate the connections, or simplify a system should be 
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done, and it is also important that you have an independent over- 
sight as recommended with the National Research Council. 

I have seen both in NASA, in the Air Force, people continue to 
try to fix a system or a design where it should maybe be started 
over or a new look taken, and this will give it a lot of credibility by 
using the National Research Council as an oversight. 

In the second item, the shuttle management structure, I guess I 
was never comfortable with the lead center type of management 
structure, after having seen how satisfactorily Apollo worked. 

I think it is, as to  Dr. Jim Fletcher’s credit, that he has assigned 
Gen. Sam Phillips who managed Apollo to give an overall review of 
NASA management and come up with his recommendations. 

Basically, sir, both the Space Shuttle Program and the space sta- 
tion are so important to this country that we have to have the 
right management structure. 

I am looking forward to the report that General Phillips-and he 
had Dale Myers to assist him-to see what they will do with the 
recommendations. 

There are also recommendations that the functions of flight crew 
operations should be elevated in the NASA management. 

I think this is a very important observation, and I will say that 
after the retirement of Dr. Robert Gilruth, that over a period of 
years the flight crew operations, directed, and the astronauts 
tended to be submerged under a level of bureaucracy and this 
should be corrected. 

As years pass, people forget things, and a lot of people don’t re- 
member the fire about 19% years ago. A few at this table do. We 
were very much involved. 

In the same way, 25 years from now a lot of us won’t be here to  
testify or not have this position, but I think it would be somewhat 
appropriate, sir, if in the language of the bill this year, that it 
would somewhat direct that this action take place, because you 
would like to  have an organization that functions that is independ- 
ent of personalities. 

And so it is my recommendation that this would be into the law 
of the land, and down the road if somebody wanted to change it, 
they could show reason to change it. 

With respect to astronauts in management, there has been a lot 
of good example of astronauts that are qualified that have pro- 
gressed into various levels at management, both at NASA and in 
the Air Force, and this is a very valid recommendation of the Com- 
mission, that astronauts that are qualified to progress in manage- 
ment at NASA, and I would also say in the DOD. 

The next item I will skip, three. 
Four, the safety organization, I think it is very valid you have a 

separate safety organization, but safety does not rest with a safety 
organization but rests throughout the whole organization from top 
to bottom, and everybody has to be responsible for it. 

The Air Force and the Navy have made remarkable strides over 
the years, sir, in reducing their operational accident rates, and a 
lot of that credit can be given to the Air Force and the Navy safety 
centers and the way they function, and this is a very valid recom- 
mendation and somewhat parallels what the Air Force and the 
Navy has done. 
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General STAFFORD. On category-I will go to land and safety, cat- 
egory No. 6. I guess I agree completely with John Young that until 
a lot of things are fixed on the shuttle that  she only land at  Ed- 
wards Air Force Base. I have landed hundreds of times a t  the Cape, 
thousands of times a t  Edwards and the lake beds around it and it 
is the largest, safest landing place in the world. 

One of the major problems with the Cape, you can do a retrofire 
over Australia and by the time you get a small, puffy cumulus 
cloud can be a 30,000 or 40,000-foot thunderstorm over the runway 
and you are stuck with it. Also, if I am correct, Mr. Chairman, that 
runway at the Cape, at KSC, does not meet Air Force standards for 

- safety and specifications, with respect to the shoulders and some of 
the overruns. 

I think this needs to be corrected. I know Edwards Air Force 
Base, when I was commander there, we stabilized the overruns for 
100 yards each way. 

So the heaviest aircraft in the world can go off the runway and 
there is no problem within that 100 yards. 

At the Cape there are deep ditches, and if a shuttle would go off 
the end and, say, a heavy weight abort return to the landing site, 
you could damage the shuttle very easily. To me, you have to stabi- 
lize both ends of those runways as far as you can go. 

This is a standard Air Force practice. You survey every base and 
as far as you can go on both ends you stabilize the overruns of the 
runway. 

The next issue on recommendation No. 7, launch abort, and crew 
escape. I am sure this has been discussed here this morning. In my 
own viewpoint, I reviewed Paul Weitz’ testimony to the Commis- 
sion on page 182. What I think Paul said-and John’s testimony 
was on 184. I agree completely. There needs to be a positive means 
of crew escape out of the spacecraft orbiter. 

This can be done. There is a lot of technology. The early ejection 
seats we had were SR-71 seats. Those were designed in the very 
early sixties. A lot of technology has gone forth. 

There are things that have come out of Vietnam, like the 
Yankee system and a Lear jet. Where the flight test has been out 
of control, this Yankee system would get you out very quickly. 

There are also helicopters that have used a similar type system. 
To me, there is absolutely no reason that you could not have an  
escape device for five people on that upper deck to get out from a 
subsonic flight, from subsonic, say, from 0.85 on down to zero veloc- 
ity, even in a semicontrolled fashion. 

This should really be a mandatory item, that a positive escape 
mechanism is put into the orbiter. Now, I guess one area that I 
read through the report on page 184, I disagree with my old friend 
Bob Crippen that nothing could have helped the crew in this in- 
stance. 

That was my initial reaction, too, but after seeing the findings of 
the Commission, talking to the members of the Commission, it ap- 
pears that  structurally that crew module was pretty much intact 
when it hit the water and had they not lost cabin pressure up 
there, the positive escape mechanism could have possibly helped 
them survive that whole thing. 

64-295 0 - 86 - 20 
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This, to me, is a very key issue, Mr. Chairman, that positive 
escape mechanisms be put into that orbiter, whatever time and 
money that it takes. 

Item No. 8-- 
Mr. ROE. Just for clarity on that, General, I just want to back up 

on that point. That is your observation. Your observation is that 
perhaps if we had developed some type of a safety mechanism a t  
that  point that we might have been able to do something with that 
cabin, the one that we just lost, the Challenger? 

General STAFFORD. Yes, sir. Reviewing the data and talking to 
some knowledgable people, it appears the breakup of-the module 
was pretty much intact and stayed that way structurally. If t h e .  
crew module had not lost pressure on that large drag on the flat 
back of it-it is similarly shaped like a reentry vehicle. 

It would have stabilized in a somewhat random fashion and they 
would have had plenty of time at lower altitude to punch out. Even 
if they had lost pressure at higher altitude, with an  oxygen mask 
they might have had the situation. 

Originally I said nothing could have saved them but then looking 
as the facts came in from the investigation, I am firmly convinced 
that they might have had a chance. 

Mr. ROE. A number of Members feel as you do, too-I think it is 
interesting to note everybody starts talking about the cost, the 
cost-the cost, as you pointed out, we don’t know. We haven’t fin- 
ished the study, so we don’t really know what the cost would be. 

So I think that is a very good approach. 
General STAFFORD. Yes, sir. I think this is a mandatory item 

before the next launch. Now, go back to a little bit of history that 
Deke remembers very well, when he was head of Flight Crew Oper- 
ations and I was his assistant that  in the design of the shuttle at 
one time without the crew’s knowledge, the two ejection seats for 
the first flights were baselined out. 

After we found out about it, we went back, we had a caucus, we 
talked to Dr. Gilruth and said without those seats, we don’t fly the 
mission, that is it, period. So they put the seats back in. 

At the same time, Dr. Rocco Petrone, we had many physicians in 
NASA still associated with the Space Program-talked to me about 
it and he was head of the Marshall Space Flight Center at the time 
and he said to me: 

Tom, I don’t understand why you don’t have ejection seats in there when this 
issue was coming up. We will do the best we can to give a reliable propulsion 
system, but there is no way I can sign a piece of paper to ever guarantee 100 per- 
cent safety. 

So he said we needed ejection seats in it and ejection seats were 
put back in. On item No. 8-1 am nearly finished here-on the 
flight rate, it says NASA must establish a flight rate that is con- 
sistent with its resources and, as I reviewed the data, and I talked 
to quite a few of the crewmembers even before the accident, it was 
obvious that there was a tremendous strain on the training system, 
particularly on the simulators. It appears those shuttle mission 
simulators were working three shifts a day, two for training and 
one for maintenance after that  6 to 7 days a week. 

If you review the data on page 149 in the report, it shows a 
number of days before launch when they could even get on the 
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system, it is coming down like that. There is just not that many 
available days. 

I also noted Hank Hartsfield’s testimony on page 170 that they 
were reaching a point where they would have to call it quits, that 
just the crew would not be trained at that time. 

Having managed simulators, worked with them for years, I un- 
derstand completely the facts we are up against. I guess it was my 
recommendation, sir, that even for a launch mission profile of 12 
per year, you probably will need a third crew station and also that 
simulator complex was spec’ed and designed in 1972. 

It is old. It needs to be upgraded with respect to its computers, 
its data processing, so it will have more reliability, more flexibility 
for change out of software and less time for maintenance and that 
is one of the key items that I think we need. 

There is another crew station and the upgrade of that total simu- 
lator complex. The other area under flight rate, as we look at the 
shuttle and the requirements for the national programs in the 
future, sir, like the space station and SDI and with only three or- 
biters available, I feel the system is probably stretched beyond 
what you could effectively use it as. 

For example, you could have a blowing tire down the road and 
the tire could damage a wing. You could have had some type of 
fault and you could have one or two orbiters down. The space sta- 
tion is going to require at least 18 launches to assemble that sta- 
tion. 

You are going to have SDI coming on and I don’t think three or- 
biters will have, as I say, some of the minimum, national minimum 
requirements besides the DOD requirements. 

We have some major long-lead items, major structural items that 
have already been built and it is my recommendation that we take 
these long lead, major items and integrate those together into a 
fourth orbiter. 

One area that needs to be clarified. I have heard certain state- 
ments like, Why should we build another orbiter when we have 
new technology? This is probably referred to with respect to the 
national aerospace plane. Well, I have been on the senior steering 
committee of that  under DARPA for over a year, sir, and the na- 
tional aerospace plane-I know I have talked to certain members 
of the committee-is a great program but it is strictly a research 
program just like the X-15, and it is called the X-30. 

There is no way should ever the national aerospace plane be con- 
fused with the replacement for an  orbiter. It might be the technolo- 
gy for an  orbiter maybe the year 2015 or 2020, but one of the major 
areas for flight rates in this is a construction of a fourth orbiter. 

The last item, maintenance and safeguard, the Commission said 
definitely we should stop pulling parts out of one orbiter and put 
them to another. As I look down the table here, we are all fighter 
pilots, probably all have been associated with maintenance in some 
way, all know what a hangar queen is. That is when you take parts 
of one plane to try to repair the others. 

You order a part for it. In the meantime, you need another part. 
And it looks like this was kind of the situation that was going on 
at the Cape. There is no doubt there needs to be adequate data for 
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logistics and funding for spare parts to meet a realistic launch pro- 
file, so you can do away with the hangar queen. 

And that, in a short summary, sir, was my observations in going 
through the report. 

Mr. ROE. Splendid. I want to follow up, but I am going to call on 
the distinguished gentleman from Pennsylvania first, but I do want 
to follow up and think about it a little bit. We are not going to get 
into too much policy today, but I do want to follow up on the situa- 
tion you have generated-you all generated it-is that we are 
speaking of these really important improvements that we can 
make, the landing gear, the whole thing. 

Then how is that going to go toward the time frame when we fly 
again. Do we have to retrofit all the things that are involved? I 
want to get into that. 

The gentleman from Pennsylvania, Mr. Walker. 
Mr. WALKER. Thank you, Mr. Chairman. 
Can I assume that most people on this panel welcome the cancel- 

lation of the Centaur Program? Was there anybody who dissented 
from that in terms of the astronaut corps? 

In other words, that was fairly widely seen as something which is 
positive in terms of the mission. I am getting shakes of heads that 
won’t show up in the record. 

General MCDIVITT. I have no opinion. I don’t really know. 
Mr. WALKER. OK. All right. 
Second, General Stafford, you just talked a little bit about ejec- 

tion seats and so on, the need for those. Some of us are concerned 
with regard to what would be needed for redesign on that when we 
look at the lower deck. Are you saying that there is a technology 
that would allow you to use ejection seats in the lower deck of the 
craft? 

General STAFFORD. Mr. Walker, in my statement I said that it is 
certainly feasible with the type of technology we have for egress 
systems to have five people on the upper deck. 

Now, the lower deck is a whole different situation and I just 
have not addressed that. What you have to then look at, sir, is, Do 
you need more than five people on a mission? 

Mr. WALKER. Well, we really are getting in then to some ques- 
tions about policy. If what we are saying is we would have to fly 
everyone on the upper deck, that  you would limit your crew size 
substantially, it gets into questions of policy on space station then, 
on people that you would be-for instance, hauling to orbit on 
space station. You get into questions of people who are carrying 
out civilian missions, such as electrophoresis experiments, and a lot 
of that which are primarily the people you fly on your lower deck, 
and particularly for long duration flights there might be a need for 
more people. 

In other words, we really will, if we decide to go that direction, 
we really will make more than simply a policy decision with regard 
to ejection seats as soon as you have limited yourself to the upper 
deck. You will make some key policy decisions as to what we are 
capable of doing in space in the next decade; isn’t that true? 

General STAFFORD. I guess that is true. I am going to have to 
defer to some of my colleagues who are more current. There are 
two large openings now from the lower to the upper deck and you 
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could possibly sequence some type of Yankee escape system out of 
that, but I know there are studies going on and I would defer to 
the study. 

I made a positive statement, sir, at least five people can be effec- 
tively egressed out of that upper deck. 

Mr. WALKER. OK. The idea of perhaps even having ejection seats 
for the lower deck is something that is being studied? Is that what 
the understanding is, Colonel Hartsfield? 

Colonel HARTSFIELD. Yes. Part of the study that is going on now 
is to look at  what you do with the middeck, how you get people out. 
They are looking at bailout systems for the middeck, as well as 
Yankee type extraction systems. 

Mr. WALKER. Just like from my own perspective, it would be 
good to have an opinion from this group, since you span the space 
program all the way from Deke, with the Mercury 7 Program, and 
on up to the present time. Do any of you have an opinion as to the 
relative safety of space flight even given all the problems we have 
with Challenger, the relative safety aboard a space shuttle as com- 
pared to the early days of the Space Program, and as we pro- 
gressed? 

Major SLAYTON. I can give you one very precise data point. The 
Atlas, when we committed to fly it in the Mercury Program, had a 
probability of success of 0.8 which is one failure out of every five 
flights. 

We only flew four, so we didn’t test that. The shuttle, on the 
other hand, we are dealing with a level of 0.999 probability, or 
something in that ballpark, so I think that is the relative magni- 
tude that we have come in terms of safety since 1959. But don’t let 
me mislead you into thinking that it is still 100 percent safe. There 
will never be 100 percent safe vehicles. 

Mr. WALKER. I think that is clearly the message that has to come 
through in everything that we do with the program. We have to 
understand that it is a risky business and is going to continue to be 
a risky business for as long as any of us can see out into the future. 

But I think that it is also important, given some of the hard-hit- 
ting criticism that is just finally now being impacted with regard to 
the program that has had this failure, that we have made progress, 
it seems to me, in resolving some of the safety issues and have 
made it a somewhat less risky business for the future and hopeful- 
ly are going to use what we learn in these hearings to continue to 
move in that direction. 

General Stafford. 
General STAFFORD. Mr. Walker, Dr. Lovelace, the outgoing and 

Acting Administrator, when the administrations changed, asked 
me to be on a safety review panel that included George Lowell, Les 
Hawkins, Bob Gilruth, to give him a feeling about launching the 
first shuttle that John and Crip flew on and then later on Jim 
Bakes and Chris Craft asked to be on another panel. Basically, by 
and large, it comes out that 85 percent of your risk is on launch. 

The other 15 percent is mostly reentry because space by itself is 
a fairly benign environment but the main thing if you can protect 
for most of that launch space going out you have covered most of 
the items. But as Deke pointed out, the Atlas was not a very reli- 



610 

able vehicle, but they did have a launch space system that had the 
most reliability. We also did the same in Apollo. 

We had some ejection seats and, thank God, we never used them. 
We came close, I think, one time, maybe twice. But in this case 
under the high risk area, which is your boost phase going out, 
unless you can get back to the landing site, you have nothing. As 
pointed out in Paul White’s testimony to the Commission and veri- 
fied, if you have to ditch the orbiter in water, it is probably going 
to break up and the same thing on rough terrain. 

Mr. WALGREN. Well, of the additional 15 percent, I assume that a 
large portion of that, the risk involved is in the landing, too. 

It is not unlike flight itself where takeoff and landing tends to be 
your two opportunities for the greatest problems. 

General STAFFORD. That is correct, sir. 
Mr. WALGREN. One other question a colleague of mine said he 

would like to ask and had to leave. 
That is on the question of the SRB’s at the present time. Is there 

any opinion among the group on two questions-first of all, on 
whether or not we ought to go to second sourcing for purposes of 
SRB’s; and second, whether or not the nonsegmented booster is a 
better idea than sticking with the present segmented units? 

Anybody have an opinion? 
Commander GIBSON. Mr. Congressman, on both of those items 

the nonsegmented boosters, that is a proposal that is being looked 
at and has been looked at  to some degree. We aren’t very deeply 
into it yet. The redesign team is primarily right now looking at  uti- 
lizing the existing hardware, seeing if we can do that, seeing if we 
can come up with a design that is usable and accomplishes all the 
recommendations that the presidential commission made. 

But they are not very heavily looking at the unsegmented boost- 
er right now. I assume you mean the one that is poured in one 
piece. 

Mr. WALGREN. Right. 
Commander GIBSON. They are not looking at that one heavily 

now. That one has a lot of GSE ground support equipment con- 
cerns. It has some shipping concerns and things such as that. The 
redesign team, which is at  Marshall, of course, has not really been 
chartered to look at that particular design heavily. 

General Stafford. 
General STAFFORD. Well, there are two areas. One is just in gen- 

eral competition and procurement. I know in the Air Force, once 
we decided to put pressure on Pratt & Whitney for a second fighter 
engine, General Electric engine, I was one of the two people that 
started that whole program. 

Eventually, Pratt & Whitney’s reliability went up a whole lot 
and their costs came down a lot. So, just from a basic procurement 
standpoint, I think a second source is definitely good. 

With respect to the monolithic case, yes, there is no doubt there 
is probably GSE efforts on it, but as I pointed out, the fewer con- 
nections you have whether it is electrical or hydraulic, tends to be 
simpler. 

Most of our ballistics missiles, the way we have had reliability is 
the only seals we have had in that is just at  the top for the igniter 
and down at the nozzle. 
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Mr. WALGREN. I tend to agree with you in terms Of competition. I 
do think it improves things. 

The only question that I hear raised about the question of second 
sourcing here, though, if, in fact, you are going to go to a more uni- 
fied safety structure, if you are going to improve your quality as- 
surance program and have greater quality assurance out of NASA 
alone, it does stretch your resources then in order to provide qual- 
ity assurance and safety inspection at  two sources for your SRB’s 
rather than just one. 

Anybody see that as a problem? 
General McDivitt. 
General MCDIVITT. I will not answer as an astronaut but try sort 

of as somebody from the aerospace industry. It would be costly to 
facilitize. Somebody would have to pay for that. If you are going to 
build exactly the same design, that is one issue. If you are going to 
build two different designs, that is something else. If you have a 
competition between two distinctively different designs and pick a 
single source, then that is another issue. 

I think you really have to look at what the objective is. I leave 
that to you, Mr. Congressman. 

Mr. WALGREN. Thank you. 
Thank you, Mr. Chairman. 
Mr. ROE. I thank the gentleman. 
I am going to call on Mr. Mineta next, but I want to start a little 

different course of events here for our members and for you folks. 
We had not planned on getting into too much really broad-based 

policy. That is going to be following on our next step. 
However, if you have listened to your own testimony you have 

brought up a number of points that are very important. 
We have talked about many of the safety factors. We talked 

about the problems of the landing gear. We talked about an escape 
methodology and half a dozen other things that are things that 
could be done and could be done really right now. 

I think that is a fair commentary to make and should be made. 
In fact, I think somebody said we shouldn’t fly unless we get that 

done, so we know that should be done. 
The second point, I think we ought to clarify for the record the 

people of the country, and a lot of Members of Congress, think that 
we have three identically the same orbiters so as to say on the 
shelf now, and that is not accurate. 

Am I correct on that, that the capability of the three remaining 
orbiters are not the same? 

Captain Young, is that correct or not correct? 
Captain YOUNG. Columbia, the first one built, has about, it 

seems-I can’t remember the exact numbers-about 6,000 pounds 
of additional scar weight due to the development of flight instru- 
mentation that was carried on the first flight, but the performance 
capabilities, except for that-sea-weight-of all the orbiters, are 
pretty much the same. 

Although the configurations are different in places, we are stand- 
ardizing a lot of that during the stand-down, and I think the per- 
formance capabilities of all three shuttles so far as anybody can 
tell is, you know, as far as a casual observer, is pretty much identi- 
cal. 
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Mr. NELSON. May I follow that just with one comment? 
Mr. ROE. Of course. 
Mr. NELSON. That is following on General Stafford’s comment. 
Since much to do has been made out of the White House about 

whether or not the shuttle is old technology, I would suggest, Mr. 
Chairman, that  we get these guys, who are the experts in flight, to 
tell us whether or not they think the space shuttle is old technolo- 
gy. 

Mr. ROE. That is where I am leading. The matter before the Con- 
gress, as I see it to be decided, is many matters, but it boils down to 
two things. 

First of all, there is no debate that we should be in space as 
quickly as possible, because the safety of the country depends upon 
it. 

It is not a Buck Rogers thing at all. That is not the issue. 
Anybody who feels otherwise just doesn’t understand the order of 

magnitude involved. I think that is No. 1. 
The question is, How to do that with the safety factors involved? 

There is a major debate taking place: Should we have a balanced 
fleet, manned, unmanned? 

I think that has already been decided. The answer is yes to that. 
I think anybody with reason would understand that. 

Now, the question remains, how long and what do we do about 
that shuttle? 

The point that the gentleman from Florida was just making 
which I want to elucidate on, is one, the question comes up of the 
level of technology involved. 

You mentioned it yourselves when you spoke a little bit about re- 
doing the-computerizing the simulators and so forth. 

Do you recall that issue? 
So, you are saying that yourselves, that  there is technology that 

is 10 years ago. We ought to be on with it. Let’s get it going. What 
are we waiting for? 

You see where I am coming from? 
But the issue then comes back to priorities and that America 

should be doing and expending and allocating the resources to do 
this with, because allocation of the resources are absolutely critical 
at adequate levels if you are going to meet any of the kind of de- 
mands that have been placed in this whole system as we see it 
today. 

We sit with a number of satellites, in effect, that  have been de- 
signed specifically to go on the shuttle. 

Now, if you don’t fly the shuttles we have got hundreds of mil- 
lions of dollars of satellites sitting someplace around that we can’t 
use at this point. 

They have either got to be reconfigured to go on a n  unmanned 
rocket or we have just got to sit and wait until we get back in. 

So, we are sitting on, would you say, hundreds of millions of dol- 
lars’ worth of-at least. OK. And the leadership of America is 
really severely questioned at this point as to these decisions we are 
about to make, both from the White House point of view and from 
the Congress itself. 

So, in my judgment we have a short-range problem as to how 
quickly we can get the existing fleet back flying and then, the 
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longer range problem which we will get into in further hearings, 
which is the long-range policy decisions: Do we go to Mars; what do 
we do? 

When you talk about getting the existing fleet up to par and get- 
ting the fourth orbiter into production, so to speak, there are a 
number of safety factors that are important ones, from your testi- 
mony and other people’s testimony that has come out. 

Therefore, there is a retrofit issue involved here. There is time 
and space. The common denominator is time and money, how we 
do this. 

Then the question is-that is the debate, whether we are going to 
be flying a year from now or 2 years from now or 3 years from 
now. 

Some place there is a series of decisions that have to be made, 
money, resources, so forth and so on, but then somebody has got to  
make the decision and the time element-how much of the safety 
work do we do that we know how to do? 

You understand where I am trying to come from as to when we 
get back and flying again. 

Do you have any-I guess, Captain, you are right up there in the 
middle of it now. What is your position? 

Captain YOUNG. There is nothing in this country with wings on 
it that flies into or out of orbit that can carry 50,000 or 60,000 
pounds up there and bring half of it back and use people in space. 

The next time you open your automobile hood on your car and 
you are looking for 85 horsepower and you see 85,000 horsepower, 
you are looking at a high pressure fuel turbine in there. Don’t 
press too hard on the accelerator; you will end up on the moon. 

There is a lot of things in the space shuttle that are sort of old 
technology. We are talking about in later days putting in new com- 
puters because the technology is the late 1970’s and we know we 
can build a computer with half the weight and twice the memory 
and twice the speed and use those new computers and new inertial 
systems and new electronics and new avionics. 

I thought when we started all this that the space shuttle of the 
late 1970’s would be a totally different machine from an avionic 
standpoint in the 1990’s. 

You are talking about in the future for the Space Shuttle Pro- 
gram with these very lightweight tiles on it that reenters and 
spends 20 minutes in temperature in excess of 2,000 degrees and it 
doesn’t suffer any damage and lands reasonably where you want it 
to. 

There is no other machine like it in the world. 
So I think in terms of what it does, it is the most advanced tech- 

nical system in the world. There are places where it suffers from 
old technology and we are trying to fix a lot of those areas. 

In terms of going to totally new technology, as Tom was talking 
about, the aerospace plane and the other mechanisms, they are 
very good technical projects and very different ones. Knowing what 
I know about engines and knowing about heat protection, I think 
that the aerospace plane is a really good technical program, but it 
is a long way off. It is really tough and if we could get a n  aerospace 
plane in a couple or 3 years that would fly into orbit and carry 
60,000 pounds up there and come back and land on a runway and 
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take off horizontally, that would be the way to go. But as Tom says, 
it is a long way off. 

I think the idea of sticking with the space shuttle and doing as 
much as we can to advance it during the standdown time, which 
was being done, is the way for the country to go in the long run. I 
am not saying that just because I fly it. I j u t  don’t see any alterna- 
tive that is reasonable to get done by 2 or 3 years from now. 

Mr. ROE. Put on your negative hat. If Congress is going to ask 
this specific question-they are asking it and so are the American 
people-they are asking this one question: Why should we build 
the fourth orbiter? Why should we not go to  advanced technology? 
That is what the American people are saying. 

Why, in your role, in all of your roles, far that  matter, both his- 
torically, previously and now, why should Congress spend $3.2 bil- 
lion or thereabouts to build a fourth orbiter and not take some 
other route at this point? 

Captain YOUNG. Because the kind of thing that you want to do in 
the next 3 or 4 years with a new orbiter you are not going to be 
able to do with new technology in 10 years. It is about as simple as 
that. That is a lot of programs coming dawn the road that need 
access to space and the space shuttle orbiter gives it to us, and it 
gives it to us rapidly, more rapidly than those other kinds of things 
will do. 

I wish I could say it was the other way around but it is not to be. 
It is really hard to go into a new program, build, for example, an  
ELV rapidly and get it up in the air in a year or two. It is tough. 

Mr. WALKER. Mr. Chairman, if you would yield for a moment? 
Mr. ROE. Sure. Just 1 second. 
What I am trying to nail down, and it is so hard to get anybody 

to answer this-of the 3 weeks of hearing, I want to get on the 
record loud and clear, hey America, the reason that we have to do 
it is because of this reason. You are starting to answer it but 
people are timid. If we are going to hold-I will yield in 1 second- 
if we are going to hold our leadership role and that isn’t the total 
answer, if we are going to hold our leadership role, if we are going 
to talk about the security of the Nation, then the only option we 
have before us is to do something. What is that option? 

Pardon my enthusiasm but I am trying to get that  loud and clear 
on the record somehow. 

The gentleman from Pennsylvania. 
Mr. WALKER. I wanted to point out, I think of us asking the ques- 

tion about the technology though I am not necessarily asking the 
question exactly the way you have posed it. The question is wheth- 
er or not you need to use taxpayers resources to build a fourth or- 
biter or whether or not there are some other resources that can be 
used in order to pay for the fourth orbiter and you know, there 
may be a question as to whether or not :you ought to finance it 
through other means rather than taxpayen; dollars so that the tax- 
payers dollars can be reserved to go onto the next higher technolo- 
gy level such as the aerospace plane. 

Mr. ROE. I have no objection to that at all. However we get the 
money I think that becomes almost-I don’t mean it unkindly, it is 
very important, but the first and foremost point before us is why 
and when? Why should we have to do this? Many people have said 
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to me why are you people going to spend $3.2 billion to do it? They 
have got three of them. Three ought to be plenty to do this job. 

General STAFFORD. Perhaps, sir, I did not make my point clear 
when I discussed about the launch rates and resources. In my eval- 
uation three just will not do the job supporting SDI, which needs 
certain manned missions, and space stations, which you need that 
to put it up. When you get down to three, with any problems at all, 
it just will not support the national means. That includes a lot of 
expendable launch vehicles, too. 

Mr. ROE. Isn’t the general saying that from as far as the pro- 
gram is concerned now, as we presently see it-never mind that 
the Soviets are talking about landing on Mars in 1992 in a report 
that they just printed-we are saying that in order to first of all, to 
launch the satellites that we have on the shelf both weatherization 
or whatever we are going there, the whole list of them, we have got 
to do something or wait. We are coming back and saying in the 
second point, as I see it, along the line, whether we are going to 
commercialize or anything else, we still have to deal with this tech- 
nology. Isn’t it also true that the space station itself sits and waits; 
and fourth-- 

Mr. NELSON. Would you yield? 
Mr. ROE. Let’s take the gentleman from Texas first. 
Mr. ANDREWS. General Stafford, I want to commend your re- 

marks. We have had weeks and weeks of testimony before the 
Challenger tragedy and certainly many afterward, about the ad- 
ministration’s program in space, about the military’s proposals for 
space, about NASA’s proposals. We have heard many private citi- 
zens come in and talk about their efforts, what they want to do in 
outer space. 

It is clear to this committee that without a fourth orbiter our 
space program will be severely hampered in our lifetime. There is 
just no question, as you stated, that  we simply can’t do all the 
things we want to do in this generation without orbiters. We can 
build a space station but we can’t fully utilize that station without 
four. We can have space commercialization and try to compete 
with the French and the Soviets, but we can’t do it as well as we 
need to without four. 

The holdup right now is not this committee and not the Con- 
gress, but the White House. As long as we’re in this time frame of 
indecisiveness we really run a risk of not being able to have four. 

Mr. ROE. I just want to correct on point. If the gentleman would 
understand, I know you feel as enthusiastic as I do. I don’t think 
we are prepared really to say who doesn’t want to do what. I don’t 
think we should be-we are not leveling blame on any individual 
for the accident. I don’t think we should be leveling blame yet on 
decisionmaking. That doesn’t mean I totally disagree with the gen- 
tleman, but-- 

Mr. ANDREWS. If the chairman would yield. 
Mr. ROE. Let me just finish and then I will yield and give you all 

the time you want. What I want to nail down today, and intend to 
nail down, if it is the last damn thing I do in these hearings, is to 
have somebody come in and lay down what do we do positively? 
This isn’t a NASA bashing committee. That is not our intent. Our 
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intent is to lay the fact out before the American people so they can 
make a decision. 

I think the gentleman has eloquently portrayed it. I don’t know 
what has happened to me today. It won’t all come out at once. The 
point we would like to get generally from you folks, who have been 
pioneers, who are really running the show as far as the orbiter is 
involved, itself, and so forth, is that a general way we should be 
going. 

Go ahead, General. 
General MCDIVITT. The Apollo Program has been used as an ex- 

ample of how a good program ought to be run. The technology we 
used in the Apollo Program by the time we started landing on the 
Moon and for the years afterward that it flew, was not new tech- 
nology a la 1970, but it was technology that was used when we de- 
signed it early in the 1960’s. When I was running the program 
office I had a number of signs put on the walls of the program 
office that said the better is the enemy of the good. The meaning 
behind that was if we have a piece of equipment that’s good 
enough to go to the Moon, let’s not keep making it better and 
better and better, because if we do, we will never go to the Moon, 
we will just keep making it better. 

If I had a radio that would transmit 350 to 400,000 miles ade- 
quately, the Moon only being 250,000 miles away, that was great. 
We should go ahead and use that. There were a lot of radio engi- 
neers who wanted to have one that went 10 million, 2 billion, or 
whatever and if we had done that, we would never have gotten to 
the Moon on time. 

One of the major advantages of the Apollo programs was it 
worked against a time constraint. We were going to be on the 
Moon by 1970. That forced us into making decisions that got us 
someplace instead of optimizing things better and better and 
better. 

As John so eloquently said, the shuttle does the job. It may need 
some update in avionics or some of the other things, and I heartily 
support that, but to start all over on a new airframe and a whole 
new set of techniques, we are going to see the space program not a 
year or two behind, as this tragedy probably will cause, but a 
decade behind because we are going to have to start all over again. 

I think if we are going to fly in space, we ought to build some 
more shuttles and get on with it. 

Mr. ROE. Is there anybody on the panel-and then I will defer to 
the gentleman from California-is there anybody on the panel that 
disagrees that we should build a fourth orbiter? 

General MCDIVITT. Mr. Chairman, just a short time ago, we tried 
to decide whether we ought to have a fifth one. 

Mr. ROE. I remember. 
Major SLAYTON. Mr. Chairman, I am not disagreeing. I would 

just propose to you the preliminary data I am familiar with, being 
an outsider, would tell you that an orbiter realistically will not fly 
over three or four flights a year, any one of them. And so if you 
say I am now going to build a space station and if you look at the 
traffic models people have related to the space station alone, the 
requirements, a three orbiter fleet will not support a space station. 
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So to me, the conclusion is very obvious. If we are serious about 
doing the space station in this country, you can’t do it with a three 
orbiter fleet. You are going to have to have four because that is a 
program that requires an  orbiter. 

There are a number of payloads sitting out there that do not 
have to go on an  orbiter. They can be done equally well by other 
vehicles and in my opinion, they should be done by other vehicles 
and reserve the orbiter for things it alone can do, which are very 
large payloads that require manned interface and require recovery. 

Mr. ROE. Is it reasonable to say-and then Mr. Mineta, you are 
next-is it reasonable to say, make this observation, that  if we ne- 
glect going ahead with the fourth orbiter at this point, in view of 
the posture we have discussed and we were to design and redesign 
under “so-called advanced technology,” that we could lose as much 
as 10 years? 

Major SLAYTON. I wouldn’t even want to hazard a guess, but it is 
significant, obviously. 

Mr. ROE. The gentleman from New York, Mr. Scheuer. 
Mr. SCHEUER. Can I repeat the question you posed before we 

broke for lunch about the increasing rate of astronauts from the 
program. They did answer that? 

I will go ahead. Can I ask you, continuing on this policy line, 
what are your 25-to-50-year goals for our space program? What na- 
tional interest should we be trying to meet in the field of national 
security, in the field of economic development, in the field of ad- 
vancing scientific knowledge for health, education, whatever pur- 
poses, and considering what those long term goals are, what is the 
best vehicle, what is the best system for us to be shooting for over 
the next quarter or half of a century to achieve those goals? 

That is a very nebulous question, but we almost have to have 
some long range goals up here before we can solve the medium and 
short range problems. If we don’t have our Iowa star out there, we 
are sort of making short term questions without a long term refer- 
ence point, and that is dangerous. 

Major SLAYTON. Well, sir, if I might take a shot at it, and other 
guys can follow up. In my opinion, the National Space Commission, 
which is run by Dr. Payne, and I have not reviewed that in total, 
but the summary of that  appears to me to basically answer your 
question. I think they have tried very hard to lay down a 25-year 
plan and a 50-year plan and do exactly what you are proposing, to 
lay out a logical sequence, how do we get from where we are to 
where we think we want to be in that time frame? 

I personally think it is a very well done document. I am sure, 
like all others, you can find things we would like to see changed. I 
will see what everybody thinks about it. In my opinion, it is a very 
good road map for precisely what you are referring to. 

Colonel HARTSFIELD. I think I would agree with Deke on that. I 
haven’t read the report in detail, but I did scan through it and it 
looks like it has done a very good job of laying out where we should 
be going. In my mind, these long term plans set the tenor of the 
research you are going to do to assure your preeminence in space. 
Now, that should be our goal. 

In the near term, getting back to the other question, what we 
should be doing right now, I agree with everybody else. I don’t 
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think that we can support what we have set out in there to do with 
three orbiters. If we really want to keep our position and move for- 
ward we are going to need that fourth orbiter. There are a lot of 
things out there that are going to be done that depend on the orbit- 
er. That is taking the men and materials into space to do some 
basic research even before the shuttle comes along. 

For example, the Europeans have a very well organized program 
of materials processing in space, and you know, we are seeing the 
lead taken away from us and that disturbs me very much. Our 
country ought to be the leader in this field. We ought to be provid- 
ing the future initiatives and technologies and inviting the experi- 
menters to come and do this work and let us insure our preemi- 
nence in space. And I think we need another orbiter to do that. 

Getting back to the technology question of the orbiter, I couldn’t 
agree with John more. We have a magnificant flying machine here. 
I have flown three different ones and they are all-getting back to 
the first question-they all fly about alike. I don’t detect any differ- 
ence in them. They are all wonderful machines. The basic airframe 
is good. I would like to make an analogy to the 38’s we fly. They 
are 20-something years old now but we are still flying them. They 
are good machines. 

There are C-47’s that were build back before World War I1 still 
flying around. Sure, progress is being made. There is new technolo- 
gy. If you start right now, obviously you won’t build a C-47, but it 
doesn’t mean it still isn’t a good machine for what it is being used 
for now, and you update the things you have to update. I think we 
need that kind of update with the orbiter as well, to make changes 
where the technology advances. 

I also agree with Jim down there, better is the enemy of good. It 
can get you in a lot of trouble. You have got to be careful, but obvi- 
ously technology does advance products and the companies that 
make them are no longer in business that provided the original 
equipment. So you have to do a little improvising, but it doesn’t 
mean it can’t be done and can’t be done at  a reasonable cost. 

Mr. ANDREWS. Would you yield? 
Mr. SCHEUER. Of course. 
Mr. ANDREWS. I would like to go back, just to follow up on your 

comments, I don’t think any of us are pointing fingers at anybody 
about the lack of a commitment on the fourth orbiter. But the 
truth is, we can have hearing after hearing, and that is what we 
have had. We can hear testimony days upon days of testimony, 
which we have had, about the need for the fourth orbiter. 

What is so critical right now is we have got this window of time 
to strike, to start the commitment and set the agenda. No question 
about it, there is one thing the House of Representatives cannot do 
and that is set a space agenda. We can work on policy and work 
around the edges of what that agenda should be in terms of our 
budget, but the decision has to come from the administration on 
whether we have another orbiter or not. We can debate on how it 
should be paid for and we will, but until we have that decision 
made by the White House, then this program is going to linger and 
we are losing valuable time. That was my only point. 
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I think it is so critical that we urge the White House to make a 
decision about the orbiter and let’s get on with the debate of how 
we pay for it. 

Thank you. 
Mr. SCHEUER. May I continue, Mr. Chairman? 
Mr. ROE. Mr. Scheuer, the gentleman from New York. 
Mr. SCHEUER. We have talked about the inordinate cost of the 

long term space program going up into tens if not hundreds-well 
hundreds of billions of dollars I suppose, and also the fact that we 
are not first in space and other countries, particularly the Soviets, 
according to the British, have a significant advantage on us. They 
are ahead in the technology race. 

Major Slayton, you have had some hands-on experience working 
with the Soviets in the Soyuz mission. You must have a feeling in 
your blood and guts and in your central nervous system of what it 
is like to work with the Soviets in this ultrahigh-technology effort. 
Would you and any of the others who are interested in enhancing, 
think it might be worth your while to think about a join effort, 
let’s say, to get to Mars, or to achieve any of these long term 25, 50 
goals? A joint effort perhaps with the Soviets, perhaps with the So- 
viets and the European consortium, perhaps with the Soviets and 
the European consortium and the Japanese on several grounds: 

First, that we ought to divide up the costs. No country really can 
afford to do it all and do it right. If costs are absolutely stupendous. 

Second of all, no country has a lock on technology and this is a 
case where the whole is certainly equal to the sum of its parts, and 
maybe is greater than the sum of the parts. Maybe the interaction 
of the scientists would achieve breakthroughs that no one of them 
separate could make. So you have a cost/benefit. 

Then perhaps we might find that in working together we 
wouldn’t, each of us, have to worry so much separately about the 
national security implications of being first in space, of getting 
there firstest with the mostest. We might decide that space is for 
all of us and that it ought to be a serene place and not a warlike 
place. 

And fourth, from the point of view of science and technology, ap- 
plications of what we learn to earth problems, the incredible ad- 
vances in medical technology, in telecommunications, that we have 
already used for health and for education here on Earth as a result 
of space research, well, we could share that and that might be part 
of the glue that binds us together. 

I see tremendous possibilities in a global effort to achieve these 
25 to 50-year goals in space, and I know that this centrifugal force 
is tearing us apart and scatterizing, destroying joint efforts that 
are great, are there enough centripital forces drawing us to the 
center to counteract these centrifugal forces that are scatterizing 
us to the four winds? 

Is it a desirable thing for the global competitors, based on en- 
lightened self-interest and a feasible possibility, you have had the 
hands-on experience, and you must have a feeling in your central 
nervous system that this is doable, or are they the kind of people 
you might not want to make a commitment to work with over a 
quarter of a century? 
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Major SLAYTON. I am in favor of it. Tom and I worked with the 
Russians for about 3 or 4 years in preparation for the Apollo-Soyuz, 
and Tom was the commander of that  crew. 

In 1975, we recommended publicly at that time that we thought 
it would be a great idea to have a joint mission with the Russians, 
with the Mars exploration thing. We were over there last fall with 
Congressman Nelson and his committee, and pursued those same 
kinds of discussions with him, and I think we received a very favor- 
able reception over there, in general. 

They were hung up on making a trade for Star Wars, but other 
than that, they thought it was a good idea. Tom and I are going 
back there again next week, to get a little dialog with them, so my 
personal opinion is, you have got in a number of excellent points 
that are all in favor of a joint operation in the future, and I am a 
firm believer in that. 

We take a small percentage of the money spent on defense budg- 
ets and plow it into joint missions, doing something constructive 
like that, it will be to everybody’s benefit. 

Mr. SCHEUER. General Stafford, you were the commander of that 
joint mission with the Soviets. Can we hear your views? 

General STAFFORD. A lot can be done in a very positive sense. I 
will defer to the idea of taking it out of defense budget, Zeke’s idea. 
A lot can be done. We were very well received. We accomplished a 
lot over there, and I am looking forward to going back over there 
with Deke. 

When you look at the magnitude of a Mars mission, and I have a 
lot of experience working in joint projects, NATO people, Air 
Force, R&D, our experience was this, joint production was fine. 

Joint R&D was extremely difficult, but on the other hand, like 
Apollo-Soyuz, each had their own vehicle development and devel- 
oped a minor interface, it worked very well. 

Mr. SCHEUER. Can you take a look at the whole panoply of R&D 
and divvy it up and assign big hunks of it, one hunk to the Europe- 
ans, one hunk to the Russians, one to us? 

General STAFFORD. An entity like ESA would take and develop 
that with the Japanese, that  is fine, and worry about the interface, 
assuming it meets a lot of specifications, but to try to integrate 
R&D across national boundaries has been a very difficult thing. 

It is a good idea to go forward, but you have to use some judicial 
judgment in how you do go forward. 

Major SLAYTON. The forcing function of having to do that has a 
whole lot of side benefits from a national standpoint. 

Mr. SCHEUER. What would be the best way to get that process 
going among these four groups, the Russians, Japanese, the West 
German consortium, ourselves, perhaps the Canadians, five groups, 
what would be the best way of getting some collective thinking 
going as to how, A, the process of setting long-term goals could be 
established, and B, how the question of the enormously complicated 
and esoteric research could be established to design something and 
then finally, how the production responsibilities could be allocated? 

What would be the mechanism by which these five groups would 
be thinking through these problems? 

Major SLAYTON. Let me take one shot at it. In my opinion, the 
first step has to be to get a dialogue going with the Russians, and 
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today, you can’t do that, because as I indicated earlier, they are 
holding everything we were proposing to them in that time frame 
hostage to Star Wars, so until you can break that logjam and get a 
dialogue going, you can’t go anywhere with it, but presuming you 
get over that hump, dealing with those guys is not like talking to 
the Canadians, but we certainly know how to do it. 

Once you get everybody in the same room, get around and jointly 
discuss goals from a technical point of view, instead of poltiical. Ob- 
viously, the political ends up being the prime driver in the long 
haul. 

Mr. SCHEUER. I know my time is up, Mr. Chairman, but as a par- 
enthetical footnote, one of the great payoffs of such a collective 
effort would be that no one of the parties involved would have to 
worry about the other guy having Star Wars, because they would 
all have Star Wars and space would be a collective thing for all 
mankind, and not the property of any one nation that would 
threaten others. 

However, you might describe the threat as reasonable or unrea- 
sonable, that would be one of the major payoffs. 

Mr. ROE. If the gentleman would yield now to the distinguished 
gentleman from Florida, Mr. Nelson. 

Mr. NELSON. Thank you, Mr. Chairman. This is a little sideline 
on this issue, but Tom and Deke are going over there again to 
Moscow, a follow-up to the reunion that we had when they had the 
10-year reunion here in Washington, and Tom and Deke went over 
with our committee, had this marvelous reunion with the kosmon- 
auts and their families, and it was on that occasion we saw things 
that Americans have not seen in 10 years, we went to Star City, 
their mission control, updated mission control, and so forth. 

I throw this in because Tom told me this 2 days ago. Vance 
Brand was not able to go with us because his wife was having a 
baby, and he was a third member of the Apollo team, and in the 

The US.  State Department is objecting to Vance Brand going to 
Moscow next week with Deke and Tom, because he is an  active as- 
tronaut. I have asked John about this, and he doesn’t see any par- 
ticular problem. 

Apollo-Soyuz dock-up. 

Captain YOUNG. I said I don’t know anything about it. 
Mr. NELSON. OK, do you have a particular problem with it? 
Captain YOUNG. I don’t know anything about it. I would like to 

know what the State Department problem is, but I don’t have any 
idea. 

Mr. NELSON. Let’s use this as a forum to try to get the message 
to the State Department which I have spoken to one State Depart- 
ment person, and we have called the State Department, let’s see if 
we can’t get Vance Brand on the way to pursue what seems to be a 
very promising area of discussion, and we might say that since the 
Summit in Geneva, there have been some positive signs on the 
question of space cooperation coming forth from the Soviets, and 
let’s see if we can get that accomplished. 

John, that was an accurate response by you. I didn’t mean to put 
you on the spot there. I know you don’t know anything about it, 
and maybe that says something about the system, too, that you 
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don’t know anything about it, that it is the State Department doing 
that. 

Mr. SCHEUER. Will my colleague yield? 
Mr. NELSON. Certainly 
Mr. SCHEUER. It seems to me that somebody over at the State De- 

partment is an  avid reader of Mr. LeCarre, and some of the other 
writers in this genre of international spy mystery thrillers. 

I remember having read something about snatches that were 
made, people impersonating other people, and if I were in the State 
Department and I wanted to conjure up a worst case theory, I 
could think of a possible scenario whereby it might be dangerous 
for us to send an  astronaut over there who was active, privy to the 
most top secret, state of the art events going on here, and maybe 
they could have a mirror image of each one of the astronauts ready 
to snatch and replace, but unless you engage in that kind of fanta- 
sy, and in that kind of hysteria, I would be hard put to think of a 
legitimate reason for not sending a tough, sophisticated profession- 
al astronaut over there in the company of his colleagues and other 
American professionals to reason a bit, to rationalize a bit with 
their Russian equals, and I certainly would echo that feeling, Mr. 
Chairman, that this committee and you surely have a role in sit- 
ting down with the State Department, finding out what are their 
concerns, above and beyond the John LeCarre genre. 

Mr. ROE. It is amazing they don’t have any objection to sending 
Members of Congress. 

Mr. SCHEUER. I would feel a little bit offended, to think that we 
would be-- 

Mr. ROE. I don’t think you could be cloned. 
Mr. Nelson. 
Mr. NELSON. First of all, the issue we are discussing about the 

question of what is the appropriate technology for a replacement 
orbiter, the real question is how are we going to have American as- 
sured access to space for the duration of this century until such a 
new technology, aerospace plane, if it proves out, is operational, 
which is not until the next century, and so it seems that we have 
heard ample testimony here, despite the fact that you get frustrat- 
ed from time to time, because the explanations, Mr. Chairman, are 
technical and we need it in black and white, that says we need it 
for this reason, and basically that reason is, assured access to space 
and in this particular case, this is our vehicle for manned access to 
space. 

Now the question of the funding, we are talking about not $3 bil- 
lion or $3.2, we are talking about around $1.82 billion for the orbit- 
er. The $2.8 billion figure fm a replacement cost came when you 
added all the things that were in Challenger and lost in the explo- 
sion which included the TDRSS satellite cradle, the manipulator 
arm, the space suits, upper stage, et cetera, so you are looking at a 
cost more of around $2 billion for a replacement of a specific orbit- 
er, and as we talk about this question of assured access, let us 
hasten to remember that the Soviets now have the third generation 
of space station up there which gives them that 24-hour presence 7 
days a week for things that we look forward to, such as material 
processing which we can only get in snatches and bits now as we 
take a shuttle mission up, and then that question of the possibility 
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question of the space station, and our ability to assemble it, to re- 
supply it, and then do all the other things, science as well as na- 
tional security things, that have to go on a manned vehicle as a 
shuttle. 

You ccime then, after all of those considerations, let the record 
show clearly, you come down to the bottom line for the sake of as- 
sured access to space you have to have a replacement for Challeng- 
er, and I hope that the record will reflect that and I thank you, Mr. 
Chairman, for raising that issue so we could have the record reflect 
it from this very distinguished and very articulate panel that we 
have before the committee today. 

Thank you, Mr. Chairman. 
Mr. ROE. I thank the gentleman from Florida for his eloquent re- 

marks. We want to thank you-the distinguished gentleman from 
Pennsylvania. 

Mr. WALKER. Mr. Chairman. We did have quite a discussion here 
a moment about sending Vance Brand to the Soviet Union. I think 
also we ought to ask some questions, but it does occur to this gen- 
tleman that far more than just spy novels, there might be some 
reason the State Department might have about sending an active 
astronaut versus two people who are in policy posts, and also at  a 
time when our space program is in some trouble, that having an 
active astronaut in the Soviet Union might give them some propa- 
ganda value that having two former astronauts would not necessar- 
ily give them. 

There may be some legitimate concerns that the State Depart- 
ment would have and I am willing to explore it, but suggest all 
they are doing is suggesting the spy novel scenarios, and so on, we 
maybe ought to ask the question rather than doing that kind of 
speculation here. 

Thank you, Mr. Chairman. 
Mr. ROE. I thank the gentleman from Pennsylvania. I want to 

thank you all for being with us and having the patience for sitting 
through what we are trying to rehash. I think you represent to 
America the people who really have been specially selected to fly 
the spacecraft, and that is what I want to call them, spacecrafts, so 
is what they are so the credibility of having you here today and 
making the observations you made, and of course, this will be pho- 
tographed and sent throughout the Nation and what we are trying 
to achieve, what we are trying to do on this committee is to get the 
three branches, the three legs we talked about together. 

You started now today on the policy issues. We feel that at least 
as far as this member is concerned, and I am sure most of the 
others, pretty well exhausted the technology relating specifically to 
the accident. We think we have done that. I think we have some 
additional work to do, as far as management issues are concerned, 
we need a little bit more work on that, and to get into the policy 
end of it, but what you have contributed today above and beyond 
the obvious excellent testimony is almost unanimous observation, 
and you come from different domains, if you like, at  the particular 
stages at the moment, in order for America to move ahead and 
move ahead with dispatch, and to recapture or sustain our leader- 
ship, we have to go ahead with the fourth orbiter at  least, and that 
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is one of the most important points that is emerging, and emerging 
from a credible group of witnesses. 

Did you say something? 
So having said that, we want to thank you for your patience, in- 

telligence you have contributed greatly to the committee’s delibera- 
tions, and if we need you again on some of the policy issues as they 
emerge, we will be calling you back. 

The committee will stand adjourned, and we are working out 
schedules that we will be working on for when we return after July 
4. 

Thank you very much. 
[Whereupon, at 3:25 p.m., the committee was adjourned.] 



A P P E N D I X E S  

J u l y  15, 1986 

Honorable Robert A. Roe 
Committee on Science and Technology 
U.S. House of  Representat ives 
Washington, O.C. 20515 

Dear Mr. Chairman: 

D u r i n g  o u r  ,June 11, 1986 h e a r i n g  on t h e  Space S h u t t l e  Chal lenger  
a c c i d e n t  I r e f e r r e d  t o  four  s t u d i e s  t h a t  had assessed t h e  r i s k  o f  
f a i l u r e  of  t h e  s o l i d  f u e l  r o c k e t  hooster .  As you r e c a l l ,  I 
mentioned t h a t  between 1990 and 1985 NASA and t h e  A i r  Force 
coiranissioned t h r e e  s t u d i e s  on t h e  odds o f  a s h u t t l e  booster  
f a i l u r e .  NASA came up w i t h  a much more o p t i m i s t i c  f i g u r e  a f t e r  
these s t u d i e s  were completed. A t  t h i s  p o i n t ,  Chairman Fuqua i n d i -  
c a t e d  t h a t  some q u e s t i o n  e x i s t s  as t o  whether these s t u d i e s  had 
been comlnissioned by t h e  Department o f  t h e  Air Force o r  NASA. I n  
l i g h t  o f  t h e  q u e s t i o n  r a i s e d  hy M r .  Fuqua, I have prepared t h e  
f o l l o w i n g  f o r  i n c l u s i o ?  i n t o  t h e  r e c o r d  i m e d i a t e l y  f o l l o w i n g  o u r  
c o l l o q u y .  

Wi%h every warm b e s t  wish,  

Your c o o p e r a t i o n  i n  t h i s  m a t t e r  i s  apprec iated.  

S i n c e r e l y ,  

JAMES H. SCHEUER 
Chairman 
S u b c o m i t t e e  on N a t u r a l  Resources, 
A g r i c u l t u r e  Research and Environment 

JHSl Sd j s 
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COMMITTEE ON SCIENCE AND TECHNOLOGY 
US. HOUSE OF REPRESENTATIVES 

WASHINGTON, D.C. 20515 

J u l y  15, 1986 

MEMORANDUM 

TO : 

FROM: James H. Scheuer,  Chairman 

Rober t  A. Roe, Chairman 

Subcommit tee on N a t u r a l  Resources , A g r i c u l t u r e  
Research and Envi ronment  

Repor t s  on p r o b a b i l i t y  e s t i m a t e s  f o r  space s h u t t l e  
f a i l u r e  

SUBJECT: 

D u r i n g  o u r  h e a r i n g  on June 11, 1986, I q u e s t i o n e d  t h e  NASA 
w i t n e s s e s  on t h r e e  s t u d i e s  p r e d i c t i n g  t h e  p r o b a b i l i t y  o f  space 
s h u t t l e  f a i l u r e s ,  i n c l u d i n g  t h e  s o l i d  r o c k e t  b o o s t e r s .  I t  was 
suggested t h a t  t h e s e  s t u d i e s  were i n  f a c t  commissioned b y  t h e  
Department of  Energy.  A r e v i e w  o f  t h i s  m a t t e r  i n d i c a t e s  t h a t  
i ndeed  t h e  s t u d i e s  were commissioned by NASA and t h e  A i r  Fo rce  
(excep t  t h e  t h e  f o u r t h  r e p o r t ,  wh ich  was i s s u e d  by NASA i t s e l f ) .  
The background i s  as f o l l o w s : '  

1. I n  1978 NASA asked t h e  J.H. Wigg ins  Company t o  e v a l u a t e  
t h e  s a f e t y  i m p l i c a t i o n s  o f  e l i m i n a t i n g  t h e  range s a f e t y  
d e s t r u c t  system f o r  t h e  s h u t t l e .  ( C o n t r a c t  NAS 10-9374).  
T h i s  work i n v o l v e d  i d e n t i f y i n g  s h u t t l e  f a i l u r e  modes f r o m  
l a u n c h  t o  ma in  e n g i n e  c u t o f f  (MECO) and q u a n t i f y i n g  t h e i r  
p r o b a b i  1 i t y  o f  occurence.  T h i s  r e p o r t  was c a l l e d '  "Space 
S h u t t l e  Range S a f e t y  Hazards A n a l y s i s ' '  , T e c h n i c a l  Repor t  
81-1329 p r e p a r e d  f o r  NASA Kennedy Space Center ,  J u l y  1981. 
T h i s  work,  wh ich  was n o t  r e l e a s e d  f o r  abou t  3 y e a r s  a f t e r  
i t s  c o m p l e t i o n ,  was f o l l o w e d  by an a d d i t i o n a l  J.H. Wigg ins  
Company a n a l y s i s  t h a t  ass igned  p r o b a b i l i t y  numbers t o  
s h u t t l e  f a i l u r e  modes f r o m  MECO t o  p a y l o a d  s e p a r a t i o n  (TR 
No. 79-1359, Oc tober  11, 1979) .  

2. I n  December 1983 S i e r r a  Energy and R i s k  Assessment (SERA) 
i s s u e d  a r e p o r t  b y  R. K. Weatherwax and E. W. C o l g l a z i e r .  
The r e p o r t  a n a l y z e d  t h e  Wigg ins  s t u d y  and conc luded  t h a t  
i t  s e r i o u s l y  u n d e r s t a t e d  s h u t t l e  r i s k s .  SERA was a subcon- 
t r a c t o r  t o  Teledyne Energy Systems, I n c .  under  a c o n t r a c t  
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MEMORANDUM TO 

J u l y  15, 1986 
Page Two 

Robert A. Roe, Chairman 

t o  t h e  A i r  Force Weapons Labora to ry ,  A i r  Force Systems 
Command, K i r t l a n d  Air Force Base, NM, as p a r t  o f  t h e i r  
a d v i s o r y  c a p a c i t y  t o  t h e  DOD r e p r e s e n t a t i v e  t o  t h e  I n t e r -  
agency Nuclear  S a f e t y  Review Panel . (AFWL-TR-83-61) The 
panel was concerned w i t h  t h e  r i s k s  o f  u s i n g  a l i q u i d  
hydrogen upper stage, known as Centaur, and a n u c l e a r  
r a d i o i s o t o p e  powered i n t e r p l a n e t a r y  o r b i t e r  such as t h e  
G a l i l e o  m i s s i o n  t o  J u p i t e r .  "Review o f  Shu t t l e /Cen tau r  
F a i l u r e  P r o b a b i l i t y  Est imates f o r  Space Nuclear  M i s s i o n  
App l i ca t i ons . "  

r e p o r t  examin ing t h e  two e a r l i e r  r e p o r t s .  The r e p o r t  had 
been requested by t h e  A i r  Force Weapons Labora to ry  as a 
c o n t i n u a t i o n  o f  t h e  A i r  Fo rce ' s  independent e v a l u a t i o n  o f  
range s a f e t y .  The Sandia r e p o r t  was prepared under 
C o n t r a c t  DE-AC04-76DP000789 f o r  t h e  U.S. Department o f  
Energy a t  t h e  reques t  o f  t h e  A i r  Force Weapons Labora to ry .  
The Sandia r e p o r t  i d e n t i f i e d  some areas i n  which more j u s -  
t i f i c a t i o n  would improve t h e  Wiggins '  r e p o r t s  c r e d i b i l i t y  
and t r a c e a b i l i t y .  
SERA d i d  n o t  adequate ly  suppor t  t h e i r  conc lus ions  t h a t  
c u r r e n t  p r o b a b i l i t y  es t ima tes  c o u l d  be l o w  by seve ra l  
o rde rs  o f  magnitude. "Review and E v a l u a t i o n  o f  W igg ins '  
and S E R A ' S  Space S h u t t l e  Range S a f e t y  Hazards Repor ts  f o r  
t h e  Air Force Weapons Laboratory . "  

I n  February 15, 1985 NASA's Lyndon B. Johnson Space Center 
produced "Space S h u t t l e  Data f o r  P l a n e t a r y  M i s s i o n  Radio- 
i s o t o p e  Thermoe lec t r i c  Generator  (RTG) Sa fe ty  Analys is . "  
(JSC 08116) The document analyzed t h e  G a l i l e o  and Ulysses 
Spacec ra f t  m i s s i o n s  t o  be f l o w n  on t h e  s h u t t l e .  The two 
p l a n e t a r y  probes would use n u c l e a r  r a d i o i s o t o p e  genera to rs  
f o r  e l e c t r i c a l  power and Centaur l i q u i d  hydrogen f u e l e d  
boos te rs  t o  c a r r y  them f rom s h u t t l e  o r b i t  i n t o  i n t e r p l a n e -  
t a r y  space. NASA examined t h e  p o t e n t i a l  impacts o f  c a t a -  
s t r o p h i c  f a i l u r e s  on t h e  s h u t t l e  and i t s  payload, i n  p a r t  
u s i n g  t h e  J.H. Wiggins analyses t o  ass ign  p r o b a b i l i t i e s  t o  
these  f a i  1 u r e  modes. 

3. I n  December 1984 Sandia N a t i o n a l  L a b o r a t o r i e s  i ssued  a 

The Sandia r e p o r t  a l s o  concluded t h a t  

4. 
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Responses to  wr i t t en  questions submitted by Chrm. Roe during the  
June 11, 1986, hearing. 

Safe ty ,  R e l i a b i l i t y ,  and Quality Assurance 

QUESTION 1: 

There is concern  t h a t  NASA makes l i t t l e  d i s t i n c t i o n  between 
s a f e t y  engineering, r e l i a b i l i t y  engineering and q u a l i t y  assurance 
a c t i v i t i e s  a t  various l eve l s  within the  Shut t le  program. For 
example, the repor t ing  a t  the  Marshall Space F l ight  Center f o r  
s a f e t y ,  r e l i a b i l i t y  and q u a l i t y  assurance is through the  
Engineering Direc tora te .  

Do you r ega rd  t h i s  as  a p p r o p r i a t e ?  Should t h o s e  who c o n t r o l  
Shut t le  design and f ab r i ca t ion  a c t i v i t i e s  have au tho r i ty  over 
those who must c e r t i f y  t h a t  these a c t i v i t i e s  a r e  being performed 
appropr ia te ly?  

ANSWER 1: 

On J u l y  8 ,  1986, NASA Admin i s t r a to r  D r .  James C. F l e t c h e r  
announced the  establishment of t he  new Office of Safe ty ,  
R e l i a b i l i t y  and Quality Assurance (SR&QA). M r .  George A. Rodney 
was appointed t o  head the  o f f i c e  as Associate Administrator f o r  
SRGQA. He w i l l  r epor t  d i r e c t l y  t o  the  Administrator and w i l l  
have au tho r i ty  throughout the  agency. In t h a t  capacity he w i l l  
address the  concerns ra i sed  in t h i s  ques t ion .  The objec t ives  of 
t h e  o f f i c e  a r e  t o  e n s u r e  a NASA SRSQA program t h a t  mon i to r s  
equipment s t a t u s ,  design va l ida t ion ,  problem ana lys is  and system 
accep tab i l i t y  i n  agency-wide plans and programs. 

The r e s p o n s i b i l i t i e s  of the  Associate Administrator w i l l  include 
the  oversight of s a f e t y ,  r e l i a b i l i t y  and q u a l i t y  assurance 
f u n c t i o n s  r e l a t e d  t o  a l l  NASA a c t i v i t i e s  and programs. I n  
addi t ion ,  he w i l l  be responsible f o r  the d i r ec t ion  of repor t ing  
and documentation of problems, problem reso lu t ion  and trends 
assoc ia ted  with sa fe ty .  Spec i f ic  a c t i v i t i e s  a r e  to :  

-- Ensure tha t  SRGQA po l i c i e s ,  plans,  procedures and 
standards a r e  e s t ab l i shed ,  documented, maintained, communicated 
and implemented. 

-- Direct thorough, prompt and accura te  inves t iga t ion ,  
repor t ing  and ana lys i s  of a l l  NASA mishaps, inc idents  and 
accidents and t o  ensure r e so lu t ion  of a l l  inves t iga t ion- re la ted  
recommendations. 

-- Ensure tha t  a f u l l y  documented trend ana lys i s  program is 
conducted tha t  includes accura te  repor t ing  of anomalies. 

-- Ensure t h a t  SRGQA i ssues  a r e  f u l l y  considered during 
design reviews, f l i g h t  readiness reviews, t e s t  readiness reviews, 
opera t iona l  readiness reviews or equivalent formal reviews which 
a r e  conducted p r io r  t o  s t a r t  up of operations f o r  ground 
f a c i l i t i e s ,  manned and unmanned launch opera t ions ,  a i r c r a f t  
f l i g h t  programs and acceptance t e s t i n g  of experimental f a c i l i t i e s  
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and hardware having significant risk to persons or property. 

-- Ensure that field installation SRdQA organizations are 
staffed with sufficient and qualified professional personnel to 
ensure accomplishment of assigned tasks. 

QUESTION 2: 

NASA has made the argument that the maturing of technology in the 
Shuttle program reduces that need for intensive quality and 
reliability control. 

Were cracks in the SSME's allowed more recently when originally 
no cracks were permitted? Has the number of inspections been 
reduced? For example has propellant X-rays been reduced relative 
to early flights? Is it perhaps time to revisit this issue and 
find ways and means to increase these activities as we proceed 
into the next phase of the Shuttle program? 

ANSWER 2: 

As noted in the answer to question number one, NASA's entire 
Safety, Reliability and Quality Control program w i l l  be 
reassessed by the recently named Associate Administrator. In 
response to your specific question.about cracks in the SSME's, 
there are two types that occur and concern us. 

Could you please explain this position? 

1) Cracked Turbine Blades-Various cracks that are known to 
propagate fast have been and always will be unacceptable. A 
leading edge crack in a blade is an example of this type of 
crack. There are other cracks that take 10 to 20 tests to 
propagate to an unacceptable level. To be able to fly with the 
potential of these types of cracks, margin testing is performed. 
In other words, to be able to fly a turbine blade with a 
potential crack at'10 flights, we will take known cracked blades 
and test them for 20 flights. The airline industry has long had 
procedures to fly wings blades, etc. with known cracks, but they, 
like us, must demonstrate margin. 

2) Cracked or Flawed Welds-The SSME has miles of welds and 
because an unending pursuit has been made to improve the welds 
and inspections, rarely does a problem weld slip through an 
inspection. The failure last year of a weld on engine 2308 has 
brought with it even better inspection techniques. All Class One 
welds are 100 percent x-rayed and inspected. 

In summary, cracks in the SSME are no more tolerated now than 
they have been in the past. On the contrary, inspections to find 
cracks have increased in both quality and quantity over the life 
of the program. 

With regard to your question about x-rays of propellant, early 
flight- solid rocket motors were x-rayed. During the operational 
phase, the aft casting segments and any casting segment 
experiencing a design change or anomaly have been x-rayed. 
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QUESTION 3: 

If NASA's quality control procedures were functioning throughout 
the Shuttle program, how is it possible that certain important 
certification procedures as they related to temperature effects 
on the SRB joints were improperly performed, and in many cases, 
not even accomplished, although quality assurance personnel 
signed documents that indicated that the tests were done? 

ANSWER 3: 

Early in the program, verification of the SRM to induced 
temperature requirements was planned through both analyOis and 
test. Eventually, Morton Thiokol certified the joint for induced 
temperature through analysis only. In retrospect, this was 
inadequate. Additionally, when questioned by the NASA Data and 
Design Analysis Task Force during the accident investigation, 
they stated that the vertical flight environmental requirement 
had been misinterpreted for a storage requirement. Finally, 
NASA's acceptance of the certification was based on the 
specification for the O-ring material. It has an operating range 
between minus 30 and plus 500 degrees Fahrenheit. The acceptance 
should have been based on the performance of the entire joint at 
temperature extremes rather than the specification for this 
single component. 

QUESTION 4 :  

What sort of certification tests should have been done in order 
to assure the program management that sufficient data was 
available to make a meaningful judgment on whether or not the 
solid rocket motor field joint would perform satisfactorily under 
the environmental conditions encountered? 

ANSWER 4 :  

The Solid Rocket Motor redesign team is currently involved in a 
study to answer this question to ensure that the redesigned joint 
is properly certified to operate throughout the environmental 
conditions encountered. They w i l l  be assisted by an Oversight 
Committee and the National Research Council (NRC) Panel which 
includes well-known authorities in the field of propulsion, 
materials, structures, reliability, and aerospace engineering, as 
well as experts in related industrial technologies. The 
Oversight Committee and the NRC Panel will pass judgment on the 
SRM redesign team's findings. 

QUESTION 5: 

"How would you confirm that any redesign was an improvement over 
the present design? That is, what certification tests would be 
planned to assure that any redesign of the joint would not 
produce the catastrophic failure experienced by the Challenger?" 

ANSWER 5: 

The verification plan that is being implemented includes tests on 
subscale fixtures, full segments, and flight configuration solid 
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rocket motors. The subscale tests will be conducted on fixtures 
less than two feet in diameter simulating field joints primarily 
to evaluate sealing performance using various seal types and 
materials under wide temperatures and dimensional extremes. 
Other subscale tests will be conducted on small motors hot fired 
to evaluate seals, Insulation, thermal behavior, etc., with 
varying tolerances. Full size joints will be tested to evaluate 
and develop joint environmental protection (temperature and rain) 
designs and to verify computer models of joint dynamic behavior. 
Three to five full size segments will be assembled into two 
shortened motors containing inert propellnt. Small Igniters will 
be installed in these shortened motors and fired to produce near 
identical pressure profiles as experienced during actual SRM 
ignition. These shortened motor tests will be used to evaluate 
the joint. movement under dynamic conditions and the pressuring 
hot gas dynamic effect on the insulation gap and joint sealing 
capability. Appropriate full size segments will be assembled 
into a structural test article that will be subjected to flight 
loading conditions. Finally, four full scale motor static hot 
firings are planned to be tested either horizontally or 
vertically. All these tests, to be conducted over the SRM 
operational environment range coupled with detailed extensive 
analysis, will assure that the redesigned joint will not 
experience the failure experienced by the Challenger. 

QUESTION 6: 

"It is our understanding that Marshall has responsibility for 
reviewing proposals for a monolithic SRB design?" 

ANSWER 6 :  

Yes, that is correct. 

QUESTION 6A: 

What is the status of these reviews, 
feelings regarding the advisability to 
design of an SRB? 

and what is your present 
proceed into a monolithic 

ANSWER 6A: 

MSFC has received an unsolicited proposal from Aerojet. This 
proposal is currently being assessed by the MSFC Procurement 
Office to determine the compatibility and acceptability of the 
proposal with the current procurement regulations. Since a 
technical and programmatic evaluation of this proposal has not 
been performed, MSFC is not able to respond to the question on 
advisability to proceed into a monolithic design of an SRB. 

QUESTION 7: 

"We understand that the monolithic SRB design would require at 
least three to four years of development and testing in order to 
certify its suitability for flights. What is your estimate of 
costs and schedule to produce a monolithic SRB design?" 
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ANSWER 7: 

Based on historical experiecce 06 development of large Solid 
Rocket Motors (SRM), it is' estimated a minimum of four years 
would be required to design/develop and qualify a monolithic 
Shuttle SRM. The current Shuttle SRM required approximately six 
years from initiation of the contract to completion of 
qualification. There would be some reduction in that time period 
on the basis of the experience gained during the Shuttle SRM 
development program assuming the development of a performance 
identical monolithic SRB design. Using the Shuttle SRM 
development cost as a basis for projecting the cost of developing 
a monolithic Shuttle SRM, the estimated cost would be $500 - $600 
million in real year dollars. This very preliminary estimate is 
based on taking the Shuttle SRM cost and escalating that cost to 
the time frame for development of a monolithic Shuttle SRM. 

QUESTION 7A: 

"What facilities would be required to test such a design and do 
such facilities exist?" 

ANSWER 7A: 

A facility with capabilities similar to the current T-24 complex 
at Morton Thiokol (see Attachment 1, hereto) would be required. 
The only known existing facility with such capability is the 
Morton Thiokol facility at Wasatch, Utah. Even this facility 
would require modification to access the motor into the stand and 
handle the monolithic design, i.e., new cranes, air bearings, 
transporter, etc. 

Certification 

QUESTION 8: 

"Prior to the first Space Shuttle Launch, George Hardy (the SRB 
Project Director) signed a verification statement that all SRB 
certification requirements had been met by Thiokol. Larry Mulloy 
(the then current SRB Project Director) signed a similar 
verification statement before the fifth Space Shuttle flight, On 
what basis were these verification statements signed?" 

ANSWER 8: 

The basis for the certification prior to the first flight was: 

1) Project experience gained through the day-to-day 
Involvement in the project development and qualification 
activities; but more importantly, the review and counsel derived 
from the Design Review and Certification process. This process 
consists of the Preliminary Requirements Review (PRR), 
Preliminary Design Review (PDR), Critical Design Review (CDR), 
and Design Certification Review (DCR). These reviews are 
conducted by teams of senior engineers from the contractor, MSFC 
and other NASA Centers. These teams report the result of their 
reviews to a Board chaired by the Project Manager and made up of 
senior engineers from MSFC, other Centers, and outside industry 
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and defense leaders. The objective of these reviews is to assure 
that the design is being developed and verified consistent with 
requirements and good engineering practices. 

2) Formal certification by Morton Thiokol, Inc. (MTI) on the 
Certificate of Qualification (COQ) with supporting evidence 
documentation that the joint had been qualified to all contract 
requirements. This COQ and its evidencing documentation is 
reviewed and concurred in by the MSFC laboratories, approved by 
the Quality and Reliability Assurance Office and the SRM Chief 
Engineer. Based on these reviews and approvals, the Project 
Manager makes the final approval. 

The' basis for certification before the fifth flight was a 
Vehicle Certification Review for the lightweight SRM. In that 
review, only subsystems affected by the weight reduction were 
recertified. Other subsystems were certified by similarity to 
the STS-I configuration and the basis for that certification was 
not re-evaluated. 

Adequacy of Design 

QUESTION 9: 

"The Rogers Commission concluded that there was sufficient data 
in the August 19, 1985, briefing by Thiokol to NASA for NASA to 
suspend Space Shuttle flights until the problem was fixed. Yet, 
the Thiokol conclusions in that briefing stated that "analysis of 
existing data indicates that it is safe to continue flying (the) 
existing (joint) design ....*. Why did Thiokol conclude this? 
ANSWER 9: 

The August 19, 1985, meeting was stimulated by incidence of 
O-ring erosion, and more specifically, the violation of the 
primary O-ring in the nozzle joint of STS-SIB and the 0.032 in. 
erosion noted on the secondary O-ring of that nozzle joint. That 
condition was attributed to not detecting a bad primary seal 
because of the vacuum putty masking the 100 psig stabilization 
pressure during leak check of the nozzle. A detailed erosion 
analysis of the nozzle O-ring on STS-51B indicated that the 
primary O-ring never sealed at ignition in order to sustain the 
erosion observed. The O-ring erosion computer model accurately 
predicted the observed erosion as a combined jet impingement and 
blow-by erosion at ignition. This same model then predicted the 
erosion observed on the secondary face seal of the nozzle around 
the corner. The conclusion was that this condition would not be 
encountered again because proper corrective action had already 
been taken; all joints were being leak checked with a 200 psig 
stabilization pressure to prevent putty from masking the leak 
check allowing a bad seal to go undetected. It was a l s o  
concluded that the STS-SIB problem may be unique to the 
nozzle-to-case joint because the primary nozzle O-ring groove was 
considerably wider than the field joint (0.375 in. vs 0.305 in.) 
and the O-ring was also smaller (0.275 in. vs 0.280 in.), and 
therefore had farther to travel after the leak check had forced 
the primary O-ring into the wrong side of the O-ring groove. 
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The nozzle secondary face seal was considered to be a good seal 
under all conditions. Cold gas pressurization and hot gas 
erosion tests conducted with subscale hardware on full size 
O-rings indicated that primary O-rings in either nozzle or field 
joints could sustain up to 0.145 - 0.161 in. erosion before they 
would fail. 

Based upon prior history from flight motors, the worst O-ring 
erosion noted in a field joint was 0.053 in. on STS-2 and 
excluding STS-SlB, the worst jet impingement erosion noted on a 
flight nozzle was 0.068 in. on STS-51D. 

This represented safety factors of 2.7 and 2.1, respectively, on 
erosion of the primary O-rings. Only one secondary O-ring ever 
sustained erosion. That was on STS-51B and that O-ring exhibited 
0.032 in. erosion; 4.5 times greater erosion is needed for 
failure. 

O-ring blow-by was less understood at that time and had been 
observed in a field joint on one flight STS-51C, and excluding 
STS-SlB, on nozzles from just three flights, STS-6, STS-51C, and 
STS-51G. Two of these flights, STS-6 and STS-51C, had evidenced 
slight blow-by on the nozzle with no erosion. The blow-by 
observed on the field joint of STS-51C was attributed to the cold 
weather experienced prior to that flight which resulted in the 
coldest O-ring temperature (53'F) ever flown. This flight was 
preceded by the three coldest days in Florida history. STS-51C 
was considered to be the worst case condition which would not 
occur again. The conditions observed on STS-51C, although not 
desirable, were considered acceptable. The blow-by observed on 
the field joints of STS-51C resulted in the O-ring resiliency 
testing that showed that cold O-rings could not keep up with the 
joint opening. 

It was because of this O-ring resiliency data that Morton Thiokol 
concluded that the field joint was most critical and that was 
highlighted on Page C-1 of the August 19, 1985, presentation 
under Primarv Concerns - Field Joint - Joint deflection and 
secondary O-ring resiliency. Page C-2 showed that the bench 
testing conducted indicated that the o-ring was capable of 
m a i n t a k n g  contact with the metal parts for ihe initial phase 
(0-170 msec) of the ignition transient but not for the total gap 
opening. It was concluded that blow-by occurred early in the 
ignition transient (0-170 msec) during the seating phase of the 
primary O-ring. That is why there was never observed erosion on 
the secondary O-ring. 

In the conclusions on Page D-15 of the August 19, 1985, 
presentation, it was noted that, "The primary O-ring in the field 
joint should not erode through, but if it leaks due to erosion or 
lack of sealing, the secondary seal may not seal the motor." On 
the nert page, the first recommendation was: "The lack of a good 
secondary seal In the field joint is most critical and ways to 
reduce joint rotation should be Incorporated as soon as possible 
to reduce criticality." The conclusion was that if the same 
condition was experienced in the field joint that had been 
observed on the STS-51B nozzle joint, the jolnt may not survive. 
In order to assure that condition doesn't happen again, it is 
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necessary to eliminate any conditions that could prevent a 
primary O-ring from sealing during the first 170 msec. It was 
concluded that analysis of existing data indicates that is safe 
to continue flying the existing design as long as a l l  joints were 
leak checked with a 200 psig stabilization pressure, are free of 
contamination in the seal areas and meet O-ring squeeze 
requirements. It was believed that if this was done, it would 
eliminate any potential of blow-by beyond 170 msec and the only 
problem that might be encountered is jet impingement erosion on 
the primary O-ring due to holes in the putty. This jet 
impingement was limited to the ignition transient of 600 msec and 
margins of safety greater than 2.0 for this condition hgd been 
demonstrated. 

QUESTION 9A: 

"Why did NASA not disagree?" 

ANSWER 9A: 

At the time of the August 19, 1985, briefing, seven flights and 
two ground test motors had experienced O-ring erosion plus other 
occurrence of heat affect and/or blow-by. Each of these 
observations had been analyzed in ,the Flight Readiness Review 
process and a rationale for flight established and accepted at 
Levels I1 and I. Based on Thiokol's conclusion that the joint 
was safe as l o n g  as there was a 200 psig leak check, no 
contamination and proper squeeze, NASA believed there was no 
basis for disagreement. However, had NASA recognized that a 
proviso regarding O-ring resiliency should have been included, 
the agency would have disagree. 

QUESTION 10: 

"Thiokol and Marshall first learned of the existence of "joint 
rotation" in a "hydroburst test" in 1977. However, throughout 
subsequent years, the two organizations could never agree on just 
how much rotation did occur. A final "referee" test was not 
concluded until after the 51-L accident." 

o "Why did it take nine years for Thiokol and Marshall to set up 
the tests required to resolve this critical issue?" 

ANSWER 10: 

The first "joint rotation" was observed in the late 1977 
hydroburst test where O-rings were extruded into the sealing gap. 
These tests indicated that the seal would work properly even with 
joint rotation. Since the sealing of the joint was secure even 
well above the performance requirements and all joint assemblies 
have leak checks, joint performance and calculation of O-ring 
squeeze continued to be accomplished with "worst-on-vorst" design 
parameters. Later tests conducted with the structural test 
article (STA-1) in 1978 and 1979 indicated more joint rotation 
than was observed on the initial tests in 1977. Questions were 
raised relative to the validity of the instrumentation and data 
from STA-I taken from a single location (through the leak check 
port) in a horizontal position. However, extrusion tests were 
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conducted which showed that the SRM joint would seal properly 
with an extrusion gap more than twice that observed on STA-1 with 
five times the maximum expected operating pressure. 

Worst-on-worst dimensional tolerance analyses (thinnest tang, 
maximum clevis width, maximum O-ring groove, minimum thickness 
O-ring) with the measured gap opening from STA-I, also indicated 
it would be possible to lose the squeeze on the secondary O-ring. 
Because of this, the O-ring size was increased and joint 
tolerances were decreased to maximize O-ring squeeze and 
dimensional measurements of the clevis and tang were instituted 
on every flight set of motors to assure that adequate-O-ring 
squeeze was maintained on both the primary and secondary O-rings 
to assure seal redundancy. For these reasons, joing rotation 
performance was considered adequate for flight even though the 
exact extent of rotation was still a controversy. To obtain 
additional data on the exact magnitude of joint rotation, 
measurements were taken at Morton Thiokol in vertical hydrotests 
at 12 percent over the maximum expected operating pressure, on 
flight hardware being processed through the refurbishment cycle. 
This course was followed in lieu of dedicating hardware to 
resolve the controversy. This data indicated less rotation than 
was measured on STA-I. 

With the on-set of O-ring erosion problems, the referee test was 
implemented to resolve these differences and look at increasing 
the margin in the joint as well as determining the rotation at 
various locations around the entire joint rather than at only a 
single location. The referee test confirmed the smaller joint 
rotation values and also confirmed that these values were 
uniform around the joint. 

The bottom line of why it took nine years, is that we thought the 
performance was adequate even though the exact magnitude of 
rotation was a controversy. Also, additional data were obtained 
by measureing flight hardware being processed through the 
refurbishment cycle. With the advent of O-ring erosion problems 
resolution took on a new emphasis in the context of increasing 
the margin in the joint; therefore, the referee test was devised. 
It should be noted the referee test was devised and preparations 
for the test were in process prior to STS 51-L. 

QUESTION 11 :  

"How much of the Shuttle SRB design is based on the Titan 
design?" "Please explain or elaborate on the following: 

o Shuttle SRB tang and clevis are revised from the Titan. 

o Shuttle SRB tang is longer than on the Titan, thus 
contributing to more joint rotation on the Shuttle SRB than 
on the Titan. 

- Titan has only one seal, the Shuttle has two. 

- Titan insulation of one case fits tightly against the 
insulation of the adjacent case to form a more gas-tight 
fit than the Thiokol design. 



o It appears that a great deal of the Shuttle SRB design 
originated from the Titan. How much of the Shuttle testing 
was done by analysis based upon the Titan data base? 
the Titan and Shuttle SRB enough alike to result in reliable 
analyses?" 

Are 

ANSWER 11: 

At the time that design of the Shuttle SRB case segments was 
begun, the majority of experience with such designs had been 
developed by the Titan I11 SRB program. The Shuttle SRB-design 
was, therefore, based on the Titan SRB design. However, the 
Shuttle dimensions were bigger and the loads were greater than 
Titan's. The Titan case segment dimensions are 120 inches in 
diameter by 120 inches long, while the Shuttle SRB segments are 
146 inches in diameter and 164 inches long. 

The tang and clevis arrangement on the Titan SRB was changed on 
the Shuttle SRB because state-of-the-art large forging 
fabrication capability would not provide enough material to 
permit machining of a clevis on the large one-piece weld-free 
forward dome and still provide for an integral forward skirt 
tang. As a result to this factor, a tang-down design was 
assessed. 

It was found that assembly, reliability and safety were enhanced 
by the tang-down design. The tang-down design provides an 
advantage during assembly of the Shuttle SRM. The clevis, with 
its required field joint O-ring installation operation, is 
stationary; while the tang side of the joint, which requires no 
installation operations, is the one suspended from a crane. 

The tang length on the Shuttle SRM casings was increased to 
accommodate loads and to enhance assembly operations. No data 
were available to the Shuttle program during the design of the 
SRB's on the Titan SRB joint rotation or on static-test hardware 
evaluations. The fact that the Titan had experienced heat 
affected areas of the O-rings during static tests were not known 
to MTI prior to the STS 51-L accident. Joint tolerances on both 
the Shuttle and Titan SRB's were essentially the same, although 
some allowance was made to accommodate Shuttle SRM horizontal 
assembly for static test. 

Two O-rings were incorporated in the Shuttle SRB to provide 
redundancy and permit leak check of the assembled joints, 
features not possible with the Titan design. Titan joint 
insulation does have the interference but fit to allow for 
fabrication tolerances, while the SRB joint used putty filled 
gaps for tolerance allowance and to avoid placing extra long-term 
stress on case-to-insulation bonds. 

The Titan and Shuttle SRB's are enough alike to result in 
reliable analyses when using Titan data as a base. Tang and 
clevis joints have been used in other motors than Titan, but 
Titan Solid Rocket Booster experience (120 inch diameter) with 
high strength steel (D6AC) was a natural to use as a base from 
which to scale up for the Shuttle SRB (146 inch diameter and also 



D6AC). Higher loads and recoverability were two main additional 
factors of the Shuttle SRB structural analysis. Also ,  the new 
requirement of fracture toughness was unique to the Shuttle SRB 
case material and resulted in a refined analysis for reuse 
criteria, which included rehydroproof as part of refurbishment. 

QUESTION 12: 

first 
f icer 

"How many SRbQA personnel does Marshall have? 

ANSWER 12: 

Total - a4 
Categories: Quality-46, Reliability-7, 

By category?" 

Inspection Verification-25 and Secretarial-6 

QUESTION 12A: 

"When the O-ring maximum erosion was determined to be 
0.070, then O.O>O, then 0.125 inches, was a safety o 
consulted about whether this was an "acceptable risk"? Further, 
after the field joint's primary O-ring was designated a 
Criticality 1 and the secondary O-ring failed to seal, didn't 
safety personnel raise concern about the "risk"? Were safety 
personnel even aware of the erosion data from each flight?" 

ANSWER 12A: 

The Safety Director and the Director of the Reliability and 
Quality Assurance Office are members of the Flight Readiness 
Review (FRR) Board which accepted the rationale for each flight. 

OUESTION 12B: 

"Were reliability engineers ever consulted by Thiokol or Marshall 
with the continued use of O-ring when it was not performing as 
intended?" 

ANSWER 12B: 

When Morton Thiokol discovered the O-ring charring problem, 
Reliability Engineering was immediately contacted. They prepared 
reports and participated in monthly meetings where the problem 
and its corrective actions were discussed. They supplied input 
to the Flight Readiness Reviews (FRR) concerning FMEA/CIL 
(Failure Modes and Effects Analysis/Critical Items List) changes 
and COQ (Certification of Qualification) status. They also 
attended the SRM O-ring Task Force meetings when the task force 
was created, plus accumulating the data bank on each flight motor 
anomaly. 

MTI Reliability Engineers were involved in the O-ring charring 
problem and they agreed with others at Morton Thiokol to continue 
the Space Shuttle Program while a design solution was in 
progress. 

In the case of MSFC, Quality and Reliability Assurance personnel 
have been and are involved in the day-to-day activities of the 
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Project and were fully cognizant and involved in the O-ring 
charring problem and they agreed with others at NASA to the 
rationale for flight presented in the Flight Readiness Reviews 
(FRR) . 
QUESTION 13: 

"Mr. Aldrich testified before the Commission that O-ring erosion 
was not considered to be an anomaly and, therefore, it was not 
logged and, accordingly, there are no anomaly reports that 
progress from one flight to the other. 

o Was O-ring erosion really not considered to  be an 
anomaly? Why? 

If it were considered an anomaly, wouldn't it have had to 
be reported to level II? 

o 

o Did the action of putting the O-ring erosion problem on 
Marshall's Problem Reporting System (PAS) exempt Marshall 
from having to report to Level I1 about the problem? Is 
that why Marshall chose to put the O-ring erosion problem 
on the PASA rather than the PRACA (Problem Reporting and 
Corrective Action Sy 6 t em) ? " 

ANSWER 13: 

Mr. Aldrich, undoubtedly was referring to the fact that O-ring 
erosion was not reported on the Flight Test Anomaly List (FTAL) 
that is published as part of the Flight Evaluation Report. The 
SRB Project Office's definition of a flight anomaly for 
identification in the FTAL was limited to those anomalies that 
affected the powered flight performance of the SRB. the O-ring 
erosion was considered an anomaly; however, it did not meet the 
FTAL definition and was not included in the FTAL as part of the 
Flight Evaluation Report. 

O-ring erosion was reviewed in the flight readiness process with 
Level I1 6 I. In addition, the following anomaly reports were 
written on O-ring erosion and were included in the MSFC Problem 
Assessment System (PAS), PAS Numbers A07934, A08615, A08939, 
A09968, A08014, A08299, A08687, A09260, and A09288. 

A l l  O-ring erosion anomaly reports were reported to Level I1 
through PAS. Prior to May 26, 1983, when Change 37 to Volume V 
of JSC Document 07700, Level I1 Program Definitions and 
Requirements (PDR), was implemented, MSFC PAS personnel reported 
all Criticality 1, lR, 2 and 2R problems to Level 11. Since that 
time, only system level problems (interface problems, common 
hardware problems and interproject hardware problems) are 
required to be reported. However, PAS personnel state that they 
continue to submit Criticality 1, lR, 2, and 2R problems to Level 
I1 and that all O-ring erosion problems were submitted to Level 
11. 

MSFC's Problem Assessment System (PAS) is the only active problem 
reporting and tracking system at MSFC. Problem Reporting and 
Corrective Action System (PRACA) is used at JSC and KSC in the 
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same manner that the PAS is used at MSFC. PRACA is not active at 
MSFC but an effort has been underway for some time to establish 
PRACA as a computerized intercenter problem reporting system. 
However, this has not been accomplished. 

QUESTION 14: 

In December 1982, the O-ring was redesignated a Criticality 1 
from a Criticality 1R. Is Marshall required to inform Levels I1 
and I about anomalies of Criticality 1 items?" 

ANSWER 14: 

JSC 08126A, Problem Reporting and Corrective Action (PRACA) 
System Requirements Document For Space Shuttle Program is not 
specific in the context of specifying reporting of Criticality 1 
items. It does require that the Space Shuttle Program Office 
(SSPO) be informed of launch-constraints problems and resolutions 
for clearing constraints. A launch-constraint problem is defined 
as "a problem which, if it occurred in launch processing, flight, 
landing, or recovery, would have adverse safety or mission 
performance consequences". It also requires reporting of System 
Level Problems which are defined as problems occurring on flight 
common usage hardware or Space Shuttle inter-project accountable 
hardware and element physical interface hardware that occur 
during or subsequent to acceptance testing of a Line Replaceable 
Unit (LRU) or during certification testing. Prior to the 
issuance of Change Notice 37 on May 26, 1983, to Volume V of JSC 
Document 07700, which is the document that calls out JSC 08126A 
as the implementing document for the Shuttle Problem Reporting 
and Corrective System, the definition of a system level problem 
included problems occurring on Criticality 1, lR, 2 and 2R 
hardware in addition to problems on common, inter-project and 
interface hardware. Change Notice 37 deleted Criticality 1, lR, 
2 and 2R from the definition of a reportable system level 
problem. Regardless of the specifics contained in JSC 081266, 
all initial Problem Reports (PR) (see answer to Question 9) on 
O-ring problem were forwarded to the JSC (Level 11) PRACA Data 
Center. In addition, all initial PR's and the monthly MSFC 
Problem Assessment System (PAS), Open Problem List (OPL) are 
distributed to the Director of Reliability, Maintainability and 
Quality Assurance, NASA Headquarters (Level I). Therefore, Level 
I1 and I should have been informed through the PAS system that 
the O-ring erosion problems were being encountered and were open 
problems since problems resolution reports had not been 
processed. In addition, as previously stated in the answer to 
Question 13, and in testimony before the Presidential Commission 
and Congressional Committees, the problems on O-ring and the 
rationale for clearing flights i n  light of these problems were 
presented to and approved by both Level I and I1 as part of the 
Flight Readiness Review (FRR) process. 

QUESTION 1 4 ~ :  

"How often do you witness continuous anomalies of Criticality 1 
items? " 



ANSWER 14A: 

One or two on every flight (for example, joint erosion, nozzle 
pocket erosion, turbine blades, turbo pump bearings, ullage 
pressure transducer problems). 

QUESTION 14B: 

"Would you say its unusual?" 

ANSWER 14B: 

No. . 

QUESTION 14C: 

"Why didn't you feel it necessary to inform Levels I1 or I, OK 
even your S U Q A  people?" 

ANSWER 14C: 

Levels I and I1 and the Safety, Reliability and Quality Assurance 
people were informed as previously explained in the answers to 
Questions 13 and 14. 

QUESTION 15: 

"The Problem Reporting and Corrective Action document (JSC 
08126A, paragraph 3.2d) requires project office to inform Level 
I1 of launch constraints. Why didn't Marshall (Mulloy) inform 
Level XI?" 

ANSWER 15: 

The means of reporting and clearing problems which would impose 
launch constraints is through the FRR process. O-ring erosion 
was established as a launch constraint in the MSFC PAS system for 
51-F and subsequent by the SRM Project Office. This problem was 
presented to Level I1 and Level I during the 51-F FRR and 
rationale for flight established and accepted. O-ring erosion 
continued to be identified as an open problem in the MSFC PAS 
system requiring further investigation before closure. In 
subsequent FRR's ,  previously established rationale for flight was 
assessed to identify any changes necessary to the established 
rationale. In the 51-L FRR, this issue was reported to Level I1 
and 1 that there were "no findings from continuing analyses that 
changes previously established rationale for flight" (see 
attachment). 
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JUNE 12 HEARING - APPENDIX # 1  

National Aeionai,i,c- : ' ' 
Space Admirisira:, 3' 

Wasr#nq!on C 2 
2054f 

I C :  MDD: b rb :  C-19463i 

Honorable Robert  Roe 
A c t i n g  Chairman 
Comnit tee on Science 

House o f  Represen ta t i ves  
Washington, DC 20515 

and Technology 

Dear Mr. Chairman: 

AUG 5 1986 

It i s  requested t h a t  t h e  f o l l o w i n g  c l a r i f i c a t i o n  be i n c l u d e d  i n  t h e  hear ing  
r e c o r d  r e s u l t i n g  f rom t h e  June 12, 1986, hea r ing  a t  which Dr. F l e t c h e r  
t e s t i f i e d  on t h e  C h a l l  enger acc iden t .  

I n  a d d i t i o n  t o  t h e  memorandum requested on page 149, l i n e  3657 by 
Mr. Nelson, we a r e  p r o v i d i n g  a exp lana t ion  o f  a c t i o n s  t a k e  as a r e s u l t  o f  
t h e  August 19, 1985, meet ing.  

Al though Level  I d i d  n o t  send s p e c i f i c  d i r e c t i o n s  t o  MSFC a f t e r  t h e  
August 19, 1985, mee t ing  i n  Washington, D.C., t h e  t h r e e  caveats r e q u i r e d  
f o r  s a f e t y  were comp le te l y  and t h o r o u g h l y  implemented. Requests f o r  
a d d i t i o n a l  i n f o r m a t i o n  o n  t h e  f o u r  t o p i c s ,  r e l a t i v e  t o  t h e  O-r ings,  as 
s t a t e d  i n  Mr .  H e r r ' s  l e t t e r  o f  August 23 d e f i n i t e l y  i n d i c a t e  t h a t  
Headquarters was n o t  f u l l y  s a t i s f i e d  w i t h  t h e  August 19 MTI p resen ta t i on .  
Th is  was a l s o  shown by Mr .  Weeks tes t imony  and by t h e  tes t imony  o f  Mr .  John 
Thomas o f  Marsha l l  Space F l i g h t  Center. 

The f i r s t  i t e m  o f  p r e s s u r i z i n g  t h e  seal  t o  200 p s i  was implemented on a l l  
subsequent j o i n t s .  As t h e  Committee knows, t h e  p ressu re  was r a i s e d  from 50 
p s i  t o  100 p s i  and, f i n a l l y  t o  200 p s i  a f t e r  ex tens i ve  ground t e s t s  and 
p o s t f l i g h t  examinat ions showed t h a t  t h e  p u t t y  c o u l d  h o l d  about 150 p s i  and 
t h e r e f o r e ,  200 p s i  was r e q u i r e d  t o  i n s u r e  t h e  p r imary  seal  was e f f e c t i v e  as 
a seal  even though i t  was moved i n  t h e  groove t o  a reve rse  p o s i t i o n .  

Contaminat ion has a l s o  been a concern f o r  many yea rs  (perhaps as f a r  back 
as t h e  ve ry  beg inn ing )  i n  f a c t ,  t h e  Dr .  W i l l i a m s / L t .  Gen. ( R e t i r e d )  Thomas 
Morgan Committee t h a t  reviewed t h e  SRM d e s i g n f c e r t i f i c a t i o n  p r i o r  t o  STS-1 
( i n  l a t e  1980) s p e c i f i c a l l y ,  concerned themselves w i t h  con tamina t ion  o f  t h e  
grease and O- r i ng  lands. As Mr .  John Thomas t e s t i f i e d ,  t h e r e  was evidence 
t o  i n d i c a t e  con tamina t ion  had been ve ry  w e l l  c o n t r o l l e d  on a l l  stacked SRMs 
( launches) i n c l u d i n g  51-L. 
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I n  regard t o  t h e  t h i r d  i tem, t h a t  o f  c o n t r o l l i n g  t h e  squeeze: 
Mr .  John Thomas t e s t i f i e d  t h a t  t h e  squeeze requirements had been met on a l l  
o f  t h e  S R M ' s  t h a t  were examined ( i n  post-mortem) and i n  p a r t i c u l a r  51-L 
squeeze s p e c i f i c a t i o n  requirements were f u l l y  met. In f a c t ,  t h e  August 19, 
1985 p r e s e n t a t i o n  concen t ra ted  on O- r i ng  and j o i n t  d e f l e c t i o n ,  b u t  d i d  n o t  
d i scuss  o r  e lude  t o  t h e  tempera tu re  problem (O- r i ng  s e n s i t i v i t y  t o  - 
temperature v a r i a t i o n s ) .  

I understand t h a t  t h i s  l e t t e r  may be i n s e r t e d  i n  t h e  t r a n s c r i p t  i n  t h e  form 
o f  an appendix and r e f e r r e d  t o  by f o o t n o t e  i n  t h e  main t e x t .  

S ince re l y ,  

D i r e c t o r ,  Congressional  L i a i s o n  D i v i s i o n  
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SRM J O I N T  FAILURE 

CONTRIBUTING NECHAN ISNS 

0 

0 J O I N T  TENPERATURE AT LAUNCH 

0 O-RING R E S I L I E N C Y  

0 I C E  I N  J O I N T  

GAP OPENING DUE TO J O I N T  DYNAMICS AND MOTOR PRESSURE 

0 J O I N T  DAMAGE/CONTAMINATION AT ASSENBLY 

0 

0 PUTTY PERFORMNCE 

O-RING SQUEEZE AFTER RATING - S T A T I C  O-RING COBPRESSION 

0 

0 

PRESSURE HOLDING CAPABIL ITY - PRESSURE ACTUATION T I R I N G  

ASSEMBLY BLOWHOLES - O-RING EROSION 
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744 

ASSESSMENT OF CONTRIBUTING MECHANISMS 

GAP OPENING DUE TO J O I N T  DYNAMICS AND MOTOR PRESSURE 

ANALYSES AND TESTS ESTABLISHED GAP OPENING FOR ALL JOINTS FOR STS 51-L 

GAP OPENING LESS FOR AFT F I E L D  JOINTS THAN FORWARD JOINTS 

GAP OPENING PROBABLE CONTRIBUTOR I N  COMBINATION WITH OTHER FACTORS 
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CONCLUSIONS 

NO SINGLE ACCIDENT CAUSING MECHANISM COULD BE DISCERNED 

DAMAGVCONTM I NAT I ON AT MAT I NG IMPROBABLE 

MECHANISM ACTING I N  CORBINATION MOST PROBABLE CAUSE 

o GAP OPENING 

0 HAXIMUM O-RING SQUEEZE 

0 LOW TEMPERATURE 

- O-RING RESILIENCY 
- ICE I N  JOINT 

0 PUTTY VARIABILITY 

0 SRW JOINT IUST BE REDESIGNED 

T-23 



JUNE 12 HEARING-APPENDIX # 3 

Responses t o  w r i t t e n  ques t ions  submitted by Chairman Roe during the  
June 12,  1986, hearing a t  which D r .  Fletcher t e s t i f i e d .  

SRB Case Reuse 

QUESTION A-1: 

a. 

b. 

C. 

d. 

When did you l ea rn  t h a t  the  SRB cases have been expanding a f t e r  
the  f i r s t  th ree  o r  four  proof t e s t s ?  

Why did you not know t h i s  sooner? 

Why a r e  the cases expanding? 

Is i t  not t rue  tha t  s ince  the  t e s t  pressures a r e  below the  
" e l a s t i c  l i m i t "  of the  s t e e l  i n  the  cases,  they s h o u l d n o t b e  
expanding as they appear to  be? 

Does t h e  f a c t  tha t  the  cases a r e  expanding mean tha t  the  t rue  
f o r m u l a t i o n  of t h e  s t e e l  used i n  making t h e  cases  may be 
d i f f e r e n t  from what the  manufacturer says i t  is? 

What does a l l  of t h i s  mean about the  r e u s a b i l i t y  of SRB cases? 

Af te r  each use, a r e  reusable hardware components t e s t ed  t o  the  
same degree as a new component would be t e s t ed?  

Are c r i t i c a l i t y  1 and 1R components t e s t ed  to  a more exacting 
and complete standard than o ther  hardware components? 

ANSWER A-1: 

a. The f i r s t  r e a l  knowledge of SRM case "growth" a f t e r  reuse,  was 
n o t  f u l l y  es tab l i shed  u n t i l  a f t e r  MTI conducted "growth 
t e s t ing"  on two s t e e l  case samples during the  e a r l y  spr ing  of 
1 9 8 6 .  Whether o r  not t he  case growth t o t a l l y  ceases a f t e r  t he  
i n i t i a l  t h ree  o r  four pressure  cycles has a l so  not been t o t a l l y  
explored by MTI o r  MSFC, but is cur ren t ly  underway. 

Case growth may not have been known i n  f i n i t e  dimensional terms 
u n t i l  t h e  da t e  s t a t e d  above, but i t  had been suspected by both 
MSFC and M T I  e n g i n e e r s  f o r  some time p r i o r  t o  t h a t .  A l l  
pres su re  vesse ls  tend t o  "grow" t o  some degree whenever they 
a r e  proof pressure t e s t ed  above the  design operating l i m i t .  
The degree o€ growth of the  SRM cases w a s  not f u l l y  
charac te r ized  u n t i l  "case growth" became a par t  of the  ove ra l l  
"O-ring" s e a l  and j o i n t  ro t a t ion  concern. 

b. A s  s t a t e d  above ,  a l l  p r e s s u r e  v e s s e l s ,  me ta l  o r  f i l a m e n t  
cons t ruc t ion ,  expand by some f i n i t e  amount depending on the  
amount of design margin ( sa fe ty  f ac to r  and design l i f e )  
o rg ina l ly  designed i n t o  the  pressure vesse l .  

The normal proof pressure seen by the  case membrane ( i . e . ,  1 . 2  
x 1004  ps ig)  is well below the  " e l a s t i c  l i m i t "  of the  D6AC 
s t e e l  mater ia l .  However, the  cyc l i c  growth c h a r a c t e r i s t i c  of 
t h i s  mater ia l  f o r  repeated pressure cycles have not been f u l l y  
de te rmined  f o r  t h i s  mater ia l  a t  t h i s  time. MSFC and MTI a r e  
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taking a thorough look a t  the  bas ic  b i l l e t  mater ia l  
s p e c i f i c a t i o n s  and raw mater ia l  t r a c e a b i l i t y ,  as  well as the  
heat treatment of the  cases a t  the vendor l eve l .  

A t  the  present time, the  MTI/MSFC assessment of the  po ten t i a l  
impact from the case growth problem would not be s i g n i f i c a n t  
and the  cases can be reused. In the  worst case t h i s  would 
r e q u i r e  t h a t  used cases be grouped i n t o  l o t s  of l i k e  number of 
reuses (Zx, 3x, 4x, e t c . ,  reuses)  and mated and flown with 
cases of l i k e  pressure exposures r a the r  than intermixing of new 
and reused cases as has been done in the recent past .  

A f t e r  each  u s e ,  a l l  SRM s t e e l  ca ses  a r e  r e f u r b i s h e d  v i a  a 
s e r i e s  of v i sua l  inspec t ions ,  non-destructive evaluation (NDE), 
p r e s s u r e  t e s t i n g  and r e t u r n e d  t o  i n v e n t o r y  f o r  c a s t i n g  of 
m o t o r s .  During t h e  r e fu rb i shmen t  c y c l e ,  t h e  reused  c a s e  
segments a re  pressure t e s t ed  t o  1.12 times operating pressure. 
A l l  new and r e f u r b i s h e d  S R M  components a r e  t e s t e d  t o  t h e  
s p e c i f i c  requirements ( spec i f i ca t ions )  of tha t  pa r t i cu la r  
element whether they a r e  c r i t i c a l i t y  1 o r  1R. 

Personnel 

QUESTION A-2: 

a. 

b. 

C. 

d. 

What have your employee losses  been in the  past  f i v e  years? 
( P l e a s e  d e t a i l  l o s s e s  by s p e c i a l t y  in t h e  s c i e n t i f i c  and 
technica l  a reas .  1 

What reasons f o r  leaving have been given by departing 
personnel? 

Spec i f i ca l ly ,  has s a l a r y  been important as a reason f o r  
1 e av i ng ? 

What employees do you expect t o  l o s e  over t he  next t en  years,  
e i t h e r  due t o  retirement o r  normal a t t r i t i o n ?  (Again, please 
es t imate  losses  by spec ia l ty  i n  s c i e n t i f i c  and technica l  
a reas .  ) 

What d i f f i c u l t i e s  do you a n t i c i p a t e  in replacing these people? 

What personnel do you expect t o  add t o  your agency's workforce 
as pa r t  of your response t o  the lo s s  of the Challenger? 

What d i f f i c u l t i e s  do you a n t i c i p a t e  in h i r ing  these people? 

Are t h e r e  any c r i t i c a l  personnel s p e c i a l i t i e s  which you have 
pa r t i cu la r  d i f f i c u l t y  h i r ing  and r e t a in ing?  

To what e x t e n t  a r e  pe r sonne l  management p o l i c i e s ,  and in 
p a r t i c u l a r  s a l a r y ,  a problem i n  t h i s  a r ea?  
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ANSWER A-2: 

a. L i s t e d  below a r e  NASA's employee l o s s e s  f o r  t h e  p a s t  f i v e  
years : 

Tot a1  

Non AST 
Engineers 

AST 
Engineers 

Life 
Sc ien t i s t s  

NASA Losses FY 1981-1986 

FY FY FY FY FY 
1981 - 1982 - 1983 - 1984 - 1985 

1838 - 1556 - 1176 - 1530 - 1494 

- 
- 

569 - 576 - 386 - 665 - 503 - 

204 - 156 - 161 - Technicians 261 - 207 

* FY 1986 da ta  as of June 30, 1986 

FY 
1986* 

1169 

- 
- 

5 - 

457 - 
4 

180 

- 
- 

b. 

C.  

The major cause of l o s ses  has cons i s t en t ly  been retirements.  
Our average losses  due t o  retirement f o r  the  period covered 
were 50.0 percent.  This r a t e  has varied from lows of 46.9 
p e r c e n t  i n  FY 1982 and FY 1983 t o  a high of 59 percent s o  f a r  
i n  FY 1986. 

To the  ex ten t  t h a t  employees s o  ind ica t e ,  an average of 17.1 
pe rcen t  of our losses  have been f o r  higher pay. However, w e  
a l s o  know, but have no quan t i t a t ive  da t a ,  t h a t  many r e t i r e e s  
leave NASA f o r  higher paying jobs i n  indus t ry .  

Assuming t h a t  our experience i n  the  next ten years w i l l  not be 
s i g n i f i c a n t l y  d i f f e r e n t  from our FY 1981-1986 experience,  we 
would expec t  our t o t a l  losses t o  be 15,000 t o  18,700. As bes t  
we can determine breakdowns would be approximately: 

Non AST Engineers 
AST Engineers 
L i f e  Sc ien t i s t s  
Technicians 

180-224 
5400-6700 
30-37 
1750-1950 

The d i f f i c u l t i e s  we would expect to  experience i n  replacing 
these people a r e  s imi l a r  t o  the  cur ren t  d i f f i c u l t i e s  we ou t l ine  
i n  the  next two questions.  

ks par t  of our response t o  the  Roger's Commission recommenda- 
t i o n s ,  we would pr imar i ly  expect t o  add personnel with s k i l l s  
and expe r t i s e  i n  program management, cont rac t  overs ight ,  s a f e t y  
r e l i a b i l i t y  and q u a l i t y  assurance and the  state-of-the-art  of 
s c i e n t i f i c  and engineering backgrounds e s s e n t i a l  t o  major 
redes igns  of t he  s o l i d  rocket boosters and o ther  
Shut t le - re la ted  hardware. We an t i c ipa t e  two primary 
d i f f i c u l t i e s  i n  h i r ing  these people. F i r s t ,  we a r e  concerned 
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about  acquiring the  personnel resources we need in a timely 
manner  i f  we must do t h i s  w i t h i n  c u r r e n t  Fede ra l  h i r i n g  
procedures,  and secondly, we a r e  concerned tha t  our s a l a r y  
s t r u c t u r e  i s  no t  s u f f i c i e n t l y  f l e x i b l e  and c o m p e t i t i v e  t o  
a t t r a c t  t h e  very bes t  t a l e n t  our Nation has t o  o f f e r .  Timely 
s t a f f i n g  with top q u a l i t y  personnel is c r i t i c a l  t o  the recovery 
process and the continuing excellence of the  United S ta tes  
Space Program. 

d. NASA benef i t s  from nation-wide d i r e c t  h i r e  au tho r i ty  f o r  GS-800 
engineer ing  pos i t ions  through the  GS-11 l eve l  at a l l  of our 
f i e l d  i n s t a l l a t i o n s  and through GS-12 a t  some loca t ions .  
However ,  in s p i t e  of t h i s  a u t h o r i t y ,  we a r e  e x p e r i e n c i n g  
d i f f i c u l t y  in r ec ru i t i ng  entry-level engineers l a rge ly  due t o  
s a l a r y .  Our documentation shows t h a t  NASA's acceptance r a t e  
f o r  entry-level engineers from March 31, 1985, t o  March 31, 
1986, declined t o  39 percent from a l e v e l  of 46 percent f o r  the  
p r e c e e d i n g  two y e a r s .  This i s  16.7 pe rcen t  below our  56 
percent r a t e  in FY 1983. Additionally,  a t  GS-7 (our primary 
en t ry  l e v e l ) ,  our acceptance r a t e  was only about 26 percent.  

Currently the  Government pays GS-7 recent co l lege  graduates in 
a l l  engineering d i sc ip l ines  a spec ia l  s a l a r y  r a t e  $23,170. 
This is the s t a t u t o r y  maximum under the  cur ren t  spec ia l  s a l a r y  
r a t e  provisions.  A t  the  same time, our p r iva t e  sec to r  
competitors a re  o f f e r ing  these graduates an average s a l a r y  of 
$27,000 t o  $29,000 depending on the  engineering d i sc ip l ine .  It 
would take approximately a 20 percent increase  f o r  us t o  match 
our competitors. However, absent a l e g i s l a t i v e  change, the  
most we could o f f e r  in the  next year would be the  percentage 
inc rease  t o  the  General Schedule (perhaps two o r  t h ree  percent 
in January 1987). 

A continuing infus ion  of recent co l lege  graduates is c r i t i c a l  
t o  t h e  continued success of NASA's mission, and accomplishing 
t h i s  has become increas ingly  d i f f i c u l t .  Inadequate s a l a r i e s  
a r e  an equally s i g n i f i c a n t  problem a t  the executive l eve l s  in 
t he  agency. 

For occupations and grade l eve l s  o ther  than engineering, NASA 
must use the  Office of Personnel Management s t a f f i n g  process. 
h i s  mechanism is  genera l ly  recognized as  slow, cumbersome, and 
unable,  in many cases,  t o  provide high q u a l i t y  candidates. 
N A S A  has a un ique  mis s ion  which r e q u i r e s  i t  t o  m a i n t a i n  a 
s t r o n g  in-house technica l  capab i l i t y  and s t rong  support s t a f f .  
Our a b i l i t y  t o  accomplish t h i s  is hampered by the system under 
which we operate.  
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JUNE 18 HEARING - APPENDIX #1 

MORTON THIOKOL. INC. 
James A Robertson 
Vice President 
Government Relations 

July 9, 1986 

Mr. Robert C. Ketcham 
General Counsel 
U.S. House of Representatives 
Committee on Science and Technology 
Suite 2321 Rayburn House Office Building 
Washington, D. C. 20515 

Dear Mr. Ketcham: 

In your letter to Mr. U. E. Garrison of June 19, 1986 you included a 
number of questions which you asked Morton Thiokol to answer for the 
Committee record. We have reviewed these questions and answered them 
to the best of our ability and I have enclosed them herein in 
accordance with your request. You will note that we re-stated the 
question in each case to insure clarity. 

I hope that this response satisfies the needs of the Committee and if 
you have any further questions, we would be pleased to respond. 

Sincerely, 

3ARjbbc 

'PAosure 

1735 Jefferson Davis Highway, Suite 403, Arlington. Virginia 22202 (703) 8926300 
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CONGRESSIONAL QUESTIONS FOR MORTON THIOKOL, 2 3  JUNE 1986 

ISSUE NO. 1 - INADEQUATE DESIGN OF FIELD JOINT 
1. Who designed the field joint for use on the Solid Rocket 

Motor (SRM)? 

Answer: Morton Thiokol designed the field joint of the SRM. It 
was patterned after the Titan Booster joint. Morton Thiokol 
submitted the design for review and approval to NASA/MSFC at 
several phases in the development program. NASA recommended or 
directed design changes which were incorporated in the final 
design that was approved by NASA. 

2.  What were the design parameters for this joint? In terms of 
materials, operating temperatures, pressure gradients, and 
structural loadings? 

Answer: Structural materials of the joint met the design para- 
meters of high strength and fracture toughness dictated by load 
analysis of the loads data book furnished by NASA. Fracture 
mechanics tests were conducted to cover the low end of the oper- 
ating temperature limit of 40'F. No initial design advantage 
was taken for the decreasing pressure gradient down the length of 
the motor and all joints were designed for the maximum expected 
operating pressure (MEOP). Military and state of the art material 
and processing specifications were used. 

3 .  The design of the joint appears to be extremely sensitive to 
close dimensional tolerances. What provision was made in 
the design to accommodate the use of "construction type" 
equipment, such as cranes, under artificial lighting con- 
ditions? 

Answer: All handling loads, conditions, and equipment expected 
at KSC were investigated and allowed for in the original design. 
Evidence from the recent 61G destacking at KSC shows that the 
joint design is not extremely sensitive to close dimensional 
tolerances. The joints always fit together, horizontally and 
vertically. Available equipment, particularly cranes are not 
"construction type," but are high quality units originally built 
and used on the Apollo Program and capable of redesign assembly. 
The cranes used for SRM assembly are equipped with precise oper- 
ating controls meeting the joint design requirements for mating 
and pinning. 

4. Did the operating temperature design specifications recognize 
that freezing temperatures were not unusual in Florida? 

Answer: NASA's operating temperature specification did not 
address freezing temperatures. 



5. What safety margins were specifically incorporated in the 
design-speciEications with regard to temperature? 

Answer: NASA prepared the specification. There are no temperature 
safety margins specifically incorporated or identified in the 
specification. 

6. With regard to temperature and turbulence, was Thiokol aware 
that the Shuttle was designed to fly missions in a wide 
range of climatic conditions or was it Thiokol's understand- 
ing that the Shuttle was a fair weather vehicle? 

Answer: Morton Thiokol understood that the Shuttle was designed 
to be assembled and prepared for launch in a wide range of climatic 
conditions. We understood that launch would occur between the 
motor operating temperature range of 40'F - 90'F. The design load 
requirements which were provided by NASA accounted for these 
conditions for launch, boost and SRB recovery. We also understood 
that elements of the Space Shuttle including the SRM's would have 
to withstand even more severe climate conditions during storage, 
handling, transportation, and on pad locations. 

7.  Was prototype SRM built and tested? If so, what scale was 
this prototype built to? 

Answer: A series of full-scale prototypes were built and tested 
in support of the SRM design development. Structural tests, 
vibration tests, burst tests and static tests all used full scale 
hardware. 

8. How was the joint tested prior to acceptance for use in the 
SRM? Describe the test equipment used in the conduct of 
this test? 

Answer: With the concurrence and/or direction of NASA, we con- 
ducted all of the following tests: Initial full-scale axial 
structural joint tests were conducted at the U . S .  Bureau of 
Reclamation 5-million pound pull test facility at Denver during 
the summer of 1 9 7 5 .  Pull test data of the five-hole joint speci- 
mens produced a structural safety factor of over 2.0, even with 
cyclic and special defect testing. 

Special instrumentation of the first three hydroproof tests of 
each of five case segment configurations provided early confirma- 
tion of the joint. Static tests, structural flight loading tests 
and test to failure hydro burst (with preburst cyclic pressuriza- 
tion) were conducted for joint acceptance. 

O-ring extrusion tests were conducted in February of 1 9 7 7  to show 
sealing of 0.066 inch gaps at 2,000 psi. Further tests were run 
in October 1 9 8 0  with 0.125 inch gap up to 5000 psi. 

- 2 -  
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Answer: Thousands of strain gages and displacement transducers 
were used in the acceptance tests, in addition to pressure record- 
ing requirement. 

10. 

What instrumentation was used in the test to obtain data? 

What specific data was derived from these tests and how did 
it compare with the design criteria? 

Answer: Gages around the pin holes, on the tang and clevis legs, 
across the joint and into the membrane area were used for confir- 
mation and refinement of the detailed stress analyses performed. 
The stresses and strains in the joint measured in the tests 
confirmed that the factors of safety required were met even with 
overloads. All structural performance tests exceeded performance 
requirements. 

11. Did the tests indicate the behavior which is referred to as 
"joint rotation"? 

Answer: Yes. 

1 2 .  When were these tests conducted? 

Answer: The first evidence of "joint rotation" behavior was 
noted in the standard weight burst testing in September 1 9 7 7  
after the first DM-I static test in July. 

The structural flight load tests started in July 1 9 7 8  and joint 
rotation was noted during testing into 1 9 7 9 .  The lightweight 
case joint testing at MEOP and up to 1.4 MEOP were conducted in 
September 1 9 8 0  and was followed by the burst test. 

A series of twelve segment hydroproof tests had controlled measure- 
ments of joint rotation taken in 1 9 8 2  and 1 9 8 3  at the time of 
DM-5, DM-6, QM-4 static tests and STS-5 and STS-6 flights. 

13. When Thiokol, at first objected on January 2 7  to the 51L 
launch due to cold temperatures, specifically, what was the 
basis for that objection? What effect did the engineers at 
Thiokol think the temperatures forecasted would have on 
the field joint? 

Answer: The concern expressed was that the O-rings' capability 
to seal would be reduced. The basis for this position was: (1) 
the excessive soot blowby past the primary seal found on two of 
the STS-51C field joints after the January 1 9 8 5  launch. This 
vehicle was launched after several of the coldest days in Kennedy 
Space Center history and the calculated O-ring temperature at the 
time of launch was lower than on any other flight vehicle up to 
that time; ( 2 )  the O-ring resiliency test data at temperatures 
from 50'F to l O O O F  showed that the O-rings became more sluggish 
at lower temperatures. Though no pressure was applied to the 
O-rings during the resiliency tests, the engineers felt that the 
chance of blowby or leakage would be increased. 

- 3 -  
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Some engineers believed that the temperatures could affect the 
joint sealing capability, which could result in anomalies ranging 
from soot blowby past the primary O-ring to leakage past and 
erosion indications on both seals. 

14. What tests had Thiokol performed on the O-ring material 
before the accident? What were the results of these tests? 

Answer: There are 21 reports and presentations which contain 
data from O-ring material tests. These included resiliency, 
compression set, extrusion, and erosion rate. These documents 
have been provided to the Presidential Commission on the Space 
Shuttle Challenger Accident and axe available from the National 
Archives. 

15. In the design, what function was the putty supposed to 
perform? Was it supposed to keep the heat off the O-rings? 

Answer: Yes, it was intended to keep the heat away from the 
seals. 

16. At the time of design, was it envisioned that the putty 
would act as a piston to compress the air in the joint and 
thus "seal" the primary O-ring? 

Answer: Yes. 

17. What tests had Morton Thiokol performed on the putty material 
before the accident? What were the results of these tests? 
What was the moisture content of this material prior to such 
tests? 

Answer: The material has been widely used in many different 
solid rocket motors since 1958. There are nine reports and 
presentations which contain data from specific Shuttle Program 
putty material tests including heat and erosion resistance, 
consistency, resistance to pressure and chemical properties. The 
moisture content was not measured prior to the tests. All of 
these documents have been provided to the Presidential Commission 
on the Space Shuttle Challenger Accident and are available from 
the National Archives. 

18. Was Thiokol aware of the hydroscopic nature of the putty? 
While Utah is dry, "the Cape" is very humid? How did Thiokol 
provide for this difference in selecting the putty and in 
testing it? 

Answer: Morton Thiokol became aware of the hydroscopic nature of 
the putty as we worked with it during development. MTI performed 
tests at controlled temperature and humidity levels representative 
of the environment at KSC and found the putty tack and stiffness 
to be affected by humidity. In order to minimize the effects of 
humidity, improved packaging methods were incorporated and the 
allowable exposure time of the putty to the natural environment 
was limited. 

- 4 -  



The Randolph putty was used in the Castor IV and Patriot solid 
rocket motors manufactured at Morton Thiokol's Huntsville, Alabama 
division. These motors, made in a humid climate and aged for up 
to 50 months, were fired successfully. That experience, together 
with bench test data which also showed the Randolph putty's 
performance to be comparable to the previously qualified Fuller 
O'Brien putty, was the basis for selecting the Randolph putty for 
the SRM program. The Randolph putty was used in the DM-5 and QM-4 
static test motors prior to using it in the STS-8 flight motors 
and all subsequent flight motors. 

19. What are the differences in the behavior of the putty in 
humid conditions as compared to the normally dry conditions 
found in Utah? That is, what happens to the adhesive proper- 
ties, viscosity, compressibility and thermal properties? 

Answer: The Randolph putty tends to become dry, less tacky, and 
stiffer in a less humid environment. It becomes more tacky and 
less stiff in a more humid environment. The thermal properties 
would not degrade because the asbestos filler does not leach out 
when the putty is humidified. Viscosity and compressibility have 
been measured by MTI, but not on putty conditioned in a humid 
environment. 

ISSUE NO. 2 - FAILURE TO CORRECT FAULTY DESIGN 
1. When were the first casings made that incorporated this 

Answer: The first SRM case segments were fabricated in the summer 
of 1976 for use in the first static test in July 1977. 

2 .  Why was the design changed from that of the Titan SRM? Were 
there deficiencies in that design? What were they? Why was 
the Shuttle joint design inverted from that of the Titan, 
which obviously permits the increase of rain water? 

design? 

Answer: The Titan case segment dimensions are 120 inch diameter 
by 120 inches long, while the SRM segments have a 146 inch diameter 
and are 164 inches long. Joint tolerances were essentially the 
same, although some allowance was made to accommodate the SRM 
horizontal assembly for static test. There were no structural 
deficiencies in either design. Recognizing this is a man-rated 
system, two O-rings were incorporated in the Shuttle SRM to 
provide redundancy and to allow leak check of the assembled 
joints. The Titan SRM had only one O-ring. 

The clevis/tang was inverted from Titan because state-of-the-art 
large case forging fabrication would not accommodate a clevis on 
the large, one-piece weld-free forward dome with an integral 
forward skirt tang. Also, assembly reliability and safety were 
found to be enhanced because of stationary clevis O-ring installa- 
tion rather than on a suspended clevis. 

- 5 -  
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3. When did personnel at Morton Thiokol first become aware that 
there were problems with the design of the field joint on 
the SRM? 

Answer: In September, 1977, a cyclic pressure test combined with 
a "hydrobust" exhibited joint rotation. There never have been 
any structural deficiencies identified in the present joint 
design. 

4. What was the nature of those problems as understood at that 
time ? 

Answer: It was noted that the seal gap opened upon pressurization. 
The extent of the movement was not great enough to lose pressure at 
the required 1.4 MEOP of 1310 psi, but it did prevent burst of the 
steel case due to leakage at 1483 psi (1.58 MEOP).  

5 .  What action was taken to correct the problems? Was NASA 
notified of them? When, and by what means? Was it a formal 
letter to the Contracting Officer? 

Answer: Joint design tolerances were tightened and extrusion 
tests were run which verified sealing of 0.125 inch gaps up to 
5000 psi. O-ring diameter was increased and O-ring material 
quality was increased. All design changes were made with the 
concurrence and approval of NASA through the formal change system 
NASA was initially informed of the intended tolerance changes by 
letter in December 1977. 

6. Was a formal letter ever sent to NASA advising them of the 
design deficiencies? When? 

Answer: NASA was furnished copies of the test reports and kept 
informed in frequent technical interchange meetings as well as 
quarterly program reviews. 

7. Did NASA ever formally respond and if so what was the nature 
of the response? 

Answer: No written formal recognition or response was exchanged. 
Continuing technical discussions and analysis were conducted and 
further testing was planned and conducted. 

8. Did Morton Thiokol agree with the response? 

Answer: See the above answer. 

9. When was the "joint rotation" problem first recognized? 

Answer: We recognized rotation in September 1977. 
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1 0 .  Was this "joint rotation" problem aggravated by switching to 
light weight steel SRM cases? 

Answer: The pressurizations and hydroburst of the lightweight 
case in September 1980 indicated a slight increase in "joint 
rotation" at proof pressure causing the gap to increase from 0.038 
inch to 0.042 inch. From a structural aspect, the lightweight 
case burst at 1545 psi with a 1.67 safety factor. 

11. When the casings were changed, was it submitted to a config- 
uration control board? 

Answer: Yes, all changes to the baseline (NASA approved) SRM 
flight design are reviewed and approved by the NASA Level I11 
Configuration Control Board after review by a Morton Thiokol 
Level IV Board. 

12. Who was on that board at the time the submission was made? 

Answer: The members of the then-existing NASA Level I11 CCB are 
unknown at this time. 

1 3 .  When was the submission made? 

Answer: Lightweight cylinder drawing #1U50717 was submitted to 
the Morton Thiokol Level IV CCB 10 September 1979, lightweight 
attach drawing #1U50716 on 6 December 1979 and lightweight stiffener 
drawing #1U50715 on 6 December 1979. This change was approved by 
NASA on 9 December 1981. 

14. What consideration did the field joint receive in configura- 
tion control board reviews? 

Answer: The field joint, as well as all other attributes of the 
lightweight case configuration, was reviewed in the Morton Thiokol 
Level IV Board for total impact on performance, cost, safety, 
quality, reliability and schedules. The factors considered by the 
NASA Level I11 Board are unknown to Morton Thiokol. 

15. Was any consideration given to redesign the field joint at 
that time? If not, why not? 

Answer: No redesign of the joint was considered necessary to 
meet the program requirements. The joint hardware was all inter- 
changeable and all production tooling was fabricated to process 
the acceptable joint configuration. No structural joint problem 
existed that warranted redesign. 

16. In August 1985, when the field joint was redesigned, and when 
new forgings were ordered, was that a Thiokol decision or 
was the action taken at NASA's direction? 
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Answer: We began efforts to phase in the capture feature early 
in 1985. In anticipation of the Buy I11 contract, Morton Thiokol 
instructed segment suppliers to order the larger billets in June, 
1985. 

In July 1985, verbal approval was given by NASA engineers to 
pursue the steel case capture feature. Formal direction to obtain 
capture feature billets was given by Morton Thiokol to Rohr on 5 
August 1985. NASA released drawings of steel case cyclinders with 
a capture feature tang in October 1985. 

17. If NASA directed the action, was this covered by a contract 
change order? 

Answer: No formal change order has been provided by NASA. 

18. Was this design change to be incorporated in the steel 
casings or was this a "long lead" procurement for the filament 
wound casings? 

Answer: The design change was for steel case setments. 

19. Was the new design for the field joints ever intended for 
use on the steel casings? 

Answer: Yes, steel case capture cylinders have been the goal 
since early 1985. 

ISSUE NO. 3 - POSSIBLE CONTRIBUTING CAUSES BEYOND FAULTY O-RINGS 
1. What do you believe caused the large quantities of "black 

smoke" at 0.678 seconds after ignition? 

Answer: We believe the black smoke at 0.678 seconds was caused 
by combustion gases flowing around (blow-by) the field joint 
O-rings. The combustion gas flow path would encounter O-ring 
material, grease, and putty thus creating black smoke. 

2. While very slight it would appear that the rotation of the 
joint places a tensile strain on the NBR insulation near the 
joint. What is the elasticity of the NBR at 2E°F and how 
was this tested? 

Answer: The strain capability for NBR at 28'F is 50% which is 
many times larger than any strains induced in the rubber due to 
joint rotation. The strain capability is determined using an 
Instron Tensile Test with a crosshead speed of 20.0 inches per 
minute. 

3 .  How can the insulation be burned so quickly (in 0.678 sec) 
considering its thickness and the fact that it is supposedly 
designed to protect the steel casing all the way through 
propellant "burn-out . I' 
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Answer: The field joint insulation thickness is such that it 
could not be burned through in 0.678 seconds. However, minor 
burning of insulation surfaces adjacent to the joint can occur as 
hot gas flows into the joint. There is no indication insulation 
adversely affected Challenger. 

4 .  According to various reports, the NBR insulation and the 
propellant are inspected visually. 
of inspecting these materials? In "Quality Assurance" 
circles, what is the accepted degree of reliance that can be 
put on "visual inspection"? 

Is this the only method 

Answer: 

Insulation - Yes. Visual inspection is the only method used to 
inspect insulation adjacent to the field joint. Away from the 
joint region ultrasonic and X-ray techniques are used to examine 
insulation and bondline integrity. 

Evaluation of fired motors has shown visual inspection in this 
area to be a reliable indicator of insulation bond. 

Generally, direct inspection methodology i.e., non-destructive 
testing, lab testing or standard measuring instruments are pre- 
ferred over visual inspections, if desired results can be obtained 
with a practical, reliable method. In the case of SRM and insula- 
tion to steel unbond inspections at the field joints (edge unbonds), 
no practical reliable NDT method has been developed to date. 

Answer : 

Propellant - A visual inspection is not the only method of pro- 
pellant inspection. Other techniques are radiographic inspection, 
mechanical properties testing, and burn-rate testing. Visual 
inspection is considered as a totally reliable Quality Assurance 
technique for the propellant grain. 

5. Doesn't the propellant frequently crack when "cold soaked" 
during the manufacturing process? 

Answer: There has never been an instance of a thermally induced 
crack on a SRM segment. 

6. At ignition, what would be the effect of a crack through the 

Answer: A propellant crack through to the insulation would cause 
an unplanned burning surface which would cause a measurable 
difference in burning between the two sides. 

7. How was the propellant inspected for the SRM that failed? 

propellant to the NBR insulation at a field joint? 

How many people were on the inspection team? Who was the QA 
person and what documentation did he or she sign indicating 
that there were no cracks in the propellant or the insulation? 
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Answer: 

Insulation - There were three separate visual inspections, two at 
MTI in Utah and one at KSC. The insulation inspection team at MTI 
involved three persons. The insulation inspection at KSC involved 
two persons. The MTI insulation inspection team included MTI 
Quality Assurance and Air Force Quality Assurance. The KSC 
insulation inspection team included MTI Quality Assurance and 
NASA Quality Assurance. 

The MTI inspection team signed the shop traveler and inspection 
plan. The KSC inspection team signed the planning log sheet. 

Answer: 

Propellant - The segments underwent the following QA inspections: 
Visual inspection at casting pits, x-ray of aft segment cutback 
area, visual inspection at final assembly, prior to storage and 
shipment, visual inspection prior to installation of shipping 
covers, and visual inspection at KSC. 

Each propellant inspection team consisted of two to four people. 
In each case at least one Morton Thiokol Quality Engineer and at 
least one government QA representative were present, and at the 
end of each inspection, the shop traveler or inspection plan was 
signed. 

8.  What is the ductility of the propellant and how was it 
measured, assuming that a standard "impact test" would be 
impossible? 

Answer: Ductility is not a measured parameter on SRM propellant. 

9. What are the healing characteristics of the propellant at 
ambient and at elevated temperatures? 

Answer: 
using the definition of healing as reuniting of separated pro- 
pellant surfaces. 

10. 

SRM propellant does not exhibit healing characteristics, 

What thermal data do you have that could answer the question 
of crack propagation as a function of the propellant's 
thermal properties and as a function of the vibration of the 
SRM at ignition? 

Answer: Test data over a range of 0'  to 145'F is used to char- 
acterize the propellant. This data is then analyzed for crack 
propagation using fracture mechanics techniques. The grain has 
been analyzed for thermal cooldown to 32OF. 

Vibration loads are very small in comparison to thermal loads, 
and are not included in fracture mechanics grain analysis. 
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11. What data are there that would indicate what thermal gradient 
the fuel could withstand before cracking and specifically 
whether the low temperature of the fuel on January 28  could 
cause a crack? Could such a crack provide a "burn-path'' that 
could lead to a failed joint or even a possible failed 
casing? 

Answer: The propellant is characterized using test data, and the 
propellant grain is then structurally analyzed using the data as 
input to the analysis. Conditions of one such structural analysis 
were a motor conditioned to 32'F followed by a five day -30°F 
temperature soak with 30 MPH winds. The analysis showed no 
indication of propellant cracking. Therefore, the low temperature 
of the propellant on January 2 8  would not have caused a crack. 

However, a propellant crack could provide a burn-path that could 
lead to a failed joint or casing. 

12. Given a radial crack in the propellant extending to the 
insulation, what data is there that would support or refute 
the burning of NBR insulation under such a condition? 

Answer: The NBR at the base of the crack would be exposed to an 
environment similar to that observed in the forward segment fin 
regions where the material affected rate (insulation erosion 
rate) is approximately 4 mils/sec. Based upon a minimum insulation 
thickness of 0.4 in. ih this area, a burn through would not occur 
before 93 seconds. 

There is no evidence of such a crack. 

ISSUE NO. 4 - FUEL CRACKING 
1. Given this potential defect, and assuming that a crack were 

to develop, do you have data that suggest what would happen 
to the thermal insulation material (NBR) and the casing? 
Could these materials withstand the combustion temperatures 
of the fuel? 

Answer: The NBR at the base of the crack would be exposed to an 
environment similar to that observed in the forward segment fin 
regions where the material affected rate (insulation erosion 
rate) is approximately 4 mils/sec. 

The insulation material when exposed to the combustion gas temper- 
atures will erode at approximately 4 mils/sec and insulation 
survival time would be based on the insulation thickness at the 
base of the crack. 

2. Do you have thermal data on SRB fuel that could answer the 
question of crack propagation as a function of the fuel's 
thermal and mechanical environment? 
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Have you generated experimental test data that would indicate 
what kind of temperature differential the fuel can withstand 
before it cracks, and whether or not these cracks can serve 
as fuel burn paths that could lead to the casing or the field 
joint? 

Answer: Propellant crack propagation potential is analyzed using 
fracture mechanics techniques. This analysis is based on thermal 
data and mechanical properties of the propellant. Grain structural 
analyses have been performed for a thermal gradient down to -30'F; 
and a temperature soak of 32OF with no indication of propellant 
cracking in either case. However, a propellant crack, could serve 
as propellant burn-paths that could lead to the casing or the 
field joint. 

3. Even if such test data exists and even if you have complete 
confidence in your analysis of temperature effects on the 
fuel, do you plan to perform additional tests as part of 
your redesign efforts? 

Answer: We are always attempting to enlarge our data base on SRM 
propellant properties and testing. As new techniques become 
available, they will be incorporated to provide a better overall 
characterization of the propellant. 

ISSUE NO. 5 - FULL SCALE TESTING OF SEAL PERFORMANCE AND 
REDESIGNED JOINT 

1. It is our understanding that NASA has undertaken a program 
at their Langley Research Center to obtain baseline data on 
the sealing characteristics of various materials, including 
the Vitron material used for the SRB O-rings. 

Are you familiar with this activity and are you participating 
in it? 

Answer: Morton Thiokol is familiar with the NASA activity at the 
Langley Research Center. Parallel studies using different subscale 
test apparatus are in progress at Marshall Space Flight Center and 
at Morton Thiokol. Progress on the Langley studies is communicated 
by MSFC personnel to Morton Thiokol. 

2. How will the information obtained from these studies be used 
in the joint redesign? 

Answer: The seal/seal material selected for joint redesign must 
follow any dynamic movement of the joint during all phases of 
motor operation without allowing any gas leakage. The Langley, 
MSFC, and Morton Thiokol studies will identify the seal materials 
that will best seal the redesigned joint over the required temper- 
ature range. 

3. (a) These Langley tests are scaled down versions of the 
actual joint configuration, but we understand that MTI plans 
some full scale tests of the O-ring seals and joints. Could 
you describe these tests for us? 
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Answer: 
seals and case field joints will be accomplished with full scale 
hardware in a configuration called the Joint Environmental Simulator 
(JES). The JES consists of a forward dome, two case cylinders, an 
ET attach segment and an aft dome/port dome assembly. This 
vertically tested assembly provides two "typical" case field 
joints for testing. The motor contains an inert propellant 
simulation of the propellant grain. 
is used to provide hot gas pressurization of the test assembly at 
the same rate experienced in an SRM motor. Joint geometry, joint 
deflections, and temperature at the seals is faithfully reproduced 
in this short duration test. Extensive instrumentation monitors 
the joint rotation, temperature, and pressure at the seals. 

3 .  (b) What is the cost and schedule for this test program? 

Answer: The JES tests are scheduled at a one per month rate 
starting in July 1986. NJES tests at a one per month rate are 
scheduled to start in October 1986. The total number of JES and 
NJES tests in this program depend on the degree or success and the 
number of concepts carried through full scale evaluation. Costing 
studies have not been completed. They will depend upon the number 
of tests required. 

3 .  (c) How will the results be used in the joint design? 

Answer: The JES and NJES tests will be used to verify that the 
redesigned joint/seal will work in full scale hardware at simulated 
motor conditions. Final verification will be accomplished in full 
scale static test motors. 

4 .  (a) What design features are you investigating? 

Answer: A number of design features are being evaluated in the 
JES and NJES. Some of the major features are: 

With the approval of NASA, full scale tests of the O-ring 

A live propellant cartridge 

(1) Features limiting or eliminating joint rotation. 

( 2 )  Features that provide pressure actuation of the 
seal but eliminate any circumferential flow in the 
slot that could increase the heating rate at the joint 
seal. 

( 3 )  Characteristics of the seal/seal material to re- 
producibility affect a pressure seal under all conditions 
of motor operation and over the required temperature 
range. 

4 .  (b) Are you getting outside assistance (from NASA or 
others) in your joint redesign efforts? 

Answer: 
effort for the joints and seals. In addition, Morton Thiokol has 
secured the services of a number of individual consultants and 
outside companies to support the redesign. 

MSFC is conducting a parallel and independent re-design 
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4. (c) Do you believe that you are under pressure to complete 
the redesign to meet NASA's planned July, 1987 date to refly 
the Shuttle? 

Answer: The SRM must be redesigned to satisfy a number of stringent 
design and safety criteria. The design must be verified and 
certified through numerous subscale and full scale tests. This 
process, which must satisfy Morton Thiokol, NASA, and the NRC 
Design Overview Panel, will be accomplished as soon as possible 
commensurate with Safety and Reliability requirements of the 
Program. 

ISSUE NO. 6 - QUESTIONS FROM MARILYN LLOYD 
1. The Rogers' Commission report noted that in all the testimony 

they received that NASA's safety staff was never mentioned. 
They go on to say that no witness related the approval or 
disapproval of the reliability engineers, and none expressed 
the satisfaction or dissatisfaction of the quality assurance 
staff. The report also notes that no one thought to invite a 
safety representative or reliability or quality assurance 
engineer to the January 27, 1986 teleconference between 
Marshall and Thiokol. My question is, gentlemen, didn't you 
find this strange or unusual? Did anybody make a statement 
or a comment s to why such individuals were not present at 
these critical decision points? 

Answer: The original question on 27 January 1986 was, "will the 
predicted cold temperatures at and prior to the time of launch 
have an impact on the solid rocket motor?" This is a question of 
design. Therefore, the program office called Project Engineering 
which has the responsibility to oversee all efforts within the 
engineering disciplines on the Space Shuttle SRM program, and 
Design Engineering, which ultimately had to answer the temperature 
question. 

Safety and quality were involved throughout design, manufacture, 
shipment and assembly. 

Since the issue of the moment did not concern the quality of the 
parts or how they were inspected, Quality Engineering personnel 
were not called to attend the meetings, held throughout the day. 
Reliability Engineering and System Safety personnel have a broader 
responsibility to assess failure modes, criticalities, and effects 
and to determine hazards associated with the design, its manufac- 
ture and use. As Reliability and Safety engineers analyze the 
design, they consult with and provide their results to the Design 
Engineer, who is the expert on all phases of the design. Thus the 
Design Engineer is the single person to provide the technical 
judgment on the design, since he understands all facets of the 
design, including the failure modes and effect, and the safety 
issues. 
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ISSUE NO. 7 - QUESTIONS FROM MR. VOLKMER 
1. Isn't it true Mr. McDonald, that one of the problem reports 

you signed (PAS A09288) shows that launch constraints had 
been issued on Flight 51-F to 61-B? 

Answer: Mr. McDonald did not sign PAS A09288. That document is 
prepared by NASA MSFC. The problem report did indicate that this 
was a launch constraint. As we testified to the Rogers' 
Commission, neither Mr. McDonald nor anyone else at MTI was made 
aware of this launch constraint. 

2. What specific areas have resulted from your redesign meetings 
at Marshall June 9-11? 

Answer: The redesign meetings included a review of the criteria 
for redesigning the case field joints and the case to nozzle 
joint. Several joint concepts were reviewed with methods for 
minimizing joint rotation. In addition various seal concepts and 
insulation concepts for these critical joints were reviewed. No 
selections have been made. 

3 .  Do you feel Marshall or other NASA personnel are pushing you 
to choose a design before you have finished your evaluation? 

Answer: Marshall may wish us to "choose" a design before evalua- 
tion can be completed. And they are aware that we may have some 
unusable hardware fabricated if later evaluation indicates that 
the selected designs are inadequate. We are conducting alternate 
concepts in parallel, and we have to accept the risk that early 
decisions affecting hardware may have to be modified or scrapped 
later. This is the only practical approach to minimizing schedule 
delays. Further, the costs that may be incurred in this type of 
approach are small compared to the costs associated with the added 
down time of the Shuttle program. 

ISSUE NO. 8 - QUESTIONS CONCERNING COUNTDOWN PROCEDURES 
1. How does Thiokol participate in the countdown? 

Answer: Morton Thiokol does not participate in the launch Count- 
down. Management and technical observers are present in the 
launch control center Firing Room No. 2 (backup Firing Room) in 
the event that their services are needed during the countdown. 

2. Where was Mr. McDonald on January 2 8 ?  Who was he talking to? 

Answer: At the time of the launch, Mr. McDonald was sitting at a 
console listening to the countdown on a headset, adjacent to the 
MSFC Console in Firing Room No. 2 with Carver Kennedy of MTI's 
Shuttle Processing Contractor Operations. Mr. Mauldin of NASA- 
Marshall Space Flight Center (MSFC) was at the MSFC console. 
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3 .  Are the hardware contractors polled at T-minus 9 minutes by 
the launch director? 

Answer: Morton Thiokol is not polled at T-9 minutes. We do not 
know if other hardware contractors are polled. The launch director 
can question Morton Thiokol at any time during the countdown. 

4 .  Were Thiokol personnel asked to sit in on the discussion 
regarding Rockwell's concerns about ice on the pad? The SRB 
might have been vulnerable to damage. 

Answer: No. Morton Thiokol personnel were not asked to sit on 
the discussion concerning ice on the pad. 

5. (a) Why did Thiokol apparently have difficulty understanding 
NASA certification test procedures and quality control 
requirements as compared to other major system contractors 
for the external tank and orbiter (including the SSME's)? 

Answer: We believe the question is directed toward the understand- 
ing of temperature specification, since that is the only area of 
confusion on any element of the SRB. Morton Thiokol has no 
difficulty in understanding our contractually-applicable specifica- 
tions. Thiokol'has not reviewed the specifications of the other 
contractors and therefore cannot comment on their requirements. 

5.  (b) Is the SRB a more difficult systein to certify than the 
others? 

Answer: With regards to temperature conditioning, the SRB is 
much more difficult to certify than the others. The 1.1 million 
pounds of solid propellant in the 126 foot long SRB is a massive 
rubber insulator which would take literally weeks to condition to 
low temperatures in a large environmentally controlled building 
prior to static test. 

5. (c) Are NASA's specifications on the SRB less succinct than 
on the other major system components? 

Answer: We do not have access to or know what the specifications 
are on the other major system components. 
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