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Speaker Michael A. Hale: It’s now my pleasure to introduce Dr. Dave Williams, our keynote speaker for this
morning. Many would say Dave Williams is a daredevil. Just look at his life — professionally he’s been on two space
shuttle missions, he’s walked in space and he’s lived in an underwater laboratory. In his personal life he enjoys
skydiving and racing cars. So on the surface it may appear that he lives quite a risky life. But the difference is that
he takes smart risks in all those activities. His philosophy is don’t take chances, manage risks. He believes in a no
error strategy, which involves defining methods that establish his zero tolerance for mistakes. And we are very
fortunate today to have him with us to talk to us about his approach and how he manages risk in what to most of
us would appear a very dangerous setting. Dave.

(applause)

Dr. Dave Williams: Well thanks very much. I can’t tell you how excited I am to be here today to share with you
a very interesting story, the story of risk management, which enables us to go forward and explore the heavens,
explore underwater and do amazing things like scientific research onboard the space station, helping us send
humans farther in the solar system. You know it’s amazing to work and live in this environment and of course this
is the extreme harsh environment of space, it’s an absolute vacuum. We can’t survive in space without technology.
Temperature ranges between -100 degrees Celsius and +115 degrees Celsius over the course of 45 minutes. Because
of course in the space shuttle, in the space station we orbit the earth every 90 minutes, experiencing a sunrise and
a sunset every 45 minutes. And in so doing we discover new and remarkable things like these clouds which you
can see 70 kilometres above the surface of the earth called noctilucent clouds. Never really been appreciated before
until we had crew members living in space 365 days a year, able to monitor what happens in our planet, discovering
new discoveries like this.

And as you can imagine, I get a chance to talk to a lot of people and many people that I talk to say, I would
never do what you do, I love the images, I love the picture, but I would never do it because I don’t take chances,
I don’t take risks. And it’s interesting when you talk to people about that because so much of what we do in our
day-to-day life is actually managing risk. If we get out of bed in the morning, we’re managing risk. If we don’t get
out of bed in the morning that was a risk management decision because you’re going to get osteoporotic and
experience muscle wasting by staying in bed. So this story that we have about exploring space is really one not of
taking chances, it’s one of managing risk.

And for me it started many years ago when I was an Emergency physician working at Sunnybrook Hospital
inToronto and I joined the space program back in 1992. At that time we had 5,300 people apply for four positions,



a seemingly dauntable task to be able to be selected to go and follow one’s dream. The funny part about that
though, which we often don’t share with people, is that 600 of those applications came from kids less than ten years
of age. So there’s nothing wrong, you know, if you have sons and daughters at home, tell them get the application

in, it’s a good thing. Absolutely remarkable! But I was very fortunate to be selected to fly in space and I joined the
Canadian Space Agency, ultimately flew in space the first time in 1998 on a mission called Neurolab, dedicated
to understanding how the brain and the nervous system adapts to being in space. That space flight was 16 days
long and then my second space flight was just last summer, 14 days long, helping to go to the International Space
Station, building the space station and doing three space walks in the process of doing that.

I’d just like to introduce the crew to you, a remarkable group of individuals. Just to give you a sense of the
different backgrounds that astronauts have when they come to join the program. On the left-hand side of the
screen is Rick Mastracchio. Rick was the EV1 or the lead space walker for the first and the third space walks. I was
the EV1 for the second and the fourth. Rick is an engineer by training and he is an NASA mission specialist
astronaut. He joined the program in the mid-1990s. This was his second time flying in space and it was the first
time that Rick had done a space walk as well. So Rick and I were both rookie space walkers on this mission.

Beside Rick is Barb Morgan. Barb was the backup for Christa McAuliffe back in 1986 when we tragically
lost Challenger. She’s an educator by training, is a mission specialist now, the first educator astronaut we have in
the program. And she was part of the many educational outreach experiments that we had as part of the payload
for STS-118.

Beside Barb, coming from a totally different background is Charlie Hobaugh, call sign Scorch. Marine aviator.
Flies harries for a career before he joined the space program, he’s also an experimental test pilot. This was his
second space flight. He’s not a commander of the shuttle flight and will be launching to go into space as a
commander next year.

Beside Scorch is Scott Kelly. Scott is also a naval aviator and he was a test pilot before he joined the program.
On his second flight he was the commander of the mission, attesting to the skill and the qualifications that he has
to go forward in this environment.

Beside Scott is Tracy Caldwell. Tracy is a physical chemist by training and joined the space station program
as one of the scientist astronauts. She’s trained as a mission specialist, was our IV coordinator. Basically the IV
coordinator is somebody that works inside the space shuttle and the space station coordinating the space walks.
So they’re the intra-vehicular person, hence the acronym IV. And she was an amazing individual to work with and
played a key role in the success of the four space walks we were able to do.

Great shot of myself in the orange launch and entry suit followed by Al Drew, who’s an amazing individual.
He comes from the U.S. Airforce. He’s a Blackhawk helicopter pilot. Flew in a number of combat missions with
special ops forces and joined the crew, actually about two and a half to three months prior to liftoff, which was an
interesting story because he replaced Clay Anderson. Clay was a U.S. astronaut who had been part of our crew,
but he was moved up to an earlier flight to go fly a six-month mission on the international space station. So Al
was brought in as Clay’s replacement at very much the last minute and Al did an incredible job on his first flight.

So a really great group of people to train and work with. But the interesting aspect of this is fundamentally
my training is in clinical medicine, I’m a life scientist. I had done research in space before and so this was the first
time that I was going to go into space as a space walker, experiencing a new dimension of being in space because
of course when you’re in space inside a spacecraft it’s a totally different sensation than when you get into this white
space suit and you go outside in your own spacecraft, experiencing that extreme harsh environment that we talked
about, kind of all alone, all by yourself.

Now to train for this we have a wide range of environments that we can use. This environment is kind of
exciting, it’s something called the NVL. At NASA you know, we can’t call something a swimming pool, we have
to have an acronym for it, so this is basically a big swimming pool. It’s 100 by 200 by 40 feet deep and we have a
big mock up of the space station under water. And it’s a great shot of Clay Anderson and I training under water,
getting a sense of what it’s like doing these space walks. But the thing about space walking is it’s totally different
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than being under water. Under water you can rehearse the choreography, you can plan all the tasks, you can go
through everything in sequence that you’re going to have to be able to do.

But there is a fundamental difference that many of you have already experienced and that is remembering the

first time you went on an ice skating rink, ice skating. Do you remember what it’s like, how easy it is to get going?
And how hard it is to stop the first time and you collide with the boards or you go flying off the skating rink into
the snow and things. Well that’s very typical of what it’s like doing a space walk. In space, in the absence of gravity,
it’s very easy to get going and it’s very hard to stop. Under water it’s actually very hard to get going and it’s very
easy to stop. The water stabilizes you. So one of the most important things as an astronaut is to understand in this
training environment the, what you need to know and how that carries over into space and remembering that in
many ways this is negative training for what we’re actually going to be experiencing in space.

It was kind of funny when we got to the space station, Clay of course was in space at this point in time. He’d
already done one space walk and he was giving us some information, Rick and I were getting ready to go do our
first space walk and he said, do not underestimate the stabilizing force of the water. Because of course in this white
suit with all my tools and all my equipment, I weigh 400 pounds when I’m on earth. In space I don’t weigh
anything but I possess mass, so I move very gracefully, fingertip from fingertip across the handrails. And watching
a space walk it’s probably one of the most boring things you could ever do. It’s like watching grass grow. I remember
my daughter telling me, dad I was watching you on TV and I, did he move yet? Oh yeah he moved, you know.
Because you move so slowly you don’t want to build up a fast rate because of course with that mass if you get
going too quickly it becomes very hard to stop.

So we train underwater and learn all this in that unique environment, but also we use virtual reality to train.
Because one of the challenges that we have is here all of us are used to being on earth where gravity gives us this
two-dimensional sense to this three dimensional room. Well once you’re in space, I can actually right now feel quite
comfortable thinking that we are all on the ceiling and that that’s the floor and that we could potentially push off
and go to the floor. Not a problem at all. Once you’ve been in space you have a chance of feeling that. Well when
you train and work under water in the NVL you train in a two dimensional world essentially and you forget that
you can go upside down, you can turn sideways very easily in the absence of gravity. So we use virtual reality to
help us understand that. And believe it or not, the space station is so large that it’s possible to get lost out there,
particularly at night. So we use the virtual reality to give us an idea of our translation paths, how are we going to
get from point A to point B on the space station, how we’re going to get back afterwards.

An interesting thing is the chance to experience driving a bolt in the absence of gravity. And the only way we
can do this on earth is to use a device called pogo where we suspend ourselves from a harness, so two dimensionally
we’re not experiencing the force of gravity, we can swing around freely. And we learn what it’s like driving a bolt
to torque and once you get to torque of course to every action there’s an equal and opposite reaction, your body
starts to spin in the opposite direction. Because of course the bolt’s tight now. So you learn very quickly the
importance of stabilizing yourself, whether it’s with a hand on a handrail or a restraint device on the suit itself. And
we have to practice all of this because of course when we get to space and we’re assembling the space station, part
of what we’re doing is driving bolts to hold large pieces of the station in place and we need to make sure that
they’re all torqued properly.

We get a fair amount of training as space walking astronauts in understanding tile. Because of course in 2003
very tragically we lost the Space Shuttle Columbia and it was a case of a piece of foam from the external tank
during the watch phase of flight breaking off, hitting the leading edge of the wing, which was not appreciated until
the shuttle ultimately re-entered the earth’s atmosphere and catastrophically failed and of course led to the loss of
the vehicle and the loss of the crew. But to understand this we need to be able to look at tile as space walking
astronauts, understand what normal tile looks like, what damaged tile looks like and this is all part of our training
now that was implemented after the loss of Columbia to mitigate the risk associated with damaged to tiles. So as
space walkers we’re trained in going out and repairing tile if there is any damage to tile. And coincidentally, during
our mission this turned out to be something of fairly significant value for us.
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One of the interesting aspects as a crew member is that they don’t often like having us work with the actual
flight hardware itself. So typically we’ll fly down to Kennedy Space Centre and interact with the flight hardware
on one or two occasions. But all of these bolts, all of the elements of the space station have lifecycles associated with

it. So if you’re in training and you drive a bolt 15 times during training, you may exceed the lifecycle of the bolt.
So in general we don’t use the flight hardware to train with. The flight hardware stays by itself, we train on training
hardware, but occasionally we get a chance to actually go and interact with the real hardware. And this is a picture
of me driving one of the bolts on the S5 Element that we would be installing on the space station. The next time
I would be doing this task I would be in space.

What an amazing thing to think of when you’re holding onto a drill and you’re looking at this bolt and going
oh next time I see you I’m going to be 400 kilometres above the surface of the earth.

We do a lot of training to mitigate risk and the training is basically to give us contingencies to respond to what
we would call an off-nominal situation. Off-nominal in everyday language is a bad day. And if you’re having a bad
day in space, it can really be a bad day. But after we lost Challenger, we came up with these orange launch and entry
suits that we wear during the liftoff phase of the flight and we wear them during the entry phase of the flight. And
we go through a whole series of contingency training procedures dealing with an emergency that could occur on
the path, an emergency that could occur during the ascent phase of the flight, during entry, etc. And this requires
us to learn how to repel out the side of the space shuttle. A space shuttle’s just like a big airplane except it lands
like a glider, so that if we have to get out of the shuttle in an emergency, we either blow the side hatch and climb
out the side hatch or we blow the overhead windows with an explosive charge, throw ropes out and we repel down
the side of the space shuttle.

In addition, we now have the capability of bailing out of the space shuttle and for those of you that have
attempted sky diving, you’ll know that it’s kind of an interesting experience leaping out of a perfectly good airplane.
But typically when you do the sky diving, you do it at a speed of about 100 knots, 110 knots, 120 knots, which
is a little over 110-120 miles an hour or so. In this case when we bail out of the space shuttle we’re in an altitude
of 30,000 feet and the shuttle’s going 240 knots, faster than a Formula One race car. And bailing out in an
environment like that, the air stream catches you and takes you back towards the shuttle itself. So to eliminate any
problems between a collision with yourself and the leading edge of the wing, which, trust me, is not a good thing
to have happen, we have what’s called the bail out pole. And this bail out pole gets deployed from the side hatch
of the space shuttle and my job as the experienced crew member on the mid deck was to be able to blow the
explosive charge on the side hatch, deploy the bail out pole and be the first person to bail out of the Orbiter. And
when you’re the first person bailing out you’ll notice that my left hand is on a series of white devices on this pole.
There’s seven of them. There’s one for each crew member. That is what attaches to your parachute to initiate the
automatic deploy sequence of your parachute. So important safety tip for the first person out the door, you take
number one not number seven because if you take number seven all of them go and there’s none left for the people
behind you. So you know, you kind of, you leap out and you go ‘bye guys,’ oops I took all seven, sorry about that.
You know, you tend not to make yourself very popular with your crew members. So needless to say, you train very
carefully to be able to work in a situation like this without any problems.

We also get to learn how to drive a tank, which is kind of an interesting skill, very appropriate for rush hour
traffic in Toronto sometimes, you know, it’s I like to be out there with my M113. But anyway, this is an interesting
vehicle and the reason why we learn to drive this is if we have an emergency on the pad itself, we egress the vehicle,
we get out of the space shuttle, we run across the launch pad, which is 195 feet up, and then we go down slide
wires to get into a bunker and then we climb into this vehicle to drive away from the launch pad. So needless to
say, all of these different elements of the contingency scenarios are thought through and different things that we
may have to deal with.

But all this training comes to a close about a week prior to launch and you go into quarantine. It’s the most
amazing time of your life when you realize that after all these years of training we’re actually going to go do this.
And the quarantine starts off at Johnson Space Center in Houston. We go into quarantine, bring all our training



materials for us, we’ve got all the equipment we’re going to need for the space shuttle flight and we relax and we
get a chance to go to the gym and work out and stay in shape. But about three days before liftoff we fly from
Johnson Space Center in Houston down to Kennedy Space Center in Florida and we fly in these amazing aircraft,

they’re T-38 twin engine supersonic jets. And typically we’re cruising at about Mach .93 to .95, a little over 9/10ths

of the speed of sound. And it’s a fantastic chance to reflect on the magnitude of what’s going to be happening as
we get ready to go down to Kennedy Space Center.

You know, as a Canadian it’s very, I’m of course very proud to represent our country and wearing the Canadian
flag on my helmet and things, but flying along at flight level 450, looking up into space, you know, looking up at
the clear blue sky, realizing that that’s where we’re going to be in the next few days is truly a remarkable experience
as we get down to fly over the launch pad and see the Orbiter on the pad. This is Pad 39A. Same pad that took
the Apollo 11 crew to the moon. And when you fly by in your T-38 aircraft you cannot help but develop this sense
of history, realizing that we’re about to embark on something truly remarkable as we go forward.

Typically the night before liftoff is a magical occasion. You can imagine the sense that your family and your
loved ones have because of course they recognize the next day you’re going to be sitting on top of seven and a half
million pounds of thrust. We go out to the launch pad as a crew and we walk around the base of the vehicle, in
this case for us STS-118 it was the Space Shuttle Endeavour. We’re standing at the base of the launch pad looking
up at Endeavour under the power of these xenon arc lamps. And it’s this almost spiritual sense that you begin to
develop, recognizing that this is the spacecraft that will take all of us to the space station, take all of us into orbit
and enabling all of us to accomplish the incredible tasks ahead of us. It is somewhat sobering to realize that all of
it went to the lowest bidder. And you sit there and you say, wow, hopefully this is all going to work.

But you know, if you sit back and you think about the different elements of this, there are over 2,000 working,
or sorry, two million working parts on the space shuttle itself. At any given time in any given launch sequence we
will have a failure rate of one or two items out of two million. That’s 99.999999. How do we achieve that?
Absolutely remarkable when you think of it, the most complex piece of engineering in the history of the space
program and we achieve that by having large groups of people, large teams coming together and every member of
those teams is totally dedicated to optimizing their performance. They all realize that mission success depends on
the success of each member of the team that works on the vehicle itself.

We stand there the night before, we’re reflecting on all these different feelings that you have, these different
emotions that you have and no matter who you are, you can’t help but reflect on the risk that we’re taking when
we go forward and fly into space. Because of course we understand that we’ve lost two shuttle vehicles over the
course of the program, roughly a hundred launches, we’ve lost two vehicles, we’ve lost 14 crew members, so our
risk 1 in 50. Well there’s a number, but what does that number actually mean? Because of course every time we
launch a vehicle we mitigate the risk afterwards. Even if we have a normal launch we’re always looking at different
things that didn’t work as properly and we try and make it as safe as we can. We’re always lowering the risk to as
low as reasonably achievable.

So after we lost Columbia, sure the statistic is 1 in 50, but in fact arguably, the systems that we’ve put in place
make it safer. So in fact we really don’t know what the risk is. It’s very, very hard to truly understand. But there is
one thing that we do understand and that’s the fact that when we get on this vehicle and we accept the risks of going
forward in space, we accept those risks personally, but all of our loved ones watch this real time. And it’s one of
the hardest things that I’ve ever done in my life because as an individual I can choose to accept whatever risks I
may feel are appropriate. I can say yes I believe in the goals of the space program and we’re going to go and do this,
but our loved ones are standing there watching this live, real time, recognizing that we’ve lost a vehicle in ascent.
Recognizing that we’ve lost a vehicle during entry.

And the actual liftoff itself is an amazing thing that captivates people’s emotions. We get up early the day of
launch. We have a nice breakfast, go work out in the gym, come back and get into our launch and entry suits about
four hours prior to liftoff and then we walk out to the Astrovan, the same van that took the Apollo 11 astronauts
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out to the pad to launch to go to the moon and you’re pinching yourself. You know, you think wow, this is
incredible, I’m an astronaut, I’m going to get to go flying in space today, you know.

And it’s really amazing because the first time you go do this everything’s totally new. Of course the second time

you do it you’ve become an experienced veteran astronaut. And we veteran astronauts like to have fun with the
rookie astronauts, right. It’s always a good thing, they’ve never done this before, give them something to remember.
So you’ll notice that these suits have a lot of pockets in them. So what we decided to do on this flight was we created
a launch pass and we gave this fictitious launch pass only to the veteran astronauts and we put it in our shoulder
pocket. The rookies they didn’t have it. And these pockets are stuffed full of survival gear, radios, flares, all sorts
of stuff in these pockets.

So we get in the Astrovan and we head out to the launch pad. You’re driving to the pad, it’s a really amazing
time, you know, you’re focusing on the mission, you’re talking about what you’re going to do when you get to space,
you’re looking at the space shuttle on the launch pad getting bigger and bigger. We get to the pad, the pad director
gets onboard the bus and he says OK crew of STS-118, you’ve been training for a year and a half, you’re ready to
go, Endeavour’s ready to go. It’s going to be a fantastic mission. We’re looking forward to the great work you’re going
to do on the space station. But you know as government workers, you can’t go anywhere until you’ve filled out the
paperwork. So I’ve got to see your launch passes. So all the veterans, no problem, we got our launch… unzip,
we’re standing up, smiling, helmet in hand, here’s my launch pass. The rookies… they’re like no pass. And then
they’re starting to panic right, you get the wide eyed eyes, you know and the one pocket here, looking in the other
pocket, they’re down checking out the radios and things. So we let this go on for a couple of, we’re all standing
there, come on where’s your pass, what’s the matter, you left it back at crew quarters? And they, so finally we let
them in on this and a couple of them weren’t too impressed actually. I don’t know, you know, what’s the prob, I
thought it was a great joke. Anyway…

This picture’s taken from the 195-foot level because on the day of launch there’s really no one at the pad
except the crew and our suit techs, our suit engineers who are going to strap us into the vehicle. So normally when
you’re at the pad there’s people everywhere. The day of launch there’s essentially nobody there. But what’s
remarkable is you stand at the base of the shuttle looking up at the image that I showed you earlier and now the
Orbiter is alive. You can hear the hiss and the creaking with the liquid oxygen and the liquid hydrogen in the
external tank and you get this sense there’s steam around you that this is an amazing, dynamic event. It’s almost
like this vehicle is waiting to lift off from the launch pad. An absolutely incredible sensation.

We go up to the 195-foot level in the white room. Our suit techs put on our parachute harness. The parachutes
are actually in our seats waiting for us. And then we climb through the deck into the mid deck itself, through the
hatch into the mid deck, get strapped in if you’re part of the mid deck crew or you head up the ladder to the flight
deck if you’re on the flight deck crew. The part that’s kind of unusual about this is of course the vehicle is vertical.
So now you’re actually walking on the wall, the floor is now a wall. And when you get to space it of course doesn’t
matter, when you land the vehicle lands like a regular airplane. So it’s a little bit disorienting getting into the
vehicle and climbing in to get strapped in place. But we climb onboard. This is now typically about two and a half
to three hours prior to liftoff and we get strapped in lying on our back. And this is a picture taken on the mid deck
of STS-118 last year. On my first space flight I was the flight engineer up on the flight deck so I had a chance to
experience both perspectives. And what’s remarkable about this picture is the person in the blue suit, Kay Hire who
is also an astronaut, is strapping us in to go. Kay and I flew together in space in 1998. And it was a remarkable
experience having somebody that you’ve flown in space with strap you in to get ready to go to space again.
Recognizing that they’re not going to be with you this time, not part of your crew this time. Because of course when
you fly in space with people, you bond, you become very, very close, almost like brothers and sisters at the end of
the mission just because of the magnitude of the training and the magnitude of the experience. So it was quite
remarkable to me to have Kay strap me in, close the visor on my helmet, give me a tap on the helmet, thumbs up
sign, way to go. And then we open the visor of our helmet again until it’s T-2 minutes.



We go through the final countdown checklist and it ends at T-2 minutes. The only thing that you have to do
at that point is you close your visor of your helmet for the last time, turn the oxygen on in your space suit and you
wait for two minutes. And the question is, what do you think about in that two minute time period? So before I

flew in space the first time I went around the office and I talked to the experienced veteran astronauts. I said OK,
I’m really curious, what are you thinking about in that last two minutes? And some of them said you know it’s
incredible, it’s like the fastest two minutes of your life. One minute it seems like you’re turning, closing your visor,
turning your O2 on and then all of a sudden you’re lifting off and then other people say it’s like the longest two
minutes of your life. It seemed like we got into a hold, time became compressed, it was like waiting and waiting
and waiting and then finally it lifted off. And then there’s these really pragmatic types, they say it’s two minutes,
check your watch. I don’t know. Anyway.

For us on the mid deck this time round it’s different because on the mid deck you have no windows to look
out. On the flight deck you have nice windows that you can look out and see kind of where you’re going to be going
up into space. And I remember on STS-90 when I was on the flight deck I had to turn on a cockpit voice recorder,
so that took probably reasonably about 15-20 seconds to do, but then being a Type A I had to check it again, right,
and then I guess I got a little compulsive cause I checked it three times. So it took me about a minute and 15 to
a minute and 30 seconds to check this thing. So that left me about 30 to 45 seconds to kind of think about what
was happening. And I remember looking out the window going wow what a beautiful day for a launch and you
know, there’s a bird flying by, oh he’s going to be surprised in a few seconds. And thinking that this is going to be
an amazing experience and then at T-15 seconds I had this huge reality check. It’s kind of like one of these moments,
you know, in 15 seconds you’re going to have seven and a half million pounds of thrust beneath you taking you
to space and I’m like well I hope this all works. And by the time my brain got around that it was T-6.6 seconds
and the main engines and the solid rocket boosters had ignited and it was time to go for a ride. There’s nothing
quite like experiencing the power of a shuttle lifting off.

By this time that we cleared the launch pad tower, the tower of course is a little over 200 feet high and we start
off at that 195 foot level, but by the time the shuttle’s cleared the tower it’s already going over 160 miles an hour.
And it continues to climb under the power of the three main engines so that 11 seconds into the mission we’re
now over 300 miles an hour. People are watching this liftoff take place and it’s always interesting talking to our
guests that come to a launch and ask them, you know, how do you feel about all this? And typically when the guests
get out of the bus they’re three miles away from the launch pad. This distance is a little over three miles, but it’s
taken with a telephoto lens so it looks much closer and compressed. And usually the guests, the typical response
is oh, this is terrible, we’re so far away I can barely see the shuttle, where is it over there? Cause it looks so far away,
being three miles away. At this point where the ground is shaking and you feel the buffeting of your clothes and
they’re shaking back and forth and you’re experiencing the supersonic blasts of the solid rocket boosters, pretty well
every guest looks and goes we’re too close. We should have been farther back. It’s amazing. I don’t know how they
let us be here.

But needless to say, everyone is watching. This is a picture of Bill Gerstenmaier who is the Director of the
Office of Space Flight watching because needless to say, after having lost a couple of vehicles people are very
concerned about this first phase of flight with the solid rocket boosters. It’s truly an amazing ride. And I’d like to
show you a video of what it’s like experiencing that ride.

(video)

Wow. Every time I see that I want to go back.

(applause)
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You know, eight and a half minutes later this is where we are. We’re out in space. You’ve gone from lying
stationary, flat on your back to eight and a half minutes later traveling 25 times the speed of sound. Now all of
you understand numbers much better than I do. How fast is 25 times the speed of sound? It’s really fast. I mean

it is so fast that every time you snap your fingers the space shuttle does eight kilometres. Five miles to the second,
boom, five miles, eight kilometres, away you go. Absolutely incredible. And of course doing that we orbit the
earth every 90 minutes. But the people that watched us lift off, they don’t have a sense of that because all they see
in the contrail that’s left in the sky, blown into these unique patterns by the winds in the upper atmosphere. And
they get back into their cars and they start heading back to the hotel. What’s remarkable though is in the 90
minutes it takes for us to go around the world, we’re looking back down at Kennedy Space Center. Our guests are
still stuck in traffic trying to get back to their hotels. We’ve gone all the way around the world and there’s the
launch pads, you can see the two of them in the upper left hand corner with the shuttle landing facility.

Absolutely incredible to be out there once again experiencing the beauty of space. It’s an extreme harsh
environment, but it’s also very beautiful and when we get a chance to get out to space we unfortunately don’t have
a lot of time to enjoy the view because we have to get to work right away. The first day is very busy. We convert
the mid deck from its launch configuration with all those seats that you saw and the orange suits into its on orbit
configuration, putting out exercise bikes, we eat a quick meal and then it’s time to get ready to go to bed.

But one of the things that’s interesting is that we do get a chance to play with our food. This is a blob of iced
tea. And it’s a really great way of illustrating, particularly for kids, the principles of surface tension. Because of course
you can release a big blob of whatever it is, iced tea, any liquid you want and have it float around in front of you.
And it’s kind of fun to be able to play with it. And this is an interesting experiment where you see all these little
bubbles in the centre of the blob of iced tea. So the question is, what did I do to my iced tea to get the bubbles to
go to the centre? Well of course you spin it right? You create a miniature centrifuge and you can take your dental
floss, put it on the edge and just go whoop like this and it will spin the blob of ice tea and all of a sudden all these
bubbles start to coalesce in the centre. It’s really quite amazing. And then if you want you can actually blow on it
and get the same effect. And you can release a big blob or a small blob, doesn’t really matter, whatever you want.
And it is quite possible to do water art where you release a big blob of water and then you can blow a little blob
of air inside there and then you can take some tropical punch and put that in the centre. But the only rule while
you’re doing all this art is you have to drink whatever it is you create. So you know, in the end you want to make
sure that these juices kind of all match up.

But we do really enjoy the environment. But now with the space station program we go through a very busy
phase on the second day of the space flight where we’re inspecting the tile of the Orbiter with the Orbiter boom
system, which is a long arm that gets attached to the end of the robotic arm, the Canadian developed robotic arm
on the space shuttle. And we use that to inspect the tile on the under surface of the Orbiter. Day three we get ready
for rendezvous and docking and here’s a picture of Scott Kelly going through the rendezvous docking checklist with
Charlie Hobaugh up on the flight deck as well and thenTracy Caldwell is on the aft flight deck getting the aft flight
deck ready because when we rendezvous we actually fly the rendezvous from the aft flight deck looking out the
overhead windows, not flying from the forward flight deck looking out the forward windows. Just to give you a
sense of what this is like. You know what it’s like driving in downtown rush hour traffic, it can get a little crazy at
times, right? Well here you’ve got two vehicles coming together, each vehicle is doing 25 times the speed of sound,
eight kilometres a second. And needless to say, you need to rendezvous and dock carefully so that you don’t collide
with each other in this unique environment.

So to do that we approach the space station from underneath on what’s called the R bar. Imagine yourself lying
on your back looking straight up into space. This would be what the space station looks like. And we approach
from underneath to a distance of about 1,000 feet, then closing to a distance of 600 feet we do something called
the RPM, the rendezvous pitch manoeuvre where we do a back flip in the space shuttle to expose the tiles on the
under surface of the Orbiter to the space station. So we’re closing in from 1,000 feet. This picture’s taken by the
space station crew, gives you a good sense of what the shuttle looks like. You saw what the station looked like. And
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then we start to do that back flip manoeuvre to expose the under surface of the Orbiter to the station itself. Of
course the astronauts and the cosmonauts on the space station use telephoto lens, they can get much bigger images
than this in fact, but they track the Orbiter through this 360 degree motion and then we end up flying out in front

of the space station to close in on what’s called the V bar, the velocity vector. And doing so, I was the crew member
that had the responsibility of using this device. It looks like a radar detector that the OPP uses on the 407 and
things, and it is. It’s the exact same unit. And what we do is we back up our computers with this redundant data
taken from a handheld laser device, which basically gives us our range and our range rate, how quickly we’re closing
with the station. So when we go forward and we’re managing risk in this very, very difficult situation we have
triple levels of redundancy. If we have one failure, we fail ops, we’re still operational. If we have two failures we fail
safe is what we call it, so we’re still safe and we’re still operational. And then it takes three failures before we’re at
any significant risk. So redundancy is a critical element. But a great shot of the shuttle taken from a distance of 30
feet as we’re coming into the final stages of docking, getting ready to attach to the U.S. slab on the international
space station.

Once we attach, we’ve got a whole series of procedures to open the hatch between the space shuttle and the
space station for the crew to go across and join. But for Rick and I it was a very busy time because the next day of
the flight, on flight day four we were going to go outside and do our first space walk so we had to bring all of our
space suit equipment across, all the tools across, everything that we were going to use in that first space walk to be
able to go outside and to perform the very complex tasks. When you do a space walk the suit pressure itself is 4.3
PSI, so it’s less than what it is in the space station and you run the risk of getting decompression sickness actually
when you get into the space suit and you depress in a vacuum. So to prevent that we sleep in the airlock overnight.
We go through a series of what are called pre-brief protocols to reduce the risk of getting the same bends that
scuba divers get. But when we’re sleeping in the airlock overnight we have to have our breakfast available so Rick
is very proud, he’s made a peanut butter tortilla for us for breakfast and brought that over to the airlock. So we
sleep in the airlock overnight, wake up the next morning, go through a series of final checks, get into or space suit,
climb into the airlock, close the hatch, depressurize the hatch and get ready to go outside for the first of the four
space walks on the flight.

It’s absolutely incredible when you step outside of a spacecraft and you’re looking straight down at the earth
below you or above you, depending upon your perspective, traveling at a speed of eight kilometres every second
looking at this distance of 400 kilometres down to the surface of the earth and that’s the kind of image that we
would see. Our first space walk was designed to install S-5, one of the truss elements in the space station on the
starboard side. So we went out the airlock, we headed out to S-5. And this is a picture of the S-5 element on the
robotic arm. So there’s this very careful choreography between the robotics of what’s going on and what we’re
doing as space walkers, rendezvousing and getting out there at the same time you can see Rick Mastracchio in the
centre of the slide with the red stripes on his space suit. And we went all the way out to the extreme end of the
space station to install this piece of hardware on the station itself.

What’s remarkable about this, working at the extreme end of the space station I was right beside these
structures, which are the solar rays. And of course as you know we can’t turn off the sun. So these collect the energy
of the sun, convert it to electricity. And I used to dream about this moment. I had this dream about, you know,
what happened to the Canadian astronaut, zap, it was like the bug in the bug zapper, you know, he sort of, oops
he collided with the solar ray and that was it. Because as you can see, I’m right beside the solar ray and I got as
close as a distance as about two to two and a half feet away in the space suit. So it was really a remarkable experience.

We successfully installed S-5, came back and moved some foot restraints around in the space station and then
retracted a radiator on the space station to get another element ready to be moved in a later sequence of the space
station construction. And that’s very typical for the space walks as we go forward, were doing a wide range of these
tasks. And again remember, we’re outside in this extreme harsh environment where we run the risk of being hit by
a micrometeoroid of roughly one in 5,000 or so, working with those temperature extremes, with a light/dark cycle
every 45 minutes. And it’s really quite challenging and that’s why we spend so much time training. But at the end
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of six hours you come inside, you’re physically exhausted, but I was surprised how mentally exhausted you are as
well because with the concentration for the full seven hours that you’re outside and in the airlock repressing and
things, it really is quite draining. And of course you’ve got nothing to eat in the space suit, you’ve only got 32 ounces

of water to be able to drink while you’re outside.
But our first space walk was very successful, worked well, got us ready for our second space walk where we

had to replace a gyroscope that was failing on the space station and that was the first space walk where I was the
lead EVA crew member. To do this we brought a gyroscope up in the payload bay of the space shuttle and I climbed
onto the end of the Canadian built robotic arm on the station. So this is the station arm not the shuttle arm. And
I’m moving down to the payload bay and this is the view that I had. And you know what’s remarkable is that you
can live a lifetime in a moment. It seemed like I was standing on the end of the arm, I took a couple of these
photographs and I was looking down at the earth below me and I would look out over my shoulder at this black
infinite void of space and I felt like I was nothing. A mere speck of cosmic dust in the overall history of the solar
system or galaxies and things. It was one of the most humbling experiences in my life. And I’m looking down at
the earth below me and I can’t help but reflex upon the fact that beneath me is the planet upon which the entire
history of the human species has taken place. Everything that’s ever happened happened on this planet below me.
And you look back out at this infinite void and it makes you really truly appreciate the role that each of us plays
on a daily basis, the legacy that each of us can leave for all those that love us.

We grabbed onto the new gyroscope and we brought it back up to the space station itself. This thing weighs
1,200 pounds, I’m holding onto it with two hands like a tennis ball, moving like grass growing, right, very slowly.
Cause you don’t want to lose it. But I’d look over my shoulder and see images like this of the sun coming up over
the horizon, feeling yourself warming up, illuminating the Pacific Ocean beneath you as I’m trying to look over
the gyroscope to get a sense of this remarkable image. Really at the end of the Canadian developed arm, 60 feet
long away from the space station itself. And that would transition to a totally different perspective as we’re looking
out into space, bringing this gyroscope around to a different part of the space station, but looking up at that black
infinite void. The remarkable contrast of the beauty of the Pacific with this infinite darkness of space. We brought
the gyroscope into position on the space station, successfully installed it and everything worked out well and to
celebrate we decided to have a dinner with our space station colleagues. And of course when you dock to the space
station you have our seven crew members joining the three crew members on board the station. In this case Clay
Anderson on the left, Fyodor Yurchikhin in the centre and Oleg Kotov, an emergency physician from Moscow
on the right hand side. So ten people living and working together in this environment accomplishing these
significant challenges.

The third space walk of the mission, Clay and Rick went outside. I stayed inside for this one. And my job
was to helpTracy with the choreography of the space walk and to take photographs of the space walkers themselves.
But they were involved in installing various communications antenna onboard the space station and moving some
equipment around on the space station itself. We got this great picture of Rick Mastracchio looking straight down
at the earth. Clay Anderson took this picture. And you’re probably wondering, why is Rick holding his hand up
in the air? Turns out Rick had a hole in his glove. Remember we’re working in the vacuum of space and if you look
very carefully on the thumb of the glove about halfway up there’s a hole that’s roughly a millimetre in size. And
what’s really concerning in an environment like this is that this hole, while it didn’t penetrate the pressure layer of
the suit, could compromise the integrity of the suit. So we have to make a very significant decision, do we continue
with the space walk, running the risk that this could actually become a hole that violates the pressure layer of the
suit and Rick starts to lose pressure in his suit or do we forfeit all the mission objectives for that space walk and
bring Rick inside? So the decision of course was to look at the data and the probability of this continuing to extend
or the probability of this disrupting the suit was felt to be significant enough that we decided to terminate the space
walk and bring him back inside. But it illustrates the real time decision making that we have to make solely on the
basis of data.
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Another interesting challenge emerged after we got Rick and Clay inside. It turns out that those photographs
that we took on the second day of the space flight demonstrated damage to the tile on the under surface of the
Orbiter. And this tile is porous, silicate. It can withstand temperatures of 2,000 degrees Fahrenheit during re-

entry, but the size of this defect is a little bit bigger than the palm of my hand and what you’re looking at at the
bottom of the hole is exposed aluminum of the structural members of the space shuttle itself. So we have a very
significant decision to make. We’ve, NASA had lost a spacecraft Columbia to essentially this problem. Rick and I
are trained as space walkers to go out and fix this problem. Basically to fix it it’s like doing drywall. OK. There’s
nothing really sophisticated to it, we had this sophisticated material, but you go out and you’re standing on the
end of the robotic arm and you put this compound into the hole. There is one little difference though. When you’re
drywalling, you know, you can touch the wall, you can move around and things. When we’re space walking doing
this repair we’re not allowed to touch the tile. The only tile that we’re able to touch is the damaged tile. So if I were
to take my hand and put it on normal tile, I’m going to damage the tile. If I inadvertently bump into the tile with
my space suit I’m going to damage the tile. I would be working a foot away from the under surface of the Orbiter
freely floating passing Rick tools. Now we’ve trained to do this and we think that we’re skilled enough to do it,
but it’s a risk management decision. Going forward to fix it is associated with a whole series of known and unknown
risks. And leaving it is also associated with risk.

So to make the decision we had to get the data to make the decision because of course in risk management, as
you know, it’s all about getting the data. They’re data driven decisions. So we did thermal arctia(ph) testing at
Johnson Space Center in Houston and found out that the underlying aluminum structure with this type of defect
would get up to a temperature of around 350-400 degrees Fahrenheit. So we thought about this and said well, you
know, aluminum, it’s not going to be a problem, 350-400 degrees. We made the decision that we’re not going to
repair it, we will leave it as is, we will re-enter with the tile damaged like it is and we anticipate that everything will
work well based on the data we got. We’re doing an interview with the media. Scott Kelly, our commander and I
were doing this media. We’re in space and one of the reporters asks Scott a question. He says Commander Kelly,
aren’t you worried that the vehicle is going to catastrophically fail because of the high temperatures and the damage
to the tile. And Scott’s a funny kind of guy and he recognized the importance of communicating data driven risk
management decisions in a manner that everybody could understand. So he kind of does this in front of the camera,
he says you know, a couple of weeks before liftoff my daughter came up to me and said dad, can we make a pizza?
And he goes yeah, that’s a good idea, so he goes to the freezer and pulls out the pizza. It says preheat the oven to
350, put the pizza in for 20 minutes. So he does that. Preheats to 350, pizza goes in. 20 minutes later, pizza comes
out, it’s great. And you know what? The aluminum pizza pan survived. It’s incredible. How does this happen? And
it was really a very astute observation that Scott made that you know, the best way to have people understand this
is to communicate it in a manner that they’re familiar with. So of course we did re-enter successfully and there was
no problem. No issues with the tile at all.

But we had another little challenge lurking out there. On our fourth space walk Clay and I went outside and
we’re installing various devices on the space station itself. Here’s a big, it’s called a stanchion that holds the Orbiter
boom in place on the space station so it’s basically a way of storing equipment on the station and that’s a great shot
of me up there installing the thing. We then went and installed various communications antenna. This picture was
taken with me six feet away from the overhead windows on the space shuttle itself. But Tracy said look over your
shoulder. And here’s Hurricane Dean in the Gulf of Mexico, which occurred real time during our mission. And
as you know, Johnson Space Center is at risk of being hit by a hurricane. We’re outside real time. Tracy says hey,
pause, have a look at the hurricane. Clay and I, it’s an unbelievable experience. We’re tethered to the space station,
we release, I’m floating freely in space looking 400 miles, 400 kilometres straight down through the eye of the
storm. And it’s amazing, you can see right through the eye right down to the Gulf of Mexico. But this became a
huge risk management decision because the question was, do we leave us in space for our full mission duration or
do we bring the Orbiter back and prematurely terminate the mission, accepting the unknown risk of this actually
hitting Houston and causing something like we saw with Hurricane Ike this year. So the decision by Mission
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Control was that we really didn’t have good data to know what was the most conservative thing to do, so in the
best data that we had we felt the most appropriate thing was to prematurely terminate the mission. They brought
Clay and I back inside early after being outside for about four and a half hours and we got ready to undock from

the International Space Station, said goodbye to our colleagues, great view of the space station as we’re moving away
from it. Absolutely spectacular image as it gets smaller and smaller on the horizon.

And what we do is orbit around the space station to take pictures of the space station, see if there’s been any
damage to the station itself. And this is a great shot of the shadow of the space shuttle overlaid onto the station as
we’re moving farther and farther away. And you can see the station getting smaller and smaller until finally it’s just
a small bright dot in that blackness of space, Looks like a star as you get farther and farther away from it.

Well coming back to earth is a very sad moment for all of us because we have to leave the beauty of space where
we can appreciate things like this picture of a thunderstorm taken from space. Recognizing that lightening comes
from thunder clouds straight down to the earth, but it also goes between clouds horizontally and lightening can
come out the top of a cloud up into the upper atmosphere. Truly spectacular to be able to see, especially at night
when you’re orbiting around the earth. Great shot of the Sahara Desert and the wave-like appearance in the sand
that’s created the ripples from the wind blowing the sand into these different patterns with the beautiful white
clouds above it. Absolutely spectacular to see Dubai, Palm Island being built from space. Arguably people say this
is one of the easiest things to recognize on the surface of the earth and they actually say that humans will be able
to see it from the surface of the moon. We’ll see when we get back to the surface of the moon. But it’s quite
remarkable getting a chance to look at the Pyramids, which you can see in the centre just over to the right a little
bit. People often ask, they say the Great Wall of China, is it easy to see? Well in fact the Pyramids themselves stand
out a little bit more just because they’re wider and they get a lot of highlighting from a low sun angle so they have
a three dimensional affect to them. But it’s quite amazing flying over the earth being able to recognize all these
different features and then appreciating things like the beauty of the Northern Lights or the Southern Lights seen
from space. This amazing interaction between electrons and atomic oxygen in the atmosphere itself and over on
the left hand side of the slide are the OMS pod, the orbital manoeuvring system of the space shuttle Absolutely
incredible to be able to see.

Beautiful view of the Pacific Ocean just after a sunrise. And you can see the clouds, the thunderstorms
highlighted and things as the sun’s coming up over the horizon. And it’s amazing being able to see contrails in the
earth’s atmosphere. Evidence that we humans live here on earth. You see activity of people. You can see ocean-going
vessels. Not the vessel itself, but the big wake that it leaves in the ocean, this giant V that you can see in the ocean.
And it’s remarkable looking over the Atlantic at these contrails of airplanes flying between Europe and North
America. And sometimes people will ask me, they say has space ruined anything for you? And I have to tell you it
honestly has ruined something for me. I have no patience anymore for transatlantic flight. I don’t get it, right, six
hours, seven hours in Air Canada you know, 40 minutes in the space shuttle. Got to love it. It’s a good thing.

But it’s very sad for us to say goodbye to space, particularly on STS-118 where it was my second and probably
I knew at that point in time my last space flight, having had a chance to do three space walks and I would love to
be able to go back to space again to experience the remarkable aspects of exploring this unique environment. And
that may be possible, you never really know. But it’s always hard for us as crew members leaving to come back and
land at Kennedy Space Center after a 14-day mission or a 16-day mission and get a chance to rejoin our loved ones.

Back in the time of Challenger, people used to relax after we got solid rocket booster separation because of
course the first disaster was associated with the O rings and the SRB’s. After Columbia the families never relaxed
until the Orbiter actually landed and we got to wheel stop. And it’s really striking because I take you back to my
comment prior to launch that I’m willing as an individual to go forward and accept this risk, but you can’t help
but ruminate on the fact that your family, my daughter who’s 10-years-old and my son who’s 14-years-old are all
watching this and how truly incredible it is when we go forward in space and how truly catastrophic it can be if
there’s an adverse event and a bad outcome. So we work very, very hard to mitigate that risk. And that’s a team
effort. One of the members of congress, Sheila Jackson-Lee came down and gave us all certificates of excellence,
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recognizing the team element of when we go forward and fly in space. And as we fly in space and we accept these
risks, we manage these risks and we lower the odds of failure to two in two million, we recognize we do it on the
behalf of large groups of people like yourselves. There are teams of thousands of people that enable us to go forward

and accept these risks and do it successfully.
What about the future? I used to drive Dan Golden nuts when he was administrator of NASA and I was

director of life science by saying Dan, by the 50th. I think that’s a great bumper sticker you know, by the 50th. And
he’s say what are you talking about, by the 50th? By the 50th anniversary of Apollo to have humans back on the
moon. An absolutely incredible objective. Right now it’s the 50th anniversary of NASA. 2019 will be the 50th

anniversary of Apollo and we hope to have humans back on the moon by 2019 as part of a plan to send humans
ultimately onto Mars. And as an astronaut I like to say that I haven’t played a huge role, but perhaps I’ve laid one
or two of those footsteps on the path sending humans back to the moon and ultimately onto Mars. An incredible
experience having humans living and working in this environment. I hope and I dream that there will be a
Canadian astronaut that will be part of that process, a Canadian that will have a chance to walk on the moon. It’s
not going to be me, but it’ll be one of the future generations of Canadians, somebody who’s probably 28-30-years-
old right now. And the next group of astronauts who will go to Mars, they’re probably 7 or 8-years-old right now.
These could be your kids. And if you don’t think that’s possible, talk to my mother who never thought it would
be possible that I would ever have a chance to go fly in space. Absolutely amazing.

Great shot of the shadow of the space station left on the surface of the moon in a time lapse photograph,
signifying the contribution that the exploration enabling research that we’re doing right now onboard the
International Space Station will have in helping us get back to the moon. And in so doing we develop new unique
technologies that help us here on earth. Of course as a Canadian we’re all very proud of the Canadian built robotic
arm on the space shuttle, the Canadian built robotic arm on the space station, the Canadian development boom
that allows us to inspect the Orbiter, return the Orbiter to flight and find damage to the tile. And in my current
role now as Director of Surgical Robotics at McMaster, we’re working on taking that Canadian developed
technology and implementing it to develop surgical robotics, a new area of helping surgeons with advanced
technology perform procedures they couldn’t otherwise do.

What about Mars? Three year mission. Six-seven months to get there, a year and a half on the surface of
Mars. You get to a point on your way to Mars where your abort scenario is you abort to the surface of Mars. You
can no longer come back to earth. What about managing risk in a situation like that? Absolutely amazing to think
of the challenges we’re going to go forward and experience having humans standing in this environment, which
is the surface of Mars, looking at that pale dot, which you might be able to see in the centre, which is the earth
seen from Mars. We’ll have humans living and working in this environment, a totally different perspective. In
Apollo you could hold your thumb up and block off the image of the earth with your thumb. Here you’re going
to be able to do it with the tip of a pencil, blocking off the image of the earth. That’s our planet.

And for the first time in the history of the human species, we envision having humans living and working on
habitats, whether it’s on the moon or Mars, 365 days a year cause we’ll rotate crews just like we do onboard the
International Space Station. And what’s truly remarkable about this is that by understanding the risks that we
accept in going to space, we enable humans to go forward and live on other planetary bodies in our solar system.
Exploring these unique environments to see whether life may have once existed. Of course we know that there’s
water on the surface of Mars and where there’s water it’s quite likely that there may be evidence of life.

But as we go forward and work in these environments, often people use the word impossible. I no longer use
the word impossible. And that when we go forward and we try and do these amazing things, we try and look at
what’s required technologically, we try and look at the risks that we’re going to be accepting, we try and manage
those risks through a data driven process. And I think this video that I’m just going to show you now summarizes
that process really well.

(video)
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When ideas become reality it can change people, nations, our world forever. It’s truly remarkable because
that’s really what we’re doing when we go forward and explore space. But to do it we have to do what all of you
do on a day to day basis, we have to see past risk. We have to understand risk. We have to manage risk. That’s a

data driven process. By doing what you do every day you enable people to live their lives to the fullest, enabling
them to experience things and experience challenges they might not otherwise be able to do. Everything that you
do is embraced in everything that we do in going forward and achieving the goals that we achieve in space. And
I would like to thank you for all the hard work that you do on a daily basis, helping people in many walks of life
be able to go forward and achieve their dreams just like we’ve been able to achieve our dreams in space. Thanks
very, very much for having me. It’s been a pleasure being here and we may have a chance for one or two questions
if you like. Thanks very much.

(applause)

Speaker Hale: I think we probably have an opportunity for a question if anyone has one. I don’t see anyone
coming up to the mic. I think they’re still amazed. Dave the pictures were amazing; the story was amazing. I can
understand why you have so many applicants from 10-year-olds especially when you get to play with your food
like that. It’s just incredible. Thank you very much for sharing that amazing experience with us. We really appreciate
it. Thank you.

Dr. Dave Williams: Thanks very much.

(applause)

Speaker Hale: This session is adjourned. I think next is a break. Enjoy the rest of the meeting. Thank you.
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