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[Chatter at beginning]
Buckingham: ...August 3", 2004 with Mr. Clemens this morning. For the record please

state your full name, where you were born and the date you were born.

Clemens: Yeah. My name is Bill Clemens. I was born in the mountains of southern
West Virginia in a little town, a coal mining community called Loredo. And born on 17

September 1928.

Buckingham: Ok. Very good.

Clemens: And I went to school at West Virginia University/Tech and I graduated in 1955
with a Bachelor’s in Science and Electrical Engineering. Prior to that I was, I had been in
the Air Force on the Berlin Air Lift, in 1948 on the, I went during a Soviet Union, when
the Soviet Union blockaded Berlin. And so the allies, British and French, Americans
decided that they would fly all the supplies needed by Berlin, since no other means of
entry into Berlin was available due to the blockade and by Joseph Stalin at that time.
They went on. [ was there for about a year in West Germany, they didn’t call it West
Germany before the Soviet Union broke up. And we were successful. We broke the
blockade and then I left there and after I got out of the Air Force, that’s when I decided I

needed a lot more education than I had.

Buckingham: Ok.
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Clemens: Coming from southern West Virginia mountains, coalvilles.

Buckingham: So you grew up in West Virginia and then moved into the Air Force and

from there went to college at...

Clemens: Yes. Right.

Buckingham: Very good. And graduated in 1955?

Clemens: 1955. Later on, when I came into the Space Program I went to Florida’s
School of Technology Graduate School and took seven or eight courses, but wasn’t able
to finish too much because of the demands of the Space Program at that time were pretty

heavy.

Buckingham: So, when you got your degree in electrical engineering did you plan on

working, did you want to work in the Space Program?

Clemens: In 1955, when I graduated, there was absolutely no discussion of the, to my
recollection, of any Space Program. It was, it may have been in the thinking process of
some of the NASA management or, NASA wasn’t even formed then. It was another
group that I can’t remember, but anyway, the Space Program wasn’t even its infancy at
that time, as far as I can remember. Chuck Yaeger broke the sound barrier and they had a

few other things, but I don’t know, I don’t recall any other events much about space.
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Buckingham: Ok.

Clemens: So, I went to the coal industry after I, and the electric utility industry and
worked there for the period of 1955 to 1962 and then the Space Program was just starting
to blossom with the launch of one of the first satellites. 1 think it was called Echo and
Alan Shepard’s launch, first man is space, first American in space. And that was when
my interest was generated in the Space Program. I was living in Pennsylvania and I saw
it on the black and white TV. We didn’t even have color TV then. And then the
Pittsburgh Press and I saw an ad there by one of the contractors here at KSC, Cape
Canaveral at that time, Pan American for engineers. So, went to Pittsburgh and we were
living near there and I interviewed with them for a job here at KSC and that’s where I
ended up. And they assigned me, as electrical engineer from the coal industry, to the

Mercury Program on Complex 14.

Buckingham: Ok.

Clemens: And I felt very much felt very much like a (??? 093) out of wood. It was a
completely new world. I was overwhelmed by the Space Program at that point on the
Mercury Program. It seemed that the eyes of the world were on that program at that time.
John Glenn had just made his first flight prior to my coming to Complex 14. My first

launch involvement was with Scott Carpenter. And I was assigned the liquid oxygen and
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the RP1 fuel propellants, the ground systems that were used to transfer those propellants

to the Atlas boosters that were used on the Complex 14 orbital launches for Mercury.

Buckingham: Ok.

Clemens: And we successfully, as you know, went through that program with a few
glitches on the ground, but only delays on launch, but Complex 14 and the Mercury

Program from that point was very successful.

Buckingham: So, did you participate, as well, in the launch activities?

Clemens: Yes. Yes. I was in, I was... During the countdown, much to my amazement
on my first launch, only three of us were down there at the launch pad during the LOX,
the fueling and the LOX transfer into the Atlas. And everybody else was in the 10 foot
wall of the blockhouse back behind us. So, I realized that this wasn’t one of the safest
positions to be in. So, one of my first events was when they started LOX chill down on
the Atlas, the vapors from the liquid nitrogen chill down unit completely enshrouded me.
I couldn’t believe it. This was supposed to be happening. Well, I (??? 131) by my much
more experienced engineer from General Dynamics Astronautics that everything was
normal and we were just sailing right along. And then, shortly after that the LOX came,
that started to chill down, came down behind the blast wall, which was where we were
standing, and in our vicinity. And made a tremendous noise and got gaseous oxygen was

flowing all around the outside of this area down there. Obviously, everything had to be
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completely secured, including any vehicle or whatever, not for (7?7 143)... No spark
because oxygen, liquid oxygen was in heavy in the area. So there could have been an

ignition of that from any source that any of us might have.

Buckingham: You all are right in the middle of that.

Clemens: We were right in the middle of that during the countdown on a Mercury. That

was a little bit nerve wracking in the beginning, but I got used to it.

Buckingham: Did you actually physically stay there at launch or did they evac you out of

that?

Buckingham: No, when we got the Atlas filled, put the fuel in first, RP1 as they called it,
and then we got liquid oxygen up to what they called 90 percent fill and it started gushing
out of the top of the Atlas. We knew then and the blockhouse had readings they were
transmitting to us, we knew they were about 90 percent filled as I recall, and then safety
would advise us that we had to leave then and get back to the blockhouse. And then we
stayed there and we monitored through telescopes our system from the blockhouse during
launch countdown to see if we had any leaks, anything going up to the launch pad from

the transfer units we were using on the ground to launch.

Buckingham: Ok. And so that first launch, what is that like being in the blockhouse to

see that first launch?
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Clemens: First launch was, I look back on that as just awe inspiring. I was just absolutely
caught up in that thing. I was, [ was... | had great admiration for everybody that was
involved in the preparation and the countdown of that Atlas launch vehicle and the
Mercury capsule because it was very serious. Everything was done right by the book and
I’'m sure everyone had a great deal of apprehension and had a great deal of glee when it
finally launched and lifted off the pad and then you heard the words BICO, which was
booster engine cut off. You could see the total relief on everybody. It was just
absolutely, you know, up until that point you almost wanted to collapse with relief. And
then, of course, people had to leave there, even thought they had worked all night, and go

down to the beach and celebrate for a few hours.

Buckingham: Yes sir. That was a lot of work up to that point.

Clemens: Yeah. It was a great relief when it lifted off and they got into orbit. Everybody

felt good about that.

Buckingham: Was there anything else about the Mercury Program that you would like to

say or were involved with? Because you went from there and then that lead into Gemini

Program.

Clemens: Well, we had a few glitches on our systems on the ground that I can address.

One in particular was we had a relief valve, a liquid oxygen relief valve, that kept
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popping and relieving on its own right outside the LOX transfer unit. As they opened the
outlet valve from out transfer unit, and the pump were running, and this relief valve
popped. And so, some of the mechanical experts decided that, “They call that water
hammer,” then said. So the relief valve popped. So they decided in there wisdom to put
that relief valve on top of the blast wall and then they would thin it down to the ground
towards in front of the LOX transfer unit. So, then they did that and then we went into
countdown again and I was standing in front of the LOX transfer unit, checking
everything out, and we started the pump. Making sure that nothing was leaking in there
before we got to 90 percent fill. And lo and behold the relief valve let go, again, and
dumped LOX all over me. All over my back, down the whole... oh yes. And I left
everything out at that point including my headset strung out on the ground running from

this thing. But anyway...

Buckingham: You had a protective suit on, though, right?

Clemens: Yeah. Yeah. By the time it would hit me and it would vaporize real quick, but

my concern was the potential fire hazard, you know, and this LOX all over me was not a

good thing to have. So, anyway, we shut down the operations then and later on they did

another modification to that. Whatever it was that solved the problem. But that wsa on

of the most significant events on that particular operation.

Buckingham: Very good. Ok.
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Clemens: From there, when the Mercury Program concluded, I transferred... I got
involved in one other program over on Complex 12, which is two complexes down on the
Cape, and that was the first interplanetary launch to Venus in the free world and that was
called Mariner. And that launch was an Atlas-Angena. Angena was built by Lockheed
and the Atlas was built by General Dynamics. So the Angena was a second stage rocket
that put the Mariner spacecraft on the proper trajectory towards Venus. And that was a

very successful launch.

Buckingham: Which Mariner was that?

Clemens: That was Mariner 1 and 2, I believe. Yeah, they had two of them. But that

was a very successful program, too.

Buckingham: And so you were supporting the launch facilities...

Clemens: Yeah. I did the same thing there that I had on the Mercury Program. The
launch facilities, fuel, and LOX, and also gaseous nitrogen were all included in part of the
systems. And when the Mercury Program ended I went with Lockeheed Missile and
Space Company which was, which had built, designed and built the Angena second stage
rocket on Complex 14. I stayed on the same Complex. And this project with the Angena
was to rendezvous with the Gemini and that was to be our first rendezvous in space. So,
my function there was to, after going to California, to (??? 260) for about two months and

getting some background and training on it, we had a vehicle function generator which
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simulated all the functions on the Angena and I somehow got the responsibility for that.
So, I was switched from LOX/RP1, to now I’m coming back into my own profession.

But anyway, it was only one vehicle function generator in the world for that particular
project, that Angena, and we... I had the responsibility for getting that up on the tower. It
was a pretty sizable console. Probably about 8 feet long and maybe 7 or 8 feet high. We
got it up on the tower first try. We couldn’t get it to fit the platforms so I had to bring it
down. I was very nervous because this was the only one of its kind in the world. So,
well I made, or had them design me an i-beam platform, [ mean a channel platform, so
that we could roll it in when we got it up high enough, roll it in on the platform and that
worked. That allowed us to get it up there and to get into place and I was totally relieved.
Three or four weeks later we got a hurricane coming and they said, “You’re going to
have to bring down that vehicle function generator. We can’t leave it up there during this
hurricane.” So, we had to bring it down, again. And then, eventually, when the hurricane

passed we had to put it back up again. So, I got the nickname yo-yo.

Buckingham: Ok. That’s where it came from.

Clemens: Anyway, when we wrote the procedures, most of them for check out of this
vehicle function generator, which was to check out all the instrumentation associated
with Angena in the blockhouse, all the cabling that led from the launch pad to the
blockhouse and so forth, we had to validate that procedure to the Air Force. And we
finally successfully did it. It took a lot of work. We had a lot of changes to make and

time went by, but that worked. Well, that validated everything before we hooked up the
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Angena and then it was finally launched and they had some difficulty during the
rendezvous and they did not have a successful mate on the rendezvous with the first one.
And so, that was the end of my involvement with that. I left and came over here when
Kennedy Space Center, in 1965, when this thing was building up. You could see al ot of
activity going on over here in 1965. So, I interviewed with a contractor as a lead
engineer on the crawler transporter and I got the job. At that time, in 1965, it was early,
very early in 1965, February 1965, the VAB, the Vertical Assembly Building I think they
called it then, Vehicle Assembly Building now, it was still under contruction. The pad,
the launch pad was still under construction. Crawlers were still under construction. The
crawler way was still being built. The Launch Umbilical Towers, there were three of
those, and the Mobile Service Structure, which weighed about 10 % million pounds and it
had to be moved in around the Apollo launch vehicle after we had taken the LUT, or the
Launch Umbilical Tower, and the Apollo to the launch pad and we brought up the Mobile
Service Structure. All of these were under construction at that time. There were a lot of
problems. The crawler had a lot of problems, only one that I’m most familiar with, the
other things I just heard about. And there was a lot pressure to get these systems
working. I was, I have to say, as the young ones do today, I was in total awe of NASA at
that point, their management, their engineering, for the concept that they were developing
here. They had already developed the concept, but I mean, the construction and the
magnitude of this program - putting this all together and making it work. This is
absolutely one of the most unique, innovative, and enormous undertaking of its kind. |
think, and maybe in the history of mankind. I just can’t think of anything that would

surpass that, at that point, you know, we’re talking now about putting a man on the moon.
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John F. Kennedy had made his commitment in early 1960’s, who I met by the way on
Complex 14 when he came over on the Mercury Program, and he made this commitment
that we would put a man on the moon by the end of that decade. That was a hard pressed
statement to make because they had an enormous way to go to get one up there by 1968
and 1969. It looked like... I look back on it and I thought this was almost an impossible

task: mission impossible.

Buckingham: So, where you were here with Debus and von Braun?

Clemens: Debus and von Braun and all those people were here, and Michael Patrone,
they were all here. They were all magnificent, I thought. Absolutely had control, had
vision, they knew everything that was going on even down to the minor details on the
crawler, which amazed me. And we had troubles with the crawler in the beginning that
some of the local papers were saying the concept of using a crawler for roll out to the pad
Apollo was very tenuous. It may not perform the function that it needed to be. Need to
perform, getting the Apollo, we’re talking about lifting 12.3 million pounds, a four
hundred and thirty-some foot structure, and lifting it up and carrying out the 3 %2 miles to
Launch Pad A and that’s a 5 percent grade. We maintain level on all this period of time.
So, when they had the crawler under construction, we’re running into some very difficult

problems.

Buckingham: What are some of the problems that you had with the crawler itself? The

design or ....
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Clemens: One of the most significant problems we ran into, which had the papers, the
local papers that this thing may not work, may not perform the function, we had 176
bearings, tapered roller bearing, on what they call the truck assembly, it’s where the belts,
and there were a total of 8 belts, with each shoe, they’re 456 shoes, weigh 2,000 pounds
each, that were going around and had to be turned and, of course, those bearings had to
support the load that was being transferred down through the belts to as we icked up the
Shuttle, and they were tapered roller bearings. And when we picked that Launch
Umbilical Tower up, which by itself, well in the early testing day it weighed over 12
million pounds, and when we got up away form the park site for the Launch Umbilical
Towers some of those bearing cracked/crushed when we were in the turning mode and
putting some side forces on these bearings that somebody during design, I guess, did not
visualize. So, that became a very, very major concern. Replacing 176 bearings, there
were probably 14, I don’t know exact size, diameter of 14 to 18 inches in diameter inside
and the outside of these trucks was a very large concern. Well, again there were people
in NASA design and in the industry, Marion Power Shuttle from Ohio built them,
contracted to build a crawler, they got together and they decided that we would eliminate
those bearings, the thing can roll on, I don’t want to mention the name, the roller bearings
and we’ll put in sleeve bearings, Ron’s Alloy, and they had to be fitted in there so that
they wouldn’t rotate. So, they had, the terminology escapes me now, but they had to chill
these bearings down, the Ron’s Alloy sleeve bearings down enough so that they could
slip them in there and then they would expand and they would stay in position. And that

took a lot of effort to get those bearings, to pull all those bearings out of there and replace
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them with those sleeve bearings, Ron’s Alloy sleeve bearings. And then, the temperature
of those bearing had to be measured. We had to put thermal couples in some of the
bearings. Then those had to be read out when we were going down the road, because if
we got a hot bearing we could have a seize up. So, we had instrumentation on all the
bearings and they had to be automatically greased. We had a lubricator that greased all
these bearings on the way to the launch pad and we monitored there temperatures. So,
that was, I thought that was big engineering problem that was very successfully solved,
again, by some of the outstanding engineering and thinking here by NASA management
and contractor personnel getting together and discussing this. I still have great
admiration for some of these people. We had a lot of problems with out electronics — a
terrible problem with electronics. It was built, I don’t think they’re in business now, I
don’t know, American machine and Foundery and the elctronics was in control of
steering and leveling, which was absolutely necessary for the successful operation of this

machine.

Buckingham: Now the way the crawler works, how’s the electronic circuits actually

used?

Clemens: They are used for two functions. One for steering and one is to maintain level.

Buckingham: So, there’s electric motors that perform...
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Clemens: The electronics then controlled the hydrolic pumps that pump, in each corner in
and out, in order to maintain a level within approximately minutes of one arc, much less
then one degree in level, and that had to be maintained while we were goin up this 5
percent slope, which was 1,200 feet long at the launch pad. Still had to maintain that
level. That was sensed, that was sensed by then by a mercury monometer. It was about a
3/8 inch tube, stainless steel tubes, that extended diagonally from each corner of the
crawler internally, by the engine room, and then across each corner, and that measured
the level and then another item called pressure equalization so you could maintain your
pressure and your level in these corners. So, we had about three to four hundred pounds
of mercury, liquid mercury in those, in that monometer, in those tubes. And in the
middle we had pressure transducers that sensed the differential pressure in the mercury
from one side to the other. And we used that through out the Apollo Program and a good

bit of the Shuttle Program.

Buckingham: Now, did you physically ride in the crawler when you do the transport?
Clemens: Yes. I was a control room engineer, and sometimes called the operations
director for most... I was on every Apollo rollout. I never missed a one. From 500F,
which was the first mock up of Apollo, all the way through the end of the Apollo
Program. In ever missed one. In fact, I never missed a rollout to the pad in 28 years,

except for one Shuttle.

Buckingham: So, you were involved when it carried over in the Shuttle Program.
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Clemens: Yes. I still... When the Shuttle Program ended, I mean the Apollo Program,
excuse me, ended, NASA was in the process of rebidding some of the contractors for
ground support and other. There was a total revamping of the organization out here after
the Apollo Program. So, after the Apollo Program was over, Boeing took over the
contractual area that I was working in on the crawler. So, NASA decided, along with
ourselves, that we needed to totally upgrade and modify all the systems on the crawler,
all the electronic systems mainly to state-of-the-art, because you could no longer
purchase the hardware that we had. You could use spares or whatever. They couldn’t
recognize it. It had gotten that old. And electronics was changing in leaps and bounds.
So we went through a process of two years between the Apollo and Shuttle of modifying
eight consoles on each crawler, and the cab controls for doing the steering and the speed
control, and that was tremendous project. We ordered 5,000 line items that we had to
assemble in that May. We had to make our own circuit cards and assemble all of this and
then check out each console and then integrate it all together in the craweler with
programmable controllers that we had never used and computer. We successfully got
that accomplished in time for the first Shuttle rollout, which was John young and
Crippen, first astronauts to fly the Shuttle. That’s when I got my Snoopy pin for leading
the effort, that two year effort on that modification. That was the most significant and
most difficult task that I ever had to accomplish in all the time I worked here at KSC, but
I was totally involved, totally in agreement that it had to be done and that it had to be
done in the two years that we had. And there were some people believing that we

couldn’t do it. Now, I was actually told that, but I said, “We have no choice.” We
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344  haven’t any choice because the whole program depends on this thing getting completed.
345  Because we had the crawlers tore apart as far as the internal workings were concerned.
346  All the old consoles were out and gone and we were in the process of building and

347  installing hundreds of new cables and all that. And anyway, it was successfully

348  accomplished.

349

350 Buckingham: And it’s a yes. I just noticed that sliver snoopy on your lapel there.

351

352 Clemens: Yeah. Believe me, I had some excellent, excellent engineering help there.
353  Boeing supplied some outstanding engineers to work with. This was not a one-man
354  show. I was put in lead because I had been there a long time and obviously knew more
355 than the guys, some of the guys had been working on the Saturn V during Apollo. So,
356  the crawler was a new thing with them. But they were excellent. They know what they
357  were doing. Without them I don’t know what I would’ve done. They were absolutely
358 tremendous. They deserve this thing as much as I do. But, it’s bee successfully used
359 eversince. There’s been some modifications, but basically the hardware is pretty much
360 as it was during that period.

361

362 Buckingham: Was there anything else dealing with the Apollo Program like the launch to
363 the moon or anything else from the Apollo Program?

364

365 Clemens: I would, yes, I would say that one of the most significant events in my life and

366  during the Apollo Program, was just prior to Apollo 11 rollout we had dignitaries from all
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over the world coming here to visit KSC. I don’t know how generals and admirals and
whatever from NATO and you name them, foreign countries, and Johnny Carson and Esd
McMahon and his group and other that I gave tours to through the crawler. There was a
tremendous build up of excitement about this whole Apollo 11 launch. And I was made
supervisor not too long prior to that of the crawler. So, I gather the guys on the crawler
together and I was pretty emotional about that whole thing by then, and I expressed my
concern that we, that this is one of the most significant times in the history of our
country. We had the eyes of the world on us. It was absolutely necessary that each of us
perform to our best capabilities. Not let anything go unnoticed, That we will correct any
problem we can and we get this thing in the best shape we can and that during the
operation we must be very professional and I knew that we could count on everybody to
do their best. So, I was emotionally pretty worked up about that. I absolutely did not
want us to have any measure of problem on the way to that launch pad. Because Debus
had invited hundreds, if not thousands, of people to view that rollout that morning of
Apollo 11. And they were standing outside of the VAB, high bay, and when we were
getting ready to roll out you could see them through the doors. The fields were full of
people from all over and he had put a big digital clock up there so that we could see it
right outside of our control room. Debus, when I say he. So at 0700 exactly, and this
wasn’t easily accomplished because you had a lot or preparations before starting well

before midnight to get this rollout accomplished by 0770 in the morning.

Buckingham: So you had start before midnight to get ready for a 7am rollout.
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Clemens: Oh yeah.

Buckingham: So there’s 7 hours of work just leading up to...

Clemens: Yeah. 7 or 8, yeah. A lot of observers up and down because that four hundred
and some tower and they had to get all there stuff lose from the launch vehicle and the
Launch Umbilical Tower. And we had preparations. Transporting, we provided power
to the mobile launcher. We had to transfer out power to them and that sort of thing in
preaparation for rollout. So, anyway, we got everything ready at 0700. Michael Patrone
his voice came over the net quite a bit because he was equally concerned Iif not more so.
But at 0700, probably just prior to that, we brought our engines up, those 27 150-
hoursepower engines, the speed 1,000 RPM, so that right at 7 o’clock we could release
the brakes and put the thing in motion. And then we started rolling out just as Debus had
asked us to do which made me fee very good. With all those people standing out there,
you know, we got a lot of applause and cheers and anyway. So, we got to the launch pad
without any events to mind and then after that we had to go back and pick up, halfway
between the launch pad and the Vehicle Assembly Building, we had to go back and pick
up the mobile service structure, which is a very awkward structure that didn’t lend itself
to equal weight distribution on the crawler, but it weighed 10 % million pounds. And so,
we lifted it, took it up around the vehicle, and that was a very touchy operation because
there was a lot of platforms that had to be open and didn’t really have a lot of clearance
around the Apollo vehicle, launch vehicle stack. So, we had to have observers up and

down on each of those platforms communicating with us in the crawer control room at all
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times during our final approach at the launch pad. And on that occasion we got around
very well, no difficulty. That seemed to be an almost flawless operation. They all didn’t

go that way. But that day was one very big highlight for me.

Buckingham: Wow.

Clemens: We had other occasion where we had platform, even though they had cushion
around them, it touched the spacecraft of something, which would bring your heart up
into your throat. And then we’d have to make very careful adjustments before we made
any moves. And we had people up on those platforms and three hundred and some feet.
Well, I remember, actually having some real nerve problems over this because we were
sweating back and forth. You couldn’t avoid that. You know, whenever you try to level
it magnifies itself and three hundred and some feet. So, I've talked to a lot of observers

up there that were having some serious nerve problems over that whole...

Buckingham: That’s something that people that aren’t involved don’t really understand.
That that’s something critical, that that does happen, that you have such a large structure,
it’s huge and able to sway and a critical alignment associated, to try to get that all around

the lauch vehicle.

Clemens: When we came we had six pedestals to set that Launch Umbilical Tower on at

the pad. And this structure, as huge as it was had to be set down within plus or minus

two inches. So, we came up with a simple way of putting a piano wire across the tops of
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the pedestals so that we could align the pin that came off of the bottom of the Luanch
Umbilical Tower up with this piano wire going down and they would guide us in. Later
on we got a little more sophisticated and we used a laser. That would give the driver of
the crawler who was bringing it in for final positioning, he could then see on the screen

his positioning relative to those mounts. (??? 575) was a lot of improvement.

Buckingham: You do what you had to do to get it done.

Clemens: What was that?

Buckingham: You had to do whatever you had to do as far as the alignment. Excellent.

Clemens: Yeah.

Buckingham: Then leading into the Shuttle Program, you supported, of course, the first

Shuttle mission, first Shuttle launch and subsequent Shuttle launches after that.

Clemens: Yes. In 1980, NASA asked me if I would come to work with them. That
sounds a little egotistical, but I don’t mean it to be. There weren’t many crawler people
in the world with a lot of experience at that time. So, anyway, I went to work with
NASA in 1980 as a, naturally, as a crawler systems engineer, crawler being my
responsibility. So, I still was on, very much involved with all our operations and had

some authority over, you know, their work and so forth on the crawlers, and was still on
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all the rollouts until my time of retirement in 1994 except for one. I missed one out of all

those years.

Buckingham: Was there any events that, like, stick in you mind as far as any of the
rollout and rollbacks? I remember during the Shuttle Program when we had things would
happen at the pad, you’d have to roll the vehicle back, and then there was some of the
preps for hurricanes, where we’d maybe have to get the crawler in position. Were you

involved in all those kind of things?

Clemens: Yeah, We had big concerns about getting the crawler back to the VAB furing
hurricane season, and during the first Apollo launch, I’m sorry, during the first transfer of

the SO0F mock up of the Apollo...

Clemens: ...very difficult time. The bearing overheated, some of them weren’t getting
their grease. The winds were very high so we had a lot of swaying of the structure and
then we had not developed a completely automatic leveling control. It had to be done
manually with the console by looking at meters and hand levers. He had to do that. So, I
had... that was a very, very taxing time for everybody to get that thing back to the VAB.
It was a lesson learned right off the bat. First of all, don’t wait too long. Once you get a
Shuttle, I mean a hurricane warning is to bring it back, because if you wait to long you
get into that situation, which could be disastrous, especially for the Shuttle. Because, as I
recall, I don’t know if I’'m accurate on this, but as I recall, the maximum wind sail that

the Shuttle can take exposed on the crawlerway is about 45 miles wind. A 45 mile per
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hour gust will do some damage. So, it behooves you to bring that back if there is a
hurricane in the vicinity, don’t wait too long. The crawler, like any other vehicle of that
magnitude and that complex can have a problem and break down and be out exposed on
the crawlerway. I was so concerned about that, I’ll get into a little more detail I suppose,
concerned about that and the possibility of a lightning stroke on the Solid Rocket
Boosters. What would happen if we got a lightning stroke on a Solid Rocket Booster
while we area exposed on the crawlerway? And I brought this up after the Columbia
disaster. They asked people what they were concerned about, and this has been a concern
of mine. I didn’t know what the answer was, but I was concerned that the various
segments of the Solid Rocket Boosters, you know, when they are stacked together, they
are stacked together with an o-ring and so forth. And I was concerned what happens if a
lightning stroke penetrated those seems when we’re out on the crawlerway. Would we
have an explosion? Well, I didn’t think it would go as far as it did, but it turned out to be
a humongous question that nobody really had an answer for. I was asking about... I don’t
know, but somebody give me warm feeling that this is not a problem. And when the
experts got into it, the lightning experts, the solid rocket experts, it turned out to be a big

problem. In their mind they weren’t sure either.

Buckingham: So, you’re question Is pretty much is something that nobody had thought

about.

Clemens: It appears that way. Because it went on for a long time. We had a lot of

meetings. We went to Huntsville. They hired PhD’s from universities that were into
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505 electromagnetic from lightning strokes and I understand that (??? 071) even built a

506 lightning test facility out at there facility out in Utah to make sure and measure the

507  electromagnetic energy that would penetrate that seal. And it took a couple of years. I
508  was shocked...

509

510  Buckingham: It was a good question.

511

512 Clemens: ...it generated into that.

al3

514  Buckingham: That’s a very good question.

515

516 Clemens: But anyway, they finally came to the conclusion that they could, that it was
517  going to be alright. There wasn’t enough energy there to light the propellent. So, that
518  was a comfort; however, there was still this concern about bringing Shuttle back in a
519  hurricane and getting the Shuttle in the winds and so forth. So, I was asked to make a
520  presentation to the Center Director, then Center Director General McCartney, at KSC
521  headquarters. So Idid. I went to his office along with several other people including
522 Bob Seek and my boss, Mr. Lloyd, who is our division chief, and expressed on him my
523  concerns that the crawler could possibly break down out there and we’d be in protracted
524  high velocity wind area and we could do major Shuttle damage. And I, my request was
525  that when they make the decision to bring the Shuttle back to the Vehicle Assmbly

526  Building, to be on the cautious side — not wait until they have almost a certainty of having

527  animpending hurricane hit at high impact here. And he agreed with me. He was very
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gracious and nice about it. He totally agreed. He said that’s where he will go from now
on. That from that point on they would, he would be on the cautious side. Now, he may
have already decided that, but he indicated that he was in total agreement with what I was
saying and I walked out of there feeling pretty good about that because it was a deep

concern, really.

Buckingham: I think to this day they still basic requirements of when they roll the Shuttle

back it’s the first thing.

Clemens: Yeah. It should always be. When you’re talking about the consequences of

making a mistake there and waiting to long are too much to comprehend.

Buckingham: Well, very good, any other final comments or anything else that you would

maybe like to say...

Clemens: Well...

Buckingham: ...any of your career or just outside, some of the local things that maybe

you’ve participated in, while in the area? Anything else?

Clemens: Well, I don’t have a whole lot to add to that. I think I’ve talked about myself a

lot, but I have taking on some projects that are outside my scope of training. One was, I

was put in charge of refurbishing the crawlerway after the Apollo Program. They had
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large indentations, the crawlerway was compacted by the Corps of engineers. They put a
layer down, and then they (7?? 135) and then they compacted that and it was very dense.
But over the years, with 12 % million pounds going down the same tracks, back and
forth, back and forth, that crawlerway started to get a track that was lower then the
outside edges all the way down and now water was standing in the crawlerway in those
low places all the way down through the crawlerway. And that made it difficult for the
crawler because it would wash off the lubrication on our tread belts, but it had to be
lubricated all the time. So, they gave me the job of leading the effort to refurbish the
crawlerway, made a road map. Anyway, what we did, what we finally did, we got the
equipment, I don’t know, 60 or 70 or 80 railroad cars or a lot more. I can’t remember
now. But we brought them in on truck on that (??? 150). We had to clean everything off
of the crawlerway and put new (??? 123) down in those low places all the way to the
launch pad at Pad A then Pad B and then recompact it, smooth it out, and that was a big
effort. It cost several million dollars really. And then we had to bring in this, what they
call Alabama River Rock, which is round smooth rock and reinstall that all over the
crawlerway because all of that had been crushed over the years. It was no longer usable.
During Apollo they’d have to find the good rock that was lying on the side and put it on
the tracks where we would go and move the old stuff out first. So, we had to completely

refurbish the crawlerway.

Buckingham: Just some of the basic figures for the crawlerway, like how deep was the

river rock, and then the layer underneath that.
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Clemens: It varied. On the, I’m trying to remember this, I think what we had on the main
crawlerway was 4 inches of river rock depth and, I think, we had on a curve we had a
little more, maybe 6 inches. It’s hard for me to recall. In the very beginning when the
crawlerway was built by the Corps of Engineers they were so concerned about the
crawlerway washout, washing out from underneath it because of all the standing water all
around here and the lagoon and all that, so they were afraid that the weight of the crawler
and the mobile launcher, which together was about 18 million pounds, was going down
the crawlerway and would build up enough hydrolic water pressure underneath the
crawlerway, that you could build up enough pressure that it would suddenly wash out and
it would collapse under it. So, what they did, the Corps of Engineers, they decided to
drill holes in the crawlerway, especially going out to Pad B which was their primary
concern, and put transducers down about 100 feet. And for two solid weeks, this was
prior to our first Apollo rollout, we rolled back and forth — about 14/15 hours a say. Back
and forth. Very slow. All the way from the intersection of Pad and Pad B to Pad B. Roll
back and forth very slow while the Corps of Engineer read the build up of hydrolic build
up pressure under there. Now, when they saw that we had apparently squeezed out
whatever liquid water was underneath there or enough that they got down to where there
pressure readings were at a safe and ok they had to call away and say we were ok. But, it
took two solid weeks of that to make sure that they felt we were safe enough to transverse

over that.

Buckingham: Wow. That is always one of thigns that I get questions about: the crawler

because it, the crawlerway and the crawler because they are so unique.
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Clemens: Yeah, they really are.

Buckingham: Like nothing else on the planet.

Clemens: That’s absolutely another concept. I have people in mind, you know, that I
have a great admiration for, even today, and one of them is, we were very much involved
in all these facilities here at KSC for the Apollo program and one of the guys I admire
probably as much as anybody I’ve ever worked with, one of my heroes almost, is D. B.

Buchanaan. Have you ever heard of him as a former director at Kennedy Space Center?

Buckingham: Yes sir.

Lemens: He was very instrumental at putting all of that stuff together out there. He was
very instrumental in crawler. He had his hands in about everything. And as [ say at the
beginning, those directors that we had here at Kennedy, my hat’s still off to them. Debus,
when we had a crawler, a small crawler problem, such as a pin coming out, the
connecting pin on the shoes, we had a little T-pin there, and we were a little leery about
changing anything in those days because we are at the very beginning of the program, so
we went to a meeting and we presented some of the problems that we had. You’d think it
was just a minor problem, but we didn’t know what the solution was right off the bat.

We got a carter key in there. Dr. Debus was sitting on the meeting, because he listened to

all of these problems back in those days, and he says, “Hold it right there.” And in his
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German accent, he say, “I want you to build a key for the end of that cross pin so that you
don’t ever have to worry about it coming off again.” So, that’s what we did and we never
worried about it again. But, there’s a man of his intellect that’s down at the smallest
problem but he had the solution. He’d been around enough of that kind of stuff that he
had a solution and when he said to do it then that meant do it. I mean, what else would

you say.

Buckingham: Excellent.

Clemens: And that was the way with some of the KSC management during that period,
Apollo, they were totally involved. I’m trying to think, Michael Patrone had something
to do with something we did on the crawler, a change we made. He came up with an idea
and a suggestion. They just got themselves involved all the way around. Believe me,
when you got it form someone on that level it took the load off of you because you didn’t

have to go around asking everyone else. Those people were tremendous.

Buckingham: The decision was made and you just carried it out.

Clemens: The decisions was made and you knew they knew what they were talking about

and I have a great deal of admiration for those people today.

Buckingham: Excellent. Well, is there any other final comments? anything else you

would like to say?
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Buckingham: Well, one comment that was on your list there that I would like to, from my
experience and the background, I would like to say... One thing I learned, very deeply
ingrained in me over the years, you never want to get yourself so entrapped in a position
where you think that you are the expert, therefore you can make decisions that may,
much to your surprise, have significant consequences immediately or down the road,
especially during operations when time might be limited. But I am a firm believer that if
there is an operational problem that has some immediacy to it, before you make any
decision, no matter what level you are on, and I’m sure that’s done now by the test
conductors and so forth, but you know, you get down on the lower levels that has to be
done. Of any mistake I have made, and I know others, people in higher position that me,
the mistake is made because they inadequate consultation with their peers, with their
management before they made a final decision thinking this was not a very significant
thing but then it turns out to be a lot more significant. So, if I had to do it over again I
would indoctrinate every new employee that came here to KSC, especially engineering,
technicians too, and I would impress on that until they got tired of hearing it. Don’t make
any rash decisions because you think you are the expert. Don’t be afraid be afraid to
consult with your peers. Don’t let the ego stand in your way. Consult with management
because there is too much at stake. There’s too much here in this program; it’s not like
any other industry. I’m totally a believer in that because of my own experiences and

what I’ve seen with other people.
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Buckingham: So, not matter how long you’ve been here or whatever, you could always

learn something new.

Clemens: Yes. Absolutely. You can learn something. And one thing is that I do believe
that people can be involved with something so long that they think they are the overall
last word on that particular system and this having constant consultation before any

significant change is made is vital to this program - more than anything else.

Buckingham: Good words. Good words. Ok, well. anything else? No.

Clemens: No. Accept I will say one little thing, when I look back on it earlier that I didn’t
envision the Space Program when I got out of college. Never knew anything about it.
And then before I got out of it we were on the moon. We were putting Space Stations up.
So in my short time, which is thirty some years, 33 or 34 years in the space industry, but I
believe we are going to see, because of what I’ve seen and what the scientists and the
engineering and NASA and the industry, I believe, we’ve got a lot of surprised coming to
us in the future, those of you that are going to live long enough to see it. I believe space
travel 50 years from now is going to be common place, interplanetary, who knows?
When I got out of schools computers where a science fiction thing almost, who know
what the future brings. But there will be a lot of things only because we have some great

minds involved in this industry.
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Buckingham: Ok, well thank you very much for your talking and taking the time this

morning.

Clemens: [ hope I didn’t bore you to death.

Buckingham: No sir. Not atall. A lot of good information. I think a lot of people have
never heard the story, the crawler story, the crawlerway story, those details, the things
that that you really never about that has to be done to accomplish the goal. Rolling out,

rolling back and any other activities associated with the launch.

Clemens: I can tell you at times, and during the Shuttle program there was a lot of stress,

a great deal of stress, and the operations were extremely long. We were sometimes 24-30

hour out here because when they took the Launch Umbilical Tower, got it down to the

pad it took us hours to get clear of the pad, even after we set it down. Then we had to go

back and pick up the mobile service structure.

Buckingham: Yeah, because it was all serial.

Clemens: And bring it back to the launch pad.

Buckingham: That all had to be accomplished together.
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Clemens: Yeah, and then we had to bring the mobile service structure away form the pad
during launch countdown. We had to stay out here and sleep on cots until we had launch

in case we had to take the mobile service structure back.

Buckingham: That’s amazing.

Clemens: Do you want to know the most frightening thing I ever experienced out here?
Buckingham: Yes sir. Yeah. I'd like to hear that.

Clemens: We brought the mobile structure, the only one the world during Apollo, 10 Y%
million pounds approximately, we got it back to the park area between the VAB and the
pad and the thing was completely out of level. We didn’t know how much out of level.
You could get out and see it leaning. Well, we didn’t really have an idea what we were
going to do about getting that thing back level. We were actually in a state of panic about
getting that thing back and so was many, many other people out here because it spread all
over KSC. So, we had a printed circuit card that had a lead came loose, we found out
later, that reversed the polarity to the pumps. So instead of pumping up it was pumping
down, so the guy hit the panic button and shut it down, fortunately. But by then it was
way off scale. We didn’t know where it was. All it indicated was it was off scale. So,
we got a lot of consultation on what to do about it then. None of them seemed to be too
valid. We talked and talked and w.l/ked aﬁdut’ it and we finally decided our group, inside

that control room, we had to havq the decision, we had to consult among ourselves, make
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up a decision before we recommend anybody, before we touched anything. And we
decided that we had to level it with the pumps on the crawler, but we had to know that
when we started those pumps that we were going in the right direction. To pump in the
wrong direction again would exacerbate, make the problem worse, and could be
disastrous. So, anyway, with all of our consultation among each other, we decided that
we could test without turning the system on by looking, with the amount of experience
we had out there in hydrolics, we could tell whether we were pumping, that would,
pushing the switch would make it pump up in that corner or pump down, whatever. And
with all of the background that we had, all the knowledge, with all of it put together in
there we were able to turn the pump which way to pump in the right direction. We had to
repair that card, put a new card in there. So we did that and lo and behold we turned it on
and all of us had big knots inside of is, I’m sure, and we pumped it up and it came in the
right direction and we went back to level. I do believe that is one time I had my

intestines tied into a knot, if I ever had them tied into a knot it was that time.

Buckingham: You think, a one of a kind element that you had on there. If you lose that

there’s nothing else like that.

Clemens: That was the only one in the world. Apollo program can’t go on without that.

Reckon that thing would have been a total disaster.

Buckingham: Good story. Good information. Thank you again for your time.
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Clemens: Thank you. Thank you. I wish you’d give me Mike’s. I like Mike. You can

tell Mike, Mike tries to give me golf lessons and I’ve always told him, “Either Mike

you’re a bad teacher, or I’'m a bad pupil.” But I like him. I’m sorry, he had a little

problem at the club. I don’t know. It made me mad.

Buckingham: Yes sir.

Clemens: I was always angry over that. And I wasn’t there that day

Buckingham: Can I get your phone number?

Clemens: Yeah.

Buckingham: Then I’ll be able to have him either contact you or give him your phone

number.

Clemens: Yeah. 321.....
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