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   Foreword   

 Jonathan Ward approached me in the summer of 2013 with the idea of telling the story of 
early human spacefl ight from the point of view of the launch processing team at the 
Kennedy Space Center. No one had ever put together a detailed description of what it actu-
ally took to get the Apollo spacecraft, along with its rockets and facilities, ready for launch, 
so I immediately encouraged him. There are many books written by astronauts, members 
of the fl ight team in Houston, and others that characterize the adventures and challenges 
experienced by those involved in the missions. But the stories of those who made these 
missions possible by preparing for launch are equally interesting. What Jonathan pro-
posed, and has accomplished, is different than the other early human spacefl ight era books. 
With this book, the Kennedy Space Center is getting its “day in the sun.” 

 During Apollo, KSC resembled a city with scores of factory buildings. More than 
20,000 workers were busy around the clock. There was activity 7 days a week and heavy 
rush hour traffi c. It was called KSC, the Rocket Ranch, Moonport, or just the Cape. For the 
workforce, long days and nights were the norm. We ate in cafeterias, snack bars, from 
vending machines, or at mobile canteens we referred to as “the roach coach.” We didn’t 
have the attitude that our work was just a job. We knew what we did was important. We 
were on a mission to get our astronauts into space and back home safely. High quality was 
essential, and discipline was required. 

 I remember the fi rst time I entered the blockhouse at pad 19 on the Cape for a Gemini 
test. I stood speechless taking in the scene: Dozens of people sat at cramped consoles that 
featured meters, red, green, and yellow lights, ink pen recorders, and tape decks. The test 
conductor gruffl y told me to sit down and put my headset on. I quickly learned that these 
guys (we were all guys then—only a few women were in test operations) ruled the block-
house and control room operations. They demanded discipline, as did their bosses. 
Discipline was not much of an issue, as most of the guys had served time in the military, 
and we knew what discipline was. 

 For those of us in spacecraft operations during early Gemini, our administrative home 
was hangar S, on Cape Canaveral Air Force Station. The Mission Control Center was also 
on the Cape. Organizationally, we were part of the Manned Spacecraft Center, in Houston, 



Texas. After the Manned Spacecraft Operations Building, now called the Neil Armstrong 
Operations and Checkout (O&C) Building, was completed on Merritt Island, we moved 
there and became employees of KSC’s spacecraft operations directorate. 

 My fi rst assignment as a journeyman NASA systems engineer was to oversee the astro-
nauts’ biomedical instrumentation on the fi rst manned Gemini mission. I was a member of 
a team that included the astronauts, spacesuit and medical equipment engineers, techni-
cians, and fl ight surgeons. It was great way to start my career. It reinforced what manage-
ment told newcomers: “Your work is all about the crew and their mission.” I still remember 
the emotions of my fi rst manned launch as a member of the team. I was outside in the 
fallback area with the launch scrub recovery team personnel, and I had a great view of the 
Gemini 3 launch. I didn’t know then that I would be a member of the launch team for 
approximately 100 more human missions. But I seldom got such a good view of a human 
launch event again until after I retired and became a spectator. 

 For Apollo, the O&C Building was the administrative home for NASA spacecraft per-
sonnel and our contractors—Grumman for the lunar module, and North American 
Rockwell for the command and service modules. It was also the factory for fi nal assembly 
and checkout of the spacecraft. Similarly, the Vehicle Assembly Building and Launch 
Control Center area provided the administrative home and factory for NASA and contrac-
tor launch vehicle operations teams. 

 In the O&C, our offi ces were bullpens, with dozens of people in the same room. Four 
desks were pushed together so we could share just two phones. The bosses had partitions. 
The O&C high bay always had at least one mission’s spacecraft in process, sometimes 
two. Each mission required two spacecraft with two major elements each. The lunar mod-
ule’s ascent and descent stages for the lunar landing were paired with a command module 
and service module for the trip to lunar orbit and return. 

 Our test control rooms were on the third fl oor of the O&C, a few steps from the astro-
naut quarters. This is where all the KSC spacecraft test operations were managed. With the 
spacecraft team concentrated in one building, we benefi ted from closeness. Communication 
was good, and management presence was continuous. 

 The downside was we saw little of our launch vehicle operations teammates. Their 
activity was mostly in the Launch Control Center, in the area where the Vehicle Assembly 
Building and launch pads 39A and B were. Their challenge was probably even greater than 
ours. They had the world’s largest three-stage rocket to assemble and test. Each stage had 
different contractors and multiple interfaces with the launch accessories. A lot of them 
considered our spacecraft as their nose cone   . 

 Our presence there was minimal until the spacecraft was mated to the Saturn V. Then, 
we could have a small number of attendees for the lengthy integrated scheduling meetings 
and test briefi ngs. There was no doubt as to who was in charge of this activity. It was 
Rocco Petrone, launch operations director. His leadership and management style is leg-
endary. He was very visible, involved, and demanding. Although Petrone’s offi ce was in 
the O&C, he spent most of his time attending to the integrated activity in the LCC area. 
We spacecraft folks were thankful for that. 

 We did see a lot of the astronauts during our work. Each mission had a prime and 
backup crew that often participated in our spacecraft test briefi ngs, and who visited the 
workers in the control rooms and the other worksites. We enjoyed social events with them 
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also, notably softball games in the evenings. They had simulators for the lunar module, 
command and service module, and lunar rover here that were connected to Mission Control 
in Houston. They spent a lot of time training here, and all of us, both NASA and contrac-
tors, felt we knew them. 

 Accordingly, we all were very concerned when the  Apollo 13  event occurred. During 
the  Apollo 13  drama I believed, along with many others on the team, that since the crew 
had survived the explosion they would return okay. Thanks to the heroics of the fl ight team 
and the crew, it turned out that way. I personally learned some lessons from my involve-
ment in that activity which were helpful when I was Shuttle launch director. 

 Jonathan did extensive interviews and information collection in writing this book. It is 
an accurate description of what the KSC NASA/contractor team did during the Apollo era. 
Yet, it is diffi cult to capture in words how the KSC team members personally dealt with 
maintaining a balance between their personal and family lives, and the almost 7 year mara-
thon of work during the Apollo era. I believe that the team members had a passion for their 
work because they knew what they did was important to the country, and that made the 
successes we all enjoyed possible. 

 Alan Shepard, after receiving accolades for his space fl ight accomplishments, com-
mented, “We need to remember the people who made it possible, because so little is said 
about them.” This book tells what we did. Shepard would have liked that.  

            Bob     Sieck   
 February 2015       Gemini Spacecraft Systems Engineer   

Apollo Spacecraft Project Engineer
Shuttle Launch Director

Kennedy Space Center
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  Pref ace   

 I knew that this was a book that needed to be written and a story that deserved to be told. 
I’m not so vain as to claim that it needed to be written specifi cally by  me , but here I am 
nonetheless. 

 I like to say that the idea for this book came as a fl ash of inspiration. In a very real 
sense, that is true—I had one of those “wake up with an epiphany” experiences that every-
one hopes for at least once in their lifetimes. The muse not only sang in my ear; a full 
chorus and orchestra backed her up. Her song to me would have been useless, however, 
without my accumulated years of half-formed ideas, good intentions, and enough knowl-
edge to be a little dangerous. Permit me to tell you a little about my background. 

 I was lucky enough to be born at a time that allowed me to watch America’s manned 
space program from the outset. Two of my earliest memories are of watching Alan 
Shepard’s Mercury/Redstone fl ight in May 1961 and being taken outside one night to see 
the Echo I satellite fl oat silently overhead among the stars. I grew up devouring the  Life  
magazine accounts of every Gemini and Apollo mission. I made spaceship cockpits out of 
cardboard boxes. My best friend and I turned the top panel of a washing machine into a 
starship control console and view screen. I spent many nights outdoors with my 
telescope. 

 In the summer of 1971, when I was 14, I fi nagled a position as a volunteer summer tour 
guide at the Smithsonian’s National Air and Space Museum in Washington, DC. The 
 Apollo 15  mission fl ew in late July and early August. For a few days beginning on August 
2, while the mission was underway, NASA briefl y loaned the museum a full-size working 
model of the lunar rover. A few of us lucky teenagers drove the rover out of the museum 
and onto the Mall to demonstrate it for tourists. How many people can claim that they 
drove a lunar rover before they had even driven a car? 

 On Thursday, August 5, astronaut Al Worden performed the fi rst deep space EVA as 
 Apollo 15  was on its way back from the Moon. I went upstairs after lunch to the museum’s 
library, where I knew I could watch the spacewalk on a small portable black and white 
TV. As I watched alone in the back of the library, the museum’s director,  Apollo 11  astro-
naut Michael Collins, quietly came in and sat down next to me at the table. I was too much 



in awe to ask him any questions or even to say anything to him, which was probably just 
fi ne with him! The two of us stared at the TV in silence. It was a profoundly moving expe-
rience to watch Worden walking in space while I was in the presence of a man who had 
been to the Moon only 2 years earlier, and who had performed America’s third space walk 
just 3 years before that. 

 I did not pursue engineering or astronautics as a career, but I never lost my enthusiasm 
for spacefl ight. My fi rst job out of college was two blocks from NASA headquarters. Back 
in the days when security was lax, I was able to get into the auditorium at NASA HQ to 
watch the reentry and landing of  Columbia  on the fi rst Space Shuttle mission. Six years 
later, I worked for Boeing on the Space Station Freedom program. After I left Boeing, I 
watched the Space Shuttle program with interest as a spectator, grateful that NASA’s web 
sites shared photos that never made it into the popular press. 

 I became aware of eBay and some of the auction houses in the mid-2000s, and I was 
surprised to fi nd that there was an active trade in Apollo-era artifacts. I developed a par-
ticular interest in Apollo-era access badges and items associated with the Launch Control 
Center at Kennedy Space Center (KSC). In my eyes, every piece told a story about some-
one with an interesting role during Apollo. Many of the items came from people selling off 
a deceased relative’s estate. I frequently heard stories such as, “My uncle worked for 
NASA, but I have no idea what he did, and he didn’t leave a diary or memoirs.” I mourned 
the history that was lost with the passing of every space worker. 

 After I put up a web site highlighting some of my research about the Launch Control 
Center of the Apollo era, former NASA engineer Frank Bryan began corresponding with 
me in late 2011 after Frank saw the web site. Frank let me pick his brain about obscure 
aspects of KSC hardware from the 1960s. Fortunately for me, Frank’s memory was amaz-
ing. His recollections provided intriguing behind-the-scenes insights into what really went 
on at KSC during Apollo. The more I learned, the more I wanted to know. 

 About a year later, I met NASA fl ight director Glynn Lunney and fl ight controller Jerry 
Bostick, both of whom were in the thick of the action in Houston’s Mission Control Center. 
Glynn inspired and pushed his Apollo-era fl ight controller colleagues to tell their personal 
stories in the excellent collection, “From The Trench of Mission Control to the Craters of 
The Moon: Stories from the Men of Mission Control’s Flight Dynamics Group: ‘The 
Trench’.” I told Glynn and Jerry that I was interested in trying to kick-start a similar pro-
cess for people who worked at Kennedy Space Center. Their sage advice was that, while 
it was a great idea, it would be diffi cult for an outsider to run the process. It would have to 
be facilitated from someone inside the group. 

 Frank concurred with their assessment, as did Bob Sieck, an Apollo project engineer 
who went on to become the longest-running Space Shuttle launch director. They said that 
the old hands from KSC are much more comfortable swapping stories with each other at 
their monthly breakfasts or lunches than they are talking to people from outside the pro-
gram. Most of the men are distrustful of people who introduce themselves as being inter-
ested in space history, but then subsequently turn the conversation toward offers to buy 
memorabilia. The fastest way to get the door slammed in your face by many Apollo/Saturn 
workers is to ask them if they want to sell their priceless mementos. 

 The people of the Apollo era at KSC have long felt forgotten by the public. Although 
they would not use these words, they seem somewhat envious and frustrated that Houston 
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and the astronauts stood in the spotlight during the Apollo era. They wish their own 
accomplishments had received more public recognition. At the same time, they are reluc-
tant either to brag about themselves to an outsider or to spend the time writing down their 
recollections. Without being willing to crow a little about one’s own achievements, the 
lack of recognition becomes a self-fulfi lling prophecy. You are upset that no one tells your 
story, yet you will not tell it yourself or trust someone else to do it for you. 

 I could not give up. I was sure that the story of the Apollo/Saturn era at Kennedy Space 
Center needed to be told in some way. The 1970s classic “Moonport” was a wealth of 
information about building the facilities at Launch Complex 39, but it seemed to be lack-
ing something. I just couldn’t put my fi nger on it. 

 So, back to the muse that sang into my ear: I was on vacation at the beach. My light 
summer reading included David Woods’ excellent book, “How Apollo Flew to the Moon,” 
and my dog-eared copy of “Moonport.” On the morning of July 30, 2013, I awoke with a 
start. I had a crystal-clear vision for what was missing from the KSC story and how to 
structure a book of my own. The answer was a combination of a systems view of the 
work—how all the pieces and processes fi t together—combined with a more intimate view 
of what it was actually like to work on the Apollo spacecraft and the Saturn V launch 
vehicle every day. I would follow the workfl ow for a mission from the time the stages of 
the rocket and spacecraft arrived on the dock at KSC, through the assembly and test pro-
cess, rollout to the pad, and fi nally countdown and launch. 

 Armed with this idea, I asked Bob and Frank for their opinions. They both thought it 
was an interesting and workable approach. Then I asked if they would be willing to intro-
duce me to some of their colleagues so I could start fi lling in the blanks. The snowball 
began rolling. Every interview ended with the person saying, “Let me put you in touch 
with…” Before long, I could barely keep up with all the accumulated information and the 
interview schedule. 

 As people thought about potential interviewees for the project, it seemed that far too 
often they realized, “Oh, he’s got Alzheimer’s now,” or “He passed away last year.” Most 
of the people I interviewed were in their late 70s or early 80s, some as old as 94. Time is 
not anyone’s friend at this age. 

 If time was my worst enemy, it was also a great motivator. The men and women who 
worked on Apollo lived under the constant pressure of a deadline to meet a bold vision. I 
also felt an overpowering need to move ahead at full speed on this project. The richness of 
the experience of these people is forever lost as they slip away. I moved quickly on this 
project, not just because I wanted to capture what information I could from these remark-
able men and women. As I got to know these folks better, it became blindingly obvious 
that they and their achievements at Kennedy Space Center deserved to be remembered, 
shared, and celebrated much more widely. I want the people of Apollo and Saturn at KSC 
to see this book come to fruition, to let them know that their story is fi nally being told to a 
broader audience. 

 My objectives were to put as much information into the book as possible, while keeping 
the detail at a manageable level, so that it all fi t it all into one book. They turned out to be 
mutually exclusive goals. 

 After reading my fi rst manuscript, my wise editor at Springer advised me that a book 
over 700 pages long would prove too daunting for most people. She suggested that there 

Preface xxv



were actually two books trying to emerge from this material. I resisted that notion at fi rst, 
but she was correct. 

 This book and its companion (“Rocket Ranch: The Nuts and Bolts of the Apollo Moon 
Program at Kennedy Space Center”) have distinct and complementary topic areas and 
viewpoints. Each can be read on its own, but my hope is that you will fi nd that both of 
them together tell a compelling story. Read this book to learn how the workers at KSC 
prepared the Apollo missions, from loading dock to launch. “Rocket Ranch” will give you 
more depth on the amazing facilities and technology at KSC and what it was like to work 
in such extraordinary circumstances in the 1960s. 

 I read more than 1,200 source documents and conducted over 300 hours of interviews 
with more than 70 people to prepare for writing this book. I know that I have only scratched 
the surface. I’m very happy with the results, and I hope you will be, too. It was the most 
fun I’ve had in a long, long time. I can also truthfully say that I feel this work is the culmi-
nation of my lifelong passion. 

 While there are nearly 300 photos and diagrams in this book, I left many out because 
their details would be lost by shrinking them down to book size. My web site (  www.
apollo-saturn.com    ) contains supplementary information to accompany this book, and it 
will be kept up to date. There will also be a place to post errata and corrections for this 
book. Please visit the site and check back often! 

 So, that’s the story of how this book came to be. I hope you will enjoy reading it, and 
that you will celebrate the incredible people who gave their all to send men to the Moon.  

  Greensboro, NC     Jonathan     H.     Ward     
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                We live at a time when people appear to be less conscious of manned spacefl ight than any 
period in the past 50 years. Humans have maintained a continuous presence onboard the 
International Space Station since November 2, 2000, and yet few people are even aware 
that there  is  an International Space Station. In the minds of the youngest generations, 
spacefl ight is more likely to be the realm of science fi ction or distant history. The Apollo 
era seems an impossibly long time ago to many people. Indeed, nearly two-thirds of the 
current population was born in the years after men last walked on the Moon. Is it any won-
der that many people dismiss the possibility that we could have even gone to the Moon? 

 And yet, America  did  send 24 astronauts to the Moon on 9 missions in the late 1960s and 
early 1970s. We did it when computers were the size of rooms, when there were few com-
munications satellites, there was no Internet, and there were still plenty of people alive who 
were around when the  airplane  was invented. A mere 34 years after Charles Lindbergh made 
the fi rst solo transatlantic airplane fl ight, President Kennedy issued the May 25, 1961 chal-
lenge to land a man on the Moon and return him safely to the Earth. The Apollo program was 
conceived, the facilities were designed and built, three generations of spacecraft were tested 
in fl ight, and men landed on the Moon, all within the space of less than a decade. 

    HOW WAS THAT EVEN REMOTELY POSSIBLE? 

 The Moon landing program was a massive effort to prove the superiority of the American 
way of life over that of the Soviet Union. The US needed to show the world that it could 
mobilize its best minds and its best workers to achieve a very diffi cult but peaceful objec-
tive. One consequence of that campaign was that the US government and NASA made 
sure that every aspect of the Apollo program was conducted openly and thoroughly docu-
mented for the whole world to see. Many dedicated individuals have been working over 
the past two decades to scan, preserve, and make publicly available the priceless records 
from the Apollo program. 

 Skeptics doubt it could possibly have happened, but the documentation clearly 
shows that landing on the Moon was achievable with 1960s technology, because it 
was a scientifi c and engineering challenge that could be broken into manageable pieces. 

    1   
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Apollo technology was the culmination of the 60 previous years of development, the age 
when we conquered the skies. We learned how to propel airplanes through the air and how 
to shoot rockets into place in the fi rst six decades of the twentieth century. Apollo was the 
capstone of the work in which scientists and engineers had already been engaged for many 
years. With lots of money available and disciplined, tenacious chipping away at the obsta-
cles, there was no magic involved, no need for special effects. 

 The program achieved its political goal of demonstrating what a free society is capable 
of doing if it sets a lofty vision, commits to and funds a long-term plan, and then lets the 
experts work the challenges without political interference. Shared purpose, adequate fund-
ing, disciplined management of the program, dedication of workers at every level, brain-
power, willingness to take risks, communication, and hard work—those were the factors 
that made the Moon landing possible.  

    WHY A BOOK ABOUT KENNEDY SPACE CENTER? 

 Those of us who were fortunate enough to be alive in the 1960s watched Apollo on our new 
television sets. We read about the program every day in newspapers, and we looked forward 
to the latest copy of  Life  magazine and its glossy photos of the latest space mission. 

 Nearly 50 years later, what do most of us remember about the Apollo program? First 
and foremost in the memories of the public at large and space historians in general are the 
astronauts and what they did on their missions. I would speculate that  Apollo 11  is remem-
bered for being the fi rst landing, and  Apollo 13 , “Houston, we’ve had a problem.” The 
general public is much less clear about what went on in the other missions. 

 Because of the movie  Apollo 13 , Mission Control in Houston is probably the next best 
remembered part of the Apollo program. Mission Control rightly shared the spotlight with 
the astronauts during the performance of missions, as they kept the spacecraft and astro-
nauts safe and successfully solved a myriad of problems as they cropped up. 

 Kennedy Space Center was the place where the rockets were launched. However, I am 
surprised at the number of people I meet who believe that Mission Control and Kennedy 
Space Center were the same thing. What went on at Kennedy Space Center before the 
launch of the mighty Saturn V rocket is beyond most people’s recollection. They may have 
seen photos of the rocket being assembled inside the Vehicle Assembly Building or being 
wheeled out to the launch pad, but how or why or when any of this happened is unclear. 

 What actually  did  go on at Kennedy Space Center? What was the day-to-day work-
fl ow? How did technicians and engineers assemble and test the spacecraft? Who did what? 
Why did it take so long? Why so many tests? What was it like to work at the launch pad 
on a Saturn V? What went on in the launch control center during a countdown? 

 More than 400,000 people across the United States worked on the Apollo program. The 
Apollo spacecraft and the Saturn rockets took shape from thousands of parts in plants in 
Louisiana, California, Alabama, and New York. Six months before the scheduled launch 
date, all the stages, modules, equipment, spacesuits, rock boxes, experiments, and every-
thing else that was going into space, began to arrive at Kennedy Space Center. KSC 
was where it all came together—where 24,000 men and women assembled, tested, and 
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launched the most sophisticated manmade object of its time, and its brave crew of three 
astronauts, on a journey to the Moon. During the hectic years of 1968 and 1969, all of this 
activity was going on for three missions at a time. 

 This book tells the story of the hive of activity at Kennedy Space Center in those fi nal 
6 months of a Saturn rocket and Apollo spacecraft’s life on Earth—how workers per-
formed the fi nal assembly and test on the vehicles for Apollo/Saturn, stacked them into a 
rocket, ran through all the tests on the launch pad, and then blasted the Saturn V on its way 
to the Moon.  

    HOW THIS BOOK IS ORGANIZED 

 This book’s scope is the operations at Kennedy Space Center that prepared  Apollo 11  for 
launch. The organizing principle is the processing fl ow of the hardware through KSC, 
from when the stages and modules fi rst showed up at the loading dock, through assembly 
and test, and culminating in launch. The KSC processing fl ow was essentially the same for 
all Apollo lunar missions. At appropriate times in the description of the  Apollo 11  fl ow, we 
will bring in discussions of interesting—and often frightening—mishaps that occurred 
during the workfl ow on other missions. 

 Rather than trying to re-tell what has been better told elsewhere, we will concentrate on 
the story that has not been told as often—the behind-the-scenes processing fl ow at 
KSC. Throughout this book, you will fi nd fi rst-hand accounts of the challenges and dilem-
mas faced by KSC workers preparing the Apollo missions. Was one of  Apollo 11 ’s Saturn 
V stages sabotaged? How could last-minute changes to  Eagle ’ s  landing gear be made and 
tested while it was at the launch pad? What caused security cars to explode near the launch 
pad on  Apollo 13 ? How did the launch of  Skylab 2  almost end in disaster, without anyone 
even knowing that it was in danger? 

 The book has four primary sections: 
 In Chaps.   2     and   3    , we will describe the processes for controlling the work. These are 

the management practices that made order out of chaos and assured that the Apollo/Saturn 
hardware was as reliable as possible. We will examine the challenges of managing and 
coordinating 24,000 people working on three simultaneous missions, and the processes for 
controlling the confi guration and changes to the fl ight hardware. We will also look at one 
of the most important innovations in the Apollo/Saturn era—computerization in the test 
and checkout process. 

 Chapters   4     through   6     tell the story of the fi rst 4 months of  Apollo 11 ’ s  life at KSC. 
We will follow the assembly and testing of the spacecraft and the Saturn V, with photos of 
every aspect of the process and fi rst-hand accounts from the people who made it happen. 
First, we look at the processing fl ows for the command/service module and the lunar mod-
ule in the altitude chambers of the Manned Spacecraft Operations Building. We will then 
follow the stacking and testing of the Saturn V in the Vehicle Assembly Building. After the 
spacecraft and the Saturn V come together to form the  space vehicle , we will witness the 
fi nal tests in the VAB and prepare for rollout. 
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